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THE Chart which faces the title page of this volume is an Index to the principal triangulation and the 

geodetic operatiom of the Great Trigonometrical Survey of India, from the commencement of the Mathe- 

matical and Geographical Survey of the Peninsula' in the year 1800, up to the termination of the field 

season of 1869-70. 

The net-work of triangulation in the southern Peninsula, which is shown on the chart by h e  lines, 

was executed during the three first decades of the progress of the Suwey, and wae completed before the year 

1830. Up to that year the instruments which were respectively used for the linear and the angular measure- 

ments, though good for the time, were much inferior to those which were then constructed for the Survey, 

under Colonel Everest's auperintendence, in England, and which even at the present time are scarcely sur- 

passed by the best modern instruments. And, with the introduction of the new instruments, a new system 

of observation was introduced, which was more rigorous and refined and better calculated to give accurate 

and precise results than the less laborious and unsystematic methods of procedure which had'been previously 

followed. 

Thus the year 1830 marks an epoch of transition in the history of the Trigonometrical Survey of 

lndia which is of very considerable importance. The Index Chart has therefore been prepared so aa to per- 

. mit of the operations before and after that year being readily distinguished; it shows that the net-work 

system of triangulation was succeeded by a system of chains of triangles, following certain obligatory meri- 

dians and parallels and the coast and frontier lines, and forming what is known as the gridiron system of 

triangulation'. These chains are indicated on the chart by strong lines. In  order that the chart-which is 

necessarily on a very small scale, viz. I -might not be confused with too many details, all secon- 
6,082,560 

d a y  triangulation-both before and after the year 1830-has be& omitted, with the exception of that to the 

peaks of the Himalayan and the Soolimani mountsin ranges, which lie beyond the chains of the principal 

triangles. But the stations at which the latitude or the aeimuth has been determined by astronomical obser- 

vations, and those at which pendulums have been swung to determine the force of gravity, are all shown. 

Of the several operations the only portions which have hitherto been published in detail are those relat- 

ing to the central meridional chain of triangles which extends from Cape Comorin to the Himalayas- 

generally known as ;the Great Ard-and the triangulation which was executed in the southern parts of 

the Peninsula, shortly after the commencement of the Survey. By far the greater portion of the work has 

not yet been published in detail, and a very large portion has not been published in any shape whatever. 



X P R E F A C E  

For many years it ww the custom to prepare three copies of tlic results of tlie operations, in nlanuscript, 

one for the use of the Geo,ppher to the India Office in London, another for the Surveyor General's Office in 

Calcutta, and a third for the Head Quarter's Office of the Trigonometrical Survey in Delra Doon ; copies of 

such portions as were required for the use of ~ o ~ o g r a ~ h i c a l  Surveyors were also prepared in manuscript when- 

ever wanted. But of late years preliminary charts of the triangulation, containing full numerical data of the 

latitudes, longitudes, azimuths and distances of the stations and other permanent points of reference, have 

been photozincographed for general use. Thus the requirements of all the perSons who were most directly 

interested in the results of the operations have been fully satisfied, and any further publication of the result 

has been postponed until the operations were sufficiently advanced to permit of final results being arrived at. 

I t  is obvious that every operation of a survey must necessarily be fallible, and therefore that all newly 

obtained facts of observation, that are susceptible of being combined with those which have been previously 

acquired, are liable to disturb the results which were previously arrived at : every additional base-line and 

every new chain of triangles must necessarily exercise some influence on the operations generally, and more 

particularly on those in their immediate neighborhood. Thus therefore before a triangulation can be finally 

reduced and all it's parts harmonized, i t  is necessary either that the whole of the angular and of the linear 

measurements shall have been completed, or that they shall have so nearly approached completion that what 

remains to be done may hereafter be fitted into what has already been done, without any serious violation 

of principle. It is only of late years that the operations of this Survey have been sufficiently advanced towards 

completion to justify the commencement of the final reductions; these reductions are however being now 

proceded with, and the time has arrived when publication may be commenced. 

The present volume is intended to be the first of a series which, when completed, will give full 

details of the operations of this Survey, from the preliminary stage of the actual observations and measure- 

ments to the most probable-and therefore the final-resulta. I t  commences with a general account of the 

early operations, or those executed during the first thirty pears of the existence of the Survey, mostly under 

the superintendence of Colonel Lambton, but partly under Captain Everest. These operations must even- 

tually be reduced on the basis of the modem triangulation, but this will probably be one of the last stagea 

to ,be taken in the general reduction of the operations of the Survey. The remainder of this volume is de- 

voted to a consideration of, jirst, the Standards of Length, their thermal expansions and their relations to 

the European Standards, and, secondly, the Base-Lines, both those which were measured with chains bcfore 

the year 1830, and those measured with the apparatus of compensation bars and microscopes after that year. 

I t  is intended that the details and results of the triangulation and of the astronomical and the pendulum obser- 

vations shall be given in the subsequent volumes. 

As regards the present volume I must express my obligations to Colonel Thuillier, the Surveyor General 

of India, for the accompanying Index Chart of the operations of this Survey, which he kindly nndertook to have 

engraved at his office; also to Major General Sir Henry James, Director of the Ordnance Survey of Great 

B ~ b i n  and Ireland, for permitting certain standards, which were constructed in 1864 for the Trigonometrical 

Survey of India, to be compared, in his Office, with the Ordnance and with other European standards. 



P R E F A C E .  XI 

To Captain A. R. Clarke R.E. of the Ordnance Survey, I am very much indebted for his most 

elaborate and exact comparisons of the new Indian standards of length with those of the Ordnance Survey, 

for his determinations of the thermal expansions of the principal of these standards, and for calibrating a 

new thermometer as a standard of reference for this Survey. The whole of these operations are fully described 

in sections XVI, XVIII, XIX and XX of his Comparisons of the Standards of Length of England, France, ' 

Belgium, Prussia, Russia, India and Australia ;  ond don 1866. Captain Clarke's labors have materially faci- 

litated the operations in this country, and have not only relieved us of much labor, but have supplied us 

with results which apparently possess the utmost accuracy that is practically attainable. 

To the Officers of the Great Trigonometrical Survey who have had a share in the operations discussed 

in this volume, I am most indebted to J. B. N. Hennessey, Esquire, who has for many years past been in 

charge of the Computing Office at the Head Quarters of the Department, and whose constant self-de- 

votion to his work, and accurate and conscientious discharge of his duties, I cannot praise too highly. 

H e  has either supervised or taken a principal share in the whole of the comparisons of standards which have 

been made in India since the year 1866, and are here described; he has also re-investigated the factor of 

expansion of the principal standtirds of length of this Survey, his account of which operation is given in 
Appendix No. 6 ; and he has superintended the reduction of most of the ten base-lines of which the d e t a b  

are given in this volume, and has prepared the whole of them for publication. I n  these duties he has received 

much and valuable assistance from W. 11. Cole, Esquire na. A., to whom several of the appendices to thia 

volume are due. 
To Captain J. P. Basevi, R.E., I am indebted for the Appendix on the Practical Errors of the Measure- 

ment of the Cape Comorin base-line; he supervised the operations of the measurement, which were 

purposely so conducted as to ascertain, in every possibly way, the probable errors of the linear measurements 

with the compensation apparatus. To Captain J. Herschel, R.E., I am also much indebted for his assistance in  

the practical operations of that base-line, and in the reduction of the observations, in which his ready aid and 

thoughtful suggestions were always very valuable. 

Dehra Doon, 
1st December 1870. 

J. T. WALKER, Colonel, R.E., 
Superintendent Great Trigonornetrical Survey of India. 
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AN ACCOUNT OF THE OPERATIONS FROM THE 
COMMENCEMENT OF THE SURVEY TO' 

THE YEAR 1830. 
1. 

Origin, and propoaed o w t s  of the ~ u r b y .  

Towards the close of the year 1799, Major Lambton, of H. Ed's. 33rd Regiment of Foot, 
drew up a project for a Geographical Survey of the southern Peninsula of India, from the coast 
of Coromandel to the Malabar coast, which was submitted, with the approval and recommenda- 
tion of his Commanding Officer, the Hon'ble Colonel Wellesley-afterwards the great Duke of 
Wellington-to the consideration of Lord Clive-afterwards Earl Powis-who was then 
Governor of Madras. The Trigonometrical Survey of India owes its origin to Major Lambton's 
proposals, and to the circumstance that at the time when they were submitted to the Madras 
Government, a large accession of territory, in the centre of the Peninsula, which opened a free 
communication with the Malabar Coast, had been recently acquired, by the success of the 
British arms in the Mysore Campaign; thus the Government was readily convinced of t h e ,  
necessity for a survey to be undertaken with the object of furnishing a basis for the geography 
of >he Peninsula, and for connecting the local surveys which were being commenced in the 
newly acquired provinces, with those of other portions of the Madras Presidency which had 
been completed or were then in progress. 

The earliest document in the records of this Department is a letter--dated 10th Feb- 
ruary 1800-from 'Brigade-Major' Lambton to the Madras Government, communicating his 
proposals for a ' Mathematical and Geographical Survey' to be extended across the Presidency 
under his direction, "with a view to determine the exact positions of all the great objects 
"that appeared best calculated to become permanent geographical marks, to be hereafter guides 
" for facilitating a general survey of the Peninsula." 

In this letter he alludes to previous correspondence on the subject, which had led to his 
being called on to submit a definite scheme of operations, and he observes that " the utility of 
" such a work, and the advantage and information which the nation would derive therefrom, 
"are so clearly understood that no argument is necessary to demonstrate it's advantagee. 
" The Surveyors of particular districts will be spared much labor when they know the position 
" of some leading points to which they can refer, because when these points are laid down in 
"the exact situations in which they are upon the globe, all other objects of whatever deno- 
" minations, such ae towns, forts, rivers &c., which have a relation to those points, will sleo 
" have their situations true in Latitude and Longitude." 

H e  then proceeds to give an exposition of the principlee on which he proposea to carry 
out the operations. And first he discards all attempts to fix the positions of objects by astro- 
nomical observations only, observing that such determinations are liable to great inaccuracies -" three, four, or perhape ten minutes"--unless the obeervations are very numerous at every 
station. H e  then proposes to execute a triangulation emanating from a measured base-line, 
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and verified from time to time by other such base-lines ; all the most conspicuous geo- 
Faphical marks in  the Peninsula were to be referred to the Astronomical Observatory at 
Madras, by a net of triangles which was to be thrown over the entire surface of the country ; 
the lengths of the sides of all the triangles were to be computed from the base-lines, and the 
azimuths of certain sides to be determined by astronomical observations ; thus data would be 
forthcoming for calculating the latitudes and longitudes of the trigonometrical stations with 
reference to the corresponding elements of the Madras Observatory. 

13ut in order that the results of the trianguliition might be correctly employed in de- 
termining the spheroidal co-ordinates of the trigonometric;rl stations, it was necessary that the 
figure of the earth, and the length of the polar or of the equatorial axis, should be accurately 
known. Major Lambton was fully aware that at that time these elements were not known with 
sufficient accuracy for operations of such extent and magnitude as those which he was about to 
undertake, and that it would be incumbent on hirn to execute a geodetic survey pari passu with 
his geographical survey, as a necessary preliminary to the determination of the elements of the 
trigonometrical stations and other geographical marks. H e  appears moreover to have acquired 
an impression, from the results of certain pendulum observations (by whom taken is not stated) 
in  inter-tropical latitudes, that there is a sudden abnormal diminution of the force of gravity 
in  the parallel of 10" north of the equator, and consequently that " a degree on t.he meridian 
b 4  from that parallel to the equator must be very short compared with a degree immediately to  
" the northward of 10" ". Hence he observes that it mill be necessary to " attend to this cir- 
4 6  cumstance", not only as influencing the operations of the geographical survey, but as an object 
of interest with regard to the determination of the figure of the earth ; he remarks that as the 
operations of geodesists had hitherto been restricted to regions which were upwards of 33" 
from the equator, there was yet " something left as  a desideratum" which his operations might 
supply; and he adds " I  shall rejoice indeed if it should come within my province to make 
'' observations tending to elucidate so sublime a subject." 

His report closes with the following observations ; " I have now adduced what I con- 
'' ceive to be sufficient as being illustrative of the principles of my intended survey, which, on 
'' the scale of general science, will I perceive involve many more objects than what immediately 
b6 appertain to geography. But as that is the principal end in view, and more particularly a 
b6 knowledge of the extensive acquisitions in Myeore, it will be my aim to anticipate every wish 

the Right Honorable the Governor in Council may have, towards forwarding a work so useful 
and so desirable to the nation." 

These were the objects which Major Lambton proposed to accomplish by his ' Geographical 
Survey of the Peninsula,' and the principal objects of the varied operations of what is now 
known aR the ' Great Trigonometrical Survey of India', are still t.o furnish leading points, as a 
basis for the operations of topographical, cadastral and fiscal surveys, in  ail India, and at the 
flame time to contribute materials for further geodetic investigations. Commenced by Major 
Lambton in the year 1800, they have never been entirely suspended, though they have 
frequently been greatly retarded by the paucity of officers available for their prosecution. 
The exigencies of the State have often neceasitated the removal of certain officers to other 
dutiee, and the places of other officers, whose failing health had compelled them to seek the advan- . 
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bges of a change of climate to Europe or some other quarter of the globe, have frequently 
remained unfilled. But, whatever may have been the exigencies of the public service, the 
objects proposed by Major Lambton have never been wholly lost sight of, and the operatione 
have invariably been supported, as adequately as circumstances would permit, first by the 
Madras Government under whose auspices they were commenced, and afterwards by the &vern- 
ment of India, with the steadfast support and cordial approval of the Hon'ble Court of Directors 
of the East India Company. - 

The earliest o~eration of the survey was the me_asyemen&~fabwe-line in the v . . .  
- 

of Bangalore, which was effected towards the close --- -- of - the year 1800, The instructions c o r n y -  
cated to Major Lambton by the Madras Government on receiving the report of this operation 
may be here quoted, as indicating the lively and intelligent interest with which his proceedings. 
were regarded, and the early recognition of the necessity for aiming at the ~ttmoet possible 
accuracy. In a letter dated 24th September 1801 the Chief Secretary says 

"1 am directed to aoknowledge the receipt of your letter of the 24th June last and of the sketch of your 
rmrvey which axompained it, and to inform you that the Bight Hon'ble the Governor in Council is entirely satisfied 

gtnith this further proof of your assiduity, zeal and talents. 
I t  being of importanoe that the fundamental principles of your survey should be establicrhed with the greatest 

b C p t i c a b l e  degree of preoision, the Governor in Council is desirous that the meaaurement of the base-line, transmib. 
41ted with your letbr of th822nd December last, should be supported by the observations for ascertaining the latitude 
"and direction of the meridian, and that all the operations shall be detailed exactly as they were taken, with euoh 

remarh es occurred at  the time, and also that the method observed in your computations should be briefly explained.. 
" I am therefore direcbd to desire that the explanations and documents may be transmitted to me for the information 
a of His Lordship in Council, so soon RB you s h d  be enabled to complete them. 

4L As it appears frOm the plan of the base, that some interruptions ocourred in the meaaurement of it, it may 
perhap be of importance to repeat that measurement, or at  any rate it will be expedient that a baae of verifioation 

"ehould be measured, which may afford you the means of judging of the accuracy of the original base." 

Major Lambton eventually rejected this base-line, and measured another on more favor-' 
able ground in the neighborhood, in the year 1804. 

At the commencement of the operations the only instruments with which the Govern- 
ment appears to have been able to supply him, were a steel measuring chain and -a five-feet Zenith 
Sector, both by Ramsden ; no satisfactory instruments for measuring the anglee of the proposed 
triangulation appear to have been forthcoming in any part of India, and it was necessary ta 
send to England for instruments, which were received two years afterwards. Meanwhile Major 
Lambton determined the latitude of certain stations with the Zenith Sector, and set to work on 
the preliminary operation of laying out the triangulation and selecting stations at which obser- 
vations were to be taken, when suitable instruments were received. These instruments arrived 
towards the end of 1802, by which time the preliminary operations had been carried over the 
newly acquired Province of Mysore, and extended eastwards to Madras. 



Zie instruments and the methoda of observation and reduction. 

The new instruments were a three-feet theodolite by C a y  ; an eighteen-inch repeating 
theodolite by the same maker ; two steel meamring chains by Ramsden, a standard brass scale 
by Gary, and several small theodolites, by different makers, for minor purposes. 

Of the three-feet or 'great' theodolite, by Cary, a brief description may be here given, 
ae it was employed in the measurement of the principal angles. " I t  was a fac-simile of the one 
made by Ramsden for the Board of Ordrlance in England, and was originally a very noble piece 
of workmanship and seems to have been divided with great accuracy".* The azimuthal circle 
was 36 inches in diameter, but it was read by two microscopes only, which were placed at 180" 
apart; the vertical circle appears to have had a diameter of 18 inches, and two microscopes ; 
the focal length of the telescope was 37 inches, aperture 2.5 inches, and the magnifying powets 
were 36,45 and 66 ; a micrcmeter, adapted for vertical measurements, was fitted to the eye-piece. 

Major Lambton has given the following description of the system which he pursued in 
measuring the horizontal angles? and in apportioning their errors. 

" B e  to the angles in general they have been taken three and four times, and every time 
that the object was observed, both microscopes mere read off thrice, and two separate field-books 
kept for making out the angles. What are here made use of are the means taken from two 

"books. I n  case a difference of those angles, noticed at the time, left any reason to suspect an 
" error in the instrument, the division between the dots was carefully examined, as well as those 
"to the right and left, and if any error was discovered, allowance mas made accordingly. 
" Difficulty however very frequently arose from the haziness of the weather, which rendered the 
" objects at the very distant points extremely dull, and occasioned some irreaularity in the P '' angles. Whenever that happened the observations were often repeated, and In case any one 
'(in particular was different frorn the other so much as ten seconds, it was rejected till the three 
66 angles of the triangle had been observed. If the sum of these angles mas near what it ought 
cc to be,f no further notice was taken of it, but should the sum of the three angles be nearer 
"the truth by taking it into the account, and that there appeared an irregularity in the other 
"two observed angles, I have made it a rule to take each observed angle as a correct one, and 

divide the excess or defect between the other two, and then compute from the given side the 
" other two sides ; and after doing the same thing with each of the angles successively, a mean 

of the sides thus brought out was taken, which to certain limita will always be near the truth. 
I then varied the selection of the observed angles, rejecting such as I had reason to doubt, and 

"by correcting them and computing tbe two required sides of the triangle, hose which gave 
the sides nearest to what had been brought out by the other method, were adopted, let the 

" error be what it mould. This however has rarely happened, and when it did, great precaution 
q6 was used, and no angle waa rejected without some reason appeared to render it doubtful". 

8ee Colonel Evarert's Account of the Meaaw-t of an Aw of the Mstidioo, 1830. 
9 Page 69 of Vol. I of the h e r e l  Report of the Trigonomatrid Survey, in manascript. 
3 In much cam the emr of the triangle me w, dirided th.t each angle receirsd r corractioll proportianed to it'r m d a  



Such a system of operation is not calculated to elicit results of the full accuracy which 
an instrument can be made to give, and the method of treating the results was somewhat arbi- 
trary and mould not now-a-days be considered justifiable ; but the processes were quite 6n a 
par with the contemporary operations of European geodesists, and it would be unreasonable 
to expect a higher order of accuracy, or more scientific methods of analysis and reduction, in 
a work which from the outset was beset with many dificulties, and was carried on at so great 
a distance from the centres of civilization and science. 

The difficulties which Major Lambton alludes to as arising from the haziness of the 
weather might have been materially diminished had he been supplied with luminour! signals, ' 

auch as heliotropes and lamps, to erect on the stations which he was observing; but such 
aignals were not employed in the operations of the survey until after the year 1832, when they 
were introduced by Colonel Everest. For very many years the signals were " masts, flag- 
ataves, and other opaque objects, and then days and days often passed away without a glimpse 
of the distant object." As the atmosphers in India is usually most favorable during the rainy 
season, for viewing euch objects, it became the practice to wait for the first heavy fall of rain 
and then take the field, and, so long as the operations were restricted to the southern portions 
of the Peninsula, the practice does not appear to have been attended with any other detriment 
than the great personal inconvenience of the Surveyors. But on proceeding to the north, into 
the basins of the Kistna and the Godavery rivem, though at this eeason the atmosphre was 
atill most favorable for the operations, the climate was found to be very deadly, and Colonel 
Everest, who had then been recently appointed to the survey, and was commencing, in those 
regions, the operations which have won for him such honor as a geodesist, was one of the 
many sufferera ; he has left on record the following remarks on this subject,- 

&& I t  is easy to conceive what a reckless waste of life and health was caused by this ex- 
a posure to the pitiless pelting nf the tropical rains, in forest tracts teeming with miasma : no 

European or Asiatic, could bear up for any length of time against such a corn- 
&& plication of hardships as thence arose,-eternal watching3 by day to the prevention OF all 
6' redar erereise-tent~ deco~nposing into their original elements-servants-cattle-baggap 
-lot~es-bedding-all daily dripping with rain-avery comfort which the indwellers of 
6' cities and leaders of regular livetl deem essential to happiness and even to existence, re- 
" rnorsely sacrificed." 

66 The introduction of lamps and heliotropes has totally chancred the face of things, and P 
by rendering the rainy season the least fitting period for observing luminom objects, espe- 

6. cially those dependent on cloudless skies, has afforded an opportunity of which I eagerly 
6. availed myself to spare the health of my valuable subordinates, by ordering them to desist 
'6 from field operations at the very period which, in the early part of my career and my four 
44 heav apprenticeship, used to be chosen par excdhce for their commencemsnt." 

Geodotic investigations a necessary part of the operations. 

It baa already been stated that one of the objects which Colonel Ismbton had in 
view was the determination of the elements of the figure of the Earth, as a prelrminary to the 



calculations of the latitudes and longitudes of the trigonometrical stations. The neceseity for 
BO doing is indicated by the erroneous values of the best determinations of those elements 
which were known to him when he was commencing his operations, and which he was obliged 
to employ in the calculations of the spherical excesses of the triangles, until he had himself 
succeeded in making better determinations. The adopted value of the compression--or ellip- 
ticity--was A, or about twice the true amount, and the adopted lengths of meridional arcs in 
latitude 13" were too small by about 4.85 parts in 1000, while the lengths of the arcs of paral- 
lel in that latitude were too great by about 1-43 parts in rooo.* 

Colonel Lambton decided on determining the figure of that portion of the earth's erurface 
b which his operation8 would be restricted, by measuring the lengths of meridional arcs in 
successive parallels of latitude, from Cape Comorin northwards, and the lengths of arcs of 
great-circles perpendicular to the meridians, on the parallels of Madras and Bombay. H e  
intended to apply the results to the triangulation, with the expectation that the  latitude^ and 
longitudes of the trigonometrical stations would thus be determined "to a certain extent from 
actual measurement, and in a great measure independently of any hypothesis of the earth's 
figure." 

Determinattmr of tire h g t h s  of arcs of great eirclea perpendicular to a m'diiaa. 

One of' the first objects to which Colonel Lambton devoted himself after obtaining the 
great theodolite from England, was the determination of the 1engt.h~ of arcs of great circle8 
perpendicular to the meridians of certain of the principal stations. Stations for the triangulation 
westwards from Madras to Bmgalore and thence to Mangalore had been previously so selected 
9 to present several pairs of reciprocating stations in nearly the same latitudes and at distances. 
of 52 to 64 miles apart. The exact distances were determined by triangulation from the near-. 
est base-lines, which also furnished data for the calculation of the latitudes from the nearest 
astronomical stations ; the mutual azimuths were determined by observations of the pole-star ;. 
.and with these data the great-circle arcs corresponding to the distances were determined by 
spherical astronomy, and then the lengths of degrees of great-circles perpendicular to the 
meridians were camputeb 

The results of these operations were as follows,t 
length of the perpendicular degree in Lat. 12" 82' 12" 6 1061.0 fathoms 

$9 9 ,  12 55 10 60743.8 ,, 
9,  99 ,, . 60751.8 ,, 

Of these operations, which were carried out in the years 1802-5, Colonel Lambton re- 
marks that " the more we investigate this interesting subject, and the more ample means we 
" employ to ascertain the exact figure of the earth, the more seems to be wanting to satisfp 
"our research; and if we feel reluctant in giving up the elliptic hypothesis, because it is 

Bse page 66 of Vol. I of the &nerd Beport of the Tripnometrical S ~ e y ,  in manwaipt. 
t 8e, dri4fio dkrea~~k# ,  toL V l Q  p g e  198, and ml. X, pyle 806. 
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6c  consonant to that harmony and order with wliich we are familiar, the discord which these 
' 6  results indicate affords by no means sufficient evidence to induce us to abandon that theory. 
' (  The great nicety in making the pole-star observations is well understood, and it will be made 
" more manifest in the case before us by increasing or diminishing tlie half sum of the angles 
'' with the meridians, reciprocally taken at illullapunnabettca and Savendroog, by one second only, 
6' when i t  will appear that a difference of nearly one hundred and fifty fathoms, in the perpendi- 
b6 cular degree, will be occa~ioned thereby. I am fully aware of the delicacy necessary in 
6b taking these angles. and I am also aware that some eminent hlathematicians consider the 
" method of detern~ining the difference of longitude by tlie convergency of meridians as in- 
" sufficient in these low latitudes ; yet I arn of opinion that by repeatinw these observations, 

? " whenever stations can be found eitlier in the same or in different latttudes, the truth may 
" ultimately be very nearly attained." * 

For several years Colonel Lambton computed the latitudes and longitudes of the stations 
of the silrvey wit.h the elements of the figure of the earth which were afforded by a short 
meridional arc in the neighborhood of hladras, and by the mean of the t,wo values of the per- 
pendicular degree in latitude I 2" 55' 10" above indicated. Rut about the year 1812, by which 
time he had carried the great meridional arc from Cape Comorin northwards to Gooty-a dis- 
tance of about 7"-and had received the results of recent geodetic operations in Europe, he 
ascertained that-assuming the earth to be a regular spheroid-his adopted value of the per- 
pendicular degree was about 120 filtlioms too small, for the most probable value afforded by 
the new data, was 60867 fathoms. Colonel Lambtori accepted the new value, and employed it- 
with an ellipticity =? ,:i nearly, and !or the meridional degree in latitude 13" 34' 44" the value 
60491.4 fathoms,-in recomputing the latitudes and longitudes previously determined,$ and in 
all computations of the elements of the stations which were fixed in the course of the opera- 
tions of t l ~ e  subsequent decade. 

No record is forthcoming of any further operations to determine the lengths of arcs 
perpendicular to the meridian, but Colonel Lambton was for many years favorably disposed to 
such investigations, as is apparent from the instructions which he gave to Captain Everest in 
the year 1822, when that officer was commencing the triangulation, on the parallel of IS", which 
was to be extended from the Great Arc to the island of Bombay. Captain Everest was en- 
joined to lay out the triangulation in such a manner as to give distances " between sixty and 
' 6  seventy miles in length, and as nearly from east to west in their direction as possible, so that 
'' the difference of longitude between the two extremities of such distances may be determined 
' 6  by pole-star observations." The triangulation was duly colupleted, and several azimuths were 
observed, but the proposed determinations of differences of longitude do not appear to have been 
carried out. w 

* b e  &#tic Berewehar Pol. X page 366. 
t See peges 7 and 22 of Vol. 111 of the General Beport of the Trigonometrical Survey (in m a n d p t )  of which them is a oopy 

in the India office. 
f U the d u e s  of difference of longitude between the Madran observatory and the stations of the trim on, whioh are given 

in volumes X and XII of tho Aaicrtia l lsremhw, ere too great, by about 7" for 1' of longitude, an the adopted v uee of the corrqwnding 
perpendicular degrw, were too small. 

P 
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Determinations of the lengths of meridimal ares. 

Of all Colonel Lambton's contributions to geodesy, the most important are his measure- 
ments of meridional arcs, the results of which have been employed np to the present time, in 
combination with those of analogous operations in other parts of the globe, in all investigations 
of the figure of the earth. 

As the instruments with which he was supplied when he commenced his labors were 
merely a measuring chain and a zenith sector, his first operations were necessarily restricted 
to  the measurement of base-lines, and to taking astronomical observations for the deterrnina- 
tion of the latitudes of certain stations on the proposed meridiorlal arcs. The zenith sector* 
was constructed by Ramsden, aud is etated by Colonel Everast to have been '' a beautiful 
instrument for that time;" it had an arc of I 8" to a radius of 5 feet, and is described by Colollel 
Lambton in the Asiatic Researches (Vol. V I I I  p. 180 ), and is s i~~l i la r  to the zenith sector 
described by General Roy in the Philosophical Transactioils for 1790. 

The first nleridional arc which was measured was I" 35' in length, between the stations 
of Trivandeporurn and Yaudree, and lies at a distance of about 35 miles to the west of the 
meridian of the Madras observatory. I t  made the length of the degree = 60494 fathoms in 
latitude I 2" 32'.t 

The arcs subsequently measured were all portions of what is now knljwn as the great 
,Indian BIT. I n  the first instance an arc of about 2' in length was measured from the station 
of Dodagoontah-near Bangalore-southwards to Patchapolliam; it made the length of the 
degree = 60530 fathoms in latitude I I "  59' 55". This arc was then ex tended nosthwarils to 
Paughur, making the length of the degree = 60466 fathoms in latitude I 2" 33' g".$ 

Thus it was evident either that the elliptical hypothesis of the earth's figure mas erroneocs- 
for the lengths of the degrees were apparently decreasing instead of increasing with the latitnde- 
or  that the operations mere not reliable, being erroneous either intrinsically or from circulnetances 
beyond control. Similar anomalies had perplexed most of the geodesists of that time, and 
have given rise to much discussion; it is now well known that they are due, for the most 
part, to deflections of the plumb line, by local attraction, at the astronomical stations ; but a t  
that time many persons supposed that they arose from errors in the observations, and it was 
not until the operations had been repeated in several instances, with more perfect instruments 
and better modera of observation aud reduction, and exhibited the unmistakeable reality of the 
.discrepancies,.§ that the cause became generally recognized. 

But Colonel Lambton appears from the outset to hare  conjectured that the discrepancies 
in his operations arose from local attraction; and thus, instead of revising his triangulation or his 
astronomical observations, he immediately proceeded to select new stations, which were less 

8ee Aaialic Beaearchea Pol. X, for a diecumion of numeroue obacrvationa which were taken with this inrhwncnt by Captain 
Warren at the Madras observatory. 

t See Amalic 3eaeorcbs Vol. PIII page 186. 
f See page 274 of Yol. I of the Uenrrol Report of the Trigommetrid Burvey, in man&@. 
3 See Yrinoipal Triangulation of Ord~ance Bunej, page 560. 
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liable to the influence of the attraction of hills and superficial irregularities, and he observed 
their latitudes. Thus Paughur being on the " northern extremity of a range of rocky hills 
running north and south" was rejected. and the utation of Bomasundrum, in an open plain 
about 10 miles to the S.E., was adopted instead ; the arc from thence to Patchapolliam made 
the mean length of the degree = 6045 I fathoms, in latitude 12" 29' 5 I". Colonel Lambton 
remarks on this result that " when, after a very excellent set of observations, the degree due 
"to the middle point of the arc between Bomasundrum and Yatchapolliam was found to be lees 
"than what was deduced from the arc terminatzd by the parallel of Paughur, I own I felt both 
" surprise and disappointment." 

H e  still however had an intuitive conviction that the discrepancies were due to local 
attraction, and he attributed them partly to the influence of the great table land to the south of 
Bomasundrum on which Dodagoontah is situated, and partly to " a  vein of dense ore lying 
between the two stations". He  concluded that it would be impossible to arrive at  more accurate 
values of the measures of meridional degrees, until the operations, both in Europe and in India, 
had been further extended, but that what had been done up to that time "had discovered to us  

an agent unthought of in former days, viz., a disturbing force occasioned by the attraction 
" of mountains, and by diversity in the density of strata under t l ~  surj?uce, all which will more or  
"less cause some deflection of the plumb-line". The words here italicized, and other passages 
in his writinws to the same effect-as for instance where he hesitatingly expresses a hope that 

a. 
the sandy plains of the Carnatic may be "free from those inconveniences which are found in  

mountainous regionsv-show that Colonzl Lambton was prepared to recognize the influence not 
only of mountain ranges and other self-evident irregularities of the earth's crust, but of variations 
in  density under the surface, such as half a century afterwards were proved to exist below the 
plains on which Moscow is situated, and which are very possibly of more importance than the 
superficial irregularities to which the attention of geodesists has hitherto been chiefly devoted. 

The next meridional arc which was measured lies between Patchapolliam and Punnoe, 
and is an extension of the former operations southwards to the vicinity of Cape Comorin. The  
amplitude of this arc was 2" so', and it made the length of the degree = 60472'83 in latitude 
go 34' 44". Operations were subsequently carried northwards to Namthabad, in latitude 15" 6', 
completing an arc of 4" 6' in amplitude from Patchapolliam, which made the length of the 
degree = 60487'56 fathoms in latitude 13" 2' 5511.* 

As the results afforded by the arcs Punnoe-Patchapolliam-Namthabad were very fairly 
accordant inter ee and with those of recent European arcs, on the elliptic hypothesis, and as the 
three astronomical stations were to all appearance much less liable to be affected by local 
sttraction than the statione of Dodagoontah, Paughur and Bomasundrum, Colonel Lambton 
decided on rejecting the last mentioned stations, and retaining the others only. 

Bessel, in his investigation of the figure of the earth, has employed Colonel Lambton's 
at  Dodagoontah, but he has rejected the observations at  Paughur and Boma- 

sundrum, and in this he has been followed by Captain Clarke ; but all, if any, of the stations 

- - 

page 6 of vol. ILI of the Oenerd Beport of tho Trigonometrical Smey, in manuscript. 
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should be used, if Colonel Lambton's hypothesis that the plumb-line is deflected in opposite direc- 
tions by intermediate masses between the northern and the southern stations is correct. That the 
deflection to the north at Dodagoontah is probably very considerable has been recently shown, 
on the completion of the modern principal triangulation between Madras and Bangalore ; the 
geodetic latitude of Dodagoont.ah, as referred to the astronorrlical latitude of Madras, is found 
to be 8"'4 in excess of the value which was deduced by Bessel from a di~cuesion of Colonel 
Lambton's zenith distances, and which has been closely corroborated by Captain Herschel's 
recent zenith distances. 

I t  is unnecessary to enter into the details of the operations for extending the Great 
Arc northwards ; by the year 1815 they had been carried up to Daumergida, in latitude I So 3', 
under Colonel Lambton's superintendence, and afterwards they were advanced to Taka1 Khera, 
in latitude 21" 6', with Captain Everest's assistance ; and by the year 18'25 they had been 
extended by Captain Everest up to Kalianpur, in latitude 24" 7'. 

The sections from Daumergida northwards to Kalianpur mere re-measured by Captain 
-then Lieutenant Colonel-Evereet, after his return from Europe in 1830, with the aid of 
the best modern instruments aud appliances, which he had been most liberally supplied wit11 
by the Court of Directors of the Hon'ble East India Company. The comparative results of 
the ancient and the modern operations are set forth in Colonel Everest's Account of the mea- 
surement of two sections of the meridional arc of lndiq, 1547. The angles which had beer1 
measured with the old theodolites, befbre the introduction of the systematic method of elimi- 
nating errors of graduation, were found to differ by 3" to 6" and even as much as 10" from 
the values by the new theodolites, while those which had been subsequently measured usually 
agreed within I" and rarely differed by more than 2" to 3" from the new values." By  the 
old triangulation and base-lines, tbe diEerence between the computed and the measured value 
of the Beder base was 6.58 feet,-/- or rather more than the five-thousandth part, by the new it 
was only 0.36 of a foot$. The unit of length of the old operations was not known with any 
certainty, and the base-lines, having been merely measured with chains, mere unreliable§. Never- 
theless these errors had fortuitously tended to cancel each other, in  the meridional arc from 
Daumergida to Kalianpur, and the total length, 2202926.2 feet11 by the revised operations, 
differed (in excess) from the original value by 106.7 feet only. 

A still more remarkable instance of fortuitous cancelment of error is presented by the 
old value of the corresponding astronomical arc of amplitude, which differs from the new 
by only 0".29.7 The original observations had been made with a zenith sector, the arc of 
which was too small to permit of any of the stars which had been observed up to that time at 
the southern stations of the Great Arc being satisfactorily observed higher north, most of them 
falling quite beyond the range of the sector ; thus it was necessary to resort to the method of 

r &, EWC+(SI~~J A ~ C  BOO) 84 1 8 4 7 9 4 9 s  X L  
t '9 Y, ,, 3' xI3: 
3 9' 35 3, 9, 42 
5 see iec tkr  7 of Ckrpte? V of i?h ~ ( S I e n t  8 0 k ~ .  
1) &e Earreit's Arc Book of 1847 page XLIV, and hid Arc Book of 1830 page 112. 

Amplitude by original operations, 6' 3' 55".78. See Arc Book qf 1830 page 112. 
,I rerlsed ,, 6 3 56 '97. Y D  1847 191. 
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absolute latitudes instead of differential arcs, which introduced the-in those days very large- 
errors of star's places ; moreover the observations were comparatively few, and they were without 
barometric readings for the determination of the refractions. On the other hand, in  the subse- 
quent operations, the observations at  Daumergida and Kalianpur were very numerous and 
strictly differential, the same stars being observed at the same times with two colossal astronomi- 
cal circles, one at each station. 

The eections of the Great Arc from Daumergida southwards to Punnos are being re-mea- 
sured at the present' time, at the recommendation of the President and Council of the Royal 
Society," but the undertaking ie not yet sufficiently advanced to permit of the results being 
closely cornpared with those of the early operations, excepting at the Bangalore base, the error 
of which has been found to be about the &th part of it's lengbh. There is however every 
reason to expect that the discrepancies in these sections will be of greater importance than in 
those which were re-me:tsured by Colonel Everest, and which being the latest were probably 
the most accurate. I t  is known that in the early operations the observations were very few and 
not so systematic as afterwards ; in several cases only two of the angles of the principal 
triangles were measured, mllereas subsequently all three angles were measured, and the trian- 
gulation was further strengthened by adopting the form of a chain of polygonal figures in the 
place of single triangles. 

lniury to the Great Theodolite. 

During the year 1808, Colonel Lambton's great theodolite met with a very serious mis- 
fortune ; in being hoisted, in it's case, t,o the summit of a lofty pagoda on the plains of Tanjore, 
the bearing rope, which kept the weight from striking against the side of the building, snapped, 
and tile instrument, case and all, struck with a violent crash on the wall, breaking the case and 
so distorting the azin~utllal circle as to render it to all appearance worth1ess.j- Colonel Lambton 
took tile irlstrument to pieces, and after six weeks of anxious and unceasing exertion, he suc- 
ceeded in drawing out the injured circle to it's original shape, by means of wedges, screws and 
pullies. To what extent the graduation was injured does not appear to have ever been definitely 
ascertained ; but the accident led to the eventual introduction of a systematic method of obser- 
vation, giving readings of the azimuthal circles at numerous equidistant graduations and thus 
eliminating the effects of errors of graduation to a very considerable extent. This method of 
observation has been attended with very great success, and since it's introduction the principal 
angles of this survey have been measured with a degree of accuracy which is probably not  
s ~ ~ , . ~ ~ ; ~ ~ s e d  by the best European surveys, and is approached by them only ; but it was originated 
1 , ~ -  (',,Ionel Everest, and during the operations before the year 1818-when that officer was 
: I ~ ) ~ M  ~illted an assistant to Colonel Lambton-there was no systematic ' change of zero', and 
frccluently no change at all. 

f See Report of the Committee, composed of Professom Airy, Miller and Stokes, which ~ e s  maembled in 1861 st the request of 
 he p-dent and Council of the %pal Society, to report on &lone1 h b t o n ' e  nurveya 

t See Evereat'a Arc Book of 1830 page 46. 



2% General If.dungulation of the s o u t h  Penin~ula, up to  the puraUel of 16'. 

The geodetic operations which have already been reviewed, formed but a small portion 
of the labors of Colonel Lambton. Though executed with greater care and attention to accuracy 
of detail than other portions of the operations-in order to furnish the elements of the figure 
of the earth which were required fbr the calculations of the latitudes and longitudes of the tri- 
gonometrical stations-they were merely the basis of a vast net-work of principal and secondary 
triangulation, which was thrown over all the accessible portions of the Peninsula, from Cape Co- 
morin to the parallel of 16", covering an area of which the length is about 8" in latitude, and 
the average breadth 5" in longitude. This region is, for the most part, exceedingly favorable for 
the rapid execution of a net-work of triangulation ; it presents numerous hills, either isolated 
or clustered in ranges with broad vallies between, and as the summits of these hills are gene- 
rally bare and free from forest, the surrounding country can bo viewed to great distances from 
them ; thue they were admirably adapted, not only for the stationsof the principal triangulation, but 
for enabling observations to be taken to fix the positions of pagodas, minarets and other perma- 
nent objects of reference, in the subjacent plains and on the lower hills, for the use of topogra- 
phical surveyors. Wherever the groundpermitted the formationof triangles with long sides-*. g, 
twenty miles and upwards-the angular measurements were invariably made either with the great 
theodolite or with an l&inch repeating theodolite, the second best instrument with which Colonel 
Lambton had been supplied; these were considered as the principal triangles, and they are 
shown on the Index Chart facing the title page of this volume. Smaller triangles, emanating 
from sides of the former as bases, were generally measured with inferior instruments, and are 
not ehown in the Chart. The triangulation was verified and controlled by base-lines measured 
at distances of 90 to 250 miles, full details of which are given in chapter V of this Volun~e.' 

Wherever hills were numerous, the operations were carried on with great rapidity ; but 
in  the plains of Tanjore, and generally in the low lands which trend inwards from the east 
coast, south of Pondicherry, they were greatly impeded ; and it was while the great theodolite 
was being hoisted to the summit of a pagoda in Tanjore that it met with the accident which has 
already been described. In these tracts there are considerable gaps in the principal and also 
in the secondary triangulation ; the surface of the county was very flat and destitute of 
commanding positions, it was also densely wooded, and these difficulties were found to be 
insurmonntable. Thirty-five years afterwards the principal triangulation of this survey waa 
being successfully carried-under the superintendence of Colonel Waugh-through a far more 
difficult county, the well known Terai, bordering the southern slopes of the Himalayas from 
the meridian of 79" eastwards to the Assam Valley, which is as flat as Tanjore and is moreover 
covered with dense and deadly forests and jungle. But then the means and appliances of the 
aurvey, and it's command of skilled labor, were far greater than they ever had been in Colonel 
Lambton's time. 

The whole of the triengulation below the perallel of 16; is shown in m ah& on the d e  of 8 miles = 1 inch,-in 8 wotiono- 
mtitled, " Plos of tha Trigoaometrical Oparationr cotried on in the P m i d a  of Idia, j b a  the yror 1802 b 1814 irckrin, m D k *  
the rupurirtendence qJ Lieut.-Colonel R. Lamblor." Pulished by J. Hornburgh, 1W. 
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Objedima raised to 6Ae sptern of operations; proposak for an astronomical, inetead of er 
geodetic b s i s  fop the Survey of India. 

"Shortly after the commencement of his labors, Colonel Lambton was called on to 
" demonstrate the utility of his work. It waa assorted that survefe on an astronomical basir 
" would be equally accurate, and more economical than geodetical operations. The futility of 
" these views was ably exposed by the Colonel, and being supported by the Astronomer Royal 
"of the day, the Reverend K. Maskelyne, all open opposition was withdrawn, and Major 
6 c  Rennell, who was the chief advocate of the astronomical basis, afterward concurred ih the 

trigonometrical system. As this view of the subject has been corifirmed by the practical 
testimony of every nation in Europe, and the importance of trigonometrical operatione is now 
universally admitted, by all practical scientific men, as the only trustworthy basis for exten- 

" sive national surveys, it is unnecessary to discuss the first principles any further in this place, 
and they are only adverted to in illustration of the formidable prejudices the trigonometricd 

" survey in India hae. all along had to contend with. Colonel Lambton's operations detected 
" an error of no less a quantity than 40 miles in the breadth of the Peninsula, as previously 
"laid down astronomically in the way Major Rennell proposed. All the principal places 
'. on the old maps, which had been fixed astronomically, were found considerably out of p s i -  

tion. &'or example, -4rcot was out 10 miles, and Hyderabad no less than, 11 '  in latitude 
and 32' in longitude. In  fact for the survey of an enormous empire, the trigonometrical 

a system is not only the most rigorous, but the cheapest in the end." 

Geographical Operations. 

About three years after the commencemetlt of his operations, Oolonel Lambton was called 
on by the Government of Madras to furnish all possible information regarding cc the appearancd 
66 and resources of the country, it's roads, it's supply of water, and whether favorable for military 

movements ; also to represent it's general features, such as rivers, vallies, passes, mountains, 
the state of fortified places &c ; and in short to notice every circunlstance that may afford useful 

(6  information in time of war." Eventually four officers, who had been trained in the Madras 
Military hstitution, were appointed to assist Colonel Lambton in these operations ; they were em- 
ployed in delineating the principal geographical features of the country, on the basis of the 
triabslation, in euch tr manner as to indicate every thing that was considered to be of impor- 
tance for military operations. The runs of the mountain ranges, the aourses of the principal 
rivera, and the linee of the great military roads, were laid down in a general manner, by determin~ 
ing the poeitions of the principal points and places on them, and more particularly the poai t im 

V e q  little information on the abject of these propmala ia tb be fbund ih the d~ of the Depeement, and the ~ b ~ 6  de1.ilb 
t&en from a B ort on the Erogreaa and Bayerne qf tAe Great T ofiocrretrical Swlrey qf India which was rspared by Colonel A. 

&tt Waugb- then %utveyoo. f3enez-d and Superintendent of the Onat%igonometricll Stwry-lot the hfotmnyion of B~.uI J 
P m w n t ,  md war printed m the 16th April 1851, by order of the Ueuse of Cohwnm. 



XXVIII INTRODUCTION. 

which were or might be halting places for troops. I n  fact, mllenever the triangulation entered 
a district of which no regular survey had been or mas being made, and political reasons, or the 
physical difficulties of the country, rendered it improbable that such a survey would soon be 
rnacie, Colonel Lambton and his few assistants were required to make a generalized preliminary 
Eurvey, and report on the condition and capabilities of the country; a l ~ o  to furnish sketches of 
forts, and supply all other information wtlich would be useful for military purposes. Thus 
by tlie year 1814 he was able to furnish the Government with a series of' Maps exhibiting all 
the most prominent geographical features of the Peninsula, as far north as Goa on the west and 
Musul.ipatam on the east coast. 

These operations were frequently suspended for a while ; the assistants were removed, 
and Colonel Lambton was on one occasion instructed to restrict his operations to the principle 
triangulation only, and to stop all secondary triangulation and all measures for acquiring 
geographical details. Some alarm appears to have been felt of evils which might result from 
multiplying copies of maps or other materials connected with the survey of the country; in 
1810 Colonel Lambton was directed to transfer all the geographical and topographical materials 
in his office to the Quarter Master General ; he was even prohibited from retaining any copies of 
those documents, but he was graciously informed that the Governor in Council did not require him 
to render any account of the rnaterials which he had collected at his private expense, during the 
pregress of tlle general survey. Eventually however these objections were overruled, and 
Colonel Lambton was requested to combine his materials with those of other surveys into a 
s e r i e ~  of geographical mape. 

The operations were also frequently interrupted by the disturbed political condition of 
the country ; in some of the Native States, though the Rulers were anxious to render all necea- 
sary assistance to the surviyors, there was no sufficient authority to prevent opposition, which 
was mariifcsted sometiir~es actively by hindering the surveyors from erecting stations cin the 
most comm:rnding points in the country, so~netimes passively by refusing to allow them to 
purchase food and endeavouring to starve them away. The Trava~icore mar brought matters 
for a while to a stand-still, and Colonel Lambton took a share in the military operations ; he 
served at the capture of the Arumbulli lines, the fortifications which protect the neck of the pro- 
montory on the extremity of which Cape Cornorin is situated. 

me Survey transferred from the control of the Jfadras Government to that of the 
Government of India. 

The success which had attended Colonel Lambton's early labors had naturally induced 
the Hon'ble Court of Directors of the East India Company to desire that the Survey should 
be gradually expanded, so as to embrace the whole south of India, and then be advanced pro- 
gressively to the north. Thua by tlie year 1817 the Great Arc had been carried northwards 
as far as the Beder base, in latitude 18" 3', while the weneral triangulat.ion had reached the 

? 
parallel of 16" ; the operations had passed beyond the l~rnits of the Madras Presidency and 
entered into Provinces which were polit,ically connected with the Bengal Presidency, and the 
~ r i t i s h  Authorities in which were under the sole orders of the Governor General in Council 
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-the Supreme Government of India. These circumstances appeared to the Marquia of Has-, 
tings, who was then Governor General, to indicate that the time had arrived when expediency 
required that the ~rigonometrical Survey should be taken under the direct and immediate 
control of the Supreme Government, and this measure was carried out on the 1st January* 
1818'. The Governor General moreover directed ." that the Survey be denominated the Great 
" Trigonometrical Survey of India, and Lieutenant-Colonel Lambton the Superintendent thereof; 

that a duly qualified officer be appointed Chief Assistant to the Superintendent ; and that 8 

person skilled in natural science, and capable of affording medical and surgical aid to the 
b s  survey establishment, be permanently attached to it as Geologist and Surgeon." 

As regards the appointment of a Chief Assistant, the Governor General observed that - - 
&Ithe intense me&l and bodily labour of conducting the Trigonometrical Survey haa been performed heretofore by 
4' Colonel Lambton alone, and the mnk and the advancing age of that zealouu and diatinguiahed person now deman&, 

come relief from such severe fatigue. But independently of the consideration so emiueutly due to the individual, the 
" Governor General is decidedly of opinion that the strongest reaeons of public expediency exist for associating an -is 

tant in this great employment. The mathemetical qualifications for couducting such labours are of a very high order, 
'6 and pwessed by few in India ; they require to have been kept up by habitual exercise ; and moreover the. extreme 
" accuracy indispensable in trigonometrical calcul~tions on the scale of Colonel I~smbtori's undertaking, demands a 
" dexterity in the use of the instrument& and a scrupulous degree of attention in what may be termed the p m t i d  part .  

of the labor, which can acarcely be conceived by persons unaccustomed to it, and which is to be learnt only by 
rigorous apprenticeship. The regretted time must one day arrive when Lieutenant Colonel Lambton's tsak is to de- 

'4 volve on a wccesaor. I t  would not be wise to trust to chance for producing one fully equal to the duty a t  the 
moment when he is wanted ; neither ie it right that this important Survey ahould thus hang on the life of a single in-, 
dividud. Lieutenant Colonel Lambton himself has urged thi8 point to the Governor General and has p r e d  on hia 

" Lordship the propriety of giving him an associate. The Governor General therefore has selected for this Office, Cap-. 
" tain Eve&, of the Artillery, of whose emiuent degree of 8cience.aa a mathematician he ia mured,  and whose talent. 
cue known to the Vice-president in Council, both by his surveys in Java, under the Quarter Tiaster General's Depart- 

" ment, and by hi successful exertions a9 an Engineer, in recently clearing the navigation of the Mataban@ and other 
" rivere." 

I n  May 1818 Dr. Voysey was appointed to be Surgeon and Geologist to the survey. , 
 ith her to Colonel Lambton had been carrying on the principal triangulation i d  the 

geodetic operations almoat single hnndedt, for the officers of the Military Institution, who had 
eerved under his orders for some years, had been solely employed in secondary triangulation, 
and in the. geographical operations. His normal establishment consisted of a sufficient number 
of tbe nativee of the country to carry the instruments ribout, and a few chain-men and signal- 
lers ; also three European or East Indian subordinates, who were originally employed ae com- 
puters in carrying on the several calculations of the triangulation, but eventually were trained- 
to render assistance in the field also. A11 the principal operations hitherto, whether in the, 
field or in recess quarters, whether in the actual observations and measurements, or in the 

+ The inbct ions  were conveyed in a letter No. 111, dated 25th October 1817 from the Governor (fsneml to the Msdru (form- 
ment, f m m  which the above exhaets are taken. 

t "In his early o ratioxu Colonel Lambton WM a~~iated by Lieutenant Warren of hin Majesty's SSrd, and Captain Kater, of him 
s'Mejeaty*s 12th Foot. & first named oIlicer belonged to the ancient nobleam of Franco, to which country he returned dler the pms. 
"His day with &lone1 h u b t o n  ass of short d u d o n ,  as he wan, at a very early period of the work. ap irited to the charge of the 
"Yadnrs obaenatory. Captain Xater's health having failed, obliged him to quit the department. Thin o&r abrnarda aoquired an' 
" h p e a n  mputation M a ncientific man, having become a member of almoet eve d m  in Europe, been emplo ed on every burinen* 
"of national research, appointed a member of the Board of Longitude, and f lusJ  elwtecf Vice-President of the k y a l  Society. Thus it 
" a~~psan, that, during the greater portion of his career, Colonel Lambton worked nearly mingle handed in the extensive and arduour open- 
" horn which he carried on, amidat the formidable trials and obstacles that the baneful nature of tho climate and the want of resource in 
"the oountry everywhere prewnted." Eztmwtedfiom Colmwl Wough'8 Pwli?~llantory &port M the Progrerr md 12tpewue of the 
Qrrd lkigouonctticd &my oJ India. 



calculations connected therewith, bad been performed by Colonel Lambton and his three eubor- 
dinates. Thus simultaneously with the transfer of the survey to the direct control of the 
Supreme Qovernment, the strength of the establishment was materially increased, and t.he Mar- 
quis of Hastinge, so deservedly celebrated for hie happy selections of able men for public 
bueiness, made a fortuuate choice in his selection of Captain Everest as Colonel Lambton's 
chief assistant. 

Continuation of the ~ m a i i v e  to the death of Colonel Lambton in 1823 ; the operations embracing 
the country between the paralleb of I 6" and I go, and the meridians of 7 7 O  and 80". 

Wben the survey had been carried to the north of the parallel of 16", and had reached 
the basin8 of the Kistna and the aodavery Rivers, it's further progress was much impeded, and 
for several years the advance was very slow in comparison with the rapid strides which had 
bee11 made in the southern portion of the Peninsula. The scene of the operatiorm was now the 
country of the Deccan, the Dominions of a Native Prince-the 3izan1 of Hydrabad-whose 
auttrority was at all times very feebly exerted over his subjects ; many of the petty Chieftans 
were in open rebellion against the native government, and all were more or less suspicious of 
the operations of the surveyors, viewing the planting of flags and signals with much jealou~y 
and apprehension, as mere preliminaries to taking possession of the country. 

Thus it was a matter of some delicacy on the part of the British Resident at the Nizam's 
Court to  upp port the surveyors, and on that of Colonel Lambton of some hazard to venture into 
these regions, which did not settle down into repose until tlle Marquis of Hastings had destroy- 
ed the Pindara confederacie~ in 1818 ; and even after that event the survey parties had to be 
etrongly guarded, and it was frequently necessary to send soldiers of the Nizam'a army with 
the native subordinates as well as with the European officers, for their protection. 

But the chief causes of delay arose from the physic;il difficulties and the comparatively 
meagre resources of the country, and from the deadly nature of the climate at the season of 
the year when-for the reasons already explained at page XIS-it was conaidered neceseary 
to carry on the principal triangulation. 

Tbe face of the country was covered with extensive forests which had ~pread  over the 
sides and the summits of the hills, so that several days and sometimes weeks had to be spent 
in  clearing the hill tops and preparing them for stations of observation ; the commanding posi- 
tions which were most favoraole for the operations were frequently situated at great distances 
from the nearest inhabited localities ; and, worse than all, the heavy rains which cleared the 
atmosphere sufficiently to permit of observations being taken to distant signals, were invariably 
followed by a deadly season of some months duration, caused by the influence of a powerful 
sun on a moist soil and rank vegetation teeming with the germs of malaria. 

Captain Everest joined Colonel Lambton late in the year 1818, and wae deputed in 
June of the following year, at the commencement of the rainy season, to extend the general 
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triangulation esatwards, from the sides of the Great Arc near Hyderabad to the meridian of 80". 
l i e  has given vivid descriptions of his operations in the Introduction to the Arc-Book of 1830, 
and in his reports to Government. One of his first duties was to quell a mutiny of the de- 
tachment of Nizam's troops which formed his escort ; he had to carry the operations through 
a country which he describes as a " dreadful wilderness," a region than which '' no part of the 
earth was more dreary, desolate and fatalJ' ; he had to improvise means for crossing numerous 
atrea~ne which had been swollen to rivers by the heavy rains ; at some of the hill stations 
nearly a square mile of forest had to be cleared away before observations could be commenced; 
and when all these difficulties were successfully surmounted and he was hoping to complete 
the observations in course of a few days-and thus, in Colonel Lambton's words, r 6  have per- 
formed a very magnificent work qndeed to start withJ'-he and his assistants and the entire 
native establishment were etruck down by a malignant fever, many perished miserably by the 
road side, and the survivors had to be carried into Hydrabad, whence the whole of the public 
elephants, litters and vehicles of all descriptions had been despatched to their sucoour, on the 
receipt of the first intelligence of the calamity. 

Captain Everest's conetitution suffered so much that he was obliged to go to the Cape of 
Good Hope for a year, to seek the advantages of a change of climate. There he employed 
himself in inveutigating IA Caille's meridional arc, which had presented an unaccountable ano- 
maly when compared with similar rneasuremonts executed on the opposite side of the equator, 
giving rise to the hypothesis that the opposite hemispheres of the globe were of different 
forms. Captain Everest stlowed* that the discordance most probably arose from the disturbing 
influence occasioned by the attraction of the mountains in the neighborhood of the two termi- 
nal stations of the arc ; and twenty yeara afterwards his views were fully corroborated by Sir 
Thomas Maclear's operations for the verification and extension of this arc. 

Doctor Voysey, who had joined the lsurvey a few months before Captain Everest, shared 
.all the perils aud privations of that officer's first campaign as a surveyor, but fortunately with 
lees harm to himself. He remained with Colonel Lambton, and was of great assistance to him, 
aiding in the measurement of the Takal Khera base-line, in the year 1822, and completing the 
surrounding principal triangulation, while his chief was engaged in observing zenith distance& 
Colonel Lsmbton earnestly recommended that Doctor Voysey should be formally appointed to 
the Survey aa his assistant, but the Governor General " doubting the expediency of combining 
in one individual the functions of Surgeon, Geologist and Surveyor'' withheld his coasent from 
the measure. 

After the year 1819 Colonel Lambton ceased to take an active part in the triangulation, 
which was then chiefly carried on by his principal sub-assistant Mr. J. De Penning; and the 
operatious at Takal Khera, in the year 1822, were the laat in which he took any personal 
share. He wae proceeding from Hydrabad to Nagpore, to make arrangements for extending 
the operations of the Great Arc northwards, across the Mahadeo and the Vindhya ranges and 
into the plains of Central India, when, on the 20th January 1823, he died at Hingunghat, a 
now well known commercial town which is situated about 50 miles to the south of the city 
of Nagpore. 



Colonel Lambton mas 47 years old when he commenced the operations which have now 
been reviewed ; he had thus already reached an age when, in India, men are mostly thought old, 
or at least are considered to have passed the prime of life, and are within eight years of the 
age at which the servants of Government are liable to be superannuated; but he waa still 
in the prime of his life, and the full vigor of an unusually robust and energetic manhood. Until 
within a few years of hiu death, at the age of 70, he seems to have scarcely known what it was 

, to have had a day's ill-health, though he never spared himself, nor shrank from accepting hie 
full share of the privations to which all the members of the survey were exposed, and which 
even Captain Everest thought reckless and almost unjustifiable ; he accepted these as a matter 
of course, and seems to have t,houwht little, and said less, about them, rarely alluding to them 

?' 
excepting when he was endeavounnw to obtain promotion for his subordinates who had shared 

a. 
them with him. His life was an en t~re  devotion of self to the interests of the public service 
iind the advancement of science, without a thought of ever ceasing from his labors while .life 
lasted; and, as he had ever looked forward to dying, so he died, at his post. 

By far the greater portion of the operations hitherto had been performed by Colonel 
Lambton with his own hands, and it is much to be marvelled at that he should have succeeded 
in doing all that he did, with the limited means at his disposal. H e  had however contemplated 
extending his researches to other subjects than those to which his energies were so unsparingly 
devoted ; he had formzd a project for the investig~tion of the laws of terrestrial refraction, and 
was making arrangements for the determination, by pendulum observations, of the relative force 
of gravity at the several stations of the Great Arc, and at " corresponding stationu in the same 
latitudes on the sea coast." But it was only ~ermit ted to him to complete a part of the pro- 
gramme of achievement which he had set before himself; the rest he was compelled to bequeath 
to  his successors, The investigations into the laws of terrestrial refraction were made a few 
years after his death by Colonel Everest and Captain Waugh. The project for investigations 
of the force of gravity was set aside for ueveral years and eventually forgotten ; bu t  in 1864, 
General Sabine, then President of the Royal Society, recommended that pendulum observations 
~hould  be taken at the stations of the Indian Arc, in conjunction with the operationu of the sur- 
vey, and the meaunre having been approved of by the Government, has been subsequently 
carried on by Captain Basevi, and is now all but completed ; the principle, which was origi- 
nally enunciated by Colonel Lambton, of comparing inland with coast stations, has been 
drictly followed ; and the results protniue to throw much light on the laws of the local varia- 
tioqe of gravity which are superposed on the normal variation from the poles to the equator. - 

These are not the pages of a biography, nor is this the place to enter into further 
details of the career of the first chief of the Trigonometrical Survey of India ; but even here 
i t  may be added-in the words of his pupil Captain Everest-that " Colonel Lambton was ever 
+e kindest of maaters, and used his authority with so gentle a hand as hardly to leave a con- 
sciousness of it's existence."* 

* The d o l e  of the h tim exmted in the period rariewed in this Section 1 is shown in two Plum of the l + i v u e  
i m  & Ilrrcom'r Doniniow, 4- P-l b the Oodwsry, d I& to *ha ecutward qf N i m l  r d  P-P: p u b w d  
Junw Hombugh in 1827. 
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The Operations during tk period 1823-30. 

Captain Everest returned from the Cape of Good Hope in 1822, and was employed in 
carrying a series of principal triangles from the Great Arc westwards towards Bombay, when 
the news reached him of Colonel Lambton's death. Shortly afterwards, on being appointed 
by the Government of India to succeed Colonel Lambton, he postponed all further operations 
in the direction of Bombay, and proceeded to extend the Great Arc northwards, in fulfilment 
of his late chiefs intentions. 

Hitherto these operations had not advanced beyond the neighborhood of Ellichpoor, in 
the valley of Berar, between which and the plains of Central India on the north, three nearly 
parallel chains of mountains are situated, trending in an east-and-westerly direction ; the two 
southern chains are known indifferently as the Sautpoora or the Mahadeo Ranges, the northern 
is the Vindhya Range, and they form the basins of the Taptee and the Nurbudda Rivers, 
which flow between them, on either side of the central range, from east to west. 

Considerable difficulties having been anticipated in carrying the operations across this 
region, Dr. Voysey had been deputed in the previous year to march through it and explore the 
country northwards as far as Agra, with the expectation that it might be found necessary to 
make a considerable detour to the east in order to avoid the direct passage of the mountaid 
ranges ; but he reported that though the mountains were wild and desolate, and covered with 
forests which would be deadly in the rainy season, he had seen no difficdlties at all equal to those 
which the survey had already encountered and successfully surmounted between the Godavery 
and Ellichpoor. 

In  two years Captain Everest carried the Great Arc over the mountains and into the 
plains of Central India, advancing as far north as the town of Sironj, in the parallel of 
24' 7'. Every effort having been made to guard against a repetition of the catastrophy which 
had previously arrested the operations, and great assistance being rendered by the Political 
Officers who represented the British Government at the Courts of the Native States, what had 
once been conceived to form an impenetrable barrier was surmouuted with a rapidity which 
surpassed the most sanguine expectations, and without any loss of life. 

But Captain Everest experienced a return of the typhus fever which he had originally 
contracted in the forest-clad basin of the Godavery River, and which now attacked him with 
still greater virulence ; he was in a great measure deprived of the use of his limbs, and was 
liable to convulsive paroxysms, attended with agonizing pain ; yet, with a courage and endu- 
rance worihy of his late chief, he persisted in the undertaking, though constantly warned that 
he must fall a sacrifice ; during the whole of his observations with the zenith sector, he had to 
be lifted into and out of the observer's chair; at the great theodolite his arm had to be supported 
when extended to reach a tangent screw, and on some occasions his state of weakness and 



exhaustion was such that without. being held up he could not have stood to the instrument.* 
Nevertheless he persevered, and succeeded. H e  carried the operations northwards until the 
entire length of the Arc, including the several southern sections which had been measured by 
Colonel Lambton, exceeded that of the longest European Arc. He then suspended all further 
operations, and at the end of the year 1825 he proceeded to Europe ; there he brought up the 
calculations of the operations in which he had been engaged, and published a description of 
them in the work entitled " A n  Account of the Measurement of an Arc of the Meridian between t h  
parallels of I 8" 3' and 24" 7"' London 1830, to which reference has been frequently made in 
these pages. 

Mention has already been made of Doctor Voysey's services to Colonel Lambton, in 
the actual operations of the survey, and to Captain Everest, in the exploration of the country 
between Ellichpoor and Agra with a view to ascertaining it's suitability for future operations. 
While thus employed Doctor Voysey was also collecting materials for a report on the Geology 
of India, and, during the period of five years, 1819-23, of his association with the Tripno- 
metrical Survey, he completed " two principal barometrical and geological sections, one extend- 
" ing from Bombay to the north of the Godavery and one from Agra to Madras ; in addition 
" he had completed several minor sections of 3, 4 and 500 miles each, and a geological section 
" of the country between Calcutta and k g r d Y  H e  had been under tents or marching the'khole 
of that time, with the exception of a period of a few months, and had travelled by land upwards 
of eight thousand miles ; he was constantly on duty notwithstanding that he had been twice 
subjected to fever contracted in the jungles on the banks of the Godavery. He died in 1824, 
on his way to Calcutta, unfortunately before the value of his indefatigable services and as- 
siduous devotion to his duties had been recognized by the Supreme O~vernment. 

Colonel Everest did not return to India until the year l$30. During his absence the 
geodetic operations were suspended, and the situation of Superintendent was held open until 
his return. The subordinates were employed, under the principal Sub-Assistant Mr. Joseph 
Olliver, in carrying a triangulation from the terminal stations of the Great Arc near Sironj, 
eastwards, to Calcutta, a distance of 671 miles; "notwithstanding the frequent ravages of 
jungle fever, which has all along been the most baneful enemy of the trigonometrical survey, 
as well as one of the chief retarding oauses,"t this operation was accomplished in about six 
Sears, at the rate of I I 2 miles per annum, with branching series of secondary triangles. 

The operations of the three first decades of the Trigonornetrical Survey of India, which 
have now been reviewed, form a group by themselves, and have little in common with the 
subsequent operations. They were executed at a time when the science of geodesy was in it's 

See the Arc Book of 1830, p a p  36 and 37. Colonel Everest seems to have suffered mqch from a want of sloep ; in a letter, dated 
6th October 1825, he inveigl~s npnlnst the "indecent conduct" of one of his assistante, who h d  brol~ght neighing l ~ o n w ~  into his tnrlip, 
notmthetanding that s positive order had been peased "the n d v  of which wna obvioue to the mpt  annmon undcrstsuding, t h t  no noises 

to be made by man or beost which might bc likely to dieturb h'id reet." 
t Colonel *augh's B a p t  to thr Houm of Connoas, para. 22. . , 
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infancy, when the several instruments which are necessary for the linear and the angular 
measurements of a survey were still far from their present state of-practically-almost absolute 
perfection, and when the methods of reduction and analysis were still rude and imperfect. 

Thus the geodetic measurements have shared the fate of all similar operations which were 
contemporaneously executed in Europe and other parts of the globe, in that they have been or 
are being superseded by revisionary operations with modern instruments of superior accuracy 
and value ; they have answered the purposes for which they were immediately required, and 
have furnished data for a fairly approximate determiuation of the figure of the earth. 

But for geographical purposes, for providing points on which to base topographical, 
cadastral or fiscal surveys, the wliole of the operations are still most valuable, and they must 
continue to be so as long as the trigonometrical stations and the points laid down from them 
remain in existence. Little is now required for their completion in this respect beyond the 
extension of the modern triangulation southwards, from Madras to the points at which a 
suitable junction may be made with the triangulation of the Island of Ceylon, which has not 
yet been connected with that of India. When this operation and the revision of the southern 
sections of the Great Arc have been completed, the results of the old triangulation may be 
reproduced on the basis of the modern, which should leave nothing to be desired to satisfy 
the most fastidious requirements of topographical surveyors. But such a measure cannot 
be carried out until the triangulation which is now in progress shall have been completed. 
Thus the final reduction and publication of the r e ~ u l t s  of the early operations will probably 
form the last stage of the work of the Trigonometrical Survey ; the operations subsequent to 
the year 1830 must first be finally reduced, and afterwards those of the preceding years. 

The only parts of the early operations which might have been employed in the first 
stage of the final reductions are the linear measurements ; but it mill be found, from the critical 
examination of the base-lines of that period, which forms Chapter V of the present volume, 
that these linear operations are worthless for the purpose of controlling any portion of the prin- 
cipal triangulation of this survey, and that they would certainly introduce larger errors than 
are liable to be generated in the course of the modern angular measurements. 





S E C T I O N  I. 





S E C T I O N  I. 

THE STANDARDS O F  MEASURE O F  THE 

CHAPTER I. 

Descr+tion of the Standards. 

Several standards, of various dimensions and different metals, have been used in the 
course of the operations of the Trigonometrical Survey ; these will now be described in the 
order in  which they were obtained. 

Cary's three feet brass scale. 

This scale is 3.15 feet in length, 1.51 inches in breadth and -14 inch in depth ; it was laid 
off by Cary from the scale of Alexander Aubert Eeq., and is referred to by Captain ICater in 
the Pllilosophical Transactions for 1121. I t  was received in India in May 1832, ,and from 
that time until the year 1825 it was employed in defining the lengths of tlie ~ t e e l  chains by 
Xamsden which were used by Colonels Lambton and Everest in the measurements of various 
base-lines. The processes followed on these occasions Irnve been described by Colonel Everest 
at  pages 51 and 52 of his first account of' the me;~sureme~it of an arc in India (London 1830). 
T h i ~  scnle does not appear to have ever been directly compared with any of the standards 
which were subsequently constructed for the Indian Survey; an indirect comparison might 
however be obtained if neceesary, for the steel chains by ltamsden were conlpared with 
standard A by Colonel Everest in 1832, see pages CI to CI I I  of bis Arc Book of 1547. The 
scale however 11as long ceased to serve the purpose for wllich it was originally employed. I t  
was used at the 8 base lines wllich mere meiisured between the years 1830 and 1864, with the 
Colby apparatus of compel~sating bars arid microscopes, but sirr~ply for the purpose of Ineasur- 
ing the distance-never exceeding 5 feet-between the end of a last set of bars, and a section 
station or the closing extremity of a base line, and also for determining the values of the runs 
of the micrometers for comparing the lengths of the cornpensated bars with standard A. 

These runs were invariably determined from inch 7 to 8 of tlle scnle, which was as- 
sumed to be exactly equal to the ,:, part of the Standard ; it has recently been found to differ 
fro111 that quantity, but-as will be subsequently shown- by so small an amount as to have no 
appreciable effect on the reductions. 



Tire lo-feet iron standard bar8 A and B, and the 6-inch brass scales A and B. 

These were constructed in England under Colonel Everest's Superintendence, and were 
brought out to I~ id ia  about the year 1832. 

The 10-feet standards are of wrought iron, 123 inches in lengtl~, -9 in breadth and 2 in depth. 
Each bar is supported on two rollers, at one fourth and three fourths of its length, secured to 
the bottom of the wooden box by wliich the bar is e~~casecl; the euds of the bar are cut away 
to llalf it6 deptli, so that tlic dots, ~nnrliing on platillurn pins the measure of 10 feet, are in t.he 
neutral axis of the bar. On tlie upper sul.face, 30.5 inches from the middle of the bar towards 
either extremity, are two wells for thertnomete1.s. 

The brass scales are 10.25 inches long, 2 in breadth and -5 inch in depth, the standard 
mensure being defined by dots engraved on silver pins let into the brass at 6 inches apart. Each 
is fitted with a thermometer resting flat on the scale and having a round bulb for which there 
is a sligllt inde~it~ation on the surface of the scale. Each is also provided with a micrometer, 
for measuring the difference between the 6-inch space on the scale, and the distance between 
the visual axes of the compensated microscopes. 

The iron standard B mas compared with the Ordnance Survey 10-feet standard O9 in London 
in 1831, Ily Lieutenant Murphy R.E., (Account of Lotyh Foyle Base Appz. V). I t  was twice com- 
pared witil tlle iron standard A at Delira Doon in India, in November 1834, and February 1635, 
by Colonel Everest. 'l'he 6-i:lch brass scales A and B were also compared by Colonel Everest 
in India in June 1835. A and A have remained in India ever since, and been employed, the 
former at all, tlie latter at all but the two last, of the ten base lines which have been measured with 
the Colby apparatus of compensated bars and microscopes, between the years 1832 and 1869. B 
and B were sent to Etigland in 1843-4, and were conveyed by Colonel Everest to Southampton, 
and made over to tile office of the 01.dnance Survey. I n  1846, B was compared with the 10-feet 
Ordnance Standard O,, and B with the Ordnance 6-inch scale. B mas ~ubsequently taken to 
R u s h ,  where it was compared by M. Struve with severd continental standards. I n  1865 i t  
was compared in the Ordnance Office at Southampton, by Captain Clarke, with the new 10-feet 
Indian Standards which will now be described. 

Tire 10-feet steel standard Is, the 10-feet bronze standard Ig, and the standard steel foot, IF, 

Q~iestions had been raised as to the possible variation in length of the 10-feet standard 
A ;  and ce~tninly it was not inconcei\-able th:~t the lengtll might have varied in t t ~ e  course of 
the many journeys which this bar had bee.1 made to perform, each of several hundred milea 
in length, by land and sea, from the Head Quarters of the Survey to the eight base-linee 
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to which it was conveyed between the years 1839 and 1863, viz. those at  Calcutta, Dehra Doon, 
Sirouj, Beder, Sonal;lioda, Attok, Karaclli, and Vizagnpatnm. 

To remove a11 doubts on tliis subject, two new standards, of 10 feet in length, were con- 
strncted for this Survey by Messrs. Trougl~ton and Sirnms, in 1864; one. known as Is, of cast 
steel, hammered ; the other, known as I B ,  of bronze, or more correctly BiJly's metal, an alloy 
formed in the proportions copper 16, tin ?A, zinc 1. 

These Lars are similiw in section and dilnensions. The section is in the form of a girder 
with equirl flanges i\bove and below ; breadth of fl;uiges 1.57 inclies, breadth between flanges 
-74 inch, deptli between flanges 1.55 inclies. totiil deptli 2 5 5  incl~es ; total length 122.9 inclles. 
Eilch is divided, on its upper surfice, irito six spiices, Ly seven gold pins about a tenth c!f an 
incli in diameter, drilled, one at the ceritre of the 1)nr and tliree on each side of tlie centre, at  
one foot, two feet, and five feet from tlie celitre ; this arrungenient affords two sljaces of a y:wd 
each, on tile right arid left, and four contiguous spaces of one foot each ill tlle ceritre. 'l'11e 
s~iiall circular surfaces around the gold pins arc sliglitly depressed below the general sarface of 
tlie bar. The divisions are indicated by liues drawn on the gold pins perpendicularly to the 
length of the Liir. 

I n  the upper surface of each bar there are three contiguous pairs of tliermometer wells, 
one pair in tlie centre of the riglit yard, another in tliat of the lefa yard, the third in tlie centre 
of tlle bnr ; each of these pairs of wells is intended to receive two thermometers,-with the 
bulbs c11)se together and scales lying outwards-one ranging from 45" to C5", tlie other jrom 
65" to 85", and having degrees of about -40 inch long, divided into tenths ; wit11 tliis arrange- 
mcnt the tempe~sature of t l ~ e  Lars between 45" and 85" is indicated by three thermornetera, 
wliicli can be rend to the thousandtli part of a dem-ee, with the aid of a microscope having a 

P 
sliding ~ys t em of converging lines in tlie eye plece. There are also two more thermonieter 
wells, at one-fourth and three-fourths of tlie bar's length, intended for thermometers ranging 
from 30" to 105", the degrees being subdivided into halves only ; this arrangement is adapted 
for the measurement of occasional extreme temperatures. 

Each of the bars rests upon eiglit rollers wl~ictl are framed in two systems of levers, 
care being taken in the construction tllnt the levers halance accurately on their axles, and that 
the rollers revolve freely. I3y tliis system of levers the pressure upwards of each roller upon 
the bar is the same, and the bar is tllus supported by eight equal preFsures applied at equal 
intervals. The distance apart of the rollers is 15.5 inches, as given by Mr. Airy's formula 

where a is the length of the bar and n the number of rollers. (See Memoirs of the Royat Astro- 
nomical Society Vol. X J?) 

Of the eight rollers supporting the bar, one is a true cylinder, the others are slightly 
convex or barrel shaped, by which means a proper bearing is secured. 
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The stnndard foot I F, is a bar of steel, an inch square and 13 inches in length. There 
are two wells for therlnorneters, 3.5 inches on either side of the centre of tlie bar. Linee 
markiug the inches and smaller sub-divisions are &.awn on geld pins let into the bar; the extreme 
inches are sub-divided into twentieths. 

The standard 10-feet steel and bronze bars and the cradels for their support, were copied 
-with very slight modific:~tions-from the Ordnance 1ntermedi:lte Bar 0 I,, and it's system of 
cradels. The standard foot, was also copied from the Ordnarice Foot 0 F. See Captain Cklrke'r 
Comparisons of Standards of length, Chapters X V I  to XX. Londo~r 1866, 

As the 10-feet standards are sub-divided into yards and feet, and the foot standard into 
inches and twentieths of an iuch, it is possible to ascertaiu the re1:ttive lengths of the small 
spaces on which the ~nicrometer runs depend, and of the six inch standiird scales, to the 10-feet 
standards and the Standard Yard, and thus to refer all the measurements to a c o u i / n  uuit. 



C H A P T E R  

Z b  T;lrermal Expansions of tire Standards. 

An accurate knowledge of the variation in the length of a standard bar, corresponding 
to a given change in the temperature of the bar, is essentially necessary for a correct determina- 
tion of the comparative lengths, at a given normal temperature,-as 62P Fahrenheit-of standards 
which have been actually compared at temperatures differing by more than a very few degreee 
from the normal temperature ; it is also necessary for the reduction of the lengths of base-lines 
which are measured with metal bars of various temperatures, to the lengths at the normal 
temperature. 

But the determination of the absolute thermal expansion of a metal bar is a problem of 
very great delicacy and difficulty, BS will be readily seen on comparing the discrepancies which 
are so frequently met with when the expansion of the same bar has been determined on several 
occasions. Such discrepancies have given riee to the hypothesis that the expansion is not 
constant, but is liable in course of time to vary. Thus the expansion of the 10-feet Ordnance 
Standard 0, bas been determined no lees than six times, with the following reeults, for a variation 
of temperature equal to lo Fahrenheit. (See Prin+al lh'angulatim of tirs Orhanee &rvey. 
London 1858; pages 205 and 221.) 

With reference to the last of these determinations Captain Clarke observes that " it seeme that 
the expansion of the standard O,, must have increased since 1846, and is again approaching itta 
former value, namely '0000065 ." 

Year. 
- 

I 827 
1844 
1844 
1845 
I 846 
I 849 

It remains to be seen how far such differences between numerical values aa are here 
exhibited are due to actual changes of expansibility, in course of time, andhow far to errors in 
the determination of the expansion. As regards the possibility of changes, sufficient informa- 
tion does not appear to be at present forthcoming to enable any valid conclusions to be formed; 
it is therefore only practicable at  preaent to investigate the influence of errors in the observations, , 

Co-efficient of expansion. 

moo00065 z 
~000006 I 3 
*ooo00607 
*ooo00620 
*00000592 
*ooooo637 

I 

Expansion in millionth of 8 yard. 

91-74 
"0'33 
20'23 
20'65 
I974 
2 1-23 
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The examination of any group of good observations of the expansion of metal bars will 
at once show that whatever errors exist, of a nature to exercise a sensible influence on the 
results, must be constant errors, due to defects in the apparatus, or t,he modus operandi, or possibly 
to both causes, for the theoretical probable errors of the results are almost invariably far smaller 
than the differences between the results of independent groups of observations. 

Two methods appear to have been most commonly followed hitherto, in investigations 
of this nature. 

In one of these methods the bar has been placed under a pair of microscopes, and it's 
length (relatively to the distance between the microscopes) been determined by observations at a 
natural temperature ; it has then been heated by steam to a temperature approaching 21?, and 
it's length again determined. But the violence to which the bar is subjected has brought this 
method into disfavor, as it appears liable to alter the normal length of the bar, temporarily, if 
not permanently.* Moreover there is much .reason to doubt whether the factors of expansion 
thus derived for such high temperatures are strictly applicable to measures at lower temperatures. 

The other method is to remove the bar from the comparing room into a chamber artifi- 
cially heated to a temperature of about 100"-which is slightly greater than the maximum occur- 
ring in practical operations-and allowing it to remain there until it has acquired a steady tem- 
perature ; then bringing it back into the comparing room, carefully enveloped in blankets, and 
adjusting it quickly under the microscopes. In Russia a converse method has been followed, 
and the bars have been cooled down iu sheds pervaded by the extreme cold of the winter, and 
then brought into a warm comparing room. 

Frequently the microscopes have been assumed to hold an invariable position throughout 
the comparisons-an assumption which is very questionable-but occasioually the experiments 
have been conducted so as to be independent of the stability of the microscopes, by comparing 
the bar under treatment with another bar of which the temperature remains nearly constant, 
the expansion being known with s d c i e n t  accuracy to indicate the variations in length for slight 
changes in temperature. 

I t  is manifest that the accuracy of the results of all such experimental observations must 
depend very materially on the accuracy with which the temperatures of the bars are indicated by 
the thermometers. But when the temperatures of the bars are changing, the temperatures of the 
thermometers, whose bulbs are fixed in the wells of the bars and are protected from external in- 
fluences, necessarily Zag behind those of the bars, and consequently the indications of the ther- 
mometers must be to some extent erroneous. 

I n  order to guard against errors of this nature, Captain Clarke-before determining the 
expansions of the new Steel and Bronze Standards described in the preceding chapter-devised 

* Nm.-Captain Clarke remarka that "if s bar of iron be heated from 6Z0 to 21Z0, it ie M, extended 160 x 6 = 900 millionth of 
its length ; and if the modulus of elaaticity be, say, 80,000,000 and tho d o n  two square inches, the force -aired to produce the above 
edmion is 60 x 900 = 64,000 lba., or W tona. ds s Btandard of lencth can oeldom,,be used at a tampsreture exceedrng 90°, it - 
ImneceHary that it should be heated in expansion experiments sbove 100' at the outaide. 
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an apparatus for artificially raising the temperature of a bar to any desirable point, and retain- 
ing the temperature at that point as long as might be wished. The apparatus is minutely des- 
cribed in Chapter XVI of his Comparisons of Standards, and several illustrative plates are attached 
in explanation. I n  this place therefore it is only necessary to state that the bar rests on a 
carriage between two copper boxes of slight1 y greater length than the bar, and 5 inches in height 
by 3 in breadth ; these boxes serve as tanks for holding the water by which the bar is heated. 
By means of supply and discharge pipes, an unintermittent flow of water, brought from a re- 
servoir in which its temperature is maintained at any desired point, is passed through the tanks, 
and the variations of temperature in the tanks are very slow and very small and in their influence 
on the bar generally insensible. 

Captain Clarke obuerves that 
" even with the existence of small sensible oscillations about a mean temperature, there ia thia advan* above 

"the method of obtlerving a bar steadily cooling, that sometimes we obserre the bar in the state of expan-, and some- 
" times in the state of contracting, the one as often as the other, and thus a aonstant error is avoided." 

Captain Clarke has investigated the influence of an unsustained temparatnre on a bar under 
comparison. After closing his observations of the expansions of the Steel Bar, he cut off the sup- 
ply of warm water, which was than at a temperature of 63", the temperature of the room being 43" ; 
six comparisons were made at various intervals within the following thirty hours, at the end of 
which the temperature of the bar had fallen to about. 51"; it was then again heated to above 65" and 
allowed to cool, and, when cooling, two more comparisons were made. The resulting values of 
the expansion are very satisfactorily accordant inter se, but they are smaller than those previoua- 
ly deduced with sustained temperatures, in the proportion of 20.740 to 91.194; this indicates 
that the temperature of the thermometers was on an average about 0.3" Fahrenheit greater than 
that of the bar, and was consequently lagging behind the bar, though the latter was cooling 
at the slow rate of only about 0.P in an hour. 

Similar results were obtained by Capt,ain Clarke in experiments on the Ordnance iron 
Standard 0 I, while cooling. Moreover, on determining the expansions of this bar and the 
sister bar 0 I,, with his heat sustaining apparatus, he obtained larger values than had been 
.obtained from previous determinations which had been made under falling temperatures. The 
reslilting expansions, expressed in millionths of a yard, for 1" of Fahrenheit, were respectively 
as follows, (See Comparisons of Standards Chap. Vl and XVlI.) 

With a falling temperature, expansion of 0 1, = e 1'055 f. -089 
With a sustained temperature, ezpanaion of 0 I, = 2 I -576 f '010 
W;th a falling temperature, expansion of 0 I, = 21.400 f -050 
With a sustained temperature, expansion of 0 I, = 2 I .59 I f .o I I 

In the case of 0 I, the difference is material, the magnitude thereof being about six times the 
amount of the probable error of the f i s t  determination, and fifty times that of the second, t h u  
illustrating the imperative necessity of guarding againet the presence of constant errors in 
investigations of this nature. 
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Certain comparisons which were made at Dehra Doon in May 1869, to determine the 
difference between the expansions of the iron standard bar A, and the steel standard la tell the 
same tale. The observations were made in a base line tent, in order to secure the greatest 
range obtainable from the natural variations of daily temperature. They were taken early 
in the morning and late in the afternoon-at the hours of maximum and minimum temper- 
atures--commencing a little before and ending a little after the highest and lowest points had 
been reached, in order that the momentary variations of temperature might be a minimum and 
that the errors arising therefrom might be practically cancelled. The comparisons furnish- 
inter alia-two groups of observations, each containing seven determinations of the value of 
Is - A, one group under a decidedly rising, the other under a decidedly falling temperature ; the 
mean temperatures of the two groups differ by less than 3", so that no possible error in the 
adopted value of expansion of either bar can affect the reduction of the observations of one 
group to the temperature of the other. The results are as follows, 

Under a falling temperature I, - A = 72.0 
Under a rising temperature I, - A = 57.4 } rnifls'onth qf a yard at 8g0*48* 

The difference far exceeds any poesible errors of observation, and clearly arises from the 
circumstance that .the variation of temperature of the iron bar A was much more rapid than 
that of the steel bar I,; the mass of the steel bar is about half as much again as that of the 
iron, and its diurnal rwge  of temperature was only two-thirds of that of the iron; in neither 
bar could the thermometers have exactly indicated the temperature of the bar, but the lagging 
of the thermometers in the iron bar, which expanded most rapidly, must have been greater 
than the lagging of the thermometers in the steel bar ; probably by about OS3", for the error of 
either determination as compared with the mean, is 7-3, and the expansion for lo about 21 ; the 
mean of the two values is almost identical with the mean which is derived from the whole of 
the comparisons-about sixty in number-&d with the value which has been independently 
deduced from other observations. 

From a considmation of the preceding fads it must be clear that  determination^ of the 
thermal expansion of metal bars are only to be relied on when taken with the utmost care to 
exclude constant errors, and consequently that apparent variations of expansibility, in course 
of time, may in reality have been caused by errors in the respective determinations of the 
expansion by different methods and different observers. 

The millionth part of the yard haa been adopted by Captain Clarke, in hia Comparieona of Standards of Length, m s unit of m f m o e  
for small quantities. It is a convenient unit, being unzumbered nith the large number of decimal p 1 m  which are required when the inch 

adopted RB the unit. I t  will be fiequcntly a ~ e d  in thia volume, end daap whenever the results of tlie operntions of thie he to 
~ m b i n e d  with the reeults of Captain Clarke'e wmparieone, snd his hvcetigatbne of the e x p k n q  of the standards. 
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The Expansion of the 10-feet Standard A. 

The factor of expansion of this bar was first determined in 1832, in Calcutta, by Mr. 
James Prinsep and Captain Wilcox. The observations are,given in detail in No. XV of the . 

Asiatic Journal (March 1833) in an article by Mr. Prinsep ; and Colonel Everest has given a 
synopsis of the 1-esults which he has deduced from them. at page XCVll of his Arc Book 
of 1847. 

The method of operation was briefly as follows ; the bar was placed inside a double case 
formed of two concentric tin tubes, soldered together at the extremities, but separated by a 
space into which steam might be admitted. The bar was then brought under two microscopes 
which were fixed on isolated piers of stone. The microscopes were first read when the 
bar was at the natural temperature of the comparing room, which appears to have ranged 
from 71" to 79'. Then " the stop cock of a pipe which communicated with the boiler of a small - 
steam engine was turned, and a stream of  team, entering at one end, mas made to pass longi- 
tudinally along the whole space between the tin tubes. and discharge itself at the opposite end. 
When the steam had been applied for a sufficient period, and both thermometers and micrometers 
continued to agree in indicating no change, the readings of both were again noted, and the 
communication with the boiler being cut off by turning the stop cock, the whole was allowed 
to cool down to the ordinary temperature of the room, in which state the readings were made 
for a third time." 

The factor of expansion thus deduced was :ooo,oo6,801 for 1" Fahrenheit, and the corres- 
ponding linear expansion is 22.67  millionth^ of a yard. 

Up to the present time this value has been employed for the reduction of all measures 
of' the standard at various temperatures, to the normal length at the temperature of 62". 

But an analysis of the numerous comparisons which have been made at each base-line, 
between this standard, and the compensated bars used in measuring the lengths of the base- 
lines, has shown that the discrepancies between the several comparisons on each occasion 
would be materially reduced were a smaller value of the expansion of the standard to be em- 
ployed. Such comparisons in themselves afford a means of determining the expansion of the 
standard, with very tolerable accuracy, and they have been used for this purpose by Captain 
Clarke, in determining the expansion of the Ordnance Standard O,, for the reduction of the 
measurement of the baae-line on Galisbury Plain. (Principal Ilriangzclation of the Ordnance 
Survey, page 220.) 
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The foIlowing values of the expansion of the standard bar A have been thus obtained 
for eight out of the ten base-lines, no such investigations having been made for the Lases at  
Beder and Cape Comorin :- 

These expansions are all con~iderably in defect of the value obtained by direct observ- 
ation at Calcutta; it is noticeable that one of the largest differences occurs at the Calcutta 
base-line, which was measured in the year in which the direct determination was made ; the 
difference therefore is clearly due rather to the observations themselves, than to an actual 
change in the expaneion. 

Base-Line. 

Calcutta, . . . 
Dehra Doon, ... 
Seronj, ... 
Sonakhoda, ... 
Attok, . . . 
Karachi, ... 
Vizagapatam, . . . 
Bangdore, ... 

Colonel Everest observes that his factor agrees very closely with the one given in 
Mr. Ure's tables, of ~000,006,779, derivable from an increment between 32" and 212". On the 
other hand it considerably exceeds the factors determined for the  wrought iron standards of 
the Ordnance Survey, from temperatures not exceeding 10W, by the two processes already 
described; the excess is least when the comparison is made with observations at sustained 
temperatures, but even then it is considerable, being more than 5per  cent of the total amount. 
As compared with the expansions of the wrought iron standards of the Russian Arc, Colonel 
Everest's faotor is 7 per cent greater, (see Struve's Arc du Neridien, pages 49 to 51). Thus a 
redetermination of the expansion of this standard was evidently called for. 

Year of mea- 
surement. 

1832 

1835 

1838 

I 848 

1 854 

1855 

I 863 

Mean temperature of 
standard during 

comparisons. 

67' 

66 

63 

64 

53 

6 8 

73 

Expansion in millionths of 
a yard for 1" Fahrenheit. 

20-gz f -21 

21.13 f '06 

20.46 f -09 

21.21 f -09 

20.92 f -09 

zo-80 f '11 

1868 1 7 I 2 2.0 I 
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Re-determination of the Expansion of Standard A. 

The expansion of the steel standard Is having been very accurately determined by 
Captain Clarke, under temperatures which were carefully sustained, at points not rising above 
l W ,  by means of the apparatus which has been already described, (see also Comparisons of Stand* 
ards. Chapter XVI) an attempt was made at Dehra Doon, in May 1869, to deduce the dzference 
between the expansions of Is and of A, by means of comparisons at  the highest and lowest 
natural daily temperatures. The comparisons were made in a base-line tent, the microscopes 
being set up on isolated masonry pillars. The range of temperature was about 20", the mean 
temperature being 89". Adopting for Is the value of 21,159, as determined by Captain Clarke, 
the result was 

m.Y 
Expansion of A, for lo Fahrenheit = 21.760. 

These are the experiments which have been already described at page 8, and it has been 
shown that they indicate large differences between the observed measures of Is - A when 
taken under rising ternperat~ires, as compared with those which were obtained when the temper- 
atures were falling. For this reason t,he results could not be considered conclusive, and it was 
decided to rnake a new determination, with the aid of a heat sustaining apparatus, similar to  
that devised by Captain Clarke. 

In  order to secure as low natural temperatures as possible, the final experiments were car- 
ried on in the wint,er, on the hill station of Masuri, in a room attached to t,he summer offices of 
the Trigononletrical Survey. They were conducted by Mr. Hennessey, who also supervised the 
entire details of the construction of the apparatus, and the measures for retaining the comparing 
room at a temperature as nearly constant as possible. Mr. Hennessey's account of his proce- 
dure will be given at length in the Appendix ; in this place it is only necessary to give a brief 
sketch of the operations and to epitomize the results. 

The &eel standard Is was again employed on this occasion. The observations were 
divided into 4 groups, each containing 30 comparisons of Is with A. 

I n  group No. 1, both bars were heated. 
I n  group No. 2, both bars were cbld, a'. e. at the natural temperature of the comparing 

room, which was about 52". 
I n  group No. 3, 1, was hot and A was cold. 
I n  group No. 4, 1, was cold and A was hot. 
The hot temperatures were altered at pleasure from 88" to 98", and so thoroughly were 

they controlled that the bars never varied in temperature by more than 0:1 during the whale of 
the observations on any day, and the average range of temperature in the aame time was no$ 
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more than $03 ; whenever the temperature was raised or lowered, a long interval was always 
allowed to elapse before resuming observations, and the changes of temperature were invariably 
made very gently and slowly. 

Combining groups I and 2, a value of the difference between the expansions of I, and A 
ie obtained. Combining groups 2, 3, and 4, absolute values of the expan~ions of both bars 
are obtained.* 

Employing the ~ymbol E to denote the expansion of a bar, in millionth of a yard, for 
an increase of temperature of lo Fahrenheit, and the symbol F to denote the corresponding 
factor of expansion, the following symbols will indicate these quantities for each of the 10-feet 
standards of the Indian Survey. 

E, the expansion, Fa the factor, of the wrought iron standard A 
4 9 9  Fb 9 ,  9 9  9 ,  B 
E8 ¶ ,  4 3  9 9 steel standard I s  
43 9 9  43 , , bronze standard I B  

Combining groups 1 and 2, by the method of least squares, 

combining groups 2, 3, and 4, 

combining all four groups, 

E, = 21.797 f -0079 

The expansions of I s  and I B  have been twice determined by Captain Clarke, (See Com- 
parisms of Standards, Chapter XVQ. The first set of observations was taken in February and 
March 1865, the second in April and May of the same year. 

Though group 2 is thus  employed h both combinstiom, the reaulta are practically independent, for the erron of the OMLOYIB 
of thin group are insignificant in compsriwn with there of either of the other group. 
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The first series consists of 50 comparisons, at temperatures ranging from 39" to 99" ; 
the second of 27 comparisons at temperatures ranging from 56" to 96" ; the results are as 
follows,- 

m.Y 
by the first series EB = 32'957 f '013 

by the second series EB = 32'759 f '019 
ES = 2 1 . 1 5 ~  f '019 

Captain Clarke accepts the results of the second series only, apparently for the reason 
that in the first series the bars were suspended from above, while in the latter they rested on roll- 
ers-"under circumstances more similar to those in which they will be actually used"-aid 
because in the first series there were irregularities in the distance, about of an inch, of the 
hot water tanks from the bar, at different parts of it's length, whereas in the secoud, the tanks 
were somewhat improved as to straightness, and were placed at a greater distance fi-om the bar 
than before, namely about inch. 

The discrepancies between the results of the preceding investigations are much smaller 
than those which are frequently met with in similar investigations, and are thus a satisfactory 
proof the advantages which are secured by the employment of a heat sustaining apparatus. 
Still however they are materially larger than the probable errors would lead one to expect, the 
difference between the lowest and highest values of the expansion of the steel standard amount- 
ing to nearly 1 per cent. of the total expansion. Clearly the differences between the results by 
the same observer cannot be due to any change in the expansibility of the bars in the ,intervals 
of only a few weeks duration between the successive series of observations. The difference be- 8 

tween Captain Clarke's value of the expansion of the steel standard and that obtained by Mr. 
Hennessey, may be due to a change in the expansibility of the bar in the intervening period of 
44 years ; but it is most probably due to constant and inconstant errors in the temperatures in- 
dicated by the thermorneters during the investigations, such as may arise either fiom the intrinsic 
errors of the thermometers or from actual differences between the temperatures of the bars and 
those of the thermometers ; in both investigations however the thermometers were carefully 
tested in ice and compared with very accurately calibrated standards, and the operations for 
sustaining the temperatures must have materially tended to equalize the thermal conditions of 
the bars and the thermometers, but for which circumstances larger discrepancies might have 
been met with. 

The differences between the results obtained by the same observer, must evidently be 
assumed to be due to the intrinsic errors of the operations, and it may also be asumed that 
the differences between Mr. Hennessey's results and Captain Clarke's are due to this cause and 
not to any appreciable physical influence. These assumptions are equivalent to admitting that 
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the most elaborate and exact observatione for determining the expansion of a metal bar which it 
appears possible to make are liable to errors not materially less than 1 per cent. of the amount 
of the expansion. 

Adopting mean results, the value of the expansion of A must be that obtained by com- 
bining the whole of Mr. Hennessey's observations, whence 

For I adopt the mean of the result from all Mr. Hennessey's observations and the 
result from Captain Clarke's second series of observations, as he himself rejects his first series ; 
thus 

For IB, I have simply to follow Captain Clarke, and accept the value of expansion which 
he has accepted, or 

Adoption of a rate of ezpansion vaying with the temperature for the 10-feet standard A. 

The value of the expansion of A which has been finally arrived at in the last section 
has been determined from measurements of tbe increments of the bar between temperatures of 
about 52" and 96"; on the other hand the value of the expansion of this bar which was ob- 
tained in Calcutta in 1832-via. 22'669 my-was determined from measurements of the increments 
between temperatures of 76" and 212". Thus the difference between the two results-which 
is as much as 0.872 my, or precisely 4 per cent. of the whole expansion-is not necessarily 
due to errors in the f i s t  determination ;. and the results obtained from the comparisons of the 
standard with the compensated bars at the several base-lines-which have been given in the 
table in the preceding section of this Chapter-indicate that there is a considerable probability 
that it cannot be due to absolute changes in the expansibility of the bar. 

I shall assume therefore that it is mainly due to the circumstance that the average incre- 
ment of the bar, for a change of l o  of temperature, is greater at the high temperatures which 
were employed in 1832, than at the; comparatively low temperatures which were employed 
in 1870. That the co-efficients of dilatation increase with the temperature, when the tempera- 
ture is between the boiling point of water and the melting points of metals, has been suffici- 
ently shown by the investigations of Dulong and Petit. That the increase is appreciable 
between the temperatures of the freezing and boiling points of water, does not appear as yet to 
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have been generally established. But investigations of the factors of expansion of the wrought 
iron standards which were employed in the verification of La Caille's Arc of the Meridian at 
the Cape of Good Hope, have lead the Astronomer Royal to the conclusion that, between 40" 
and 1W, " the expansion increases rapidly with the rising temperatures" ; the reductions of the 
measures of the standards, to the normal temperature of 62", during the operations at the Cape, 
were consequently made with factors varying with the temperature. (See Sir Zbmas Macbr'o 
Ven$kation and Extension of Lcs Caille's Arc, pages 350,351). 

The law of the expansion of standard A has been empirically determined in the following 
manner. Putting I, for the length of the bar at 7,  the lowest temperature of the observations, 
and I,  for the length at t, any other temperature, it is assumed that 

then I, and 7 being constant, the expansion for lo at any temperature t will be 

The lowest temperature of observations being 52", and the other temperatures being 
76", 96", and 212", we have the following equations 

The observed increment during the experiments in 1832 waa = (2 I 2 - 76j x 22.669 ; 
during the experiments in 1870 it was = (96 - 52) x 21-797 

--. 1 ,  - 162 = 44% + (4.4)'~ = 44 X 21'797 
and I,,, - 4, = 136 x + (1602 - 242) y = 136 X 22.669 

Thus x + 441 = 21'797 
z + 184y = 2a.669 

whence x = 21-523 
y = -00623 

It is necessary to find the mean expansion for lo between the nonnal temperature 62', 
and any temperabe t. The entire increment of the bar, between the temperature8 t = a 
and t = 6, is 
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The, r being = 52", the mean expansion for I' between 62" and any temperature f ia 

The corresponding numerical values €or certain given temperatures will be found in the last 
section of this chapter. 

Th Expansion of the 10-feet Standard B.  

No direct experiments have ever been made for determining the expansion of this bar. 
Colonel Everest assumed it to be equal to that of standard A ;  both barn were constructed at the 
same time, and, aa was supposed, of the same metal, and they are similar to each other in 
every respect. 

Colonel Everest compared A with B in 1894 and again in 1835 ; the observations having 
been taken over a large range of temperature-18" in t.he first instance, and 30' in the second- 
can be treated so as to furnish values of the difference of the expansions of the standards as well 
as of the difference of length. This has been done, and the method which was followed will 
be found described in detail in the Appendix, in the section on the comparisons of the lengths 
and of the expansions of standards A and 0. The results will be shown in this place. 

Adopting the symbols at page 12, and putting 

m-Y 
where e = 22.669, Colonel Everest's value of the expaneion of A, and de denotes the error of 
that value, the following values of y have been obtained by the method of least squares ; 

from the first group of observations, y = - 0,575 + no08 de 
from the second group 99 y = - 0-109 - -015 ih 
from both groups 9 )  y = - 0.145 - .oog de 

Assuming de to be equal to $. 0.872, the amount by which Colonel Everest's value of 
the expansion exceeds Mr. Hennessey's, we get from the mean of both g r o u p  

fJ=- 0'153 

whence fib = 21.644 

The value of y being so small, it is clear that Colouel Everest's assumption that the 
expansion of B is the same as that of A, is sufficiently exact for the reduction of observations at 
temperatures not differing very materially from 62". 



6. 
Tirs h k p ~ i o n s  of tk 6-inch brass ocaks A and B, and of the steel foot IF. 

No determinations of the expansions of these small bars have been made. 

The co-efficient of expansion of the brass scales has been uniformly assumed to be 
*ooo,or 0,417, which is probably too large, having been deduced from experiments over a great 
range of temperature ;-a more probable value is, *ooo,oog,85~ ; (see Account of the h g h  Poyk 
Base, Appendix, Page 12.) 

The expansion of the steel foot ha8 been assumed to be the same as thet of the 10-feet 
ateel etandard IB. 

On tk possible increments of expansa'm of the steel and bronze Standards Is and tB, 
for an ordinary increase of temperature. 

The expansions of these bars have been twice determined by Captain Clarke, and that 
of la  has been re-determined by Mr. Hennessey, with the results which hare already been 
stated in section 4 of this Chapter. In both instances the observations were restricted to tem- 
peratures not exceeding lop, and thus they do not furnish sufficient data for determining the 
variation of expansion with temperature. Captain Clarke however, having noticed that there 
was an inclination to a predominance of + errors at the lower temperatures and - errors at 
the higher temperatures, in his observations, has given tables of the reeult of each comparison, 
and the temperature at which it was made. From these tables the following one har, been 
prepared, by grouping together the expansions at the highest and lowest temperatures. 

Bar. 

... ( Steal, 

... { Do., 

Bronsze, 4.. { 

Expansioa 

n.9 
21.130 
21'220 

21~103 

21.177 

32'747 
33.023 

32'607 32.827 Do., 4 

Series of 
experiments. 

} First 

} second 

) ~i.. 
} Second 

!Number of 
measures. 

4 . 

5 

4 
4 

5 
6 

TEMP EM TUBE^. 

Range. 

42°to 88' 
42 to 97 

56 to 75 
56 to 96 

44 to 74 
4 4 t o 9 8  

Means. 

65. 
69.5 

65'5 
76 

59 
71 
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There is an apparent increase of expansion with the temperature in the four  omp pa ria^^^ 
between the observations of each group ; it is greatest for the bronze bar, but is sdiciently 
marked for the steel, and indicates the probability that the expansions of both bars increase 
with the temperature, by appreciable amounts, even at temperatures between 60' and 80'. 

Recapitulation of the adopted Expansions. 

I have assumed that the expansion of the 10-feet Standard A haa not varied during the 
interval betweeu 1832, when it was determined at high temperatures, and 1870, when it was 
determined at ordinary temperatures ; also that the values obtained on the two oocasions indi- 
catewith all practicable accuracy-the expansions at the respective temperatures of the 
observations, and that the difference between the results is due to an increase of expansibility 
for an increase of temperature. 

I have shown that there is much reason to believe that the expansions of the steel and 
bronze standards, l8 and Igt hcrease with the temperature ; but that whereas there are sufficient 
data for indicating, with fair probability, the precise amount of the expansion of A at various 
temperatures, no such data are forthcoming for 1; and IB, or 0, the bars with which A has 
been compared for the determination of it's relations to the European Standards of length. I n  
*educing the comparative lengths of these bars, at the temperatures of observation, to the 

lengths at the normal temperature, it would be manifestly incorrect to recognize 
the expansion of A, and to ignore that of the other bars. For supposing A to be compared 
with la, and that at a temperature t, which is practically identical for both bars, 

then, putting e, and e, for the expansions of the bars, it follows that at the temperature of 6.2" 

Is - A = m - (e, - e,) ( t  - 62") 

tllm the reduction depends on the dz$erence of the expansions' and is scarcely affected by the 
small changes in this difference which may ~ c c u r  within the ordinary ranges of temperature. 
On the other hand, in reducing the comparative lengths of the standard A and the compeaaated 
bars-which have been employed in the measurement of the base-lines, and which do not vary 
materially with the temperature but are nearly of a constant length-it is necessary to employ 
the value of the expansion of A which corresponds to the temperature of the observations. 
Hence therefore one value of expansions will be employed in the final reductions of the com- 
parisons of standards, and other values in the final reductions of the base-lines ; as ore shown 
in the following tables. 
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Expansions, for 1'- Fahrenheit, used in reductions of comparisons of standards. 

Expansions, for lo* Pahrenfit, of Standard A, at ~ara'ous temperatures, for reductions of 
comparisons with compensated Ziars. 

~ ~ - ~ f f i ~ i ~ ~ t  of expmsion, 
- 

-ooo,oo6,539 
~000,006,493 
-0o0,006,367 
*ooo,oo9,828 
.ooo,oo6,367 
-ooo,o I O , ~ I  7 

Bar. 

10-feet Stand A, (wrought iron) 
,, B (  3, 1 
,, Is (steel) 
y7 I, (bronze) 

Standard Foot IF (steel) 
6-inch Standards A & B (brass) 

This table has been computed with the formula at the end of the 4th section of this 
Chapter. 

Expansion of a in yard. millionths 

21'797 
21.644 
21-225 

32'759 
2.122 

1'736 

Temperatures. 

0 

42 
52 
62 . 
7 2 
82 
9" 

It should be here repeated that the propriety of employing the value of the expansion 
of A which mas determined at Calcutta in 1832 has only recently been questioned ; that value 
had been already used in all the reductions of the comparisons, both with the other Standard 
Bars and with the Compensated Bars. Differential expressions have therefore been added to 
the several reductions to show the extent to which the comparisomv of length between the 
standard bars will be affected by changes in the adopted values of the expansions of either of 
the bars. 

For the base-lines, the mean temperatures of A, during the comparisons with the com- 
pensated bars, will be shown, and corrections for the difference between the adopted value of 
the expansion, and that given in the second table, for the corresponding temperature, will be 
applied to the lengths of the base-lines. 

Expansion. 

m.Y 
21.523 
21.585 
2 1.648 
21.710 

21-772 
21.835 

Co-efficient. 

.ooo,oo6,45 7 
mooo,oo6,476 
~000,006,494 
'ooo,006,5 I 3 
~000,006,5 3 2 

-ooo,oo6,55 I 



CHAPTER 111. 

Comparisons of the Standardt. 

me injlzrence of Personal Equations. 

The eitfemities of the old 10-feet and the 6-inch standards are defined by dots on platinum 
6r silver pihs, which are drilled into the bars. 

The extremities, and the aekeral sub-divisions, of the new 10-feet steel and bronze bars, 
and of the steel foot, are defined by lines which are dram-perpendicularly to the len$h of 
the bar-on gold pins, drilled into the bara. 

The dots on the old standards vary from 50 to 100 millionthe of a yard in diameter, or 
from about 40 to 80 'divisions of the micrometers which have been generally used for the com- 
parieons. 

A perfectly symmetrical dot of these dimensions may either be intersected by a 
single wire of the micrometer, or it may be brought between a pair of wires, with a probable 
erfor less than one micrometer division for a single reading, and materially less for the mean of 

number of readings. But comparisons of standards by different observers frequently exhibit 
far larger diecrepancies than can be explained by the differences between the several measures 
made by my individual observer ; such differences are generally due to accidental errors of 
observation only, and the magnitudes of the corresponding probable errors will not vary mate- 
rially for different persons who, from long practise, are well skilled in the operations ; but the 
discrepancies between the results of the observations of several persons will usually be far 
larger than the probable errora of observation only, and they may be frequently traced to the 
pereonal equations of the observers. 

When the dots are unsymmetrical, the errors of observation are much increased ; large 
discrepancies may be expected whenever the intensity of the light by which the dots are illu- 
minated is varied, as when the light of a lamp is substituted for sunlight reflected from a helio- 
tmpe. A true dot ie of the form of an inverted cone with its axis at right angles to the surface 
6f the bar ; a jagged dot is irregular in outline and depth ; thus while changes of illumination 
will not affect the appearance of the former or disturb the estimate of the position of the central 
point, they may considerably affect the appearance of the latter, and indicate new centres with 
every change of illumination. Here then there will be a still greater tendency to differences 
between r e s ~ l l t ~  obtained by different observers. 

The influence of the peponal equation will now be inveetigated in two groups of 
mmparisons of emall lengths, not exceeding 6 inches, in which the micrometer microsoopes at 
both extremities were read by the same person. Such observtrtions are evidently better suited 
for the purposes of the present investigation than the oomparisw of the 10-feet baro, for 



COMPARISON8 OF THE BTANDABDS. 

two observers are always required for the latter, and the results are liable to be materially 
affected by errors in the apparent temperatures, and in the adopted values of the expmions. 

Compat.isons of the 6-inch S t a d r d  A, and the 6-inch scales used in the baae line opera- 
tions, math the central 6 k h  space [ d .  of tire foot I F .  

The scales are respectively known by the letters M, N, R, 8, S, T, K and W, and 
are similar in all respects to standard A. *Each was compared four times with I F by five of 
the Officers of this Survey, with the following mean results by each observer, which are expressed 
in millionths of a yard, as reduced to the temperature of 62", the temperatures of observation 
ranging from 66" to 70". 

Computing the value of the probable error of the result obtained by a single observer from 
the squares of the differences between the individual results and the mean of each group, and 
calling this probable error e, we get 

The value of e thus determined may be considered to be the entire probable error of the 
result obtained by a single observer, and to include both the personal errors, and the accidental 
errors of observation; so that if p be the probable personal error, and o the probable error of 

. observation, we may put . 

Observer's 
initials. 

M. W. R. 

W. J. H. 

T. G. M. 

J. B. N. H. 

H. R. T. 

Mean 

the other errors being, &om the circumstances of the observations, presumably constant for all 
the comparisons. The several observations by each observer are given in the appendix ; the 

[d.q - A  

+ 1.02 
8-96 

4-91 

1-36 

5-48 

+ 5.55 

[d.l] - 

- 2.67 
4-69 

M[d.q - N 

-10.08 

12.50 

I 
[d.l]- T [dl] - U [d.q - V 

+ 5-94 
4'60 

+ 1.90 
3'11 

3-16 

- 0-13 
+ 2-27 

+ 2.06 

1-67 

5.25 3-93 I::;: , 0.07 

[d.q- W 

+ 3-38 
2-1 I 

[d.q - R 

- 6-59 
7 '64 

- 8.55 
9'74 

I::;: 

11-60 

-10.03 

1.17 

- 3.54 

1.67 - 0.p 

5.89 3'77 1 + 1.54 
3-41 

+ 4'37 + 1.91 

[d.l] - S 

+ 0.98 
2.84 

9'30 9-86 

-11.98 - 8.44 

2.40 

+ 1.59 
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differences between single comparisons and the mean of the group to which they appertain 
indicate that, in a single comparison, the probable error of observation only is = f -81, and 
as four comparisons were made by each observer 

Thus 
= e2 - 02 = (1.28)~ - (-40)~ = 1-48 

Thus the entire error appears to be almost wholly due to the personal equatimrs of the 
observers. 

Conaparz'sons of 5-inch and 6-inch spaces on the standard steel foot, with corresponding spaces 
on Cary's brass scale. 

These comparisons were made in order to determine the relation to Standard A of inch 
7 to 8 of Cary's  bras^ scale, on which the runs of the micrometers had been taken, at every occa- 
sion of comparative measurements between the years 1532 and 1867. The space 7 to 13 of 
Cary's scale was compared with the space a to g of the standard foot, and 8 to 13 with b to g, 
whence the value of inch 7 to 8 of Cary's scale is determined relatively to inch a to b of the 
standard foot, the relative value of which to standard A is known. 

Each space was compared five times by s ix of the Officers of this Survey, with the 
following results, which are expressed in millionths of a yard, as reduced to the temperature 
of 62", the temperatures of observation ranging from 64" to 68". 

Observer's initials. 

T. (3. If. 

J. B. N. H. 

H. R. T. 

C. L. 

H. K. 

T. T. C. 

a to g - 7 to 13 

- 1.7 
4'1 

gag 

4'3 

5'5 

3'2 

Mean 

b to g - 8 to 13 

- 20.5 
I 6.1 

21.6 

I 8-2 

I 3'9 

I 9.1 

a t o b - 7 t o 8  

+ 18.8 
12'0 

11.8 

' 3'9 
8.4 

15'9 

- 18.2 + 13'4 
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Computing the entire probable error, as above, from the squares of the differences be- 
tween the results by each observer and the mean for the corresponding group of the direct 
comparisons, we obtain 

From the detaile of the observations which are given in the appendix it can be shown that, in 
a single comparison, the probable error of observation only is = f '72, and as five compari- 
sons were made by each observer 

whence 

Comparing p and e the entire error is again seen to be almost wholly due to the persona2 
equations of the observers. 

I n  the observations of the foot and the 6-inch scales, the comparisone were made be- 
tween good lines and dots which-with a very few exceptions-were fairly symmetrical. In 
the observations of the foot and Cary's scale, the comparisons were made between good lines 
on the former and coarse lines on the latter, for Cary's scale mas constructed some time before 
the year 1802, when the art of dividing had not reached its present perfection. Thus p is 
muchlarger in the second case than in the first. 

For the probable personal errors of comparisons of small bars which can be made by a 
single observer, it may be assumed that, with fairly good lines or dots, 

while for long bars, in which the comparisons mugt be made by two observers, the probable 
personal error will be 

m.Y 
p = f 1.2 6 = f 1.7 

It is clear from these results that personal errors are liable to be of considerable magni- 
tude as compared with the ordinary accidental errors of observation, and consequently that 

The probable error of a aingle determination of a to b - 7 to 8, deduced from h e  diffemma of the direct cornparisone and their 

65-18 m*Y 
= * -67 dz = k 2 . 4 ~  

which ie, it should be, wmowkat lew than c Jz 
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when great accuracy is required, standards should be compared by as many skilled observers as 
possible ;-it is further evident that the differences between comparisons of standards at differ- . 

ent periods may be due to the personal equations of the observers, rather than to any actual 
change in the length of either standard, in the interval between the comparisons. 

Comparisons of tirs lo-feet Standards A and B, in 1834-35. 

Comparisons were twice made at Dehra Doon under the superintendence of Colonel 
Everest, the f i s t  time in a house, the second time under tents, after the meanlrement of the 
Dehra Doon base-line. Full details of the comparisons, and their reduction by the method of 
lea& squares, are given in the Appendix. The resulting values, at the temperature of 62", 
are as follows :- 

r . Y  
In  1834 B - A = 3-75 the mean temperature of observation being 66.4 
in 1835 B - A = - 0.42 9,  9, 59.0 

Combining both groups of observations by the method of least squares, it follows that 

in 183435 B - A = ' 0.64 the mean temperature of the observations being 62.7 

Cmpri8ons of the IO-feet Standards B, l a  I, and Ordnance 8uruq 0,. 

On reference to Chapters XX and XXII of Captain Clarke's Compa3.iaons of Standards 
of h g t h ,  it will be seen that the Indian Standard B - therein called Ib - was compared in 
England with 0, in 1831, with 0, in 1846, and with Ig, Ig and O1 in 1865. 

Taking into account the difference of 0, and Oe, the results given by Captain Clarke are 
as fallows, as reduced to the normal temperature of 62" ; 

" ' m y  a 

In  1831, B - 0, = - 22-25, the mean temperature of observation being 51.0 
in 1846, B - o1 = - 24.03 ,, ,, 73.5 
in 1865, Is - B = 86.50 ,, 9 y  61.3 

63.2 ,, I, - B. = 218.58 ,, ,, 
,, Ig - Ol = 63.28 99 ,, 63-6 
9, I, - 0, = 195'36 9 ,  $9  62.7 

and from the last four comparisons it follows that 

in 1865 B - 0, = - 23'22, the mean temperature of observation being 62"-7 
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The first four comparisons in 1865 have however been combined with comparisons of 
Is and the Ordnance Standards O,, 0 11, and YS5, by Captain Clarke, who has thus obtained the 
following Final Results ; see Cjr,pter XXII. 

Comparisons of the 10-feet Standards A, I, and Ig, ila 1867-70. 

Tocse bars were compared at Dehra Doon in 1867, shortly after the arrival of IS 
and Ig from England. Full details of the comparisons will be found in the Appendix; the re- 
B U ~ ~ S ,  reduced to the temperature of 62" with the latest and most probable values of the factors 
of expansion, are as follows ; 

"'.Y 
0 

Is - A = 80.84, the mean temperature of observation being 71.7 
IB - A = 212.64 ,, y 9  7 1.9 
Ig - Is = 132.06 ,, y 9  720  

Adopting Captain Clarke's final value of I, - Is (= 131.46)~ we get, 

Is - A = 81.18, through la, 

and combining with the direct value, as above, we get 

I, - A = 8 1.0 I, the mean temperature of observation being 71O.9 

But the comparative length of Is and A was redetermined by Mr. Hennessey, in 1870, 
in the course of his operations for investigating the factor of expansion of A ; the result, as 
reduced to the temperature of 62" with the latest and most probable values of the expansions, 
was, 

Is - A = 8403, the mean temperature of observation being 51°*8. 

The mean of the two series of comparisons in 1867 and 1870 gives 

Is - A = 82'52, the mean temperature of observation being 61'9. 
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Eizanainatim of the comparative lengths of the lo$& Sta&rds A and 0, a.s deduced from 
the observations of 1834-35 and 1865-70. 

By the comparisons of 1834-35 

Combining the value of l8 - A = 82-52, for 1867-70, with Captain Clarke's valuo of 
1, - B = 86.8 I, for 1865, we get, 

As the mean temperatures of the comparisons in both instances almo~t exactly coincide 
with the normal temperature of 62O, the results are unaffected by any errors in the adopted 
values of the expansions of the bars. Thus the difference between the two results might be 
supposed to arise from a change in the relative lengths of the bars, during the intermediate 
interval of upwards of 30 years, when the bars remained, one in the warm climate of India, 
the other in northern Europe. Unfortunately however when the first comparisons were made, 
~ F J  much care was not taken in determining the calibration and index errors of thermometers aa 
is done in modern observations ; the thermometers appear to have been compared with a stand- 
ard belonging to the Royal Society, but for index error only; recent examinations have shown 
that the calibration errors are large, but corrections cannot now be applied, for the thermometer0 
were divided, not on their own stem, but on metal plates, and there is considerable play in the 
attachments. Hence there is an uncertainty of at least 01)2 in the temperatures of either bar 
during the first comparisons, which of itself is sfigient to be the cause of the difference be- 
tween the two results. See Descnptiona and Comparisons of !i%mmters, in the Appendiz. 

For these reasons I have decided to assume that the relative length of the 10-feet 
Standards A and B has not altered appreciably, and that the h e  difference in length is most 
probably indicated by the latest comparisons, whence 

final ~e&8 .  Z k  relations of the Indian 10-feet Xtan&rdi to  each 0 t h  and to the Primp& 
European Standards of Length. 

The comparisons lately made in India furnish additional equations of condition, for the 
relations between the Indian and the Ordnance Survey Standards, which might be combined 
with the equatiow resulting from Captain Clarke's comparisons in England, so aa to furnish a 
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simultaneous solution of the relations of all the Standards. This would however disturb the 
 result^ already obtained by Captain Clarke, but so slightly that the differences would be far a 

within the probable errors of the respective determinations. I have therefore adopted Captain 
Clarke's results as final. 

Thus the lengths in terms of the Ordnance Standard yard Y,, are 

On the following page a table of the relative length of the Standards will be found which 
is taken from page 280 of Captain Clarke's Comparisons of Standards of Length, with the addition 
of the length of the Indian 10-feet Standard A, which is the unit of the operations of this 
Survey. The Yard, the Toise, and the Metre, the lengths of which are given in the three last 
lines of the table, may be here briefly defined, with the aid of the information given by Captain 
Clarke. 

The Yard is the mean length, in the year 1864, of five copies, No. 29, 55, 65, 66, & 67, 
of the National Standard Yard. Captain Clarke states, on the authority of the Official Account 
of the Constrecetbon 01' the new National Standard of Length, and its Prinmpal Copies, that if @ re- 
presente the length of the yard in abstract idea, the mean length of the five yards was origin- 
ally, in 1853, 

. m.y 
b + 0.08 

ou re-comparing the bars in 1864, he assumed that the mean length had not altered, and thus 
determined the length of the Ordnance copy of the Standard Yard to be 

The Toise is the Tdse of Peru, at the temperature of 
13O.00 Re~esmur = 1W25 Cent igrd  = 61°*25 Fahrenheit. 

The original Toise was constructed in 1735 for the measurement of the Aro of Peru ; 
in 1823 it was compared with Bessel's Toise, and in 1852 with the Prussian Toise No. 10, and 
with the Belgian Toise No. 11, which were compared by Captain Clarke with the English and 
other standards in 1 8 a  

The Metre is by definition 443.296 " lignes" of the Tdse of Peru, and it would appear 
** that the platinum bars which were to represent the metre at the temperature of melting ice, 
** (0"-00 0 = 0.00 R = 32"-00 P) were laid off from the Toise of Peru at 13"- Reaumur, allow- 
*( ance being made for the contraction of the bars, according to the rate of expansion of plati- 
fi num, aa ascertained by Borda." 

L3ee Oeptah Obke'e Cor*ptwieo*r of oJ Let@, page 810. 
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Expressed in 
Millimeters. - 

~illimeter=&,fta. 

3047.959 42 

3047'955 50 

3048.034 88 

3048'155 08 

3047.976 16 

3898.059 52 

914391 43 

914391 80 

1949.036 32 

1000-ooo 00 I 

Standards. 

3tnbian 10-geet brrv A at temperature, 6oo*oo F 

Indian 10-feet bar B ,, 62 '0° 

9 9  , 18 , 9 62 '00 

Y S  3, I B  9 9 62 '00 

Ordnance 10-feet bar 0, ,, 62'00 

Russian double Toise P ,, . 61 *25 

Ordnance copy of standard yard, Y,, ,, 62 #oo 

&he %at% 

&he C0i$e 

&he $Bette 

E x ~ r e s ~  in 
'l'erms of the stan- 

dard yard. - 
8. 

3 - 3 3  318 86 

3'333 314 57 

3'333 401 38 

3'333 532 84 

3.33333717 

4'263 007 98 

0'999 999 60 ' 

1.000 ooo oo 

Expressed in 
Inches. - 

1 Inc. = 96 8. 

I 19.999 479 

119'999 324 

120~002 450 

I 2 O . 0 0 7  182 

120-000 138 

153.468 287 

35'999 986 

36.000 ooo 

Expressed in 
Lines of the Toise. - 

Line = &a. 

135 1'148 21 

1351'146 47 

135 1.181 66 

1351.234 95 

1351'155 63 

1727.994 19 

405.346 06 

405'346 22 

864.000 00 

443.296 00 

2.131 51 I 16 1 76.734 402 

1'093 623 I I 39'370 432 



31ie relatim of the Foot IF, and it's subdivisions, to the 10-feet Standard A. 

The lengths of this bar and it's sub-divisions, relatively to the standard yard Yb6 have 
been very carefully determined by Captain Clarke, See Comparimns of Standards, Chpter =x. 
The 13 inch lines are marked a, b, c, d, e,f, g, A, k,d, m, n, and p. The definite value8 of the 
entLe length and of the different spaces are ss follows :- 

may 
1 [@A= 5 Y6, + 2'91 f 0'134 
1 

[a ' ) ]=  a Yb6 - 1'41 f -076 
a [aec] = 36 - y M, + 0'14 f -098 
3 

= Y, + 0.91 f '083 
4 [see] = - Y - 0.1 I f * I  12  
36 65 

5 
[a%j = 36 yb6 + 0.01 f -108 

6 
[aog] = a Yb6 - 0-19 f '095 

6 [de l l  = - y - 0.01 f '134 
36 6s 

me correeponding values in terms of the 10-feet Standard A will be aa follows ;- 
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3 1 e  relutions of the 6-inch brass scale A, and of th.e corresponding scales which are employcd in the ' 
measurements of t h  base-lines, to the 1V-feet Standard A. 

The method by which it was orginally intended to determine the relation of the 6-inch 
to the 10-feet standards, appears to have been as follows. The two 6-inch scales A and B and 
the two 10-feet bars A and B were compared in India in 1834-35; B and B mere taken to 
England in 1843 by Colonel Everest, and were compared, the former with the Ordnance scale 
of 60 inches by Troughton and Simms, the latter with the Ordnance 10-feet bar O,, with which 
the scale of 60 inches was also compared ; thus the relations of A to A might have been determin6d. 
The comparisons in England are given at page 100 of the Account of the Measurement of the 
&ugh Foyle Base, but they are not satisfactory, and have never been used ; and until the year 
1867 the short standard was assumed to be exactly equal to the twentieth part of the long 
standard. I t  was then compared with the central 6-inch Bpace of the new standard Foot 
IF, the relation of which to the 10-feet standard A has been given in the preceding section 
of this chapter. 

Before indicating the result of this comparison, it is necessary to state that the standard 
6-inch scale was originally constructed for the purpose of determining the exact lengths of the 
compensated 6-inch microscopes which are employed in the measurements of base lines with 
the Colby Apparatus. The inconvenience of having only one scale of reference for several 
microscopes was found to be so great, at the measurement of the first base-line, that Colonel 
Everest caused seven new scales to be constructed, which were precisely similar in all respects 
to the standard, and were carefully compared therewith, in 1835, see page 284 of Colonel Everest's 
Arc Book of 1847. 

I n  1867 the microscope scales, a s  well as the standard, were compared with the central 
&inch space of the foot IF, and it was found that the relations of the former to the standard 
had altered very.materially. This will be seen from the following table of the results on the 
two occasions, further details of which will be found in the Appendix. 

1535-1867. 

+ 3 6  + 7-45 + "'41 + 6-04 

1 1835. 1867. 

A - T  
A -  U 

-- 

d - 1W 
A - N  
d - R  
A - 6  

Mean + 8.08 

' " a 9  + 7 1 - 9.09 - 10.08 - 2.58 
+ 2-08 

- 17'53 
- 13-99 - 3-96 
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On the other hand the following table shows, that the mutual relations of the microscope 
scales, as determined by comparing each scale with the mean of all, on the two occasions, had 
not altered materially, as the differences do not exceed what is possibly due to errors of obser- ' 

vation, and to personal equation. 

The alteration in the length of the Standard scale is believed to bo due to the displace- 
ment of the centre of one of the two terminal dots which is known to have been inadvertently 
burnished, instead of being dusted only, when the scale was employed in certain comparisons 
in 1862. 

6 

iN - mean of scales, 
N - 9 9  

B - 9. 

S - y 9 

y1 - 
\ " 

U - .7 

A~suming the mean length of the microscope scales to have been the same on both 
occasions, but the Standard to have been 8.1 m.y longer on the first than on the second occasion 
ifhe relations to A will be as follows: 

Having the microscope scales, we are able to dispense with the standard 6-inch scale 
in the reduction of the microscope lengths to the unit of the 10-feet standard A, at all the 
base-lines, with the exception of the one at Calcutta, which was measured before the microscope 
scales were constructed. 

I n  the corrections for unit the mean length of the microscope scales will be assumed to 
be unaltered, but the relative length of each to the mean of all will be given two values ; the 
first value will be that which was determined in 1835, and has already been used in the calcu- 
lations of the lengths of all base-lines measured before 1867, calculations which it is not 
desirable to disturb ; the second value will be the mean of the two determinations in 1835 and 
in 1867, and it will be employed in the calculations of the base-lines measured after 1867. 

1835-1867 

9n.y 

- 1-58 
+ 0.63 
- 3'33 + 2-04 + 1-88 
+ 0'36 I 

1835 1867 

".Y - 3'10 
+ 7'55 + 0.05 - 4'61 
- 5-24 + 5'33 

".Y - 1'52 
+ 6-92 + 3'38 - 6.65 
- 7-12 
+ 4'97 
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Table of tho e t e d  relations of the microscope scales to the lo$& Standard A. 

Microscope P was in England for repair in 1867 ; V and W are new microscopes which were 
first employed at the base-lines measured after 1867. 

9. 
5% rekition of inch [?8] of Cary's 3-feet brass scale to the 10-feet Standard A. 

Af'ter 1867 

1 
-9 

zjj A + 3'4 
,, 4- 13.0 

,, + 12.9 
,, + 7'5 
,, + O ' I  

,, - 0.5 

,, + 10.9 
3, - 3'7 
,, - 1.3 

Scale 

M 
N 
P 
R 
X 
T 
u 
v 
w 

In 1869 this inoh was compared with inch [a. 63 of the Standard Foot l F, and the result 
was as follows (see Appendix to this volume.) 

Before 1867 

*.Y 
1 A + 2.6 
,, + '3'3 
,, + 12'9 
,, + 5'8 
,, + 1.1 

,, + 0'5 

,, + 11.1 

but by section 7 of this Chapter 







TKlE MEASUREMENT OF THE BASE-LINES. 

C H A P T E R  I V .  

Prelim'na y Obseruatims. 

The immense extent of the triangulation of India h i  necessitated the meaauremeht of 
several base-lines, in order to verify and controul the results of the angular measures. 

The net-work of triangulation which was thrown over southern India, between the 
parallels of 8" and 19" of latitude, by Colonel Lambton, covers an area of 146,000 square 
miles, in which nine base-lines were employed, the distances apart, of contiguous base-lines, 
varying from 90 to 250 miles. 

The meridional and longitudinal series of principal triangles, which were initiated by 
Colonel Everest in place of the previous net-work system of trikgulation, are already equiva- 
lent to a chain of triangles somewhat more than 15,000 miles in length, and they will attain a 
length of 17,500 miles when the operations, from the Coasts of the Peninsula northwards to the 
Himalayan Mountains, and from the Soolimani and Beloochistan Ranges eastwards to the 
Frontier of Bengal, will be completed. The whole of these chains of triangulation will be 
controlled by ten base-lines, five of which are situated on the central meridional arc-the axie 
of Indian Geodesy--at the points where it is crossed by the longitudinal chains of triangles, 
the remainder are situated at the angles of junction of the external chains with each other, and 
with the most important of the meridional and longitudinal chains. The distances from base 
to base, along the chains of triangles by which they are directly connected, vary from 275 to 750 
miles ;-thus in this portion of the triangulation, the base-lines are much farther apart, and far 
less numerous, relatively to the extent of the operations, than in the preceding portion. 

The change, in the method of procedure, from throwing a net-work of triangulation 
over the entire country, to constructing chains of triangles, at convenient intervals apart, on 
certain obligatory meridians and parallels, was contemporaneous with the supercession of the 
old instruments by new and improved instruments-constructed with all the accuracy and 
refinement of modern science-with the application of more delicate and systematic methods of 
observation, and with the introduction of more rigorous formulae of calculation and reduction. 



These important changes took place about the year 1832, ~hort ly after Colonel Everest's return 
from a visit of several years duration to Europe, which he had turned to good account in ob- 
taining new instruments for the prosecution of the operations of the Trigonometrical Survey of 
India. 

Of the new instruments, the most important, in it's superiority over the corresponding 
appliances of former times, was probably the Colby apparat~ls of compensation bars and micros- 
copes, for the measurement of base-lines. A11 Colonel Lambton's base-lines, as well as Colonel 
Everest's up to the year 1826, had been measured with a steel chain by Ramsden, whereas all 
subsequent base-lines have been measured with a far superior apparatus, which was constructed 
on the pattern of the one designed by Colonel Colby for the use of the Ordnance Survey of Great 
Britain ; some of the chain base-lines have also been re-measured with this apparatus. 

Thus the linear operatione may be divided into two groups, which must be noticed sepa- 
rately, one comprising the base-lines which were measured with chains, t h e  other comprising 
those which were measured with the apparatus of compensation bars and microscopes. I t  is 
desirable that these should be described in succession, and this will now be done, commencing 
with the group of base-lines which were first measured. 
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C H A P T E R  V .  

The Base-Lines which were measured with Chains. 

Description of the Chins. 

At page 50 of his Account of thc Measurement of an Arc of the llieridian 6etween the 
parallels of 18" 3' and 24" 7', London, 1830, Colonel Everest observes that 
" in the commeilcement of the Great Trigonometrical Survey under my predecessor, in 1799, one steel chain by 
" Ramsden was the only measuring apparatus. The history of this was rather singular. I t  had been sent, with Lord 
" Macartney's embassy, as a present to the Emperor of China, and, having been refused by that potentate, it waa made 
"over by his Lordship to the Astronomer Dr. Dinwiddie, who brought it to Calcutta for sale, together with the zenith 
"sector (a bettutiful instrument for  that time) by Ramsdeu. The purchase of both was made by Lord Clive, [afterwarde 
"Earl Powis,] the Goverxior of Madras, a t  the instttnce of the Earl of IIonlington, Governor General of lndin." 

" About this chain nothing was known but from the verbal account of Dr. Dinaiddie, who stated that it was 
"set off from Ramsden's bar at 62' of Fahrenheit. I t  was constantly used ns a measuring chain, and no means were 
"known of discovering the quantity to be allowed for wear and tear until hiap 1803, when another steel chain was 
"received from the late Mr. Ramsden, which had been set off a t  the tempcmture of 50' Fulrenheit from his bar. The 
"last chain was never used in the field, but reserved as a standard with which the old chain was oompnred, both beforu 
"and after the measuremen? of a base-line ; a plan which answered extremely well, as long as it w1u merely siibjccted 
" to  the slight effects of friction which resulted from such short trials; but in tho course of the operations it w,w found 
"that the joints of the standard chain had become oxidated, and, in cleaning these, the length became altered, ao 
"that it could no longer be relied on as an invariable standard. 

"At the time of the receipt of the new chain, the standard brass scale, three feet in length, referred to by 
"Captain Kater in the Philosophical Transactions for 1821,* arrived also in India, and the late Lieutenant-Coloilel 
"resolved to use this in his future comparisons." 

The chain, of curious history, with which the operations of this Survey were com- 
menced, is t.hus described by Colonel Lambton ; f 

"The chain is of blistered steel, constructed by Mr. Ramsden, and is precisely alike, in every respect, with that 
"used 119 General Roy in measuringPis base of verification on Run~ney Jfarah. I t  colisista of 40 links of 2 i  feet each, 
" memuring, in the whole, 100 feet. I t  has two brass register heads, with a scale of six inches to each ; these scales 
"slide in th,e braas heads, and are moved by a finger screw, for the purpose of adjusting exactly the two extremities of 
"the chain when extended. In short every part of it is the same as the one above mentioned, which has been fully 
"described in the Philosophical Transactions of 1790." 

The second chain, which was received in the year 1802, mas also constructed by Mr. 
Ramsden, and was probably similar in all respects to the first; i t  was stated to have been 
measured off from '& the standard in London," at the temperature of 50" Fahrenheit, and as there 
was no positive information regarding the unit of length of the first chain, the second was 
employed as a standard of reference only, and was not ueed in measuring any of the base-lines ; 

* For further details regarding this d e  see Section 1 of Ohapter I, of thia vohune. 
t 8ee page 321 of volume 7 of h i i o  Researches, Calcutta, 1801. 



MEASUREMENT OF BASE-LIh'ES. 

thus it served the two-fold purpose of affording a unit of measure-which at the time was sup- 
posed to be invariable-and of determining the correction for the elongation, by wear and tension, 

' 

of the old chain with whicll the measurements were made, and which was invariably compared 
with the standard chain, before and after each measurement. 

!Uie method of using the Chains. 

Several strong wooden pickets were prepared, of three inches in diameter, and from 
three to four feet in leugth, hooped and shod with iron ; each picket was capped by a piece of 
hard wood, eight inches in length alld four in breadth, for the purpose of receiving and sup- 
porting the ends of the ' coffers'. The coffers, in which the chains were supported during the 
mensurement, were a few inches less than twenty feet in length, and were eix inches wide in the 
middle, three at the extremities, and about four inches deep ; they were constructed of planke, 
the sides being seven inches in depth, and pas5ing two inches below the bottom plank, in order 
to increase the rigidity. The braes register heads, carrying a graduated slider which was 
moved by a slow motion screw, were each mounted on a strong picket, and were set up at the 
end of every successive length of 100 feet. In  stony ground, tripods were used instead of pic- 
kets, the heads of the tripods being fitted on a ' common wooden press screw', to permit of their 
being raised or lowered. 

The measurement was made in hypothenusal lengths ; the pickets or tripods were first 
aligned in the direction of the base, their tops were then made parellel to the hypothenuse, and 
the coffers were put on them ; the coffers were all of the same thickness, and formed the plane in 
which the chain was to be extended. The rear end of the chain was attached to a drawing post 
beyond the rear register, to which it could be drawn, by a screw, until the extremity of the chain 
coincided with any required line on the register ; the chain was drawn out in the coffers by the 
weight of an 84 inch shell suspended from its advanced extremity ; the rear end was then ad- 
justed over the corresponding register, after which a register was adjusted under the advanced end. 

Five thermometers were put into the coffers, one into each, and d o w e d  to m m i n  
there " for some minutes, a cloth at the same time covering t hem". They were then taken out 
and the mean temperature was recorded. 

Colonel Lambton states that, in the measurement of the first ba~e-line at Bangalore, 
in 1 800, 
"when any h"ypothenuse was terminated, a line, with a plummet, was let fall from the m o w  upon the feather 
" edge of the chain ; and the point, on the go~luti ,  was marked, which was defined by the point of the plummet (for a 
" braas register head wns there unnecessay) and the height of that extremity of the chain, from the gronlld, wns 
" carefully taken. The new hj~othenusc, therefore, commenced from thnt mme point, and the arrow at the beginning 
" of the next chnin was made to coincide with a plumb linc falling to the said point." 
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At the subsequent base-lines, a special apparatus was made for marking the points at 
which it was necessary to carry on the measurement at a higher or lower level than that of 
the termination of the last length measured ; but the transfer of the terminal extremity of a 
length to the register, and from the register to the initial extremity of the subsequent length, 
was always done by means of " a plumb line freely suspended." 

In some instances Colonel Lambton dispensed with the use of the coffers, and put the 
chains on the ground, which was first carefully prepared by having all impediments removed 
and all hollows .filled up. The registers were inserted into leaden slabs, sunk into the ground, 
and the extremities of the chain were drawn orit by a pair of small capstans, acting on 

one at each end of the chain, but witllout any apparatus for regulating the tension, 
such as the weight of the 89 inch shell which was used at the forward end when coffers LVere 

Colonel Lambton was under the impression that there would be no sensible difference 
between the length of a base-line thus measured on the ground, or, as formerly, on coffers ; 
and be states that " as much may be measured in one day in this manner, as can be done in 
6b six by the coffers." 

?'he Localities of the Bme-Jines. 

The first operation of the Trigonometrical Survey of India was the measurement of a 
base-line in the vicinity of Bangalore, by Colonel-then ' Major of Brigade'-Lambton, in the 
year 1800. Certain particulars regarding this operation are given in VO~.  VII of the Asiatic 
Researches, but I have been unable to fipd any infol-mation regarding the positions of the 
extremities, or to ascertain whether this base was ever connected by triangulation with the 
base which was measured in the neighbourhood, in 1804, by Lieutenant warren, under Colonel 
Lambton's instructions. The steps which were taken, for leaving permanent marks at the 
extremities of subsequent base-lines are so minutely described, that the absence of any such 
information in the present instance indicates that permanent marks were probably not .con- 
structed. This base-line appears to have been set aside, when it was found that a new line 
might be measured in the vicinity, on very much more favorable ground. I t  need not be 
further noticed. 

The next measurement of a base-line was made in the year 1802, in the vicinity of 
Mqdras, shortly after the arrival of the uecond steel chain from England, which was then, and 
on all subsequent occasions, employed as a standard for the old chain to be compared with, 
before and after the measurement of any base-line. 

The latitudes and longitudes of the middle points of the several chain base-lines, and the 
year of measurement, are given in the following table :- 
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I t  is highly probable that all the base-lines in longitude 77" to 78" were measured with 
the aid of the coEers, as they were required for the triangulation of the ' Great Arc', where 
the utmost possible accuracy was aimed at ; on the other hand the base-lines at Tanjore, Guntoor 
and Coomptee, which were measured on the ground, were considered of secondary importance. 

The Zhermal Expansions of the Chains. 

Year of mea- 
surement. 

1802 
1804 
1806 
1808 
1809 
1811 
1812 
1814 
1815 
1822 
1825 

e 

The thermal expansions were determined by Colonel Lambton, at Madras, by extending 
a chain in the coffers, and adjusting each of it's extremities over a revister, in a manner 

F) 
precisely similar to the ordinary procedure of the measurement ; the chain was held in this 
position for some days, and it's extremities were compared with the registers at sunrise, and at 
2 P. M., the coolest and hottest times of the day. 

Seven comparisons were thus made with each chain the diurnal ranges of temperature 
varying from 25" to 42", between the minimum of 80" (Fahrenheit) and the maximum of 124". 
The resulting linear expansions, on the entire length of 100 feet, and the co-efficients, for 1' of 
temperature, were as follows :- 

inch 
Old chain Expansion -0073 7 00-e&ient .ooo,oo6, I 4 
New, or standard chain , 9 '00742 9 9 *000,006, I 8 

Chain Base-Lines. 

Madras, 
Bangalore, 
Coimbetoor, 
Tanjore, 
Palamcotta, 
 GOO^^, 
Guntoor, 
Coomptee, 
Beder, 
Taka1 K'hera, 
Sironj, 

These results are remarkable for their close approximation to the expansions of steel 
bars, which have been obtained by very much more delicate and laborious processes ; thus the 
co-efficient of expansion of the Steel Standard Is is .ooo,oo6,37 ; see page 19 of this volume. 

Latitude. 

0 I 

12 57  
12 57  
10 5 8  
10 44 

8 4 7  
'5 3 
16 17 
14 28 
1s 3 

' 21 7 
24  7 

By whom super- 
vised. 

Colonel Lambton. 
Lieut. \lTarren. 
Colonel Lambton. 

99 

I J 

J J 

SY 

19 

11 

11 

Captain Everest. 

Longitude. 

8: I k 
77 42 
77 4 3  
79 8 
77 4 3  
7 7  40 
8 0  3 1  
7 4  25 
77 41 
77 42 
77 52 

Whether on the 
ground, or on 

Coffers. 

Coffers. 
19 

92 

Ground. 
Uncertain. 

9 J 

Ground. 
) I  

Uncertain. . 
19 

>I 



THE EASE-LINES MEASURED WITH CHAIRS. 

Comparative lengths of tk old chain and the new or standard chain. 

The comparisons appear to have been made by placing the chains successively in the 
coffers, and, when extended by the weight of the 8) inch shell, adjusting one extremity over a 
remister, and bringing a register under the other extremity, by means of the slow motion screws, 
9 

as in the ordinary operations of the measurement. The results are aa follows, the old chain 
being invariably the longer of the two. 

No comparisons were made at ths Tanjore, Guntoor, or Coomptee base-lines. 

lnvestigations of supposed variations in the 2ength of the standard chain. 

Lengthening of 
old chain during 
measurement of 

a base line. 

.0096o 
-01 164 
'03276 
'045 I I 
-02760 

-00864 
'01572 
'00852 

Year. 

1802 
18041 
1806 
1809 
1811 
1813 
1814 
1815 
1822 
1525 

I t  will be noticed that the old chain was steadily gaining in length over the standard 
until the year 181 1, when the excess was found to be less t.han it had been in 1809. This 
circumstance led Colonel Lambton to su~pect the hitherto assumed invariability of the st.andard 
chain, and he determined to test the standard by comparing it with his only other standard of 
length, viz., the 3 feet brass scale by Cary. At Bellary, in 1813, Colonel Lambton caused a 
wall to be built, 2+ feet high, 2 feet thick, and 106 feet long of brick and mortar, well 
leveled and plaaterod with the finest chunam'. A series of brass ' buttons' was inserted in to 
the surface of the wall, in a straight line, the first five at 2) feet, the remainder at 10 feet 
asunder. A space of 2f feet was than taken off the scale with a beam compass, and transferred 
to the wall until the first 10 feet were marked off on the buttons ; this 10 feet waa then set off, 

Base-Line or Locality. 

Madras Base, 
Bangalore ,, 
Coimbatoor ,, 
Palamcotta ,, 
Gooty JJ 

Bellary 
Hpderabad 
Bider Base, 
Taka1 K'hera ,, 
Sironj JJ 

EXCESB OF OLD CHAIN IN INCHEB. 

Mean. 

-04826 
.o8010 
'10374 
,16513 
'15996 
'I 9560 
-2107% 
'z 1504 
.21690 
'23407 

Before I After 
the base-lines. 

I 

.04346 
'07428 
-08736 
,14256 
,14616 

'21072 
'zogoq 
*22981 

,05306 
'08592 
'IZOIZ 
'18767 
'1 7376 

'21 936 
'W476 
'23833 
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in successive spaces, by a large beam compass, until the whole hundred feet had been attained. 
Tents had been previously pitched over the entire length of the wall, and the chain and the five 
thermometers had been kept by the side of the wall for several hours previously. 

Imlnediately after the length of one hundred feet had been laid off, the chain was 
extended, at full length, on the mall, in the usual manner, one end being fixed firmly,.and the 
weight being applied to the other end. The chain was found to exceed the length marked 
off on the wall, by -0341 inches, the mean temperature indicated by the thermometers being 72". 

Colonel Lambton was under the impressioa that Cary's (brass) scale was of the exact 
length of a brass standard in London, and that the chain, when originally constructed, measured 
exactly 100 feet of the London standard, at the temperature of 50". On these assumptions, 
he reduced the result of the above comparison to the temperature of 50",* and thus found the 
length of the chain to be '1430 inch in excess of 100 feet of the London standard, at that 
temperature. 

At Hyderabad, in 1814, Colonel Lambton again compared the chain with Cary's scale, in 
much the same manner as he has done at Bellary, but the coinparisons of the chain with the 
space laid off on the wall were made three times, on successive days, instead of once only, the 
wall being assumed ta be unaffected by changes of temperature. 

Similar comparisons were again made at Hyderabad, in 1821, under Colonel Lambton's 
superintendence. 

At Sironj, in 1825, the chain was again compared with Cary's scale, in much the same 
manner as on the former occasions, but by Captain Everest, whose account of the operation 
and the results are given at pages 51, 52, and 124 of his Arc Book of 1830; instead of a wall, 

, Captain Everest employed " large slabs of sand-stone, ten feet long, supported'on stone pillars, 
s 6  under the idea that they might be less liable than the masonry to be affected by the changes 

of temperature which took place during the measurement". 

The excess of the chain over one hundred feet of the ~tandard scale, as reduced to the 
temperature of 50" Fahrenheit, on these several occafiions, was as follows :- 

at Bellary, in 1813, excess = -1428 inch, 
at Hyderabad, in 1814, ,, = .1889 ,, 
at  ,, in1821,  ,, = -2480 ,, 
at Sironj, in 1825, ,, = -1593 ,, 

While the length of the chain appeared to be increasing, relatively to that of the scale, 
this was supposed to be due to the removal of rust froh the joints of the former; but the 
apparent decrement in length, at the last comparison, raised a suspicion that the accuracy of 
the whole of the comparisons was exceedingly questionable. Nothing better was practicable 
a t  the time and with the available appliances. But it is clear that any measuring chain, how- 
ever perfectly constructed, must necessarily be a most uncertain standard of reference for delicate 

* Pmplo~ing the following coae5cienta of expension, .wo,oo6,18 for the chain, and 'ooo,o~o,jr for tho d o ,  for lo. d F M e i t .  
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measures; the joints may rust, or became clogged with dust, the friction of the chain on the 
.surface on mhich it is supported may prevent it's being always drawn out to the same length by 
the drawing weight, the action of the weight has a tendency to increase the length of the chain, 
and the temperature of the chain cannot be very exactly ascerthined. 

Moreover the transfer of the length of a fractional portion of a small scale, by suc- 
cessive operations, until a length of one hundred feet has been laid off, and that with the 
aid of beam-compasses only, is a process which cannot be expected to lead to results of the 
precision that is required for operations of this nature. 

If we might assume that the comparative length of the standard chain and Cary's scale 
had been accurately determined by these operations. there would still be no evidence forthcom- 
ing, as to whether the chain had increased in length, in the interval of eleven years, between it's 
arrival in India, and the time when it was first compared with the scale, for the unit of 
length of the scale was merely assumed to be equal to that of " the London standard," from 
mhich the chain had beeu laid off by Mr. Ramsden, and t,he relative lengths of these two 
scales does not appear to have ever been directly determined. 

The chain w a ~  eventually compared, by Colonel Everest, in 1832, with the 10-feet iron 
Standard Bar A, which was sent out to India in 1830, and has ever since been the unit of 
measure of the Trigonometrical Survey. The compariso~ls are described in detail at pages CI 
to CIII of Colonel Everest's Arc Book of 1847. The excess of tho chain over ten lengths of 
this standard, at the temperature of 62", was found to bo = -1011 of an inch. 

The impossibility of ascertaining the unit of length of the chain base-lines, otherwise t h n  
by re-measurement. 

The uncertainty which exists regarding the invariability of length of the standard 
chain, and the impossibility of ascertaining the length of that chain in terms of the only other 
standard-Cary's 3-feet scale-with much exactness, have already been set forth in the preced- 
ing section ; and these facts are sufficient to show that the unit of length of the chain base- 
lines cannot possibly be obtained otherwise than by re-measuring the lines with better instru- 
ments. But, in order to complete the history of this subject, it is necessary to state that, on 
the publication of Captain Kater's paper in the Philosophical Transactions of 1821, Colonel 
Lambton ascertained, for the first time, that the unit of length of " the Ifindon Standard", 
from which the chaip was laid off, was not the same as that of Cary's scale. Captain Kater 
had arrived at the conclusion that the former was to the latter in the proportion of ,999930 to 
1.000018, all measurements by the former requiring a multiplier of 1.00007, and by the latter 
a multiplier of e999982, to reduce them to units of " Mr Bird's scale of 1760," which had been 
adopted as the Parliamentary or Imperial Standard, by Act 5 of George IV, Chapter LXXIV. 



MEASUREMENT OF BASE-LINES. 

Captain Kater, however, had not compared either of these standards with the Parlia- 
mentary Standard, but instead thereof* he had employed "a standard supposed to represent. 
Colonel Lambton's, and a 40-inch bar supposed to represent Ramsden'e". Thus the comparisons 
are wholly inconclusive. 

Another point of still greater importance iu the uncertainty which exists as to whet.her 
the standard chain mas laid off from Ramsden's brass scale, as Colonel Lambton believed or 
from Ramsden's Prismatic cast-iron bar-which was laid off from his brass scale expressly for 
laying off the chains which were used in the Ordnance Survey base-lines-as Captain Clarke 
thinks most probab1e.t Colonel Lambton, in one of his papers, alludes to the scale and the bar 
indifferently as if they mere one and the same thing ; and in a memorandum on the subject of cer- 
tain corrections which he applied to the Arc between 8" 9' 38" and 10" 3' 24", to reduce it to the 
Parliamentary Standard, by means of Captain Kater's determinations, he statesf that the standard 
chain had been " laid off from Ramsden's Bar, at the temperature of 50"". §Colonel Everest 
also, in the paragraph quoted in the first section of this chapter, specifies the bar, and not the 
scale, but, on the other hand, he has corrected his chain base-lines as if the scale had been 
employed. I t  seenis probable that Colonels Lambton and Everest were neither of them aware 
that the bar and the scale were two different things. As the measurements were finally 
reduced to the normal temperature of 62", and the Gar was of cast-iron, while the scale was of 
brass, the uncertaiuty from this cause is equivalent to a doubt of about 7' in the mean temper- 
ature of the measurement. 

I t  is thus clear that the only means of determining the unit of length of the chain base- 
lines was by re-measuring theni, with the admirable apparatus which colonel Everest brought 
out to India in 1830, in supercession of the chains and standards which had been employed up 
to that time. 

I t  may also be shewn that, even when the unit of length of the standard chain was best de- 
termined-mz., by Colonel Everest's comparisons at Sironj, in 1832, with the new 10-feet standard 
bar A. when micrometer microscopes were first employed in the comparisons -the results were 
unsatisfactory, evidently because of the intrinsic defects of the chains. The comparisons be- 
tween the measuring and the standard chains, before and after the base-line measurements- 
the results of which have been given in a preceding section of this Chapter-indicate that the 
lengthening of the former was by no means as uniform as might be expected, being very much 
greater for the operations in 1806 to 1811 than i t  was either before or afterwards. Thus a 
doubt is thrown on the accuracy of the comparisons. 

And it would also appear that the measuring chain was stretched out to a greater Iength 
during the comparisons than it was during the measurements, for the length of the Sirorij Base, 

- 

See page 5 of Mr. Airy's Account of the Cowtructwn of the new National Standard of ihbgth and it'. Principal Copies, 1858. 
t See paces 753 and 754 of the Acrount of the Principal ~ n p l a t w n  of the Ordnance Survey, 1858, snd pagea 209 to212 for the 

account of the Prismatic Bar and it's t h e m 1  expansion. 
1 See page 18 of the 6th volume, in muscript, of the operationu of the Trigonomstrioal S m e y ,  s bopy of which is lodged in fhe 

h d i a  Oles. 
5 Bee p a p  128,128, snd 182 of  hi^ Am& of the 1ndi.n bm, 1630 
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aa determined by the chaining, is 2.8 feet less* than the length subsequently determined by the 
apparatus of compensation bars and microscopes, both lengths being expressed in term of the 
same unit, viz., the newly obtained 10-feet standard bar. 

Taking all these circumstances into consideration, the conclusion is inevitable and irre- 
sistible that the chain base-lines are worthless for the purpose of controlling the Principal 
Triangulation of this Survey, and more particularly that great portion of it which has been 
completed since the year 1830, with the best modern instruments. They have served the pur- 
pose for which they were more immediately required, but they have been euperceded by the 
base-lines which were subsequently measured with the Colby apparatus of compensation bars 
and microscopes ; thus they need not now be further noticedt. 

See Colonel Everest'a Arc Book of lWp pager CIV and 280. 
f All extent detaila regardin them be-liner will be found in the ht 6 mlumea of the Q e n d  Bepolf of the 

S m y ,  which ur depited et the &Idh O h  in xna~umipt; in volumee VII, Wp X, XII, XIII of the dsbtbk -= 
Philosophical transsctione for 1818 snd W, mid in Oolonel E v d ' r  h u n t e  of the memmment of the Indian brq IsW) turd 1847. 
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The Colby Apparatus of Compensation Bars and Nieroscopes. 

Dcsmptim of the Apparatus. 

The apparatus of compensation bars and misroscopee which was brought out to India 
by Colonel Everest, and has been employed at all the base-lines which have been measured in the 
course of the operations of this survey since the year 1830, is precisely similar, in almost all 
respects, to the apparatus which was invented by Major General Colby for the measurement of the 
base-lines of the Ordnance Survey; both apparatuses are believed to have been constructed by the 
same makers, viz., Messrs. Troughton and Simms. Elaborate descriptions thereof, with numerous 
illustrations and full details of the method of operation, have already been published in Captain 
Yolland's Accountof the measurementof the Lough Foyk Base, 1847, in Colonel Everest's Account of the 
mmurcment of the Meridional Arc of India, 1817, in Captain Clarke's Account of the Princtpal 
mangulation of the Ordnance Survey, 1858, and in Sir Thomas Maclear's Ver$cation and Exten- 
sion of Liz Caille's Arc of Mm'dian, 1866. A minute description of the, several parts of the 
apparatus and of the method of operation is therefore unneceseary in this place, where such 
particulars only need be given as are required for the understanding of the investigation of the 
probable errors of base-lines measured with this apparatus, which will be the subject of the 
following Chapters. 

Each compensation bar consists of two bars, one of iron the other of brass, each 10.1 feet 
in length, -55 inch broad, 1.5 inch deep, and placed 1.3 inch apart ; rigidly connected at their 
centres by a pair of small transverse steel cylinders, these bars are free to expand from or contract 
towards their centres, independently of each other ; at each extremity they are connected 
together by a flat iron t o n g u e 6 3  inches in length, ~ 2 5  inch thick, and of a breadth tapering 
fiom 1.1 to .6 inch-which is attached by pivots, in such a manner as to permit the bars 
to expand freely while the tongue oscillates on the pivots ; the attachment to the brass bar is made 
near the broad end of the tongue, while the narrow cnd projects to a distance of 3.4 inches 
beyond the iron bar. 



WITH TEE COMPENSATION APPARATUS. 

The compensation point is marked on a silver pin near the extremity of each tongue ; the 
distances of'tbis point from the axes of the pivots of attachment to the brass and iron bars, 
should be exactly in the same proportion as the co-efficient of expansion of the brass bar is to 
that of the iron bar. Were this condition fulfilled, tbe length of the compound bar-viz., 
the distance between the compensation points on the two tongues-would be constant, whatever 
might be the temperature of the bar, provided that both the components were of precisely the 
same temperature; the length is, by construction, slightly graater than that of the 10-feet 
standard, at 62°F. 

The compound bar is boxed into a deal case, and each of the components rests-at one 
fourth and three fourths of it's length-on brass rollers which are fixed to the bottom of the 
box, and have raised flanges to prevent lateral motion ; longitudinal motion is prevented by 
means of a brass stay, fixed firmly to the bottom of the box at its centre, and projectilig upwards 
between the two steel cylinders by which the bars are rigidly connected at their centres. Here 
a spirit level is attached, parallel to the direction of the bars, and is read through a glass window 
in the lid of the box ; a pair of cross levels is mouuted on the top of tlie box. The tongues 
project about two inches beyond the side of the box which is next to the iron bar, and are pro- 
tected by brass caps or ' nozzles', with sliders which can be opened whenever the compensatioll 
p i n t s  have to be viewed. 

There are six compound bars, which are re~pectively distinguished by the letters A, B, 
C, D, E, and H. When in use, the box containing a compensation bar is supported, at one 
fourth and three fourths of ite length, on strong brass tripods, or 'camels', which are capable 
of communicating motion in a longitudinal, transversal, or vertical direction ; for a description 
of these camels see Appendix No. 1 ; they rest on strong diagonally-braced wooden trestles, the 
heights of which are regulated by the slope of the ground. 

The compensation microscope consists of a pair of microscopes which are attached- 
with the visual axes nearly parallel to each other and at a distance of about six inches apart- 
to two parallel bars, the planes of which are perpendicular to the axes of the microscopes, tlie 
bar near the eye end being of brass, and that near the object end of iron, and both being free 
to expand from or contract towards their centres ; the adjustments are so made that the outer 
foci of the object glasses are compensation points at exactly six inches apart. The bars are 
united, at their centres,'by a cylindrical tube, which is fixed at right angles to their direction, 
and is prolonged-beyoad the iron bar-to a length of 3 inches, which  fit^ into and is made to 

as an axis, in the socket of the tribrach at the base of the instrument. At the extre- 
mities of the arms of the tribrach there are foot screws, by which, and the attached level, the 
axis, revolving in it's bearings, can be made vertical. I n  some of the coirlpensation microscopes, 
the axial tube is converted into a look-down telescope, by the addition of an eye piece, at one 
end, and an internal sliding tube-adapted to receive object glaases of various focal lengths- 
at the other end. The axis is capable of being moved, over the centre of the tribrach, both 
in a longitudinal and in a transverse direction, by slow motion screws, acting on horizontal 
plates in grooves on the head of the tribrach. Thus the instrument may be centered in the 
normal of an obligatory point below, with the aid of the lookdown telescope, The axis of 



rotntion ie indicated to the alignment officer by a ' director', a thin ba-about 2.5 inches in 
lebgth and *3 inch in breadth, with a fine silver line down the middle-which ia fixed, at 
right angles, to ti circular plate of the same diameter as the cap of the eye piece of the look- 
down telescope, and,, pTojecting through it, fits into the aperture of the eye piece ; the silver 
line on the director 1s in the prolongation of the a ~ i s  of rotation of the inetrument. 

!be visual ases of the component microscopen are so adjusted that a line joining their 
e?d,erhal foci, or compensation paints, would pass through the axis of rotation at right angles ; 
s ' side telescope', moving in a plane, parallel to that which passes through the foci and the axis 
of rotation, is attached to,the instrument oh one aide, and when it is made parallel to the line- 
by a ptocess which will be subsequently explained-and the axis is in the line, both the micro- 
scopes will also be in the line ; and when the axis is vertical, the focal points will be in the 
same horizohtal plme, 

In the atrangeinehta for conlparing the tnicroscopes with their scales, or with the stan- 
dard 6-inch scale,* an important improvement was introduced bg Colonel Everegt, which may 
be described in this place. The rnicroscopea of the Ordnance Survey do nut contaih any micro- 
meters for measuring the difference between the length of the microscope and that of the scale 
of reference ; it is therefore necessary, in makiny comparisons of verification after a measure- 
uent, either to watch for the temperature at which the length of the scale becomes equal to 
that of the microscope, or to attempt to estimate the amall differences in length by comparing 
them with the known diameters of the dots or of the wires. But at the measurement of the 
first base line in India-the one at C a l c u t t ~ o  much inconvenience was found to arise from thie 
imperfection of the apparatus, that Colonel Evereat caused micrometers to be attached to the 
scales, for the purpose of measuring the distahce between the dot on a scale and the wire of a 
microscope, The micrometer screw acts on a thin narrow brass plate, carrying a diaphragm into 
which a piece of transparent talc is inserted ; thus the dot can be seen under the microscope 
through the talc ; two cross lines are cut on the talc, the intersection of which is brought by 
the mictometer sctetv either over the cut on the scale, or under the wire of the microscope, the 
distance between which is thtls measured with a degree of accuracy unattainable by mere 
estimation. 

Two new compensation microscopes, which were received in India in 1866, are each pro- 
vided with micrometers in the eye piece of one of the components, for the purpose of making 
these small measurements, 

f i e  &hod of using the apparatus d i e h  ha been fonmed in ths bperations of thi8 Surety. 
The apparatus is ad$ted to measure a length, at one time, of 63 feet, of whioh 60 feet 

relative length of ah thedo d e n  to the 10-feet ohudard have bdm given in &tion 8 of Ohsptsr IIf of thir volume. 
t fa hid Vm$tc&n a d  E&iihn Ad CailW. drd, 8ir T h o m ~ ~  Maclear dudes to this defeat in the h b & 8  B M ~  M h d *  

e o p s r w o a ~ t h e c o m ~ ~ D o ~ f . l l ~ o f t h e ~ ~ b ~ m a a r o f ~ e t e j ~ "  
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is obtained from the six bars, 2.5 feet from the five microscopes connectin: the baw, and -5 fodt 
from the half lengths of the two end microscopes. 

The measurements being invariably horizontal, and not hypothennsal, considerable care ie 
taken to select a etrip of ground, which is either quite level or is gently undulating, for the 
operations. The measurements are performed most rapidly and satisfactorily when the slopes 
permit of their being carried on with the complete set of six bars and seven microscopes, and 
when the differences of level between contiguous lengths are not more than a few inches. The 
ground is roughly leveled over, in the first instance, in order to determine the angles of inclinrr- 
tion, that trestles, of various heights to suit the slopes, may be prepared for supporting the bars. 
When a slope exceeds 1 in 20, the measurement is carried on in sets of three or of two bars, with 
a proportional number of microscopes, in order that the stability of the apparatus may not be 
impaired by mounting any portion of it to a considerable height above the ground, and also that 
the distances of the end microscopes from the subjacent ' registers' may not be too great for the 
exact centering of the axis of a look-down telescope over an obligatory point below, or, 
conversely, for centering such a point exactly under the telescope. 

The alfgnment is marked out, in the first instance, by points on pins at intervals of s 
few hundred yards apart, over which vanes are erected or heliotropes are exhibited, for the 
guidance of the alignment officer. This officer employs for his operations a ' boning instrument' 
which may be described as a t ran~i t  telescope riding, on Y's, on a frame to which motion can be 
communicated in a direction transverse to that of the telescope, in order to enable the telescope 
to be brought into the alignment which is indicated by the forward signals. The boning instru- 
ment is put up near the the rear end of the measuring apparatus, and is moved forwards with 
the apparatus after each length or every alternate length is measured ; it's greatest distance from 
any point of the apparatus is not allowed to exceed 24 sets or 157.5 feet, the shortest distance 
usually being a half set, or 31.5 feet. 

The operations are invariably conducted under tents, in order that the apparatus may be 
sheltered from wind and-what is of more importance in India-from the direct rays of the 
sun. Two sets of tent8 are provided, that one set may always be ready in advance to ehelter 
the bars by the time they are moved forwards; a small tent is also provided for the boning 
instrument. Eight officers are required to manipulate the apparatus when the whole of the 
bar0 are used, one at the boning instrument, and one at each of the seven microscopes : an 
aesistant is employed in advance, in laying the trestles. 

The first stage in the operations is the laying of the trestles, as approximately as 
possible, in the line-with the aid of a small theodolite-and raising or lowering them 
until their heady are nearly in the same horizontal plade. This done, the camels are placed 
on the trestles, the bars on the camels, and the microscopes on tribrachs which are attached to 
the ends of the bars, and contain grooves for the feet of the microscopes to rest in without 
shake. The first or rear bar carries a microscope at each end, the 'other bars carry one at the 
forward end only. 

The first bar of a set having been leveled, the microscopes at its extremities are IeveledC 
and each is adjusted to focus on the compensation point on the contiguous tongue of the bar ; 
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the rear end microscope is centered in the normal of the point on the register head which marka 
the termination of the measurement of the preceding set of bars, the director is then placed 
on the eye piece of the look-down telescope, and the boning instrument is brought exactly 
into the line, by observations of the director and of one of the forward signals. The director is 
then carried forward and placed on the axial tube of the microscope at the advanced end of the 
bar, which is brought into the line-by the officer in charge guided by signals from the officer 
at the boning instrument-by means of the transverse screw at the head of the camel which 
supports that e'nd of the bar. Watching the number of turns of the screw which are made for 
this purpose, and giving one third of that number of turns to the transverse screw of the 
camel under the rear end of the bar, the officer at that end is able to keep hie microscope so 
nearly in the alignment, that, when it is subsequently brought back to it's exact position over 
the r e e t e r ,  by moving the bar, the eecond microscope will probably not be sensibly displaced : 
otherw~se the operation must be repeated, until the axes of rotation of both microscopes are 
brought into the lina 

The compensation points of the bars have now to be aligned, by a rocess which 
introduces us to the ' horns' of the boning instrument. These horns are a pair o ! parallel bars 
cut out of a plate of thin metal, and firmly secured, in a vertical position, to the front of the 
boning instrument, one on either side of, but not touching, the telescope, which moves freely 
up and down between them ; the distance between parallel planes passing through the inner edge 
of each horn and the visual axis of this telescope, is made equal to the average distance between 
the parallel planes passing through the visual axis of the side telescopes and the compensation 
pointa of the several microscopes. Thus when the axis of rotation of a microscope has 
been aligned by the boning instrument, the compensation points of the two componente are 
brought on the line, by setting the side telescope on the corresponding horn of the boning instru- 
ment. If, when this is done, the point on the contiguous tongue of the bar is truly centered 
under the corresponding microscope component, the alignment of that point is correct; if 
not, the microscope must be brought over the point by a motion of the whole instrument, 
parallel to the alignment, which is communicated by means of it's transverse screw. The 
microscope ie then brought back to the line by the transverse screw of the camel at that end of 
the bar. Similar operations are performed on the microscope at the other end of the bar, with 
this exception that it is directed into the line by the boning instrument, instead of being brought 
into the line by reference to a point below. These operations are repeated until, by successive 
approximations, the axis of rotation of each microscope, the visual axes of it's components, and 
the compensation points of the bar, have all been brought exactly into the line. 

Then the second bar is adjusted' to the height of the first and aligned, by bringing the 
compensation point at it's rear end into the focus, and under the centre, of the contiguous com- 
ponent of the microscope on the adjacent end of the f i s t  bar ; the microscope and compensation 
point at the further end of this bar are then aligned, in the same manner as at the advanced end 
of the h t  bar. By similar processes the whole of the bars are brought successively into the line. 

- 
The measareinent of the length is the last part of the process ; it is complete ?hen the 
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lookdown telescope of the rear end microscope is centered in the normal of the point on the 
register below, and when the compensation points of all the bars are exactly bisected by the 
ceutral wires of their microscopes ; a register is then centered under the look-down telescope of 
the microscope at the forward end of the bars, in order to mark the termination of the length 
of this set of bars and microscopes. 

Thus the method of operation is one of successive approximations, each of which disturbs 
a preceding adjustment, but to an extent which diminishes with every succeeding approximation, 
until, finally, the residual errors should be far too small to exercise any appreciable influence 
on the result. 

The registers are of three descriptions, viz., solid equilateral slabs of cast-iron, which 
are used when the ends of the apparatus are very slightly raised above the ground ; cast-iron 
triangular frames, carrying a brass sliding tube that can be raised or lowered at pleasure, which 
are ordindrily employed ; and stout wrought iron  ins, from 18-inches to 4 feet long, which are 
used whenever the measurement is likely to be suspended for more than a few minutes, as at 
night and wheh the ground is soft and unsatisfactory. The heads of the two first descriptions 
of registers contain a single point of reference, on a brass plate to which lateral or longitu- 
dinal motion can be communicated by slow motion screws ; the heads of the pin registers are 
larger and contain several points, in rows, each point having a number engraved beside it, to-  
ensure it's identification, an arrangement necessitated by the difficulty of driving the pins 
accurately into the ground. 

The differences of level between the succeesive sets of bars are determined by measuring 
the heights of the end bars above the surfaces of the registers. 

Comparisons of the Cmpensatdon Bars and Microscopes with tk lefeet and tk 6-inch standards. 

As the compensation bars and microscopes are necessarily more liable to be altered in 
length, by accidents and misadventures, than is a simple bar of iron or brase, they are never 
relied on as retaining an invariable length, but are frequently compared, the former with the 
10-feet standard bar A, the latter with their respective 6-inch scales, in the process of the mea- 
surement of each base-line. And this is the more necessary in order to guard against the 
errors which may have been made in fixing the compensation points, as well as those which may 
arise from the brass or the iron component acquiring a different temperature to that of the other 
component, in the course of the ordinary diurnal variations of temperature under which the 
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operations are carried on ; it is evident that the effects of these errors will be eliminated if 6he 
comparisons with the standards are made under precisely similar~circum~tances to those which 
obtain during the measurement. 

I n  the comparisons at the Calcutta base, which was the one first measured in India with 
this apparatus, and in those previous to the measurement of the second base-that at Dehra 
Doon-the first of the above objects was alone contemplated; the comparisons were made, 
not in the base-line tents, but in buildings attached to the Surveyor General's O5ces at those 
places, and, at Calcutta, they were made during the night. But the comparisons after the two 
measurements of the Dehra Doon Base, and on all subsequent occasions, were made in the 
base-line tents, under circumstances very similar to those of the measurement,-that is to say 
they were commenced early in the morning, suspended for a short time and resumed.before noon, 
and concluded in the evening, at the same times as the corresponding operations of the measure- 
ment. They have invariably been made for at least three or four days before and after each 
measurement, and, at the fifth base (Sonakhoda) Colonel Waugh intr oduced the system-which 
has been followed on all subsequent occasions-of making compariso ns at the centre of the base, 
in addition to those before and after the measurement. 

An equal amount of attention has not been devoted to the compensation microscopes, ae 
the length of only the &st part of the b a ~ e  is dependent on them; ea ch microscope has however 
been generally compared with its scale several times, during the course of the measure- 
meut. 

The following remarks on this subject are extrabted from Colonel Waugh's report (in 
manuscript) on the Chuch base, near Attock. 

Colonel Evereat, in his work on the Indian Arc, hae stated, that no dependence can be placed on the perma- 
nent length of the co~npensation bare. I t  is this uncertaiuty, in fact, which renders i t  necessary a t  every -line, 

6' after every march, or any change of circumstancee, to compare them with the standard. An attentive consideration 
14 of a day's comparisons will shew that their length is not wnstant during a single hour of the d y .  From sunrise 
"their length first increases a little, and then diminishes for a time, a l tho~~gh the temperature is increasing rapidly. 
'6 After which they w i n  expand, the heat still increasing. These alterations may be explained, almoet entirely, by 
6' the effects of dissimilar radiating power in the brass and iron bars. There is a great dxerenoe between the heating 
" and cooling capacities of brass aud iron, and this difference preventa the two bars having the same temperature for 
"any length of time. The want of identity in temperature between the metals, will apparently produce, under some 

circumstances, the effects of over-wmpe~mtion, while in other circumstances the bars will appear under-wmpensaM. 
6' The cauea of the observed change in length appears to be the difference of temperature between the two metals in the 
" compound bar, independent altogether of absolute temperature. The alterations in length, in fact, varying w r d i n g  
" to the rate or velocity a t  which the temperature of the air is undergoing change. 

A rapid change of temperature will produce a great alteration in the length of the oompound bar and vdee 
versa. At sunrise, under tents, the bars go on cooling for a short time, and their apparent length incr- in a mr- 
responding ratio. Then as they bogin to acquire cdoric, their length decreases, until both bars are uniformly heated, 
when the length of the compound bar increnses until the hotte8t period of the day IS attained, when the btYs again 
begin to measure shorter ss the temperature decmxm. These phenomena are obvious from an inspection of a day's 
comparison rtt any base line. It is clear also that the fluctuations in length are independent of absolute temperature, 

" 88 far 88 it is possible to judge. The only remedy available to ua for this inconstancy in the length of the oompensa- 
" tion bars, ie to compare them with the standard under circumstances eauratly indentical with those prevaihg during 
6 L  the measurement. I t  is from a consideration of the vast importance of this rule, that the bars were compared a t  
"Sonakhoda and Chuch bases, a t  the centre of the line. For the same reason also, a t  this latter base, the measurement 
" and comparisons have been divided into morning and evening wts for the purpoae of oomputatione. 
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The lengths of the base-lines, the t t m  occupicd in t M r  mea8urerneut, and the 
vera~catory triangulation. 

I t  will be readily understood, from the foregoing descriptions, that the operations for the 
measurement of a base-line, with the compensation bars and microscopes, are exceedingly tedious 
and laborious. This is more particularly the case at the commencement of a measurement, when 

'the several persons employed are imperfectly familiar with the manipulation of the apparatus 
and each has still to learn how to execute his own share of the operations with the least possible 
obstruction to his coadjutors. During the first week, it rarely happens that more than six or 
seven sets--equivalent to about :,th of a mile-are memured in one day. Hut after three or four 
miles have been finished, the measurement advances at the daily rate of twenty to twenty-five 
sets, or rather more than & of a mile. 

That this circumstance has exercised considerable influence in determining the lengths 
of the base-lines, will be seen from the following extract from Colonel Waugh's " Instructions 
for selecting Base-Lines." 

" Scientifiu men entertain various opinions regarding the proper length for bases. Colitinental goodesists of 
" the greatest celebrity are in favor of short lines from 1 4 to 3 miles in length, and have prtrctically carried out this 
" principle in modern operations. English base-lines, on the other hand have always been of conaiderable length, 
" varying in fact from 5 to 10 miles. Nothing seems to be gained by very short lines, except a trifling saving of time 
" and labor. It is clear that the short bases in faahion on the continent, cannot be connected with great triangles, 
" without several supplemental stations, which is an evil because the stations of a series should be as few w possible, 
" snd the length of the side8 of triangles ought only to be limited, by considerations connected with distinct vi~ion of 
" the signals. The chief part of the expense, difficulty, and delay attending the measurement of bases, consists of 
" preparatory arrangements, common to short as well as long basea; such aa transport of apparatus to the spot, as- 
" sembly of establishment Grom distant parts of the country, and training them to the duties. The measurement of 

the first mile always occupies a considerable t.ime, but after facility has been acquired by practice, the work p r o d s  
rspidly at  an accelerating rate. After the first 2 or 3 miles, the mewurement uaually proceeds at the rate of 4 days 
per mile, or even less, according to the length of day light amilable. Two or three additional miles seem 'therefore 

'I to be a matter of amall, importance, ae the time occupied in measurement will not be extended thereby beyond 8 to 
12 days. 

" I n  India, 7 milee is considered an average length of line, and as nothing oan be gained by departing from the 
I' example of our English predewssora and running after modern continental fashions, it appesrs desirable that a base 
I' should not fall short of 6 miles, nor exceed 8 miles. The character of the ground will generally give limits to the 

lengthlof the base, for it ie always dieicult to obtain unexceptionable ground averaging 7 miles in length." 

Of the ten base-lines which have now been measured with the apparatus of compensation 
bars and microscopes, all but the last are of lengths varying from 6.43 to 7-87 miles ;-the laat 

' 

was restricted to about one-fourth only of the average length, but it was measured four times 
over, in order to furnish data for the determination of the probable errors of measurements 
with this apparatus. 

The following table gives the pogition of each base, the length in miles and in sets, the 
number of working days and the average and the maximum daily progrese of the measurement; 
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but it does not include the time occupied by the comparisons of the compensation bars with the 
standard. 

A11 the base-lines, with three exceptions, have been divided into three or four sections, 
the relative lengths of which have been compared by triangulation along one or both' flanks, 
for the purpose of verification. The exceptions are the Calcutta base, the Sironj ba sewh ich  
had been previously measured with the old standard chain-and the Cape Comoriu base, 
which was measured four times with the Colby apparatus. 

Base-Line. 

. '  

Calcutta, 
Dehra Doon, first measure, 

3, second ,, 
Sironj, 
Bider, 
Sonakhoda, 
Chuch, or Attok, 
Karachi, 
Vizagapatam, 
Ba~galore, 
Cape Cornorin, first measure, 

I I second ,, , 

,I third ,, 
I, fourth ,, 

Year of 
measure- 

ment. 

LENGTH IN. 

'u 
cu o 

CO-ORDINATES OF 

CENTRE. 

d 

6'43 
7-42 

j.28 
7-87 
6-95 
7-83 
7'32 
6-59 
6.83 
1-68 
. . 
. . 
. . 

DAILY PROGRESS 

I N  SETS. 

d a - . s r( 
-P 
-P 

3 
,. 
+a 

B s z  

539 
622 

609 
660 
583 
656 
613 
552 
574 
142 . . 
. . 
. . 

d, a 
P 

-5 z! 
I4 

0 I 

88 25 
77 58 . . 
77 51 
77 37 
88 17 
72 29 
67 13 
83 15 
77 40 
77 45 

1 0 1  

1831-32 
1834-85 
1835 
1837-38 
1M1 
1847-48 
1853-54 
185455 
1862-63 
1868 
1869 

.g 
d 
8 

23 
23 
35 
24 
23 
25 
26 
32 
2 2 

23 
a I 
2 2 
26 
27 

P " " I 
22 40 
30 18 . . 
24 7 
17 56 
26 I 7 
33 55 
24 56 
17 58 
13 3 
8 15 

45 
50 
37 
38 
39 
34 
44 
30 
32 
40 
10 

9 
7 
7 

12.0 
12'4 
20.1 
16.0 
16.9 
17.1 
14'9 
20.4 
I 7'2 
14'4 
14.2 
15'8 
20-3 
20.3 
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CHAPTER VII. 

On the errors of the compensation bars and microscope.p. 

Prelimina y Observations. 

Compared with the measuring chains, which were uped in the early operations of this 
Survey, the apparatus of compensation bars and  microscope^ may be considered to be perfect, 
being as superior to the former as a first class chronometer to a village clock. Instead of a 
chain of short bars linked together. which is liable to alterations in length-by changes in 
temperature that cannot be precisely determined, by the strains to whicb it is necessarily 
subjected, and by the wear and rust of the joints-it furnishes a number of unconnected bars, the 
lengths of which are, comparatively, invariable, and these bars are never brought into contact 
with each other, but are placed at short distances apart which are measured optically; instead of 
plummets, it furnishes look-down telescopes. rotating with levels on their axes ; and instead of 
verniers, unsusceptible of recognizing smaller quantities than the one-thousandth part of an 
inch, it  furnishes powerful micrometer microscopes, in which quantities even less than the 
twenty-thousandth part of an inch are sensible and susceptible of measurement. 

But while the power of measurinw such minute quantities is the strong point and special 
b 

characteristic of this apparatus-by wh~ch not only is it widely separated from such rude 
appliances as measuring chains. but is placed on a par with all the more modern apparatupes 
which have been constructed for si~riilar purposes-this very capability has brought it's intrinsic 
defects into prominent display, and revealed errors which, though very minute, are systematic 
and force themselves into notice. 

Thus a sensation of dissatisfaction with the performances of the apparatus h a  been 
experienced, to a greater or less degree, by a11 the officers of this survey who have been 
brought into contact with it, and there has always been a feeling of disappointment that the 
accuracy of the operations was not in keeping with the powers of micrometric measurement ; * 
for the compensation bars and microscopes, instead of retaining a const;ant length under all 
temperatures and circumstances, are found to vary in length by amounts which, when expressed 
in terms of the divisions of the comparing micrometers, are frequently very considerable. 

Thus Colonel Everest, at page XCIX of his Arc Book of 1847, avows it  as hi8 convic- 
tion that 

cc Whereas in former years, by the use of simple glass or metallic rods, considerable deviatiom existed, of which 
u the bw w~ known, so now by the principle of compensation, those deviation4 though decimated or still further sub- 

divided, seem to follow a law of whiuh we LLPB ignorant." 

* Colonel-now Major General Sir Andrew-We h, in hie report (in manusmipt) on the Chuch Bsae Liqo, remsrb thd 
'I fwling of rnipulolu refinement and extreme ~~~ b u  %aY8 been d t i t o d  in thin Dopartmont, and a important h u  the of 
' 4  accuracy been considered, thnt a straining after inappmchblo niceties hae never been dieoouraged, lest in akdoning b p  
$ 6  plyc-blt~, the sen= of refine~neut sllould itsclf be blunted!' 
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The errors arising from these deviatione have been guarded against, as much as possible, 
by endeavoring that the comparisons of the bars with the standard should be made under similar 
circumstances and conditions to those of the measurement, as has already been set forth. The 
verificatory triangulation, by which each section of a base-line is compared with the others, 
has rarely indicated discrepancies of a larger magnitude than 2 of an inch for each mile--or 
the sw,&th par+ of the measurement, and this circumstance has materially tended to allay the 
alarm which the erratic behaviour o f  bars and microscopes had occasioned, 

On t/le canstrt~tion of the compensation hare, and the measures taken for equaling th0 thermul 
capacities of the components. 

The variations in the length of a truly compensated bar are well known to arise from the 
differences of temperature of the brass and iron components of the bar. If the ratio of the 
expansion of the brassl to that of the iron component is as 3 to 2, then the change in the distance 
between the compensation points, for a difference of lo of temperature between the two com- 
ponents, will be three times the change in the length of the iron component for a variation of 1" 
of temperature ; thus the compound bar may be regarded as a very accurate differential thermo- 
meter, which measures the difference of temperature of it's two components with greatep 
precision than could be attained by any but the most delicate thermometers. 

Now a brass bar has a greater capacity for heat-greater powers of radiation and 
absorptioh-than an iroh bar of the same dimensions ; thus the brass component of a compen- 
sation bar has a tendency to acquire the ordinary diurnal variations of temperature more rapidly 
than the iron component, and consequently the length of the bar is liable to corresponding 
variations. 

These circumstances were all well known to Colonel Colby-who was the first person to 
apply the principle of compensation to the construction of bars for the measurement of base 
lines-and to his assistant, Lieutenant Drummond, who supervised the construction of the bara 
for the Ordnance Survey. They ascertained that, in order to produce the desired equality of 
temperature, it was necessary* either to make the bars of different dimensions, or to vary 
their surfaces till, by means of increased or diminished radiation or absorption, the desired 
equality W ~ B  produced." The second method was chosen, and experiments were made on the 
Beating and cooling of brass and iron cylinders, with a view of ascertaining the best means of 
so coating their surfaces, 6 6  as to induce them to acquire or part with equal increments of 
temperature (wheu similarly exposed) in the same periods of time." These experiments showed 
that, without altering the relative dimensions of the bars, it was possible, by appropriate coat- 
ings, to reverse their normal capacities for heat, and therefore to equalize their rates of changing 
temperature. For this purpose the brass bars were bronzed and varnished ; the iron bars were 
browned and lacquered, and smoked until a sufficient surface of lamp-black was obtained to 
produce the requisite effect, they were then varnished. 

&M dcconnt fl the h t e ( ~ ~ ~ u m r n t  qf tk h u g h  Foylr Bore, p w  9 and 10. 
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No very detailed information is forthcoming regarding the processes by which the com- 
pensation points of the bars for the Indian Survey were laid off, and the thermal capacities of 
the brass and the iron components were equalized. From a memorandum by Colonel Everest it 
appears that the bars were heated "to 180" Fahrenheit and upwards", in- an oven, and then 
placed under a pair of microscopes, the distance between which was equal to the length of the 
standard bar at 62", and 

" The points were then noted whioh, in the oouree of cooling, retained the aame relative positions ; this opera- 
" tion ass repeated several timee on each aompensation bar, and the points MI determined were ultimately marked 
" by dots on their ailver dieks, as neutral points." 

'< Coatings of vamieh were partially applied, the due adhibition of which reats on trial, and ia another point 
" of difficulty in determining the nodal points." 

 he apparatus bas compieted by Messrs. Troughton and Simms in the year 1830, and 
was tested by a short measurement, on Lord's Cricket Ground, at which Lieutenant Drummond 
assisted ; it appears probable that the makers availed themselves of the experience which had 
been acquired in the construction of the Ordnance Survey bars, to satisfy all the requisite con- 
ditions, as closely as was possible, in the construction of the bare for India. 

Nevertheless the fluctuations in the lengths of the bars clearly indicate that the brass 
and the iron components are liable to acquire different temperatures ; thus very material errors 
may arise when the circumstances of the comparisons of the bars with the standard are not 
similar to the circumstances which prevailed during the measurement. I t  is essentially neces- 
sary therefore to ascertain the amount of error to which a be- l ine  measured by this appa- 
ratus is liable. 

This may be done either by comparing the sections of the line by triangulation executed 
for that purpose, or by investigating the probable errors of every successive operation in the 
process of the measurement, and combining these to obtain the entire probable error, or by an 
examination of the discrepancies between two or more measurements of the same distance, which 
may have b e k  made for the purpose of deciding this question. The two last methods are pre- 
ferable, as they are independent of extraneous errors, such as are introduced in the first method, 
by the measurement of angles. 

Colonel Everest measured his second baseline-the one in Dehra Doon-twice over ; 
and he has given the results at pages 288 to 292 of his Arc Book of 1847 ; unfortunately the 
value of, this. operation is -materially diminished because the comparisons of the bars with the 
standard, before the first measurement, were made "under a thatched building", and not in the 
bar tenta, under circumstances as similar as possible to thoee of the measurement, as was dope 
d-g the after comparisons at this base-line, and on all subsequent occasions. 

At the Cape Comorin base-the tenth and last which has been measured with the appa- 
ra*the probable errors of every successive operation in the process of the measurement 
were independently ascertained ; the line was measured ,four times, thus furnishing additional 
meam of ascertaining the probable error of the entire operation, but it's length was restricted 
to about one-fourth of the ordinary length. The reedts of these investigations will be indicated 
further on, but first it will be necessary to enter on a theoretical examination of the variations 
of compensation bars. 



rrPeary of .iAe changes ir tke Zengib of a ~pensadt'rr bcn; t&i~& t o  t b  nmmd h t h  
of a stcurdad bar. 

Let A B C, D E F F be the halves of the two com- 
ponents of a compensation bar, firmly fixed in the plane D 

being the brass component. 
A D P, but free to expand or contract in length, A B C 1 

4 
I 

Let B E M o be the axis of the tongue, o being the PI - - - -- - - - - - - - - - - -dl - - 
the true point of compensation, while M is the point i marked by the maker, at a distance o M from o which is , 
to be ascertained from the performances of the bar. v- f 

Let P M M' M" be drawn through M ,parallelh to A B or pa, and let the distanca P M be 
considered as equal to half the normal length of the compound bar, viz. the distance between 
bhe compensation points, when the temperature of both the components is 62" Fahrmheit. 

Let the linear exp amion of the brass component, for lop, be beq 

and 9 )  iron 9, 98 ei 
and let M B  = m, M E  = n. 

Then, when both components are at the temperature of T + 623 the half length of the 
bar will be P W, exceeding P M by M M; and the increase of the whole bar over  it'^ normal 
length will be 

E F  . . . . . . . . . . . .  e M M 1 = 2 0 M . - = 2 O M .  '' T.. o E n+OM'  0) 
Thus 2 MY' is the m e a r e  of Ww change in the length of the compound bar for a tem- 

perature TO above the normal temperature, alike for both the aornponents ; representing this 
quantity, which may be called the snw of compensation, by ,,, 

Now suppose the two components 80 be of mequai temperatures, that of the brass bar 
being Tb + 6'J0, end that of the iron being T< + 6% also let 

. . . . . . . . . . . . . . . . . . . . . . . . .  Ti = Th + t (3) 

B h i e t l y P  
, if the barn ply pPrallel to aach other nt tbe oormd tern- bhey crennot be parriilel st my &em bmprs- 

fIllB ; they are m e to diverge by the cxpnnsion of the included portion of the tongue, and to converge by it's contraction and deht ion  
h m  the pe~pendirmlar, but by amounts which cannot have any acnaible dect cm the rerulta ; thm s t  temperrtnnrs aa much u 40° nbove a 
below the normal tern rsture, the deflection of the tongue from the crpendicular is lese than 16: while at the higher limit the angle d 
diwage~ce i. 1.6 uL tb iowa aagh of -vergeno8 1 ~ .  L e~ect  on tbe kn h of a b& to tbe oo-i n w m  
of the inoluded portion of th. tongue in it's clehted positiona at thoae ternpenturea would $: 0.8 my. 
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so that the half length of the compound bar is now 

in which equation 
CM' m M'M"= FF.-= a e i t  - ... . . . . . . . . . . . . . . .  
C F 

(4) 
m - n  

and . . . . . . . . . . . . . . . . . . . . . . . . .  MM1=ir lT6  (5) 

. 
Putting B  for the normal length of the compound bar, and B' for its actual length then, 

m 
Br-B = e, t. - + 9Tb . . . . . . . . . . . . . . . . . . . .  

m - n  (6) 
. . .  

Now the changes in length can only be ascertained by compariny the compound bar with 
a standard bar ; and when the standard is at aome other temperahure than the normal tempera- 
ture, the result will be affected by the error in the adopted value of the expansion of the 
etruldard ; this error muet therefore be recognized. 

Let A be the length of the etandard at 62" F, A' its length at the temperature T + 62: 
& its a d d  expansion for 1" of temperature, while the adopted value thereof is Era, having an 
error U , , s o  &at 

. . . . . . . . . . . . . . . . . . . . . . . . .  Ea = Eb - dE; (7J 
then ......................... A'-A=T,  (EL -a;) (8) 

Finally putting X = B - A, or the excess of the normal length of the compensation bar 
over the normal length of the standard, and putting tii for the adopted value of the expansion 
of the iron component, and deli for the error of that value, we get from equations (6) and (8) 

m X = Br-A' - (4 - - - . . . . . .  v T b  $ (E; - T,. (9) m-n 

Thua it ie evident that in order to determine the normal relations of the compensation bar 
and the standard, from comparisons made at any (known) temperatures other than the normal 
temperature, it is necessary to know the expansion not only of the ataudard but of one of the two 
components of the bar, also the error of compensation, and the distances of the compensation points 
from the two components ; and it appears to be more particularly necessary that the difference 
of temperature of the components should be accurately known, ,because it alters the length 
of the compound bar by about three times the amount that a simple bar of iron m l d  be altered 
by an equal change of temperature. 



2b data for tha inveats'gatiopz of the chngea in length of the Indian cornpentation bars, 
I relatively to t k  h y t h  of t k  10-feet starrdard A. 

The operations which have been performed for the determination of the thermal expansion 
of the lafeet  standard A, have been fully described in sections 2, 3, and 4 of Chapter 11, and 
the resulta thereof are set forth in section 8 of the same chapter. It will seen that the original 
value of the expansion, or Era , was = 22-67 m.y for an increment of temperature of lo Fahrenheit, 
this value being determined fiom the measured increment between the temperatures of 76" and 
212", at Calcutta, in 1832, 

I t  will also be seen that the most probable value of dEf, , the error of E', , must be ascer- 
tained by eubtracting from 22.67 the value of the expansion of the standard for the mean tem- 
perature of the observations, which is given in the second table of section 8. 

The distances of the dots on the tongues of the compound bars, from the axes of the 
pins by which the tongues are fixed to the bras8 and the iron componbnts, have been recently 
measured very carehlly, with the following resulte; it ie necessary however to premise that 
whenever the bare have to be manipulated, whether in the measurement of a base-line, or in 
the comparisons with the standard, the observers invariably occupy a position behind the brass 
component, or on the side of the bar apposite to that from which the tongues project, and thue 
the compensation point which is on the right hand, when the observer is facing in the direction 
that the tongues are pointing, is usually called the 'right dot', and the other the ' le,& dot'. 

Distancm, in incheu, of t k  dot8 on the tongue8 &om the axes o f  the brass td the 
iron mponents. 

.r 

B a n .  

- 
A 
B 
C 
D 
E 
H 

Mean of bare, 

Buss COMPONXNTS. 

Right. 

5'176 
5'179 
5-18 
5'178 
5-180 
5-73 

IBON COMPONENTS. 

xiht .  I e 1 Mean. 

3'369 
3'370 
3'370 
3'377 
3'374 
3'3 74 

Lefi. 1 M-. 
5'165 
5'17% 
5-180 
5- I 61 
5'167 
5'179 

3.364 
3'371 
3'366 
3'354 
3'365 
3'370 

5'171 
5'176 
5.179 
5.170 
5.174 
5'176 
5'174 

3'367 
3'371 
3.368 
3 '366 
3'370 
3'372 
3'369 
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The close agreement between the corresponding diatances for each of the bars, would 
indicate that the compensation points of one bar were first fixed by repeated trials, and that 
then those of the other bars were laid off at the same distances from the respective componerlts ; 
but in the passage quoted at page 57, Colonel Everest expressly states that the operation of 
determining the positions of the points "was repeated several times on each compensation bar". 
I t  is therefore highly probable that the materials of which the respective components of the bars 
were constructed must have been very similar ; and this is corroborated by the circumstance that 
the hourly variations between the lengths of the compensation bars and the standard, during 
the course of the daily comparisons, have invariably been found to be much the same for each 
of the bars, as will be seen to be the case in the curves of the excess of each of the bars over 
the standard, at the Cape Comorin base-line, which are indicated in plates I to XVI. 

The expanaion of the wrought iron components has never been determined, but as 
these bars were constructed at th i  same time as the standard bar-which is also of wrought 
iron-and by the same makers, it is probable that they were made of very similar metal, and 
consequently we may assume that their expansion is, practically, identical with that of the 
standard, and may therefore be considered = Eta - a', 

There were no means of ascertaining the actual temperatures of the components of the 
compensation bars at either of the nine base-lines which were first measured ; but before the 
measurement of the last base-the one at Cape Comorin-two wells were sunk, to a depth of 
Zths of an inch, into each of' the components of the bar B, at a distance of two inches outside 
the points of support, in order to receive the bulbs of the thermometers which were required 
to indicate the temperatures. As very delicate thermometers were needed for this purpose, 
and the available number of such thermometers was limited, no arrangements were made for 
determining the temperatures of the components of the five remaining bars, which were assurn- 
ed to be identical with those of the bar B. ~ & m  what has been already stated regardinw the 

D .  
' similarity of the hourly curves of the excess of each of the bars over the standard, it is obv~ous 
that any one of them may be taken as a fair representative of the others, and the bar B was 
selected for this purpose. 

These are the data which are forthcoming for the solution of equation (9) ; but it is 
still necessary to determine the error of compensation, 7, for which no special investigations 
have been made ; the value of this error muut therefore be deduced from the equations of con- 
dition which are furnished by the numerous comparisons of bar B with the standard, at the Cape 
Comorin baseline. 
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MEILBuREm OF BASE-LINES 

C H A P T E R  VIII .  

Investigation of the probable errors of the Cape Comorin baae-line. 

The $wtwt ions  of the compensation bar8 found to be due to t h  relative p o s i t i o n a e ' t h  regard to 
external thermal d@luences--rather than to the respective t h a 2  capacities, of tirs brass 

and the iron components. 

Thermometers were attached to the compensation bar B, for the reasons already stated 
at Bangalore, during the interval between the measurements of the base-lines at that place, and 
at Cape Comorin. After the arrangements were completed, the bar was placed in an open 
verandah, on the north pide of a house-where it was sheltered from the direct rays of the 
sun-and hourly readings of the thermometers were made throughout the day and night, in 
order to ascertain the differences of temperature of the brass and the iron components. 

Happily it occurred to Captain Herschel, who was oonducting these investigations, to 
reverse the bar, on the second day, so that the component which had been on the inner side 
of the verandah, or that nearest to the wall, became transferred to the opposite side, the bar 
remaining at much the same distance aa formerly-about three feet-from the will. It was then 
found that the relative temperature of the components was reversed, the one which had been 
hottest at a certain hour of the first day, being coldest at the same hour of the next day ; 
evidently one of the components was acquiring or parting with heat more rapidly than the 
other, not so much in consequence of it:s thermal capacity, as in consequence of it's position 
relatively to the wall and to the open air. So far as could be gathered from the evidence of two 
days observations, the influence of the thermal capacities of the two components, in causing 
differences of temperature, appeared to be insignificant in comparisou with that of the positions 
of the components relatively to external objects ; in fact it now appears that the operations 
performed by the makers of the apparatus, with a view to equalizing the thermal capacities of 
the two components of this bar, which have been described in the preceding chapter, have 
been very fairly successful, and that the observed thermal inequalities are due-for the most 
part--to external circumstances. 

This discovery of Captain Herschel's is of much significance, and has helped to 
unravel some of the perplexities which the fluctuations in the lengths of the bars had previously 
presented. I t  indicates that these fluctuations must be contingent on the positions of the bars 
relatively to the sun, and to prevailing minds, during the comparisons, and consequently that 
they are functions of the azimuth of. the base-lines, for the. bars and standards are, as a rule, 



WITH THE COMPENSATION APPARATUS. 

placed parallel to the line during the comparisons. Thus maxima and minima values will be 
obtained at base-lines when the direction is east and west--maxima when the tongues are 
pointing to the south, minima when pointing to the north-and intermediate values will be 
obtained at base lines of which the direction is meridional, whether the tongues are pointing to 
the east or to the weet. 

Of all the external influences which are liable t-o affect the lengths of the bars, that of 
the sun is, in India, the most important ; every precaution is therefore taken to prevent the 
rays of the sun from falling directly on the bars, during the measurements, and the comparisons. 
I t  is necessary to roll up the cloths of the tents on the side towards which the tongues of the com- 
pensation bars are pointinw, in order to obtain sufficient liwht for the operations; thus the base- 

? =? 
lines have usually been pven  an east-and-westerly direct~on, and have been measured with the 
tongues of the bars pointing to the north ; for then, by closing the tent cloths towards the sun 
and opening those in the opposite direction, operations may be commenced at sunrise, whereas 
otherwise they cannot be begun until an hour or two later. 

Preliminary arrangements ; programme of operations. 

In the vicinity of Cape Comorin it was found impossible to obtain suitable ground for 
a base-line in any direction approaching that of east and west ; the configuration of the coast- 
line, the off-shoots of the great range of hills which, trending southwards from the parallel of 
21°, terminate at the Cape, and the numerous groves of valuable palmyra trees by which the 
surface of the country is covered, combined to render the selection of a suitable line a very 
difficult matter, and eventually necessitated the adoption of one running almost exactly north and 
south. The line was to be divided into three sections of which the central section only was to be 
measured, while the length of the whole was to be determined by triangulation, on both flanks, 
from the measured section ; in order therefore that the accuracy of the whole should not be 
inferior to what would have been obtained had the entire length been measured, it was necessary 
that the ground should be generally as favorable as if the entire length were to be measured. 
The actual arrang~ments were in fact very similar to those of all the other base-lines, but with 
this difference, that whereas formerly the triangulation served the purpose of verifying the linear 
measurements, by affording comparisons of the relative lengths of the sections, it was now 
needed to determine the length of the entire line, while the linear measurements would be veri- 
fied by repetitions. 

The object which was contemplated was not so much the measuring the base with very 
great accuracy, as ascertaining the errors to which base-lines measured with the apparatus are 
liable ; this was to be effected by two methods of investigation, viz., by comparing the results 
of four independent measurements of the base, and by determining the magnitudes of the errors 
which may possibly occur in each of the several processes of the operations. 
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The facts which had been recently ascertained regarding the thermal inequalities of 
the b r ~ s  and the iron components of the compensation bars, indicated the propriety of revers- 
ing the positions of the  component,^, after each measurement, in order to obtain a measure of 
the differences due to poaition. Thus. the direction of the line being alrnost exactly north and 
south, two measurements were made with the brass component occupying a position to the east 
of the iron, and the two other measurements with the brass component to the west. I n  order 
that the four measures might be strictly independent, the compensation bars were compared 
with the standard throughout the two days immediately preceding and folloming each measure- 
ment, with the components holding the same relative position to each other that they were to hold 
or had held during the measurement. Thue each measurement may be reduced singly, in terms of 
the lengths of the bars which were obtained from the comparisons immediately before and d t e r  it, 
and, as at  all previous base-lines, without taking any cognizance of the differences between the 
circumetances of the comparisons and those of the measurement ; and the several measurement8 
may be reduced collectively, in terms of the mean lengths of the bars as determined from the 
whole of the comparisons, and with due recognition of' the effects of the thermal inequalities 
and the imperfect compensation of the components, as indicated by the representative bar B. 

The order of procedure will be clearly gathered from the following table, in which the 
numerals I, 11, 111, IV, distinguish the respective measurements, and the numerals 1, 2, 3, 4 
indicate the days of comparison before and after each measurement. 

B u s s  COMPONENTB WEST. 

Day of 1869. 

January 9 

1, 11 

,, 12 to 2'4 

,, 25 

99 26 

February 12 

31 l3 

,, 14 to 28 

,, 24 

,, 26 

B u s s  COMPONENTS EAST. 

Operation. 
7 

Comparisons I, 1. 

J J  1, 2. 

Measurement I. 

Comparisone 1, 3. 

J>  1, 4. 

Comparisons II1,l. 

>J 111, 2. 

Memurement 111. 

Comparisons 111, 3. 

91 III,4. 

Day of 1869. 

January 28. 

1, 29. 

Jan. 30 to Feb. 9. 

Febrnary 10. 

r, 11. 

February 26. 

,> 27. 

Feb. 28 to March 8. 

March 9. 

9 10. 

Operation. 
f 

Comparisons 11, 1. 

J J  11, 2. 

Measurement 11. 

Comparisons 11, 3. 

33 11, 4. 

Comparisons IV, 1. 

J J  Iv, 2. 

Measurement IV. 

Comparisons IV, 3. 

13 IV, 4. 

r: 
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The length of the base was 141 entire sets of six bars and seven microscopes, plus a set 
of three bars and four microscopes, minus a distance of about 31 inches which was measured 
with a beam compass. Stones were sunk at the end of the 35th, 70th, and 105th entire sets 
of bars and microscopes, from the north end of the line, carrying brass plates on which marks 
were engraved under the extremities of the sets, as each successive measurement passed over the 
stones ; the distances bf these marks-in the direction of the measurement and at right angles 
to that direction-from an arbitrary point of reference on each plate, which was used as an 
origin of co-ordinates, were subsequently measured. 

These points are designated X, V, and z in the following record, in which the values of 
the four measurements of the parts North-end to X, X to v ,  Y to Z, and Z to South-end, are given 
as an additional indication of the errors of the operations to that which is afforded by the 
measurements of the whole l e n ~ t h .  The partial measures are designated as follows, the, 
numerals corresponding to the number of the measurement ; 

Formation of the equations of conditio~ls f w  determining the relative length of the compensation 
bar B to the Standard. 

Equation (9) of the preceding chapter, indicates the form in which the equations of con- 
dition presented by the comparisons of the compensation bars with the standard may be 
pnerally expressed. I n  order to guard against accidental gross errors in reading the heads of 
the comparing microscopes, and in recording the results, it is customary to employ three assist- 
ants to register all the observations independently, and to require them to make a preliminary 
calculation of the reduction of the relative lengths of the bars and the standard, at the temperatures 
of observation, to the corresponding normal lengths at the temperature of 62" F. At the Cape 
Comorin base these provisional calculations were made subservient to the final reductions, in 
the following manner. 

Equation (9) may be written thus 
rn 

z = (B' - A' + E', . T,) - (e: - de'J t .  - - v. Tb - dE6. Ta 
na - n 

Now B' - A' is directly obtained from the comparisons in terms of the divisions of the corn- 
paring micrometers ; and as the runs of these micrometers are known, Eta, or the adopted value 
of the linear expansion of the standard,-the value originally determined in Calcutta in 1832- 
may be expressed in micrometer divisions. If this is done, and we put 
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d' will be a preliminary value of the excess of the bar over the normal length of the standard- 
expressed in micrometer divisions-which is uncorrected for the difference of temperature of 
the brass and iron components, and for the error of compensation, and the errors of the adopted 
co-efficient0 of expansion of the standard and of the iron component. 

The values of x" for every comparison of each bar with the standard, will be found in 
the detailed description of the operations of this base-line ; they are also graphically exhibited 
by curves in plates I to XVI at the encl of this volume, each plate representing one day's results, 
on scales of micrometer divisions and millionths of a yard. 

Thus we obtain the equation 

m 
x = X* - (e', -adi) t. - - ?. T* - dE;. T, na - n 

W e  are obliged to assume ej, the linear expansion of the iron component, to be equal to 
that of the ~tandarcl bar A ; though the equ:itions of condition afforded by the comp;i~.isons are 
upwards of three hundred in number, the co-efficients of e, are invariably so small that a reliable 
value of this qucesitum cannot be obtained by treating it as an unknown quantity to be deduced 
from these equations ; moreover the assumed value has been ascertained to be probably much 
nearer the truth than the value which would be given by the equations. Putting c'; = E', and de; 
= d ~ ' , ,  expressing E', in micrometer divisions, and substituting for m and n their corresponding - - 

numerical values, equation (1 1) becomes 

If now we put 

2' will be a second preliminary value--expressed in micrometer divisions-of the excess of the 
bar over the normal length of the standard, corrected for the difference of temperature of the 
brass and iron components, but uncorrected for the errors of compensation and of the adopted 
co-efficient of expansion of the standard. This second approximation to the true value of s 
was made in order that the fluctuations in the lengths of the compensation bars which were 
due to the differences of temperature of their components, might be clearly indicated. Thus 
we arrive finally at the following equation, 

in which the symbol dE1,, which expresses the error of the old value of the-expansion of the 
standard, has been retained, partly'because the operations for re-determining the value of the 
expansion had not been commenced when the calc~ilations for the reduction'of the observations 
a t  tKis base-line were being carried on, and partly in order that any person who may object to 
the grounds on which the values in the tables at page (19) have been adopted, may have the 
means of readily substitutillg any other value which may be deemed preferable. 
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Dctemination of the; error of compensation of bar B. 
, By taking the mean of n equations of the form of (13), and subtracting it in succession 

from each of the n equations, z is eliminated, and n equations are obtained of the following 
form 

The equations thus formed for the determination of rl have been considered as of equal weight, 
and solved by the method of minimum squares. In order to indicate the errors to which the 
results are liable, the equations have been divided into eight diutinct and independent groups, 
each containing the comparisons of the two days immediately preceding or following the 
successive measurements of the base ;-the normal equations thus obtained have been solved 
independently, and then added together to give the equation from which the most probable 
value of .II is obtained. The results are as follows, 

Considering the difficulties which attend investigations of this nature, when the observation$ 
are necessarily taken under changing temperatures, and the exact temperatures are probably 

C O M P A R I S O N S .  

Normal equations in a in 
micrometer divisions. 

623 rl = 595 - 519 dE', 

734 ,, = 470 - 596 ,, 
646 ,, = 664 - 576 ,, 
936 ,, = I443 - 878 ,, 
64o,, = 1196 - 672 ,, 
840 ,, = 1833 - 840 ,J 

- 731 ,, = 969 - 634 ,, 
719,, = 843 - 627 ,, 

5869 = 8013 - 5342 ,, 

Distinguishing 
numerals. 

I, 1 and I, 2 

1, 3 ,, 1, 4 

11,l ,, 11, 2 

1 1  J 11, 4 

111, 1 ,, 111, 2 

In, 3 ,, 111, 4 

I 1 , IV, 2 

Iv, 3 ,, lv, 4 

All 

t 

Values of r] in divisions, dE' being 
= 0.68 division. 

d 
q = 1.0 - 0.8 dE', = 0.5 

,, = 0.6 - 0.8 ,, = 0.1 

,, = 1'0 - 0'9 ,, = 0.4 
I 

,, = 1.5 - 0.9 ,, = 0'9 

, = I - I , = 1.2 

,J E 2.2 - 1.0 ,, = 1.5 

,, = 1-3 - 0.9 ,, = 0.7 

,, = 1.2 - 0.9 ,, = 0-6 

'1 =1-37-o-g1 ,, =Oa75 

Number. 

33 

89 

39 

4.0 

PO 

40 

40 

4,O 

311 
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never indicated by the thermometers, excepting at the maxima and minima, these determina- 
tions are as satisfactory as can be expected, and the final result is worthy of confidence ; ex- 
pressing this result in inches and in millionths of a yard, 

tl = ~ooo,o34,4 inch = 0.96 millionths of a yard ; 
thie value of I was used in the reductions of the Cape Comorin base-line. 

An independent value was eubsequently obtained from comparisons of bar B with the 
10-feet (steel) Standard I,, which were made in Dehra Doon in May 1869, after the return of 
the base-line apparatus from Cape Comorin ; the comparisons were taken early in the morning 
and late in the afternoon, at maxima and minima temperatures, on four days, four comparisons 
being made on each occasion, and thermometers being used to determine the temperatures of 
the two components of bar I3, as at the Cape base. 

The results are as follows :- 

'=Y "'.Y 
2454.-1 = 38.5 whence I = 1.6 
24'25 q = 28-5 9, 9 = 1.2 
2 1 * 7 3 ~ =  15.8 ,, 1 = 0 * 7  
18-25 = 17'4 ,, 9 = 1'0 

thus finally 

This result corroborates the one which was obtained at the Cape base-line very satis- 
factorily ; probably a more accurate determination of I could not be arrived at excepting by 
investigations under artificially sustained temperatures, with an apparatus similar to those 
employed in determining the expansions of the standards of length of the Ordnance and the  
Indian Surveys, which have been described in Chapter XI. 

I t  is evident that since the sign of I is positive, the bar has been under compensated, or 
in other words, that it's length increases with the temperature. 

The above results are further confirmed by the provisional determinations of the expan- 
sion of the standard from the comparisons with the compensation bars at eight base-lines, which 
are given on page (10). Those determinations were made on the assumption that the bars were 
truly compensated-an assumption which is now shown to be erroneous-and they exhibit the 
expansion of the standard minus that of the bars, since the latter are found to be under com- 
pensated, and to increase in length as the temperature increases. If to the average value 
of the eight determinations, via., 2 1 - 1 0  m.y, the compensation error rl = 1-05 -assumed to ba 
the same for all the bars-is added, we get for the expansion of tbe standard the value 22-15, 

which exceeds the probable value, 21.67, corresponding to the mean temperature (66") of the 
base-lines, by 0.48 m.y, or only 2 . 2 ~  cent of the actual expansion ; see page (19). Considering 
that there were no means of ascertaining the temperatures of the brass and iron components 
of the compensation bars at the said base-lines, and that the errors in elaborate determinationrr 
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of the expansions of simple bars of metal are liable to exceed this percentage, when the tem- 
peratures cannot be controlled artificially, this result must be admitted to be very fairly corrobo- , 

rative of the others." 
Referring to equation (2) and the figure at page (58), it will be seen that the position of 

M, the mark on the tongue, fails between the true point of cornpenn:ition and the bars, at  a 
dis t t r~~ce 

Whence, since n = 3.4 inches, ci = 21.8 my, and 7 = 1.0 ~n.y, 

0 M = -08 inch. 

Defermination of the nownal excess of the mean of  all the conapensation bars over the 
standard at 62°F; probable errors; thmometric errors. 

For the reasons which have been already set forth in section 4 of the preceding chapter, 
the compensation bar B is assumed to be, in all respects but length, a representative of the other 
bare ; or in other words, the recorded temperatures of it's components are considered to be the 
same-under like conditions and at the same times-as the mean temperatures of the correspond- 
ing components of the whole of the bars, the materials of which the respective components are 
composed are supposed to be similar, and the mean compensation error is assumed to be the 
same as that which has been determined for B. 

With these assumptions, if we employ the symbols X, X' and XI' to represent, for the 
mean of the bars, the excesses over the normal length of the standard which have hitherto been 
represented by the symbols x, x', aud xu, for the bar B, we get by equations (10) to (13) the 
following equations, in which the numerals are expressed in micrometer divisions. 

X' = Mean of the actual length of the - + Eta T, . . . . . (15) { six bars at  the time of observation 

Thus X" corresponds to the excess of the mean of the bars over the standard which, 
at all previous base-lines, was computed with the old co-efficient of expansion of the standard 
-determined in Calcutta in 1832-and was adopted as final, the thermal inequalities of the 
component bars and the errors of compensation being assumed to be eliminated by the simi- 
larity of circumstances during the comparisons and the measurements. The equations which 

The operations at Cnlcutts, Attock nnd Karachi most closely corroborate tho recent, results, arid they happen, in point of fact, to 
be the most relinble for the invest%atiou ; for at Calcutta the cornparisow wore made m a building, where the barn would be 1- 
exposed to the sun'e influence thnn in tente, at Karachi the direction of the line ww nearly meridional, and at Attock the positions of the 
bero were reversed during the operatiom. 
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give the numerical values of St' will be found in the detailed description of each base-line, 
and, for the Cape Comorin base, these values, as well as those of the corresponding excesses of 
each of the bars over the standard, are graphically delineated also on plates I to XVI. On the 
following plates, XVII  to XYSII ,  the mean excess X" is repeated, and X', the mean excess 
corrected for temperature only, and 5, the mean excess finally corrected, are shown. 

These curves indicate that the positions of the components relatively to the sun, materi- 
ally influences the length of the compen~ation bar ; t l x s  as a rule when the brass component was 
to the west, the length of the bar increased from 7 A.M. to 9+ A.M., and then decreased until 
noon-at which time the sun arrived in the azimuth of the line-and the converse happened dur- 
ing the same hours when the brass conlponent was to the east. There are occasional exception8 
to  the rule, and days on which the bars maintained a nearly constant length for sever,il E o n r ~  
after sun-rise ; but these exceptions tend to confirm the rule, as it can almost always be shown 
that, when they occured, the sky was more or less laden with cloi~ds, which must have had the 
effect of diffusing the heat of the sun, and preventing i t  from striking more on one of the com- 
ponents than on the other. The influence of the sun and of winds on the temperatures of the 
bars will be examined hereafter and therefore need not be further alluded to in this place. 

The curves in plates XVII  to YXXII indicate that the several correc;t.ions which have been 
applied have considerably diminished the magnitude of the discordances between observations 
taken at different hours of the day; the mean of the extreme daily ranges of the values of 
X" and of X, for the comparisons before and after each measurement, are as follows : 

I I1 I11 7V Mean 
"'.Y m.Y ".Y 

6 zii m.Y 
S 40'9 60.1 21-6 47'4 

The results of 14 days cornparisoris are materially improved, but those of two days 
(comp. 111. 3 and 111.4) are slightly deteriorated. 

The probable error of the comparisons of the mean of the bars with the standard, as  
deduced from the squares of the differences between single values and the mean of all, are as 
follows : 

".Y 
for X", probable error of a single value = f 13.5 
,, ,, mean of 3 I I values = f: 0'77 

for X ), a single value = r fr :  4'7 
9* ,, mean of 3 I I values = f: 0.27 

It may be observed that the probable error of a single determination of the relative 
length of the bar B to the mean of all the compensation bars-under like conditions-is only 
f 2.4 m,y, a quantity of which the magnitude is much the same as that of the probable error 
of a single determination of the relative lengths of the 10-feet standards, the details of which 
are given in appendix No. 3 ; as the bars were compared in tents during varying temperatures, 
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and under far less favorable circumstances than the standards-which were compared in a sub- 
stantial building, and when the temperatures were steady-the smallness of this probable error 
tends to corroborate what has been previously stated regarding the similarity of the bars to each 
other in all essential respects. 

These probable errors, it should be stated, in all instances include the personal equations 
of several observers ; for the observations were invariably taken by a number of persons, in order 
that the constant errors which arise from personality might be neutralized as far as possible, 
lteferring to page (23) it will be seen that the probable personal error in the comparisons of 
long bars, when two observers are employed--one at  each of the microscopes-ier as much as 
=t 1.7 my. 

The mean values of 5, the normal excess of the mean of the compensation bars over 
the standard, at the temperature of 6Z°F, as deduced from the comparisons before and after 
each measurement, and from the whole of the comparisons, are as follows, the adopted value 
of I being 0.75 micr. div. and of dEta 0.684 div. and I div. being = 1.277 m.y. 

X = X" -51'4t-  Th . q -  Ta dEfa + 2 ' 9 t a i  
d "'.Y 

I X, = 206.3 - 18.0 - 19.8 I - 18.8 dE1, + 1.0 d 4  = 161.3 = 206.0 
I1 X, = 188.5 + 6.0 - 22.8 ,, - 21.5 ,, - 0.3 ,, = 162.5 = 207.5 
111 X, = 189.2 + 12'3 - 23.0 ,, - 21'7 ,, - 0.7 ,, = 169.0 = 215.8 
IV X, = 195.8 + 4-3 - 25-0 ,, - 23.4 ,, - 0.2 ,, = 165.3 = 211.1 

Mean, o r X  = 195.0 + I - 6 - I ,, - 0.1 ,, = 1645 = 210-I 

If  the probable error of the final result, viz. the general mean, is computed from the 
squares of the differences between the mean of all and the values respectively corresponding 
to the different measurements, it is found to be 

p.e of man value of X = zk 1-47 

The magnitude of this value of the probable error is nearly six timas that of the value 

( 0-27 m.y ) which was obtained from the differences between single values of X and the 
mean of all, thus indicating the presence of certain uneliminated errors, constant in each 
group of comparisons, but varying in different groups. These errors probably arise fiom the 
state of the weather, the alternations between cloud and sunshine, and the direction of the 
prevailing winds, on the days when the comparisons were made ; there is evidence to show that 
during the comparisons appertaining to measurement No. 111-the result of which differs most 
materially, and exceeds the mean of the three others by 7-6 m.y--the weather differed materially 
from what it was during the other comparisons, as will be noticed further on in the section on 
the thermal inequalities of the compensation bars during the operations. Now the degree of 
accuracy with which the thermometers indicate the temperatures of the bars and the standard is 
considerably influenced by the diurnal changes of temperature, which again depend on the state 
of the weather; when the diurnal temperature is uniformly progressive from a minimum to a 
maximum, as during a day of continuous sunshine, the temperatures of the thermometers lag 
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,behind and are always less than those of the bars ; but when the diurnal temperature~l fluctu- 
ate, and have several maxima and minima, as durinw a day of alternate cloud and sunshine, 

P 
the thermometers are sometimes in defect and sometimes in excese of the temperatures of the 
bars, and thus there is less constancy of error. 

I t  is not improbable that the observations of the standard are more influenced by this 
circumstance than those of the compensation bar B, for if the thermometers on both the com- 
ponents of this bar lag equally behind tlie true temperatures, the difference of temperature 
will be correct.1~ indicated, which is the chief desideratum, as the absolute temperature of the 
compensation bar is unimportant, and does not require to be known with great accuracy. 

But the absolute temperature of the standard is most important; at pages (7) and (8) 
instances are cited in which thermometers attached to standard bare are shown to have been 
lagging to an extent of about 0°'3 lp behind the temperatures of the bars and that under most 
favorabIe circumstances, when the temperatures, were changing very slowly ; a similar amount 
of lagging during comparisons I,II, and IV, in excess of what obtained at 111, would suffice 
to explain the differences between the results on those occasions, and there is thus some pro- 
bability that the exceptionally large value for III is in reality more correct than the other 
valuee. 

Determination of the actual lengths of the compensation bars during the nzeasurements. 

I f  we put ,L for the actual length of the (mean of all the) compensation bars at the 
time of any observation, ,T, for the corresponding temperature of the brass component and 
.t for the difference of temperature of .the two components at that time, we get, as in equa- 
tion (6) 

m  L - (A + X) = (e'i - de'i) 0t. - + 0% . 
m - n  

Now the temperatures of both the components of the cornpensation bar B were observed when 
each 'set' was measured, and we have thus as many vaIues of ,t and of ,Tb as the number of 
sets ; putting r for this number, then the corresponding mean actual length of tbe (mean of all 
the) bars during the measurement of r sets will be 

The ~ ~ m b o l i c a l  and the concluded numerical values of X have already been given on the pre- 
ceding page, and it will be desirable to operate with the former, in order to obtain a measure 
of the effects which any differences between the temperatures and other circumstances of 
the measurements, and those which prevailed during the comparisons, are liable to produce ; 
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thus, substituting accordingly for X, and putting L = a we get 
r 

Thus the following values of the mean length of the brass are obtained for the several measure- 
ments of each section of the base-line, the sections being indicated as set forth on psge (65) 

Thus the fluctuations in the actual lengths of the (mean of all the) compensation bare have 
an extreme range of 22.5 m.y ; they represent the effects of the differences between the circum- 
stances of the measurements and those of the comparisons with the standard, and it will be seen 
that the most important of these effects is traceable to the thermal inequalities of the bars, the 
influence of the compensation error being comparatively small, while that of the uncertai~ity in 
the adopted value of the expansion of the iron components is still less and is quite insignificant. 
I t  will also be noticed that the fluctuations of the mean bar-length are less influenced by the 
relative poeitions of the brass and the iron components than by the differences between the 
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circumstances of the comparisons and the measurements, as might be expected from the meri- 
dional direction of the line. 

At all the other base-lines which have been measured with this apparatus, the influence 
of the error of compensation would probably be less than at this base, for it depends on the 
difference between the actual and the normal temperature, which was about 12" greater on 
an average at this than at any other base; on the other hand the differences between the 
thermal inequalities of the components of the bars, during the measurements and the compari- 
sons, may have been greater at other base-lines, for the diurnal ranges of temperature and the 
vicissitudes of climate have occasionally been greater than they were at this base. 

Determination of t l ~  lengths of the compensation microscopes during thc measurement; 
probable errors 

The lengths have been derived from comparisons of the microscopes with their scales at 
various stages of the operations, generally before, after and at the middle of each measul.ement, 
The compariso~ls will be found in the detailed account of the operations, and their results will be 
given in the next section : thus in this place it is only necessary to indicate the manner in which 
the microscope lengths are determined, and their probable errors ascertained. 

The compensation microscopes are the least satisfac tory portion of the apparatus, and 
are far more liable than the cornpenfiation bars to accidental changes in length. I t  is scarcely 
possible to adjust a side telescope to parallelism with the microscope components, without 
altering the distance between the external foci of the latter, and thus disturbing what is called 
the length of the microscope ; consequently after every such adjustment the instrument has to 
be compared with a 6-inch scale, and comparisons must be made at the ~uccessive stages of 
the operations before correcting this adjustment, should it be necessary to do so, which eome- 
times happens. 

The mean value of the length of a microscope, as determined from the comparisons be- 
fore and after the measurement of any portion of the line, during which the microscope has not 
been adjusted or intentionally altered in length, is considered to be the length of the micros- 
cope for that portion of the measurement. 

The probable errors of these lengths are deduced from the differences of the values 
EbFained at successive comparisons-between which there has not been any adjustment or in- 
tentional alteration-by the usual formula * 

p. e of a single determination = d m  
n-rn 

These so d e d  ' single' determinstionn, cue, in each instance, the mean of three or more wmpruieons of a -pe aifi it'r 
sca& 
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n being the number of single determinations, and m the number of groups of auch determina- 
tions. Assuming the probable error to be the same for all the microscopes, at this base-line, 

the p. e of a single determination = f 4-8 m.y I 

thns,.with three determinations at equal intervals, the probable error of the length measured by 
the microscopes, in Nsets of measures--each containing five entire and two half microscope 
lengths, as is usual-will be 

Determination of the length of the base-line, allowing for the efects of the thermal inequalities and 
the imperfect compensation of the bars ; probable mo9-s. 

The length of a base-line measured with this apparatus is the sum of the bar lengths 
and the microscope iengths, f a short terminal length which has to be measured with a beam 
compass. 

Combining all these lengths together, the results of the operations are as follows ; 

~\ IEASUREMENT.  
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Determining t#he probable errors in the same way a. in the preceding setion, 

p.e of a single measurement 
of any section 

= * '0036 ( of a foot ) 

p.8 of a single measurement ) = * .67 2/.000;916a 
of the entire length 

and, express in^ these quantities in millionth-parts of the distance measured, we obtain 
from the sections, p. e of a single measure = & 1-6 p 

from the entire length, 99 ,, = & I '4P 

The difference between the mean values of the entire length by the two processes of 
deduction is *o I 28 of a foot = I a4 p. 

Ddmru'fion of 1As proMle error8 of each of the a e v ~ ~ a l  operations of tire bee-line, and t h e  
the probable error of the merrswement. 

At the end of t h i ~  volume will be found a report, by Captain Basevi, on the Practical 
Errors of the measurement of this base-line.' The errors therein discussed are those which arise 
from imperfect alignment and leveling of the compensation bars and microscopes, and those also 
which are liable to occur in intersecting the dots on the bars and the registers. I t  will be 
found on reference to Captain Basevi's careful and elaborate investigations, that tlie combined 
effect of these errors, in a single measurement of the base-line, is probably = -ooo14& -001 17 
of a foot, where the first term expresses the probable magnitude of the errors which are alway* 
positive, arising from inaccurate aligntnent and leveling, and the second term expresses the prob- 
able amount of all the several errors which may be either positive or negative. 

To this quantity it is necessary to add the probable errors which are due to the errors 
in the adopted values of the lengths of the compensation bars and microscopes. 

For the p.e of the mean length of the bars, we may accept the value f 1-47 m.y, at 
page 71 ; and since the number of bar-lengths in the entire measurement was 849, I 

**Y 
the p.e of the length by the bars = 1-47 X 849 

= & ,00374 (of a foot); 

ale0 h c e  the number of sets of microscopes was 141'5, we get, from section 7, 

*.Y the p.6 of the length measured = * 6.50 141 .5 by the microscopee 

= * *oo276 (of a foot) 
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Thus the entire probable error of a single measurement of the base is 

= *ooo14 & J(.OOI r 7)% + ('00374)~ + ('00276)~ 

= *OOO I 4  f '00479 of U foot 
which, when expressed in millionth-parts of the distance measured, ie 

= 0'02 P f 0'5 P 

On tire observed thermal inequalities of the components of compensation bar B, during th cornparisom 
with the standard and during the measurnnent of tire base-line. 

The differences between the temperatures of the two components of compensation bar 
B, at the hours of 7 A.M. 10 A.M. 1 P.M. and 4 P.M. as obtained by interpolation from the 
thermometer readinga near thoae times, during the entire course of the operations, are given 
in the following table, for each day of the comparisons with the etandard and of the measure- 
ments ; they are expressed as excesses, f ,  of the temperature of the iron component over that 
of the brass, or t = Ti - Tb, see equation (31, the plw sign showing that the iron bar wae 
hottest, the minus sign that the brass bar was hottest. 

B r a e r  C o m p o n e n t  W e s t .  

FIBST COMPABISONS AND MEABUBEMENT. THIBD COMPABIBONB AND MLABUBEMLNT. 

Values of t at Valuea of t at 

Jan. 9 
11 
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B r a r r  c o m p o n e n t  E a o t .  

First comparisons and measurement. At 7 A.M. the temperatures of the bars were nearly 
identical ; by 10 A.M. that of the iron bar, which was to the east of the brass bar, and therefore 
most exposed to the influence of the morning sun, was in excess ; at 1 P.M. it was still more in 
excess, and it continued greater throughout the day, but after that hour it was gradually being 
overtaken by the brass bar which was most influenced by the afternoon sun. 

. Second, third and foulth comparisons and measurement. At 10 A.M. the temperature of 
whichever of the two bars waa towarde the morning sun was greater than that of the other 
bar ; at 1 P.M. the temperatures were either nearly equal or were reversed, and from that time 
the bar nearest the afternoon eun was acquiring a higher temperature than the other, until at 
4 P.M., when the operations terminated, the difference of temperature was generally greater 
than at any other hour of the day. 

The several groups of observatione show that the influence of the thermal capacities of 
the brass and the iron components of this compensation bar--or rather the rmidual influence 
arising from any failure on the part of the makers to equalize the capacities of the components, 
(as indicated at pages 56 and 57,)-is wholly inappreciable, as compared with external influences, 
in producing the actual thermal inequalitiee of the bars. I t  is quite clear that whichever bar 
happened from it's poeition to have been most exposed to the sun's influence, acquired moet beat, 

' 

SECOND COMPABISONS AND YEASUBEMEWT. FOURTH COM~ABIBONB AND MEASUREMENT. 

Day. 

Jan. 28 
29 
30 

Feb. 1 
2 
8 
4 
6 
6 
8 
9 

10 
11 

Means 

Day. 

Feb. 26 
27 

Mar. 1 
2 
3 
4 
6 
6 
8 
9 

10 

Means 

Values of t at 

7 A . Y .  1 1 O I L Y .  I 1 P . M .  I 4 P . M .  

+ %I + -10 
.... 
- .o6 
-.oq 1 
- -02 
- -02 
- -01 
- -02 
- -0 I 

-00 

+ '04 
+ -07 

.oo 

- 

Values of t at 
--- 

7 A . M .  10 A.M. 1 P.M. 4 P.M. I I I_ 
0 + -01 

+ -01 
'00 

+ .oq - -02 
+ -04 
+ .06 
+ '04 
- -02 
- .oz 
+ '07 

+ -02 

+ :43 
'40 .. .. 
-86 
'52 
'63 .... 
-60 
'55 
-60 

.. .. 
-32 
'29 

+ -52 

- :to 
'23 
-38 
'32 
-30 
-30 
-61 
'53 
-08 
-63 .... 
-64 
-46 

- -38 

- :z5 
- '23 
+ -15 + '14 
+'13 + -12 
- -12 + '01 
-.lo - -19 
.... 
- -31 
-.29 

- -06 

0 + -29 
'37 
-82 
'50 
-8 I 

.... 
'72 
'So .. .. 
'54 
.60 

+ '57 
L 

0 l o  - -23 
- .16 
- .34  + -01 
- -48 
- '54 - -76 
+ '07 - -08 
- '65 
- -87 

- -37 

- -10 
+ -04 
+ * 1 6  
+ -29 
+ -02 
+ -08 

I + .06 
+ '42 
+ -28 
- -10 
+ '02 

+ -11 



WITH THE COMPENSATION APPABdTUS. 

irrespectively of the material of which it ia composed. The actual difference of temperature 
at  any hour of the day must necessarily be dependent, to eome extent, on the relative amounts 
of heat which had been previously, as well as on what is then being, acquired or lost by the 
bars ; thus in the first group of observations, the temperature of the west bar was throughout 
the entire day-the afternoon as well as the forenoon-invariably less than that of the east 
bar, though in the three other groups the east bar was generally hottest in the forenoon and the 
weat bar in the afternoon. 

In plate YYSIII, curves are given which show the excess of the mean of the compen- 
nation bars over the standard--during the comparisons before and ~ f t e r  each measurement- 
corrected for the compensation error of the bars, and the error in the adopted values of expan- 
aion for the etandard and the iron component, but uncorrected for the observed differences of 
temperature of the two components. These curves corroborate the evidence of the thermome- 
ters, by ahowing that the fluctuations in the lengths of the compound bars depend on the 
relative positions with regard to external influences, rather than on the thermal capacities of 
the components. 

During the progress of the operations, occasional notes were made of the state of the 
weather, the aspect of the sky, and the direction of the wind. They will be found in the 
detailed account of the operations. I t  is to be regretted that they are so few and unsystematic ; 
a more exact record would probably have shown ccmclusively-what the existing record merely' 
suggests-that the thermal inequalities and the fluctuations in the lengths of the compensation 
bars are very closely connected with the aspect of the sky, the amount of cloud and aqueous 
vapour tending either to obstruct or to diffuse the sun's heat, and the direction of the prevailing 
winds. I n  fact, if it may be assumed that the thermal capacities of the components have been 
equalieed, as seems very probable, the thermal inequalities and the fluctnations in length afford 
more evidence of the relative amounts of cloud and sunshine, than is to be obtained from the re- 
cords of the weather, and this more particularly during the forenoons and afternoons, when the 
bars would be most affected by alternations of cloud and sunshine, whereas at noon they would 
only be affected by changes of wind. Thus in the first comparisons and measurement, when the . 

west bar remained throughout the day at a lower temperature than the east bar, the mornings' 
must have been clear and bright, and the afternoons cloudy; the reverse must have happened 
during the third comparisons and measurement, when both bars had nearly the same tempera- 
ture for several hours in the morning, while in the afternoon the west bar was considerably the 
hottest. And if the curves in plate XXXIII are examined, and compared with those in 
plates I to XVI, it will be seen that there are occasional jumps from peaks to hollows in the 
forenoons and afternoons, in which all the six compound bars behave in a similar manner, and 
which, as they are certainly not due to accidental errors in the comparisons with the standard, 
indicate a sudden change from cloud to sunshine or vice versci. The temperature curves in 
plates XVII to XXXII shaw that these fluctuatiam are independent of the absolute temperature. 

During the first and third measurements and comparisons, strong land winds, from the 
north, prevailed all day and more particularly about noon; but in the second and fourth, 
the morninge were generally calm, and sea breezes from ths  eaat and south set in about 



noon, This seeme to have caused inequalitiee of temperature in the opposite halves of the bare, 
as will be seen by the following table of the differences of temperature of the north and south 
thermometers. 

I t  should be here observed that every precaution was taken to equalize the temperaturw 
of the bar-components as much as possible ; the bars were never placed in the open air nor 
exposed to the direct rays of the sun, though they were necessarily more or less exposed to winds, 
through the tent openings for admitting light ; all the interstices between the components and 
the sides, ends, tops and bottoms of the boxes in which they are contained, were carefully stuffed 
with cotton; the operations were invariably carried on under tents, of which there wae a 
sufficient supply to permit of the bars being moved forwards under shelter, in the courm of the 
succestaive etages of the operations ; the tents were made of three or four folds of cloth, white 
on the outside, blue in the middle, and yellow on the ineide. 

., 

Operation. 

Fht comparbons and measurement, 

Second ,, 93 

Third )a JJ 

Fourth ,, j J  

The wells for the bulbs of the thermometers in the compensation bar B, aa well as in the 
standard' bar, were kept full of oil, to facilitate the conduction of the temperature of the bara 
to the' thermodetere. 

Mean values of N - 8 at 

7 A .  1 10 A.M. I 1 P.M. 1 4 P.M. 

- b8 
+.05 

- '05 

+ 'cq 

- 2 
+*16 

- '23 
+ -12 

- !31 
-.OI 

- -36 

+ -07 

- :22 

- -05  

- *31 
- -0% 



WITR TBE COMPENEIATION APPABATUS. 

C H A P T E R  IX. 
Determination of the probable error of a base-line, by comparing the sections of the dins 

. . 
by triangulation. 

When a base-line is divided into two or more sedtions and these sections are connected 
by triangulation, the ratio of any two sections, or of any combinations of sections, to1 eaoh 
other, may be computed from the trianaulation, and may then be compared with the corms- 

? pending ratio which is given by the h e a r  measurements. The value of these comparisons, 
ae a test on the accuracy of the linear memurementa, will however depend on the probable 
errore of the triangulation, which m n ~ t  therefore be investigated in the firet instance. 

For this purpose it will be necessary to give a brief outline of the systems which are 
followed in this Survey in the measorement of the angles, in iibe calculatious of the probable 
errors of the angles, and in the'reduction of the triangulation in such a manher as to obkin.tke 
most probable results. Full details of them subjects will be given in a subsequent~volum'le. ' 

. . 
Z%e probable errors of the Principal Angh. . . , 

The angles of the triangulations which have been executed for the purpoae of com- 
paring the sections of the several base-lines inter re .have invari&ly been measured with the 
best theodolites in the Department ; these &struments hsve large a~irnuthal circles, some three 
feet and none less than two f ~ e t  in diameter, which are read by-five equidistant microscopes ; 
as the observations at each station are proceeded with, the setting of the zero to the referring 
mark ia eystematicallp albered from time to time, ' in ordw to elitninate the .graduation errors 
aa far as is practicable ; every angle is measured not less than twice in each position of the 
eero, of which there are never less than eight, and more frequently-* ; the entire number of 
meaeures of an angle is never less than twenty ; and the number of equidistant graduations on 
the circle which are read during the observations of each signal, is never. less than forty, and 
is lhore fieqae~itly fifty, i.e, the arcs between the readings are 9' or f" 12'. 

The probable errors of the  angle^ have been determined in three ways ; f r k  the evi- 
dence of the observation8 of each angle, from that of $he errors, of the triangles--or ths  
differences between the sum of the bbserired b i l e s  hod 1801 + the spheroidal excess -and 
from the most probable values of the errors of the angles of the polygonal figures ; and the 
results by the last method-which generally gives' errors of largest magnitude-have been 
adopted. Thus the angles of the Indtu, Karachi, Jogi Tila, Rahm, and N. W. Himalaya 



chains of triangles-numbering altogether 1407 angles-have been shown to have an average 
probable error of & 0".28, large groups of angles, which have been measured under more 
favorable circumstmces than the average, having probable errors less than & 0"*20, The three 
angles of e v e 9  pihcipal t r iagle  are invariably observed. 

fnveatigation of tire prow& error8 of tire ttigonometrical ratios. 

Theae probdble erron are functions of the geometrical cohditiona of the triangulation 
ahd of the errors of the angles, the values of which are very easily determined when the 
triangulation is carried along one flank only of the base-line, for then the only geometrical 
condition to be satidfied ie that the sum of the angles of each triangle shall be equal to 180" 
+ the epheroidal excees. When the triangulation is carried along both flanks of the line, ao 
aa to form. a polygonal figpre, e i t h  one or more central points, the problem is more intricate, 
for additional geometrical conditions are introduced, viz., that the sum of the angles at the 
central stations must be exaotly equal to 860", and that no side of the triangulation can have 
two values, or in other words, that the length of any side, as determined by processes of calm 
mlation from any other side of the figure, must be identical. 

The ' triangular', ' central', and ' side' equations of condition must be satisfied ih such 
a manner that the probable errors of the corrected angles will be a minimum. 

Let gl, x2 . . zt be the most probable values of the errors of t obererped angles, connected 
by n geumetrical equationa of conditioa which are as follows 

h t  q, u, . UJ be tho reciprocale of the weights of tho observed anglee, then the quantity 

mast be made a minimum 8 and, by introducing indeterminate mtdtiplim, X,, A~ .... A,,, whose 
+dnee are obtained from the following equations 
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. .  the values of x,, 8%. xt will be expressed by the following equations 

z, = z +  (a,A, +b ,A ,+  . . . . . .  +n,A,) 
X~ = uUs (a, A, + b, Ab + . . . . . .  + 72, A,) . . . . . . .  t . . . . . . . . . . . . . . . . . . . . . . . . . .  (23) 

. . . . .  xt = ut (a, A, + b, A, + . + nt Am) J 
corresponding corrections being applied to the observed angles of the triangulation, all the 
requisite conditions will be satisfied, and the .ratios of any of the sections of the base-line, or 
of any combinations of sections, to each other, may be determined. 

We have then to h d  the probable errors of these functions of the corrected angles. - - - . .. Proceeding to actual errom and putting x,, 3, X, for the actual errors of the observed angles, 
then the actual error of P, any function of the corrected angles, may be expressed by the 
equation 

in which f,, f,, . . .  ft are coefficients depending on the function under investigation. 

Tbe probable error of F may then be obtained from the following equation 
ps - x e.rn.n.%f P=[ f u]- { [ f u nIeA,+2[ fua] [ fub]A,+ .... +2[ fua] [ fun]Am] ] 
Pa 

in which the factors A,, Ab, . . , B,, B, . . , N,, are the coefficients of e,, e,, . . em (the right 
hand terms of the geometrical equations of condition) in the following equations, which are 
obtained by solving equations (22) 

In  equation (25), P is a factor for converting the weights of the observed angles into the 
probable errors of those angles, which has to be specially determined; it is a constant for all 
angles measured with the same instrument, with the same system of observation and under 
similar circumstances, but a variable for observations with different instruments, .or with the 
Hame i m m e n t  under different circumstances ; for the triangulation of any one base-line it 
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may be taken as a constant, and if we put the p.e of an observed angle = 9, in t e r n  of radius, 
we shall have 

U 
B P = ; 3 6 . . . . . . . . . . . . . . . . . . . . . . . .  (27) 

When the triangulation is carried along one flank only, there will be no other geometrical 
equations of condition than the triangular, the coefficients A,, A6 . . ,  Bb B, ... in equation 
(25) will vanish, and 

P 9  

Aplication of i h preceding inzleatigation. 

The annexed dia- 
gram denotes a base- 
line divided into secti- 
ons, the ratios of which 
have been determin- 
ed by triangulation on 
both flanks of tlie base. 
When the triangula- 
tion has been made 
consistent by apply- 
ing the most probable 
corrections to the observed angles, ae indicated in the preceding section, it is immaterial 
whether the ratios are computed tlirough the triangles on one flank or on the other, as identical 
results will be obtained in either case. Following the lower flank of the diagram, the angles 
3, 7, 13, 19, opposite the sections of the base, and the angles I, 4 6,  8, g, ... opposite the sides 
of continuation of the triangles, will be required. 

Putting (2 - x) = I, (see equation 24) and c for tbe cotangent of any angle 
and p = CI XI - % x3 + C4 X4 - Ce Xe + C, % - cg 5 C 

= I- C7 X7 + Ca Xs + C11 Xli  - Cle Xle + c13 Xu - C16 Xi6 

r = - '1s X 1 ~  + '14 '14 + '17 =17 - '18 X18 + '19 Xlg - C21 x521 

The brsckds in thb md the preceding equations denote munmatiom, thus 
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BC then the a.e of - - BC 
AB - Po AB 

AD* AD 
a.a of - = (2p  + q) rB AB 

substituting for p, q and r their values as above given, the co-efficients of x,, x,, x, . . . will, in 
each instance, correspond to the co-efficients f,, f,, f,. . . in equations (24) and (25). 

Thus the probable errors of the ratios under consideration, and in like manner those of 
any other functions of the angles of the triangulation, may be determined. 

I n  order to compare the probable errorsof the severalratios,wemust assume that the weights 
of the angles are equal and that the triangles are equilateral. On these suppositions, the fol- 
lowing table gives the co-efficients of 0 in the expressions for the probable error of the ratios, for 
base-lines divided into 2, 3, or 4 sections as the case may be, and it is drawn up so as to be 
applicable also to cases in which the triangulation does not form polygonal figures, as in the 
diagram at page 86, but is restricted to a single flank of the base. For when the weights of 
the angles are equal, equation (25) may be written thus, for any polygonal figure, whether sym- 
metrical or not, 

and when the triangulation is on one flank only S vanishes, and then 

Supposing e base to be divided into three eediom, aa B C D ,  the 0.8 of the ratio of the entire length to the central section dl be 
u follow4 AD AD 

0.6 of r0 = (-p + 9) B~ 



TBBLE qf the co-@dent8 of 8 in the expes&ons for the probabh error8 of certain ratio#, when 
the weights qf the angks are equal and the tricrnghs are ~quilateral. 

When the length of s base-line is determined partly by meawroment and psrtly by triangulation, the probable error of the final 
d t  muoh lers, catsria padus ,  if a central d o n  ia meaeured aa ass done at the Oape &mom bwe, than if either of end 
sre m e 4  f ir  with the same seeumptiom M above, the tarme in the exprehn for 

whence the w-ellkienta of 0 sw xwpectively 2-16 and 1.46. 
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The probable errors of the rntios of the linear measurements. 

If we assume that the probable errors of the measurements are proportional to the lengths 
measured, and if we put I for the ratio of the probable error of any measurement .to the length 
measured, then 

BC BC 
the p.e of A- - - B - A B  1 ,/z = 1 Jywhen  the lengths are equal ; 

the probable error of *the ratio of any two sections may be similarly expressed. 

For combinations of sections we have 

AD 
p.e of - - JBD2 + BC2 + CDB, = 1 ~ x w h e n  the lengths are equal. A B - I  AB" 

Detemnination of the average probable mor of the dzrerences between the ratios given by the 
triangulation and those by the linear measurements, and thence the average proba6le &rot- 

of the linear measurements. 

If  we take any one of the ratios of which the probable errors have been investigated 
in the two last sections, as BC : AB, and compare the trigonometrical value with that obtained 
from the base-line measurements, and putting 

BC 
T  = the value of - by the triangulation A B  
M =  Y 9  ,, linear measurement, 

find the value of 
D = T - M  

and if, from the evidence of several base-lines, we obtain n independent values of D, which 
are of equal weight-the probable errurs of the triangulation being the same in every instance, 
and likewise those of the linear measurements,-then we may h d  the probable error of D 
from the formula 

Now it has been ehown that when the probable errors of the angles are equal, and the 
triangles are equilateral, and have been carried along one flank only of the base-line, the probable 
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errors of the trian,dation and of the measurement are respectively as follows; 

BC 
for the ratio - , p.e T  = 8 4; AB 

and since - - - -  - - . - . - .  
p . 8 D = p . @ T + p . 8 M . .  . . . . . . . . . . (30) 

Z, the ratio of the probable error of any linear measurement to the length measured, would, in 
this instance, be obtained from the equation 

But it is evident that, when the probable errors of the angular and likewise of the linear 
measurements are constant, the modulus of error of the value of D, for the ratio of the first and 
third section, must be greater than that for the ratio of the first and second section which has 
just been considered; and generally that for the ratios of distant sections or of combinations of 
sections, the modulus of error of D must be greater than for the ratios of contiguous or of 
single sections. Strictly speaking therefore the values of D from which a p.e D is determined 
should be obtained for each of the ratios per se. The seven base-lines of this survey at which 
these comparison8 of ratios have been made, do not however afford a sufficient number of com- 
parisons to permit of a satisfactory determination of the p.e D for each ratio. Moreover though 
the probable errors of the angles, and likewise of the linear measurements, may be assumed to 
be much the same at all the baee-lines, the geometrical conditions have not been indentical, the 
lengths of the sections, though generally nearly equal, occasionally varying in the proportion 
of z to 3, with a corresponding deviation from the equilateral form of triangles. Thus an 
exact determination of the p.e D is not possible, but a very fair approximation may be arrived 
at  by treating the data which are available as if all the triangles had been equilateral. 

The whole of the values of D, which have been obtained from the comparisons of the 
ratios of single sections at the seven base-lines, are given in the following table :- 

- -~ p~ ~ ----- 

R A T I O S .  

B A S E - L I N E S .  l- 
BC CD DE CD DE DE 
* I I I l ! B c I H U I i D  

lEangulation on one jlank. 
Dehra Doon . . . . - -  
Beder . . . . . . 
~onakhods' . . . . - -  
Chwh . . . . . . - 
Karachi . . . . . . - -  

Triangulath on both jlanks. 
Vizagapatam . . . . . . 
Bangalore . . . . . . 

+ 1-02 P 
2-22 ,, 

- 6-64 ,, 

- 3 . 5 5 ~  
6'31 ,, 

+ 1-23 ,> 
3-36 ,, 

- 2-65 ,, 

- 3-26 Y, 

2-26 ,, 

- 4.02 p 
+ 1.18 ,, 

1-36 ,, 
3-65 ,, 

- 5-34 ,, 

+ 4-95 ,, 
-10.48 ,, 

- 0'31 p 
+ 3'99 ,, 

0.07 ,, 
0.67 2, 

- 2.78 ,, 

+ 7'75 ,, 
- 9'53 ,, 

- 0.13 p 
0.88 ,, 
4'04 ,, 

- 0.18 
1-79 ,, 
1-l6 ,, 
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Combining the whole of these values as if they were independent and had a common 
modulus of error, 

The values of the p.e M may be taken as the uame, for the whole of the above ratios ; not 
so the values of the p.e T, but of them a fair average value may be obtained by combining the 
respective values for the several ratios, which have been given in section 4*, with weights pro- 
portional to the number of determinations of D for that ratio in the preceding table; thus 

and since thep.6 M may be taken = I JT, by substituting in equation (30) we get 

The probable error of the angles measured with the great theodolites of this survey is 
& o" -28 on an average and is frequently not more than f of' -20. (see section 2 of this Chapter) ; 
with the larger value, we have 0 = 0". sin I" = 4-85 p 6" = & 1-36 rs 

with the smaller value, we have 8 = f 0.97 P 

and since 8 cannot vanish the limits of I will be f 1-99 P 

It may be here noticed that equation (3 I )  corroborates the values of 0" which have just 
been adopted; for since I cannot vanish the limits of 8" will be f of'.38 ; and as in the triangula- 
tion of the seven base-lines the number of measured angles is very considerable, being z X 15 
+ 3 X 21 + 2 x 30 = 153, and the modulus of error is much the same for each of the angles, 
as they were all measured with the best of the great 3 feet and 2 feet theodolites, this limiting 
value of 8" is worthy of every confidence. 

CD DE BO The p.s T 6 r  the ratio1 and cjj may be here taken aa = the p.s T for the ratio a- 
and 

UE ratio Bx rn 
CD 

I# I1 9 )  A,G 



C H A P T E R  X. 
General conclusion8 on the probable errors of base-Zincs tneasurcd with the 

compensation apparatus. 

1. 
B e  Dehra Boon base-line. 

This base was measured twice over by Colonel Everest, and the comparative results of 
the two measurements, for each of the several sections, are given at page 11, 

44' 
The comparisons of the cornpenfiation bars with the standard before the ineasurements, 

were made in a house, instead of being made in tents under circumstances precisely similar . . .  
to those of the measurements, as was done at the subsequent comparisons at this base-line, and 
afterwards at all the others bases. The necessity for this precaution has already been nbundant- 
ly  shown; and, from what has been stated.in section 1 of Chapter VILI, it is evident that the 
precaution is least necessary for a base-line of which the direction is meridional, but most 
necessary for one of which the direction is nearly east and west, as this base the azimuth of 
which, at it's eastern extremity, is "3' 4.4'. 

On comparing the results of the two measurements of each of the six sections, it will 
be seen that, in every instance, the length by the first exceeds that by the second measurement, 
the excess ranging from 3.4 P to 8'0 P, and averaging 6.3 P, B being as formerly the millionth 
part of the length measured. The value of the probable error from this base-line uight  be 
taken as 

'67 p.e of a single measurement = - 6.3 P = & 3 P dZ 
but under existing circumstances this value is probably too large, and it cannot be considered 
to be as reliable as those which have been deduced in the two last chapters. 

Recapitutation of the results of Chapters VIIl and I X ;  cmluaions regarding the probable errors 
of the measurements with tlrs compensation apparatus, excluding the errors of the stanhrds.  

In Chapter VIII the probable error of a single measurement of the Cape Cornorin 
base-line, has been determined from the evidence of the differences of the successive measure- 
ments, $rst, with such recognition of the thermal inequalities of the components and the com- 
pensation errors of the compound bars as is afforded by the observations of the temperaturea 
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and the determination of the compensation error of the representative bar B, and, secondly, on the 
usual assumption that the mean lengths of the bars were the same during the measurements as 
during the comparisons ; a third determination was made from an investigation of the probable 
errors of each of the several operations of the measurement. In Chapter IX a fourth deterini- 
nation has been made from the differences between the ratios of the sections as given by the 
triangulation and by the linear measurements, for the seven base-lines at which verificatory 
triangulation has been executed. 

From these investigations the probable error of a single measurement of a base-line by 
the apparatus, excluding all constant errors, is as follows :- 

from the first, I = say j= 0.6 P see page 76 
,, second, I = ,, 1*5 P ,, 78 
,, third, I = ,, 0.5 P ,, 79 
,, fourth, I = ,, I ,, 91 

In  all but the third investigation the results have been derived from comparisons of 
values which would be equally affected by any constant errors in the determinations of the units, 
temperatures and co-efficients of expansion of the standards of length ; in the third only could 
the influence of such errors have been recognized, but there it was purposely disregarded in 
order that the reeults might be comparable with those of the other investigations. Such errom 
will be considered in the next section, but they may be disregnrded for the present, as they are 
common to every apparatus for the measurement of base-lines ; and we may conclude, from the 
above figures, that the average probable error of any single measurement of length by the corn- 
pensation apparatus-expressed in millionth parts of the length measured--does not exceed 

At page 270 of his Comparisons of ~tandards of Zmgth, Captain Clarke show8 that the 
probable errors of the relations of five of the 10-feet standards of the Ordnance and the 
Indian Survey to the Standard Yard Y,, range from f 0.98 m.y to f 1-35 may, or from 0.3 P 

to 0.4 P '(in parts of their own length). Now the relations of these standards were determined 
with the utmost possible nicety and exactitude, in a comparing room, specially constructed for 
the purpose, of which the temperature rarely changed by more than I' F. in the twenty -four 
hours ; and the comparisons were made at a temperature so nearly coinciding with the normal 
temperature of 62O, that the results are quite unaffected by any errors in the adopted values of 
the expansions of either of the standards. The utmost accuracy humanly possible appears to have 
been well nigh reached. But in the operations with the compensation apparatus the condi- 
tions were by no means so favorable for exactitude ; the measurements were carried on under 
considerable vicissitudes of climate, under more or less exposure to the open air, and with no 
better shelter from a tropical sun than is afforded by tents'; the fact therefore that the probable 
errors of the results may be taken as only about five times those of Captain Clarke's determi- 
nations of the lengths of the standards, is a very satisfactory evidence of the accuracy of the 
compensation apparatw as an instrument of measurement. 



~njuence of the probabh error8 of unit, temperature and co-efiient of ezpankon, of the standard8 
of measure, on the kngtho of tire base-Ziw. 

I. Influence of errors of unit. 
First, for the lo-feet standard A. The mean of the two determinations of the relation of 

this standard to the standard 1 8 ,  which are given in Section 4 of Chapter 111, has been adopted 
as final ; the probable error of the result may be taken as 

n Ion which is much the same as the probable error of Captain Clarke's determination of the re1 t' 
of I, to the standard yard Y,,, (Comparisons of Standards of Length, page 270.) Thiw the relation 
of A to the yard has a probable error = & 1.4 m.y, and therefore 

Recondly, for tfie 6-inch scales. The average probable error of the relation of any micro- 
1 scope ecale to a A i~ = -& 058 my.* ; thus the probable error of unit in the length measured 

by a complete set of bare and microscopes ie f -58 Jj.5 (= 1-36) m.y ; and as this length ie 
63 feet, 

the p.e of unit = & -06 P 

11. Influence of errors of temperature. 
First, the m o r s  arising from the inaccltracies of the thermometers. All the thermometers 

which have been used at the several base-lines and during the comparisons of standards are 
described in Appendix 8, on refererice to which it will be seen that the thermometers which 
were originally sent out to India with the base-line apparatus have never been calihrdted, and 
that for a period of about 25 years after their construchion, in or about the year 1830, nothing 
ie known regarding their index errors. They were not graduated on their stems, but were 
fastened to metal scales, their attachment8 to which were not rigid but permitted of a play 

The relations of the 6-inch scales to the central 6-inch space [d.Z of the h d d  foot 1 F 8T0 given at p q e  19 of the A pendices ; 
p.. ( [ d . o  - B) t m i q  d tho rms  e t u d e  r the Bremge d .U k *em m y  im u 8 fk i n a m  d the p r  o P b  n 

: theP inoe  
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equivalent to about oo.z. There are sufficient reasons for concluding that the thermometers a . 
and /3, which mere employed on standard A at the first eight base-lines, must have had, at the 
commencement of the Karachi base-line in the year 1854, a mean index and calibration error 
of about + oO.51 F which they were found to have in 1867, on being tested in melting ice and 
compared with the modern standard thermometers which were obtained in that year. Possibly 
the zero points of all the tllermometers were correct originally, and were subsequently disturbed 
by the contraction of the bulb to whichall newly made thermometers are liable; but the play in  
the attachments is fatal to any exact conclusions on this subject. 

I t  will be assurned that the combihed index and calibration errors of all the working 
thermometers give rise to an average probable error of temperature= f 0"-3 at the first six base- 
lines, and = f oO.1 at the Karachi and Vizavapatam base-lines, to which a correction for index 

? 
error has been applied. Now twenty parts in twenty-one of every base are expres~ed directly in  
terms of the iron standard A, of which the co-efficient of expansion for lo F is 6.5 P ; but the 
remainder is expressed pri~narily in terms of the brass scales, of which the expansion has be- 
taken as 9.9 P ; thus an error of lo of temperature is equivalent to an error of 6.7 P in length. 

Hence the p.e arising from the assumed inaccuracies of the thermometers is, 
= & 2.0 P for the first six base-lines 

and = f 0.7 P for Karachi and Vizagapatam. 
Carefully calibrated thermometers, of which the index errors have been determined from 

time to time. were employed at the Bangalore and the Cape Comorin base-line@, which should 
therefore have no error8 of this nature. 

Second&, errors arising from dijGrences betwe@ the actual temperatures of the standards and 
those indicated by the thermometers. When the temperature of a metal bar is rapidly rising or  
falling, the temperatures indicated by thermometers whose bulbs are in wells in  the bar and 
are protected from any other thernial influence than that of the bar, have a tendency to lag 
behind the temperature of the bar, even when the wells are filled with oil to facilitate the con- 
duction of heat to or from the bulbs of the thermometers. At  pages (7) and (8) of this volume 
instances are given in which the laggiug amounted to about 0 O . 3  F durinw changes of temp- 

P erature which were not nearly so rapid as those that are daily experienced in the measurements 
of base-lines. As a rule the temperature of standard A is rising for about four-fifths of the 
daily working hours, which are generally from 7 A.M. to 4 P.M. ; at first it usually falls for about 
half an hour, then riees for several hours, to fall again only a little before the close of the day's 
work, following the diurnal variations of temperature by an interval of about two hours. 

There are no means of ascertaining what the average actual amount of thermometric 
lagging has been at any of the base-lines which have been measured hitherto. An investigation 
of this subject would have been very laborious and difficult, necessitating the employment of a n  
apparatus for artificially sustaising the temperature of one bar at a constant point, while the bar 
was being compared with another bar of which the temperature was following the ordinary Qily 
rise and nightly fall. 

Supposing the resultant average amount of lagging during the operations of the base- 
lines to be - 0"-3 F, for the thermometers attached to standard A-which for the climate of 
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India appears to be a very moderate assumption-and assuming that the errors of this nature in 
determining the temperatures of the scales cancel each other, because the bulbs of the thermometers 
are not inserted into these small bars, the error in the length of a base from this cause would be 

= - o J x 2 x 6.5 r = - 2  r nearly. 

111. Influence of the errors of the co-efficient8 of expansion of the etandards. 
For the reasons stated at pages (12) and (13) it may be assumed that the probable errors 

of the values of the factors of expansion which have been finally adopted in the reductions of 
the base-lines are = 1 per cent of the magnitude of the respective factors. I t  has just been 
shown that a change of I" F in the temperatures of the iron and the brass standards is equivalent 
to an alteration of 6.7 P in any length measured by the compensation apparatus ; thus the pro- 
bable error arising from the adopted values of the factors of .expansion would be = f 0-067 r 
for I" F. Putting T for the mean temperature of standard A during the measurement of any 
base-line, and assuming that the mean temperatures of the brass scales are much the same, 

the p.e from errors of co-efficients of expansion = -f -067 (T - 62") r 
which for the first nine base-lines is on an average = & 0-5 r 

but for the Cape Comorin base is = f 1.4 P 

EinaZ conclusions. Equal weights given to all t b  base-lines. 

W e  have seen that, excluding the constant errors of the standards of measure, the pro- 
bable error of any length measured by the compensation apparatus may be taken as f 1.5 r, 
r being the millionth part of the length measured. We have also seen that the constant and 
inconstant errurs of the standards may be generally taken as of the following magnitudes, 

error of unit, -f 0.4 r 
error of temperature, - 2  r f 2 P 

error of factor of expansion, -f 0-5 r 
whence the combined error is, - a r -f 2.1 P 

Thus the total error arising from the compensation apparatus and the standards of length 
may be taken as - - - z r f  2 . 6 ~  

for a single measurement of length ; and it is evident that as the errors connected with the 
standards are larger than those arising from the compensation apparatus, very little gain in 
accuracy is obtained when the measurements with .the compensation apparatus are repeated. 

It should be here reiterated that the negative error, - 2 r, in the above expressions of 
error, is an arbitrary estimate of the probable influence of the difference between the temperatures 
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of the 10-foot standard and those indicated by the thermometers attached to the standard 
during the course of the ditily working hours, wliicll results from the phenomenon of lagging. 
Believing tllat more error P I Z ~  arise from t,l~is circumsttulce than from the conibined influence 
of every othgr c;luee of error, more particularly in India-where the diurn:tl vicissitudes of 
climate during certai~i seasons of the year are very slight, and the weather repe:~ts itself: days 
of bright and almosta unbroken ~unsliirie following each other sometilnes for weeks tngetlier-I 
have thought it better to introduce an iirbitrary estimate of the possible effect of the error than 
to ornit it altogether. But it sliould be oniitted in malting comparisons of the probable errors 
of the base-lines of this survey with those of other surveys in which it may have been disregarded. 

Arid eince this error is almost beyond human control, the probable error for which the 
compensatio~l app~ratus,  the standards of lerigtli and the persons using them are responsible, 
may be taken as = f 2.6 millionth parts of the length measurecl ; a qu:tntity which must be 
corisidered sn~all when expressed in terrils of any terrestrial niagnitrlde, being eqnivalent to or~ly 
108 feet in the lengt1l of the polar axis of the e:trth. 1;ut the final results of the operations, 
the lengths of the arcs, the coordinates of the fixed points &c., are deperltlent both on the linear 
and on the a n ~ u l a r  measurements, and no adv~ntitges wo111d be gained if the accuracy of one 

a. 
class of operations were malerially greater than tllitt of tlle otlier; the linear errors of any 
geodetic operation are tlius not so much a matter of interest as is tlieir relation to the angular 
errors. 

Now in order to find this relation we must compare the probable errors of the ratios by 
the linear measurements with those by the trigonometrical operations. From what has been 
already stated above and at page (89) it appears that 

the p.e of the ratio of two base-lines of equal length is:= f 2.6 J% p = f 3.7 p. 

The probable error of the ratio of any side in an equilateral triangle to the base - 

ia = 8 / L *  when that of each of the three angles is 0. I n  the best operations of this sur- 
3 

vey &' = f o" .~ ,  and 0 = f 0.97 p ; thus in the best equilateral triangles or those which are 
measured with the most accurate and powerful instruments under the most favorable circum- 
stances, 

the p.e of the ratio of the second side to the first may be taken as f 0.8 P, 

which is about one fifth that: of the linear measurements. But the distances between the base- 
lines of this survey range from 275 to 750 miles, and the probable errors of the four chains of 
triangles directly connecting the base-lines at Dehra Doon, Sironj, Karachi and Attok, the 
average length of which is 575 miles, have been recently determined very approximately, and 
show that 

the p.e of the ratio of the last side to the first averages f 10 P, 

which is not quite three times that of the linear measurements. Thus the relations of the pro- 
bable errors of the linear and the angular measurements may be con~idered to be suiliciently 
harmonious and consistent. 

I t  only remains to add that after a careful consideration of all the available data for 
determining the relative weights of the several base-lines, I have arrived at the conclusion that 
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there is no sufficient evidence for assigning different weights to different bases which would 
be generally accepted as conclusive. In  the bases which were last rneasured the error: of 
tht: thermometers were unquestionilbly much less than was previously the case, tl~ongli perhaps 
a t  the first one of all tliey niay have been small ; on tlie otlier hand the differences between 
the trigonometrical and the linear ratios at Vizagapatam and Hnngalore are larger than those 
which occnrred previously, (see the table in page 90). At  Cirlcutta the compesation bars 
were compared with the standard in a house, and not in tents on the base-line ; but fortunately 
the direction of the line was meridionitl. At Dellra Doon the first set of co~nparisons was 
made in a house, but the others were made in te~its, and the line was twice measured. The 
Cape Comorin base was measured four times, but it's lnean temperature was 7" liifilier than 
that of ariy otlier base, and therefore it would be most affected by an error ill the co-efficient of 
expansion of the sta~ldi~rd. It  is very clear however, frorrl the irlvestig;ltions wllich 1i:tve been gone 
into, that the actual errors of t l ~ e  results must, in all cases, be very niinute, arid therefore there 
can be no valid objection to assuming that the respective res~ilts are, to all intents and purposes, 
of equal value. This assumption will therefore be made, and it will much simplify the general 
reduction of the triangulation which is now being carried on. 

Progress.ive and accidental changes in the lengths of tllle compensation bars. 

The determinations of the relations of the compensation bars to the standard, at  the 
eeveral comparisorls at each base-line, are given in the followirig table, whicli shows the 
excess of the actual length of the mean of the bars over t! e standard, or L-A, and that of 
each of the bars over the mean, or A-L,, B-L, . . . The quantities L-A are primarily ex- 
pressed by two terms, the firfit of which is numerical, and gives the excess as computed with the 
old value of the factor of expansion of the standard, and corresponds with the S" of equation 
(15). page (69) ; tlie second contail~s a symbol, dEf,, for the error of that factor and a numerical 
coefficient = - (T, - 62') or the sign-changed excess of the mean actual temperature of the 
standard over the normal temperature of 62" ; now dEfa may be taken as = 1.0 nz.y = 0.3 P, on 
an average, for the mean actual temperatures of' the whole of the base-lines," and this value 
has been used to obtain the concluded actual relations of the mean of the bars to the standard. 

Approximate  value^ of the normal relations of the mean of the bars to tho fitandard 
are also given, by allowing for the effect of the erroru of compensation, and ass~~nling that 
the temperatures of the bars mere the same as those of the standard. For an exact determina- 
tion of the normal length of the bars it is necessary that the respective temperatures of the 
brass and the iron components sl~ould be known, but no data are available for ascertaining what 
these temperatures were at any but the last base-line. 

I f  in equation (17) page (69) we put t = o, and aesume T, = T,, then 
X = X" - T, ( 7 + dE,' ) approximately ; 

but 1 = 1.0 m.y very nearly, thus I + dEfa = 0.6~ in parts of the bars or the standard; 

See the table of t h e d  expadom of rtcmdard A at rsriour temperstnreu, page 19. 



the ~ o ~ a t e  normal lengths have thereifore been ietewined, in each i h c e ,  by mItipIJiag 
tbe co-acients of dE'? in the table by 0 6  r, and applying the quantity thm fmnd to  the prd i .  
&ry nurnwical relatun of the mean of the compensation bars to the standard. 

The table shows that the lengths of the compensation bars were increasing progressively, 
from the time these bars were first used in India, in 1831-32, up to the measurement of the 
Chuch Base-line, in 1853-54 ; since then the lengths have fluctuated, sometimes increasing, 
sometimes decreasing. The table also shows that there havo been other changes in length, 

Relations of each bar to mean of all 

A-L B-L C-L D-L E-I, H-I,.' 

- 

b l i n e  
and 

year of measurement 

lJB139 ( l a l o w  ... 

1834-35 Dehm Doon 

; 

183738 Sironj ... 

1841 Bider ... 

1847-48 Sonakhoda 

1853-54 Chuoh ... 

1854-55 Karaohi ... 

1862-63 V i p a t a m  

1868 BBngalore ... 

1869 Cape Comorin 

Valuee of L - A 

\ 

Actual 

\ 

*ppror 
n 4  

w 
$ 0'9p - 5 . 4 ~  3- '6.3 p + 6 s p  + 5 . 6 ~  7'9 C 

1'3 5.6 0'4 1.9 4'9 9.3 

0.1 8.5 0.3 13.6 - 2.9 r6 ' 
0-0 8.6 -- b.8 13's "9 0'9 - 1'0 f 'a x.1 14.3 3-0 $'r 

+ 2-3 9.5 07% t 7 6  3.1 
3-3 10.3 0.1 17'9 4'3 6-5 

5 = 

- a 6.5 + 3'3 xoSr 1'6 5.1 + 1'3 7 '5 1.9 8.7 1.8 3-5 

- 1.4 7.9 1-4 10.9 1.1 3.0 
0'5 9 7  I-() 10'1 0.0 

2'3 10.6 0.1 
1 '9 

1'0 10'1 "7 

1.4 11.6 0.8 12.5 1 '4 0.0 
0'7 10.8 2'0 13'1 2 '3 1.2 + 0.1 10.7 1.6 12.4 0'7 0.7 

-0 '6  10.1 3.3 12.8 1.9 3.5 
2.4 9.5 9.6 11.1 1 '4 1 '5 
4'9 9'7 5.0 12.4 0'4 0 '3 

4.7 10.0 3.0 10'5 + 0'7 + 0'5 
3'6 9'8 4'4 9'O 1-4 -1'4 
5'3 9'7 1'6 10.7 1'3 + 0'3 

11-o 15.4 4'0 23'0 1-1 - r-6 
9'7 16.3 4.6 11.6 - 0'4 + o'a 

1o.g 17.0 4-8 21.8 + 0.5 - 0.1 

I 10.0 5.8 13-r 1.6: 2'3 
15'5 9'9 5-1 a1.0 0'3 1-1 
16.8 10.7 4-9 22.6 1 -4 I '4 
15.9 10.6 5.0 aa.1 1 1.6 

3 3 . 9 ~  - 6'8 =31-gp 29.812 I 
53'5 1'5 33'0 " 

42.0 4.6 40.6 
37.2 + 2.2 37'9 
43.8 -no.$ 39.6 

45.2 6.0 43'4 
41'1 + 2.1 41.9 

56'1 -18.7 50.5 
53'7 10.3 50.6 

59.9 8.1 57.5 
52.0 0-7 51'8 
50'7 + 0'9 51'0 

53'5 11.5 5f.o 
55'1 8.2 57'6 
56-4 10.1 59'4 

62.0 - 8.4 59.7 
58.5 3.9 57'3 
56'8 6.3 54'9 

61.1 8.8 58'5 
63.6 13.7 59'5 
63'9 14.7 59'5 

61.0 6.0 60'1 
62.6 9.5 59'7 
69'2 14'5 64.8 

79.0 18.8 73.4 
71.0 21.5 65'7 
72'5 21 -7 66'0 
75'0 03'4 68.0 

30.6 

39'2 
38.5 
36-5 

41.6 
42-5 

44'9 
47'5 

55'0 
51.6 
51.2 

6a.4 , 
60.0 
62.5 

57.2 
56'2 
53'0 

55'8 
55'4 
55'' 

58'3 
56'9 
60.5 

67'7 
59'3 
59-5 
61.0 



which niay be'termed accidental to distinguish them from the progremive alterations. I t  is be- 
lieveg that up to the year 1867, nothing was purposely done to the bara which could have altered 
their lengths, excepting that they were carried distances of many )hundred miles between the 
respective base-lines, and always by land ; but they were always transported on men's shoulders, 
two men for each bar, and at every halt they were rested on pairs of trestles, and were never! 
placed on the ground; in fact they could scarcely have been more tenderly handled or better I i cared for than they have been. For many years it was supposed that the progressive alteration, 

I ih refhdns 6k the bars to the dtandard, might be due to a change in the standard, and the, 
: bars were therefwe all the more jealously guarded. The constancy of the standard was not 
I established beyond doubt until the year 1867, (see section8 4 and 5 of Chapter IU) ; aEtemarda 
np fiuther,hesitatipn way felt as to doing auything which might disturb the lengths of the bara ;I 
they were all taken to pieces and well cleaned before the measurement of the Bangalore base-' 
line, and:in the fo~bwing +ear thermometer wells were bored into bar B. These operations have, 
had the effect of $disturbing the lengths lof some of the bars, but the mean length of all is much: 
t4a same as it was p few years previously. I 

I . ,  . 
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On the calculations for the reduction of the base-lines. 

General details. 

The greater portion of the calculations will be readily understood from the actual pro- 
cedure in each case, and from the full explanations which have already been entered into 
regarding the treatment of the Cape Comorin base-line. I t  has been seen that the deterrni- 
nation of the lengths of the compensation bars is the most important part of the process, as 
twenty parts in twenty-one of the base are measured by these bars. I t  has been shown in 
Section 3 of Chapter VI I  that for the exact determination of the normal length of a compen- 
sation bar as compared with a standard bar, the error of compeneation and the thermal inequa- 
lities of the components of the compensation bar should be known ; the exact expression for 
the length is given by equation 9 ; whence it follows that for the first nine base-lines, at which 
no steps were taken to measure the temperatures of the components, the terms in that equation 
into which t and Tb enter must be neglected, and we must put 

X = B' - A' + (Eta - dE', ) Ta approximately. 
The values of X have been thus computed for all the first nine base-lines, and though in no 
case do they indicate the normal bar-length, they always give the actual bar-length at the 
time of the comparisons, and thus in every case the determination of the length measured by 
the bars will be correct, if the average temperatures and thermal inequalities, and conse- 
quently the average  length^ of the bars, were the same during the comparisons as during the 
measurements. rn 

The reduction of the lengths measured by the microscopes is described in Section 7 of 
Chapter VIII, and the method of grouping the results is sufliciently obvioue, and may be 
readily followed. 

All the linear measurements are finally expressed in feet of the 10-feet standard A ; in 
Colonel Everest's Arc Book of 1847 the microscope lengths were expressed in terms of a 
standard &inch scale, the relative length of which to the 10-feet standard had not then been 
determined. The relations of length which have been employed in the present. reductions are 
those which are given in Sections 7 to 9 of Chapter 111. 

The factors of expan~ion for lo J'ahrenheit, which have been used, are the old values 
which were employed by Colonel Everest, viz., ~000,006,801 for the iron standard A, and 
000,010,417 for the brass scales ; subsequently corrections have been applied for the differences 
between these values and those indicated in Sections 6 and 8 of Chapter 11, which have been 
obtained from the latest and most exact investigations. 
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Reduction of the memured length of a base to the length at the mean sea letfcl. 

The formuls which have been employed in theee reductions are demonstrated at the 
end of the details of the reduction of the first-the Calcutta-base-line. The process is 
divided into two parts, fir& a reduction from the levels of the measurement to the level of the 
origin, and secondly from that of the origin to the mean sea level ; it will be easy at any future 
time to apply a correction to the length of any base-line, corresponding to any correction which 
may be required for the adopted height of the origin above the mean sea  

The heights of the origins have been derived in some instances from spirit leveling 
operations in others from the vertical angles of the triangulation. From the commencement of 
the survey until the year 1856 all the heights were invariably determined from observations of 
reciprocal vertical angles between the principal stat.ions of the triangulation. But this method, 
though susceptible of' a high degree of accuracy in a hill region, is beset witb many difficulties 
in level oountry ; the rays of light, graziug the surface of the ground, pass through various 
gradations of' refraction, from a low negative to a high positive value, during tile course of the day 
and night; the suocesa of the method depends on the reciprocal  angle^ being equally refracted, 
which probably would not be the case even if the observations were si~nultaneous; where= 
from the circumstance of there being only one large theodolite with each survey party, there is 
always an interval of several days between the reciprocating observations, and thus there is all 
the more reason to mistrust the assumed equality of refraction. 

The prinoipal chaine of tiiangles have frequently been carried across plains of a breadth 
of several hundred miles, for the Peninsula of India is separated from the Himalayan and the 
h l i m a n i  ranges of mountains by the vast plairrs of Sind, the Punjab, Rajpootana and Central 
India, and by the valley of the Ganges which is no-where less than 150 miles in breadth, all 
which have been repeatedly crossed by the triangulation. And as these plains were very nnfavor- 
able for the vertical operations, and the chains of triangles were of p e a t  length-occasionally 
aa much aa 2000 miles from sea to sea, without external check or verification-lines of epirit 
levels were commenced, in the year 1856, to controul the results of the trigonometrioal detm 
minations. 

During the immediately preoeding period of about twenty yeare the rule had been 
f o l l o d  of restricting the observations of vertiaal angles as cloaely aa pwsible to tbe time of 
minimum refraction, mhich ocours daily between the houre of 1 and 3 P.M. aparent time ; the 
back angle was also measured at nearly the same interval from apparent noon as the forward 
angle. But during the operations of the period between 1800 and 1836 the observations were 
taken at any bour of the day and often during the night. 

On comparing the results of the spirit levels witb tripnometrical heights which had been 
determined by observations at the time of minimum refraction, the accordance ie found to be v e y  
satisfactory ; the errors of the trigonometrical determinations between base-lines being aa followa : 



From Karachi to Attok, 706 milee, error - 3'2 feet 
,, Attok to Dehra Doon, 416 ,, 9 ,  +5'I $ 9  

,, Dehra Doon to Sironj, 429 ,, 9 + 1.8 ,, 
,, Karachi to Sironj, 669 ,, 9 ,  + 2'1 9,  

,, Sironj to Calcutta, 680 ,, 9 - 46 ,, 

On the other hand the errors of the trigonometrical determinations in the early operations 
of the survey are occasionally very large ; for example the value of the height of the Sironj base 
which is given as 1644'5 feet at page 83 of Colonel Everest's Arc Book of 1847 is I 13'1 feet 
in excess of the value obtained by the leveling operations, with which the re~ul ts  of the modern 
triangulation agree so well. 

The datum of the spirit leveling operations is the mean sea level of Karachi harbour ; from 
thence the main line of levels has been carried up the right bank of the Indus to Mittunkote, 
Ferozepore, thence to Allahabad, and down to Calcutta, over a distance of upwards of 2000 
miles, closing on the datum of the long established tide pawe  at the Kidderpore Dock, on the left 

3 
bank of the Hoogly river. The mean level of this tidal river, in the dry season, was dehrmin- 
ed by the operations to be 2-33 feet above the mean sea level at Karachi ; in the rainy season it 
is considerably higher. The line of levels has not yet been carried to any point on the coast 
of the Bay of Bengal near Calciitta which is in free communication with the sea  

The heights of the base-lines at Karachi, Attok (or Chuch) Dehra Doon, Sironj, and Cal- 
cutta are referred to the mean sea level of Karachi harbour by the leveling operations. The 
height of the Sonakoda base is dependent on the triangulation from Calcutta; that of the Bider 
base is the mean of independent trigonometrical determinations from the tidal stations at 
Bombay on the west coast, Vizagapatam on the east coast, and from the Sironj base. The height 
of the Vizagapat,am base depends on a contiguous tidal station. with which it is connected by a short 
line of levels ; that of the Cape Comorin base is similarly dependent on a tidal station at Tuticorin, 
where however final results have not yet been obtained; and that of the Bangalore base-line 
on the levels of the line of railway form Madras, which agree within 4 feet with the correspond- 
ing values by the triangulation. 

Ven)icatbon of the linear measurements by t r ianpht ion bctween the sections of the he- l ines .  

The comparisons of the measured lengths of certain sections of the base with other 
sections, by triangulation, have always been made by deterlnining the excess ( f )  of the length 
of each section-as computed from some other section or the entire base-over the measured 
length. One of the sections-usually that nearest the origin-is adopted as the base of the 
triangulation, and the lengths of the other sections are computed therefrom. 



Supposing the measured lengths of the sections to be AB, BC, CD . ; . , and that of the 
entire base to be AD . . . . , while the corresponding lengths by the triangulation are ab, bc, 
cd . . . . and ad . . . . , where ab = AB; then 

AD 
ad 
- . ab - AB 

are the excesses of the len ths computed f from the entire base, for eac section, over 
the measured lengths. ad 

are the excesses of the lengths computed 
from the first, for the following sections, 
over the measured lengths. 

and so on. 

The natural numbers corresponding to the differences between the logarithms of the 
measured and computed values were obtained from the following formula. 

(dl4 Since log, (z + ciz) = log, x + 7 - @ + . . . . 229 

Z nearly. 



C A L C U T T A  BASE=LIN'E. 



CALCUTTA -BASELlNE. 

The middle point of the base-line is in Latitude N. 22" 40t, Longitude E. 88" 25'. Azimuth 
of N. end at S. end=177" 11'. The line is 6.432 miles in length. It was measured under the 
directions of Captain G.  Everest R.A., with the asfiistance of Captain Wilcox, Lieutenant 
Western, Mr. Logan, Mr. Taylor, blr: Olliver and Mr. DePenning. The names of the remnin- 
ing assistants who took a share in the operations cannot be traced from the Field books. The 
measurement was commenced at the S. end and carried on continuously to the N. end. No 
verificatory triangulation of the line was executed. 



CALCUTTA BASE-LIKE. 

I N T R O D U C T I O N .  

" The base-line in the vicinity of Calcutta was measured with the new Compensation 
" bars in 1831-32, that being the firat occasion of their being practicallp tried in India, it was 
" commenced on 5th November 1831 and finished on 28th January 1838. 

" The line chosen was on a straight part of the Barrackpore road near Chitpore about 
" 66 miles long, where two towers of 75 feet height were erected one at each limit so as to 
" overtop the high trees and buildings in the suburbs, with a view to its subsequent connection 
" with the triangulation. 

" As the alluvial soil of the delta of the Ganges induced the supposition that these towers 
" might sink, the precaution mas taken of embedding a large stone at the distance of one colnplete 
".set of bars from the point within the tower wllich marked the limit, both which stones were 
" r~ubsequently vaulbed over, so as to admit of future reference. 

" I n  the measurement, a stone was also embedded at the end of the 12th set of bars ,,, 
'' with the view of tryinw the same length by remeasurenlent after the whole work was finished. 

P 
" The reference in this instance ,,, was made to the mark at the end of the first set and not to 
" that within the tower, because the stability of the latter was suspected. 

" The bars were compared with the standard A, 67 times before the measurement and 80 
" times after the measurement. 

" The comparisons in both these instances were made in a thatched building erected in 
" the grounds attached to the Surveyor General's Office, Chaoringhi, and at night, by lamp light, 
" one of the reverberatory lamps with an Argand's burner being e laced at as great a distance as ad- 
" mitted of its properly illuminating the microscopes ; but this plan is liable to the ol~jection 
"that the comparisons were made under different circumstances from those under which tho 
" measurement was conducted so that any defect or excess in  the compensation would tend to 
" vitiate the numerical value given by tlie measurement. 

" The comparison of the microscopes was made on seven different occasions during the 
" measurement, including those prior and subsequent. I t  is to be noticed that at this time the 
" micrometric apparatus appended to the six-inch scales was not in existence a, and the only 
"mode of obtaining a value of these minute errors was by estimating them in terms of the 
" images of the wires in the eye pieces of the micros copes"^,. 

(Taken from the General Report on the Cnlcu~tta Longitudinal Series by Lieutcmnt-Colonel G. Everest, R.A.) 

(1) Reokoniq from the South end. 
(2) i.e. on re-measurement. 
(3) The seven Males with micrometern dhohed were constructed subsequently to the mensurement of tho hlcntta b ~ .  
(4) The vulue of the apparent image of the wire was found oqunl to -0007 of un inch. For particuh eee p g o  h v i i  of in& 

duction to Colonel Everest's account of the Meridional Arc of India, 1847. 
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CALCUTTA BASE-LINE. 

Cornpariaom between the H a n M  Bar A and the Compmated Bar8 AJ BJ CJ DI EJ HJ d e  
at the Survqor General's O@ce Calcutta, 6efore the measurement. 

B-. 

Capt. Everest 
at the micro- 
metermicro- 
wp. 

Capt. Everest 
and Lieut. 
Wilooxatthe 
microscopes. 

Mr. Taylor at 
the microme- 
t e r  micro -  
mop. 

Mr. Olliver at 
do. 

Lieut.Weatsm 
atdo. 

< 
M I ~ B O X B T B B  B B A D I X G ~ S  I R  D I v r e ~ o r e .  

I M , W m - - L  - Wj#.I=h 1'1'81. I'S19 m.y of A 

m 
9 a 

A B C D E 
'8 

A m. 
5th 9 I PJL x 73f;o 

10 6 a 72-67 
'0 57 3 72-40 
11 45 q 72.07 

6th 0 3 3 ~ 3 .  5 71-62 
1 01 6 71-22 

7th 641p.x.  7 70.00 
f 32 8 2 .77 
t? 57 g 9-07 

1 0 2 %  10 68-17 
11 6 11 67-65 
11 46 ra 67.25 

8th 11 27 P.M. 13 66'40 
9th o 10 LY. 14 67-40 

o 56 15 68-45 
1 4 6  16 69.55 
3 3 6  17 70.47 

7 27 P.Y. 18 69.60 
8 8 19 69.17 
8 47 20 68-87 
9 3 6  21 68-72 

10 20 22 68-55 
Y O  49 03 68-25 
T I  14 a4 67.80 
X I  47 25 68'20 

10th o a8 A.M. 26 69-40 
I 10 07 70.27 
1 49 28 71.10 

7 I P . Y . Z ~  71'07 
g 4 a  30 70.57 

21 31 70'05 
9 49 32 69-27 

ro zo 33 68.97 
1050 34 68-57 

- - - - - - - - 
108.5 203.9 a11.o 209.5 186.8 193'7 232.4 206:~ 
118.5 200.2 227'0 203.6 190.6 195.5 235-7 208.8 
122.9 zoo-7 2za.1 zoo-g 189.6 193.6 230'0 206.1 
127-0 197.8 213.4 198'3 190.3 188.6 224'7 202'2 

131.8 198'6 213.0 199'1 185.0 192.2 225.1 202-2 

137-4 198.8 013'0 206'3 189'5 186.9 az4-o 203'1 

119.5 157'5 171.1 164.5 147'4 151'4 189'0 163'5 
122.3 157'3 175'1 159'7 1~8.1  1540 188.5 163.8 
130'3 158.1 175'5 162.0 153'3 155'4 189.0 165.5 
139'6 153'7 169'5 157'3 IW'O 150'~ 184.8 159.9 
147.6 155.2 173.2 160.5 148.0 150'6 184.8 162.0 
154.8 151'7 170-6 160'4 148.5 146.5 184.1 160.3 

152.1 135.8 163.5 140'9 139.3 130's 1642 145.6 
138.2 148.4 169'9 155'0 136.8 135'9 165.8 152.0 
124'9 152'8 176.1 159'1 146.4 142.6 172.8 158'3 
113-7 158.9 175.7 166'1 152'6 147.7 174.6 162.6 
101.1 159'8 182.6 165.0 152'2 148.8 176'3 164.1 

111.9 155'0 164.6 154.6 144.2 142.2 175.8 156.1 
1r6.5 156'2 165.0 155'4 143'0 138.4 173'5 155-2 
123.1 157.1 163.6 151.0 143'2 139'0 176.0 155.0 
129'8 154'5 162.3 148.8 140'5 139.5 176.2 153.6 
132'7 14.4'0 164.0 14$0 126.a 140'0 165.0 147'4 
135'5 149'0 165'8 150'0 136'2 141'7 171.a 152.3 
136.6 147'- 160.6 149.4 138'7 134'2 167'8 149'6 
121.1 151'8 J72.I 153'0 146.4 135.2 165'3 154'0 
103'8 165'0 172'7 163'4 136'3 143.1 168.1 158.1 
93'5 152'7 175.2 163.0 1 ~ ' a  135.0 170'4 156.7 
86.6 157.6 177'3 163'5 146.4 144.0 1716  160.1 

89.3 154.6 167.6 153'4 142'0 136.0 176.0 154.9 
96.9 153'5 165.0 148.0 136.0 141'5 176.3 153.4 

105-a 150.8 166.0 146.2 138.0 142'5 175.7 153.9 
120'5 149'5 168'0 146'0 140.0 142.0 174.2 153.3 
125-5 145.9 162'8 149.0 - 134.5 139.5 168'5 150.0 
131.0 149.5 164'8 151'0 1340 139-6 -171.0 151.6 



BAR COMPBRISONS. 

B e e  the memecremeprt-(Continued.) 

4 4 
Q. 

B L g % r !  ow. i s  f 
B 
w 

O & i  8 s S 

A. m. 
11th o 29 A.M. 35 67:g7 

I g 36 67'72 
I 32 37 67-43 
I 54 38 67-12 
2 21 39 66.87 
3 4 40 66.70 
4 11 41 66.25 
4 31 42 66.17 
4 51 43 66-12 

6 29 P.M. 44 70'97 
7 5 45 70.97 
7 33 46 70'92 
8 2 47 70'82 
8 33 48 70.60 
9 4 49 70'3% 
g 36 50 69'97 

10 10 51 69'57 
10 ++ 52 69.00 
11 19 53 68.47 

12th o 54 A.M. 54 67-17 
I qr 55 66'65 
2 26 56 66-27 
3 9 57 65-92 
3 54 58 65'55 
4 39 59 65.12 

7 X I  P.M. 60 68-72 
7 41 61 68.60 
8 20 62 68-33 
8 55 63 68-07 
9 23 64 67.82 
g 53 65 67-50 

1024 66 67-20 
10 53 67 66'92 

~ - ,  ... 68.80 1 110.72 138.39 19-59 139.68 1.471 12698 159.49 140.47 

~ I C B O Y L T L B  R X A D I X ~ ~  I N  D ~ v r s r o n a .  
I 

1 Divhlon - . j j  Cary'n Ineh C1.81, - 1'8819 m.9 d A 

Mem 
A A B C D E H !IE 3p 

a 8 

- - - - - - - - 
142.2 152.7 168.0 149.2 137.8 137.6 168.6 152.3 
142'9 155.8 161.8 154'2 135.0 138.8 176.7 153.7 
141'3 161.0 163'7 146'2 133.4 138.0 171.2 152'2 
142.0 153'5 159.6 15.+'o ~zo 'o  126-6 171'1 147'5 
138.0 138.0 138.0 129'0 116.2 122.0 150'5 132.3 
135'5 131.0 1w.5 135.0 113.8 117.0 1g1*5 132.1 
90.4 77.5 92.2 85.2 64.0 66-4 101.5 81.1 
93'1 75.4 99.2 80.4 68.6 73.0 93.0 81.6 
g&o 78'2 96'4 80.6 64.3 69.8 IOZ-2 81.9 

28.8 85.8 104.7 91.3 71.6 79.1 108.3 90.1 
27'9 90.9 104'6 90.2 77'3 75.0 "1'0 91'5 
29'0 92.5 108.6 94.1 78'2 82.2 110'2 94'3 
31'5 92-5 105.4 88.8 76.7 79.4 "0.7 92'2 
32.8 92.7 103.6 84'8 76'2 75.0 111.9 90'7 
37'0 87.2 103'7 85.4 70.6 80.2 106.8 89.0 
43'1 88.1 102.3 90.4 71.2 77-9 105.6 89'2 
48.0 84-0 101.2 88.8 70.6 71.2 103.8 86.6 
55'0 86.0 95.1 89.1 65.0 71'7 101.8 84-8 
63'8 82.0 97'2 82.0 62.2 71.0 101.7 82.7 

76.5 75.8 94'5 82.2 59.7 64.2 101'2 79.6 
82.5 71'4 95.2 84'0 60-9 67.3 97.7 79'4 
86.3 78.6 93.3 82.1 69.6 70.7 97'0 81.0 
91.1 80.3 93.2 84.3 65.5 63-3 94'7 80.2 
97'2 72.8 94'1 78.1 61.7 61.7 95.0 77.2 

10o.g 74.0 89.7 77.8 56.0 60.4 90.2 74.7 

140'1 169.0 180'0 165.5 154'0 155'5 183'5 167.9 
141.9 165.0 183'0 163.5 148.9 156.0 188'0 167'4 
146'0 170'0 182.3 171.0 157.2 152'0 188'0 170'1 
150.3 163.0 178.0 163.0 148.0 155.0 186'4 165.6 
154.0 169.4 183.0 167.0 146.5 155.0 184'5 167'6 
158.7 166.5 177.0 161.7 145.5 151'3 186.7 164'8 
161.4 164'7 180.0 159.7 151'5 155.0 182.0 165'5 
164.1 164.0 177.5 161.0 145'0 151.0 184.5 163.8 

l tnuu~a .  

- 

Mr. Taylor a t  
the micro- 
meter mi- 
BCOpe. 

hfr. Olliver a t  
ditto. 

Lieut. Wilcox 
at ditto. 

Lieut.Weetern 
at ditto. 



CALCUTTA BASE-LINE. 

BeJfme the meamr&Continned) 

Let the mean length of the compensated bars minus the Standard A at 62 I! be denoted 
by x, and the observed excess of the compemated bars by 8 when the temperature of A is to. 
Then, the expansion of A for lo being (E, - dEJ, we have 

Treating the preceding bar comparisons as shewn in this equation, we obtain the follow- 
ing series of results :- 

x- I 1-50 (Ea - dEa) + 97.7 = o x- 7-40 (E ,  - dEo) + 54-3 = o 

a- 10.67 JJ , +90'3 = 0 x- 8.27 ,, +632  = o 

x- 10.40 ,, + 8 3 * 2 = 0  E-9-10 39 -+ 73'5 = 0 

a-10-07 J , + 75'2 = 0 x - 9-07 ,, +65*6 = o 

tr- 9-22 ,, +65'7 P 0 x- 8.05 ,, +48.0 = o 

0- 8.00 ,, +&of o x - 7 . q  , +3am8 = o 



BAR COMPARISONS. 

Before the meosur~t-(Continued.) 

And from the mean of these results, 
d 

x = -  29'75 + 6-80 (Ea - dEa ) : 

adopting the original value of the expansion of A given at page (9), 

d m.9 
and z = 8 I -80 - 6.80 dE, = I I 3-04 - 6-80 dE, = L - A ; 

where L denotes the mean length of the compensated bare ,obtained from dl the comparisons, 
aa represented by the mean micrometer reading - 140.47, page L5. 

Comparing thb  reading with the mean reading of eaoh compensated bar given on the 
same page we obtain the following :- 

Also combining the values in this table with the equivalent of L- A above determined 
there r d t ,  

In terms of 

Micrometer divisions. 

Millionths of a yrud. 

I 

c*iY 
and 6z = 678.2 - 40-8 dBa 

A - L  B - L  C - L  D-L 8-L H - L  

+ 3-08 -13-1a +0'79 -t 15.76 + 13'49 -19.02 

+ 0.87 -18.13 + 1-09 +21.78 + 18.64 -26.28 



CALCUTTA BASELINE. 

Comparisons between Standard Bar A and the Compensated Bars A, B, C, D, E, H ,  ma& 
at the Swveyor General's Ofice Calcutta, after the measurement. 

Rarc*npn. 

Capt Evemt 
at the micro- 
meter micro- 
~ p e .  

Li9ut.W- 
atdo. 

Mr. Taylor & 
w. Logan at 
t h e m i c r o -  
scoPesa 

C a p t . W d ~ x  
at the micro- 
metermicro- 
WP. 

< < 
'S 

4 
ieaa. c, 

P 

Jan. 3 
9" 
C 0 

I 8 s 
k m 

24th 7 34 P.M. 1 6;80 
8 19 2 64-32 
8 56 3 63.75 
9 5' 4 62'72 

10 Ig 5 62'27 
10 46 6 61-77 
11 13 7 61-27 
11 49 8 60.85 

25th 036A.M. 9 60.25 
1 6 10 59.97 
1 4 1  11 59'70 
2 1 7  12 59.3; 
' 3 4 6  J3 59.12 
3 4 7  I4 58-75 

1.5 58.55 :;: 16 58-20 

7 20 P.M. 17 67.0~ 
7 4 6  18 66.80 
8 1 7  19 66.32 
8 4 5  20 65-90 
9 I 21 65.57 
9 20 91 65-22 
g 39 23 64-80 

10 6 24 64.07 
1035 25 63.55 
11 I 26 62.95 
11 26 27 62-32 
1144 28 62-05 

26th O ~ O A X . ~ ~  60.80 
1 4 1  30 60.30 
2 27 31 5987 
3 7 31 59'42 
3 51 33 59.00 
4 38 34 58-52 

7 31 P.M. 35 67-35 
7 59 36 67.00 
8 25 37 66-57 
9 26 38 65-55 
9 49 39 65.05 

101% 40 64-62 
10 33 4I fi4a25 

Y I C B O V E T E B  B E A D I N Q B  I B  D I V I B I O N B .  
I 

1 DivIal0n - ~ O O ~ O  Inch F'B],  ' 1.8819 m.y of A 

Mean 29 
A A B C D E 

- - - - - - - - 
180.0 140.5 155.0 138.0 115.5 125.5 155.0 139.9 
186'8 146.0 155'5 144.5 120.5 138.0 162'0 I 
192'5 140.0 158.0 138.0 124.5 136.0 169.5 144.3 
212'0 133.0 152'5 150.0 126.5 134'5 161.0 142.9 
220'8 134.5 161'5 151.0 1zq.o 133.5 162.5 144.5 
227'3 135.0 149'0 142.5 119.5 132.0 163.5 140.3 
230'5 126'0 166.0 135.0 120'5 131'5 158.5 139.6 
235'0 137.0 156.5 140.0 128.0 123.5 160.0 140.8 
251'0 133'0 154'5 144.5 134.0 124.0 172'0 143.7 
a52.o 133'0 163'0 137'0 117'0 129.5 157'0 13g:4 
255'3 130.0 152.0 148.0 1zo.o 132'5 162.0 1408 
261'8 133.0 164.0 142.0 120'5 130'0 158.0 141'3 
264.0 136'5 155'0 137'5 123.0 143'0 160.0 142'5 
201.3 69.0 91.5 76.0 48.0 75'0 91.0 75.1 
205'3 71'5 96'0 68.0 55'5 55'0 99.0 74'2 
210.0 57.0 97.5 75.0 53.0 64.0 99.0 74.3 

77'0 60.0 73.0 66.0 54-0 51.5 103.5 68.0 
78'8 67.0 76.5 74'0 53.0 66.0 92.0 
88'5 68.0 86.0 76.0 65.5 66.5 104.5 : 
95.0 67'0 70.5 78'5 57.0 61.0 97'0 71.8 

104'3 72'0 73'5 75'0 48.5 70'5 102-5 73'; 
114'0 69.5 78.5 77'0 51.5 60.5 97.5 72'4 
"6's 71'4 83'5 84.4 57.0 60.0 1044 76.8 
129.5 74.5 68.5 66.0 56.0 51.0 102.5 69.8 
133'5 64'0 72'5 63'0 52.5 63.0 100.0 69.2 
137'0 63'0 85'5 63'0 58.5 54.0 101.5 70.9 
148.3 62.0 78.0 80.5 58.0 68.5 106.5 75.6 
152'8 65'5 75'5 7S0 50'5 58'5 93'0 69.7 
167.4 68.6 91.8 71.8 56.3 66.7 100.8 76.0 
172'4 74.8 94'2 66.8 57'2 58.6 95.0 74.4 
181.0 66.0 85.0 66.2 51.5 66.0 92.0 71.1 
190.8 67'4 84.0 65.8 51.0 57.5 90.7 69.4 
196'7 67-8 90'6 69.2 52.0 52.2 96'0 71.3 
203'5 60.0 84.3 66'8 49.0 54.0 87s4 66.9 

190.5 190.0 214'0 187.0 178'0 179.5 213.5 193.7 
194'5 186.0 207'5 193.5 174'0 173'0 220'0 192'3 
202.3 187.0 206.5 189'0 181.0 179.0 222.0 194.1 
2T7.5 184'5 213.5 201.0 171'0 179'0 212'0 193'5 
225'5 191'5 215'0 200.5 178.0 182.0 215'5 197'1 
233.8 191.0 206.5 183.0 178.0 181.0 222.0 1941 
238.8 189.0 z1o.o 187.0 178.0 184.5 a160 194.1 



BAR COMPARISONS. 

After the mmecrernent-(Continued.) 

4 < 
M C 

9; 

C 

1832. O I 
Jan. 4 8 g  

'8 8 B 
Q. 

! E z S 

h m 
26th 1 0 5 3 ~ . & 4 2  63'8.5 

11 14 43 6.3'40 
11 35 & 63.00 

27th orCa.lr .45 62.12 
o 39 46 61'67 
I 5 47 61-22 
1 37 48 60.57 
2 g 49 60.~2 
2 3 3  50 59.80 
3 7 51 59-40 
3 39 5% 59-02 
4 5 53 58-77 
4 33 54 58-57 

723p.ar.55 68'87 
7 50 56 68.27 
8 12 57 68.02 
8 54 58 67.22 ' 

9 1 4  59 67'07 
9 34 60 66.80 
9 $9 61 66-40 

10 23 62 66.02 
1057 63 65.47 
1 1 2 0  6.4 65'17 

28th o 34 A.M. 65 64'27 
I 12 66 63'80 
' 49 67 63'37 
a 27 65 63-10 
3 6 69 62.77 
3 42 70 62.47 
4 20  71 62-35 
4 5 9  72 62.22 

7 22P.X. 73 69-50 
7 39 74 69-30 
7 5 7  75 68-97 
f3 37 76 68.12 
8 53 77 67-97 
9 9 78 67-70 
9 2 8  79 67.27 
9 45 80 66.87 

Meam ... 63-51 

MICBOMBTEB P E A D I B Q B  I B  D I V I B I O B S .  

I 
1 Mvialon = K~ Clrg's Inch [1'81, = 1'8~319 m.#. of A 

Mean 
A A B C D E 

- - - - - - - - 
2 189.5 205.5 194.0 173.5 187.5 21qo 191.0 
250'0 18.3.5 208.0 184.0 175.0 18.+.o 217.5 192.0 
258.5 186.5 211'0 195.5 174.0 183.0 211.0 

279.5 198.5 205.5 185.5 173.0 183.5 215.0 :;::: 
276'0 188.0 212.0 186.0 177.0 195'0 218.0 196.0 
277'5 184.0 214.0 191'0 172.0 184'0 213.0 193.0 
290.0 184.0 217'0 188.0 176.0 190'0 210*0 194-2 
296.0 189.0 211.0 201.5 175.0 187.0 222'0 197-6 
301.5 190'0 217'0 191.5 174.0 182'5 216.0 195.2 
309'0 195'0 213'0 201'5 172'5 180.0 214'5 196'1 
311.8 179.0 214'0 199.0 171'5 182.5 210.0 192.7 
314.8 187.0 205'0 189.0 1 7 4 0  188.0 212.0 1y2.5 
320'5 191'0 217.0 197.0 172.0 193.0 209'0 196-5 

169.8 183'5 205'5 190.5 178.0 177'5 222.5 192.9 
176.5 181.4 195'4 186-0 165.0 183.7 222 8 189.1 
177.6 185'0 206.2 187.5 172'2 177.0 217'2 190'9 
183.2 188-7 204'0 184'3 173'7 185'4 21.5'3 191.9 
rg1-2 187.0 203'4 191'5 171'5 189.4 218.5 193'6 
199.5 187'2 202.5 187.9 , 173'2 182.0 215.6 191.4 
204.0 191'5 200'4 194.8 173.4 184.0 217.5 193.6 
212'2 186.5 205'3 190.5 168.4 187'5 216.7 192.5 
216.6 191.2 201.0 190-0 165.0 178.5 218.2 190.7 
219.7 189-0 203.0 185.3 172.6 180.0 214.9 190.8 
241'3 190.8 212.7 196.8 174'3 180'3 214.3 194.9 
249'9 187'8 210.8 195'0 176'3 182.5 217.6 195.0 
255'5 194'7 212.3 194.0 180'4 187'6 114'5 197.3 
259.2 193'8 207.0 194'3 175.9 186.2 210.9 19.3'7 
264.8 192.8 214.3 196.0 173.0 187.1 218.0 196.9 
26.5'2 196-4 217.2 199.5 179.0 185.1 216.7 199.0 
266.3 191.5 210.0 194.8 178'6 186'9 214'2 196'5 
270.0 191.g 218.1 198.0 180'2 188'8 219'2 199.4 

165'3 194-5 203'0 195'0 184'5 183'5 221.5 197.0 
168.5 196.5 206.5 198.5 181.0 193.5 225'0 200.2 

16;'5 198.0. 212'0 205.5 179'5 192.0 220'0 201'2 

184.5 186.0 914.5 197.5 183.0 191'0 218.5 198'4 
190.3 205.5 213.5 r12.o 188.0 199'5 218.0 206.1 
193.0 188.5 221'5 192.5 184.0 196.5 221'5 200.8 
201.3 190.0 907.5 205.0 175.0 192.0 224'5 199.0 
206.5 205'0 218.5 201.5 178'5 181.5 210.0 200.8 

210-05 148.85 167.85 153.26 135.26 143'88 176.67 154.30 

I1Pyaa~a. 

Capt. Wilcor 
a t  the micro- 
meter mic : 

Lieut.Westem 
a t  do. 

Mr.DoPenning 
andMr.IAogau 
at the miwe 

capt. widcox 
a t  the micro- 
meter micro- 
scope, 

&.Taylorat 
do. 



CALCUTTA BASE-LINE. 

After the measurem~st-(Continued.) 

As on page 1-6 we have 

x - (to - 6a0) ((E - dEa) - S = o; 

and from the preceding bar comparisons, we obtain the following series of results : 



BAR COMPARISONS. 

After the meumrement-(Continued.) 

The mean of these reeults gives, 
d 

z = 55'75 + 1-52 (E, - dE,). 

Adopting the original value of the expansion of A given at page (9) 

d w.9 
and x = 80-69 - 1-52 dE, = 111.51 - 1'52dE. = L - A. 

Proceeding as on page I-? we obtain :- 

Also the following, 

I n  terms of 

Micrometer divisions. 

Millionthe of a yard. 

*.Y 
and 62 = 669.1 -- 9.1 dE, 

A-L 3-L C-L D-L E-L H-L / 
+5'45 -13'55 + 1-04 + 19-04 + 10.42 -22.37 

+7'53 -18.72 + 1 ' 4 .  +26.31 +1q'40 -30'91 

Deduction of the total length measured by the compensated bars. 
-*Y 

From page 1-7 the excess of the 6 compensated bara above 6 times A before the meast. = 6782 - 40-8 dEa 
I .  

And as above m a, 'after ,, = 669.1 - 9.1 d ~ , '  
Therefore the mean excess of ,) applicable to the baseline = 673'7 - 25.0 dE; 

A Also the Fern length of a set of 6 compensated bus in feet of the Stsndvd = ~ W ' W Z O Z I I  - 25.0 d B ,  

And the total length of the 539 sets measured by the compensated bara = 32341.0894 fi - 13475 dB. 
, , 

2s0-0 - Now the mean temperature of A during the bar comparisons was 62' + - 66'-2, fdr which tem- - 
peratwe the corresponding expansion of A from page (19) is 21.674 my. Comparing this value of expan- 
tion with the original value = 22-67 my., used in the foregoing, if ia found, that dB, = + 0.996 m.y.; 
and aubetituting for dE, this numerical value, there results, 

A The total length of the 539 sets meaaured by the compensated bars = (32341.0894 - 0'0403) 



1, CALCUTTA BASE-LINE. I2 

.Cmparison8 between the Compensated Mkoscopes and the 6-inch brass scale A, and provisional 
determination of microscope errors, during the measurement, expressed in millionths of an inch (m.i.). 

@ These mirxwmpea were compared 8 wamd time, beawe they were adjuat8d sflei the firat comparison. 



CALCUTTA BASELINE. 

Microscope Comparisons-(Continued.) 

The required combinations of individual microscope errors taken from the preceding 
page, are expressed as follows ; 

R#etm dm;. meas tmf, : 
6+7 mi. 

el = I + 2 + 3 + 4 + 5 + -7 = + 4717 at (6:+ 12'6) before themeasurement 

I3 + 14 e, = 8 + g + 10 + 11  + xa + = + 779 at (62' + 9.9) between wts 149 8t 150 

52 + 53 e8 = 44 + 46 + 47 + 49 + 50 + 7 = + 1730 at (62' + 9'3)after the mwurement 

And from the foregoing, we obtain the followin equations for the microscope errors. 
per set (or n.e) ; where dE expresses the error in the adopied value of the expansion for the 
6 inch scales. 

mi. 

(m.e.h = e- 2 = + 2748 - 6 x 11.3 dE applicable to sets Noe. r to 149. 

= = + 1738 - 6 x 8 4 d E  12 
2 

500 to 539. 

(m.e.), P en = + 3418 - 6 x 9.3 applicable to the 11 sets r e - m d .  



CALCUTTA RASE-LINE. 

Microscope Cmparisons-(Continued.) 

Hence the total microscope errors are as follows, 

9n.i feet of A 
In   eta Nos. I to 149 = 149 (m.~.)~ = + 409452 - I O ~ O Z  dE = + 0-0341 - 10102 dE 

And the total microscope error in the base-line, . . . . . . + 0.1 63 a - 34000 dB --- 

Final deduction of the total length meanred by the compensated microscopee. 

Hitherto the micro~cope errors have been determined only yrovisioually ; i.e. in terms 
A of the 6-inch standard scale A. But from page (31), 2 A= 1~0000192 g value in 1835. Also, . 

the co-efficient of expansion for brass, has been taken at .ooo,o10,417 in the foregoing rednc- 
tions, whereae it appears from page (17) that a more probable value is ~000,009,855. Accepting 
the latter, it may be found that dE = 3-372' (mi). Hence, remembering that a set of mi- 
croscopes, apart from all corrections, represents 3 feet in length, we have 

The total length of the 539 sets feet of d 

measured by the compensated microscopes = 1539 X 3 + 0'1632I - 340°0 dE 
A = ( r 6 I 7-1 943 - o*oog6) ,-, 

A =1617*1847 lo 

Dipsition of the aa*a and microampea during the measurement. 
b 

The field books contain no information as to the order of snccession ib which the bare 
were laid, or as respects the   laces assigned to the microscopes during the measurement. I t  is 
however perfectly clear that every set comprieed 6 bars and 7 microscopes ; only one-half of 
the rear-end and advanced microscopes, as usual, being operative. I t  will be remembered that 
this was the first base-line measured in India with Colby's cornpeneation apparatus, and some of 
the information with which eubsequent measurements are complete, is here absent, no doubt 
from the want of experience which was acquired in aft.er operations of the same kind. 



CALCUTTA BASE-LINE 

DETAILS OF THE MEASUREMENT. 

Eztraeta from the Field Book of the Measurement, mad ~dcd~tcd  H d g h  of 
acts above the origin. 

Adopted heights above mean sea level. 
South End (origin) = 13.0 feet. 
North End (terminus) = 16.3 feet. 

No-.--The rssr end of wt No. 1 ntood over the dot nt the Bauth End. 

1881 Ro. of Mom time ot a- Height of Bst 
the& eeudig above origin 

G 
A. a. feet 

Now. 3 r d  I 6 + 1 . 3  
P 4 45 P.M. 6 1 '4 

24th 3 930a.M. 6 1'1 

4 ~ r o  6 
z 40 P.M. 6 

'5 
5 -4 

6 6 3 45 '5 
25th 7 8 30 A.M. 6 '4 

8 ro o 6 *6 
6 9 10 58 -8 

10 2 55 P.Y. 6 -8 
6 11 3 5 6  '9 

26th 12 9 25 A.M. 6 1.0 

6 1.1 13 1045 
14 2 50 P.M. 6 1'3 

6 1'8 '5 3 4 0  
16 5 5 6 1'4 

28th 17 7 55 A.M. 6 1.6 
I 8 8 45 6 1.6 

6 '9 9 3 5  "5 
20 10 42 6 1'5 
a I 3 5 P.M. 6 1.6 
a L 4 5 6 2.2 
23 5 15 6 2.2 

29th 24 7 25 A.M. 6 I' 7 
6 25 8 9 

26 8 4 6  6 2.0 
"7 

6 2.2 2 7 9 24 
28 10 20 6 2'3 

6 29 11 12 2 '3 
2 16 P.M. 6 3 0 2'5 

6 3 1 3 9 3'0 
6 2.6 $32 4 1 

33 4 34 6 2 -6 
3 4 5 9 6 2.8 

30th 35 7 3 A.M. 6 3'0 
36 7 53 6 3'0 

6 37 8 4 0  3 '3 
6 38 9 1 7  3 '2 

39 9 51 6 3'6 
~ I ~ P . M .  6 40 3'8 

6 41 2 I 3 '6 

No. of Mean time of a Height of Se$ "' thenet 53 aboveorigin 
R 

A. m. 
Nom. 30th 42 

f-t 
2 41 P.M. 6 + 3.3 

43 3 33 6 
44 4 29 6 

9'9 

Dec. 1st 45 7 4 A.M. 6 
4'2 

6 
4'2 

46 ; 46 
6 

4' 1 
47 8 4 4  

6 
4'2 

48 9 '9 
49 10 34 6 

4'3 

a a2p.M. 6 
4'4 

50 - 4-6 
51 3 53 6 

6 
4'5 

5% 4 37 
53 5 13 6 

4'5 

8 o A.M. 6 
4' 7 

2nd 54 
6 

1'5 
55 8 58 

6 
4'5 

56 9 40 
6 

4'4 
57 1 0 1 7  

r a+ P.M. 6 
4'3 

58 
59 6 

3'8 

a i! 6 
3'9 

60 a 4 
6 

4.' 
61 3 4 3  

6 
4'3 

62 4 3 2  
6 

4'3 
63 5 1 7  4'3 

3rd 64 7 36 A.Y. 6 
6 

4'4 
8 7 
8 4 3  6 

4.6 

6 
5" 

67 9 30 
68 10 o 6 

5" 

69 I 30 P.M. 6 
5" 

6 
5" 

70 2 4 
6 

5.1 
7 = 2 50 

6 
5'3 

72 3 34 
6 

5'5 
73 5 I0 6'0 

5th 74 7 30 A.M. 6 6-0 
75 8 1 5  6 6.0 

, 76 8 56 6 6'1 
77 9 3 8  6 
78 10 18 6 

6.5 

79 I 30 P.Y. 6 
6-7 
6.8 

80 2 10 6 
81 a 36 6 

6.9 

6 
7-2 

82 3 r 4  7'5 



CALCUTTA BASE LINE 
'-1 6 

Eztracts from the field Book-(Continued.) 
- - . - - 

I 

I 

1881 
No. of Yean tima of Height of 8et 
thewt ending 4 above origin 

; 

a. r. f d  
Dec. 6th 83 4 15 P.M., 6 + 7'3 

84 5 1 1  6 7.2 
6th 85 7 5% A.Y. 6 7 '2 

86 8 43 6 7.2 
87 9 37 6 7 '0 
88 1 0 2 2  6 6.8 
89 I 40 P.M. 6 6.8 
90 2 19 6 6.7 
9I 3 8 6 6.6 
92 3 5O 6 6.6 
93 4 38 6 6.4 

7 15 A.Y. 6 7th 94 6.2 
6 8 o 3 8 4 0  6 

6.3 
6.4 

9 7 9 37 6 6-2 
98 lo 28 6 6.0 
99 I 30 P.M. 6 6. I 

6 100 2 7 6'0 
6 101 2 58 6.0 

102 3 36 6 5'7 
6 103 4 '7 5.8 
6 104 5 3 5'5 

8th 105 22 A.M. 6 
6 

5'3 
I 06 8 3 5'2 

6 107 8 43 5'' 
6 108 9 2 ~  5'0 
6 109 g 57 5'' 

I 10 I 29 P.M. 6 5.2 
I I I 6 2 15 

6 
5" 

11% 3 O 5'' 
6 113 3 4 %  So 

114 4 za 6 5'O 
115 4 5 5  6 4'8 

9th 116 8 o A.M. 6 
6 

4.7 
1x7 8 40 4'7 

6 118 I P  4'8 
1 42 P.M. 6 l lg  4'5 

6 120 " 30 4'" 
6 I21 3 '7 4.O 
6 12' 3 5 4  4'2 
6 I a3 4 '3 4'1 
6 4 5d 4'2 

10th 125 7 2 A.M. 6 
6 

4'3 
I 26 8 I" 

6 4'4 
197 8 50 

6 
4'" 

128 9 3 0  4'" 
6 129 1 0 %  4'2 

1 ~ 8 ~ . ~ .  6 4.2 130 
6 131 I 50 4.1 
6 13= 2 24 4.1 

. 
1881 No. of Ahn time of % Height of Eet 

the let ending 0 a b e  origin 
& 

I .  r. 9.t 
Dee. 10th 133 2 56 PA. 6 + 3.9 

I34 3 34 6 4.0 
13.5 4 7 6 3'8 
136 4 4 7  6 3'7 

12th I37 7 31 A.M. 6 
138 8 o 

3'6 
6 3'6 

I39 8 25 6 3 '4 
140 8 4 9  6 3'3 
141 9 =4 6 3'2 
143 9 5 6  6 3'3 
I43 I 23 PA. 6 

6 
2'9 

144 55 
14.5 a 28 6 

2.9 
2.7 

146 3 1  6 '  3.7 
147 3 38 6 a .6 
148 4 20  6 

6 
2 '5 

149 
14th 150 8 :LH. 6 

'4 
2'3 

151 8 3 4  6 2 '3 
152 9 z 6 

6 
2'3 

'53 9 30 
6 

2'3 
154 10 lo 
155 I Z ~ P . M .  6 

2'5 

156 1 57 6 
2.5 

6 
2'5 

15 7 2 30 
6 

2'4 
158 3 3 

6 
2.4 

159 3 32 2.6 
160 4 0  6 
161 4 30 6 

2'7 

6 
2'7 

16% 4 54 
16th 163 937d.x. 6 

1'9 
2'8 

. 164 10 17 6 a '8 
165 1 33 P.M. 6 
166 2 6  6 2 '9 

6 
3'0 

167 2 33 
6 

3'1 
168 3 5 

6 
3 '3 

169 3 40 
6 

3 '3 
'70 4 15 

6 
3" 

17' 4 5 2  
16th 17% 

3 '3 
7 16 A.M. 6 

6 
3 '4 

173 . 47 
6 

3'6 
I74 
175 t3 ;: 6 

3'6 

176 9 19 6 
3 8 

6 3 '9 
I77 : 53 4'0 
178 24 P.M. 6 

6 4'5 
179 ' 5 2  
180 " 15 6 

4'6 

6 
4'7 

181 a 47 
182 3 8  6 4 8  

4'9 



DETAILS OF THE WASUREMENT. 1-1 

fidracte from ths FieM Book--(Continued.) 

Height of Set 
sbove origin. lml' the Set. ending. 

G 

h. n. fd 
Dea 16th 183 3 30 P.M. 6 + 4.8 

184 3 53 6 So 
185 420 6 5' I 

17th 186 7 1 5 ~ ~ .  6 4'9 
187 7 4 9  6 5'1 
188 8 x 0  6 5 '3 
189 8 41 6 5'4 
Ig 0  9 5 6 5'3 
191 9 40 6 5'5 
192 10 II 6 5'5 

19th 193 7 3 1 ~ .  6 5'3 
194 8 I 6 Sa 
195 8 31 6 S6 
1 9 6  9 0 6 5.7 
IP7 =i 6 5.6 
198 9 4 6 5'9 
199 I o P.M. 6 5'8 
ooo 1 1 9  6 5'9 
a01 a 5 6 6.0 
a02 a a6 6 6.3 
203 2 5 1  6 6.3 
204 3 12 6 6.4 
a05 3 36 6 6'5 
106 3 5 6  6 6.5 
207 q PO 6 6.6 
108 4 44 6 6'8 

20th aog 7 a8-• 6 6.9 
a10 8 o 6 6-9 
1x1 8 a 6  6 6.7 
a 8 5% 6 6.5 
213 9 a6 6 6'3 
2x4 9 55 6 6.3 
215 10 a4 6 5'9 a16 I 3 P.M. 6 5'4 

1 30 6 5.4 
6 4' 7 

a19 2 a5 6 4'5 
aao a 56 6 4-5 
1 3 q 6 4'3 
aaa 3 53 6 4.1 
113 4 05 6 
'14 4 55 6 3'8 

No. of Mobtime of 

R 

I .  n. fwt 
Deo. 2lst 23.3 r 15 P.M. 6 + 3.2 

234 1 33 6 3'1 
23.5 1 50 6 2'9 
236 a 19 6 3'3 
237 2 47 6 
238 j 10 6 

2'9 
3 '2 

339 3 26 6 3'1 
240 3 5 1  6 3 -1 
341 4 19 6 

6 
2.9 

242 4 39 2'8 
22nd a43 7 15 A.M. 6 2 -8 

944 i 33 6 
6 

2' 7 
145 8 4 

6 
2'5 

6 
2.7 

247 8 4 
a48 9 1 0 6 

2 l 

6 
3'3 

249 9 3 8  3 '3 
'50 9 57 6 3'3 
a51 I 19 P.M. 6 3 '3 
252 I 43 6 3'3 
253 a a1 6 3'3 
954 1 42 6 3.0 
255 3 4 ' 6 3'2 
256 3 25 6 3 'a 
257 3 5 5  6 3'2 
a58 4 a8 6 3'5 
2.59 4 55 6 3'1 

2 8 d  a60 7 a1 A.M. 6 3'1 
a61 7 4 8  6 3.3 
262 8 9 6 3.3 
363 8 3 0  6 3.0 
164 8 5 1  6 3'1 
265 9 I5 6 3'1 
a66 9 33 6 3.3 
a% 9 5a 6 3.2 
06 I I P.M. 6 3'3 
a69 1 a4 6 3.3 
a70 1 5 0  6 3'3 
271 !4 9 6 3'1 
27% a a7 6 3'4 
273 a 54 6 3 '4 
"74 3 14 6 3.4 

slat 5 7 a5 A.M. 6 3'6 
6 sac5 7 55 3-6 

Pa7 8 19 6 3'3 
128 8 4 0  6 3'4 
-9 9 7 6 . 3'3 
130 9 a8 6 3'1 
'3' 9 48 6 3'0 
13% 10 XI 6 3'2 

a75 3 3% 6 
276 3 5 0  

3'5 
6 3'4 

277 4 15 6 3'3 
~7~ 4 3 3  6 3'4 
a79 4 5% 6 

24th a80 7 I 0  A.M. 6 
3.5 
3.6 

281 7 45 6 3'6 
18% 8 10 6 3'5 



CALCUTTA BASE-LINE. 

Extracts frem the Field Book-(Continued.) 

w No. of Mean time of 
lss1* the 8et. soding. 

h. r. J d  
Dec. !&th 283 3 A .  6 + 3.5 

284 8 52 6 3 ' 5  
6 285 g 18 3 '6 
6 '86 9 3 7  3 '9 

287 10 o 6 3'7 
27th 288 7 39 A.M. 6 3'3 

6 289 8 1 4  3 '1 
6 290 8 W 3'3 
6 99' 9 9 3' 3 
6 99' 9 34 3'4 
6 993 lo 92 3'4 

294 2 3 P.M. 6 3.3 
6 295 3 x 0  3'5 
6 996 4 3 3'6 
6 297 4 50 4'0 

28th 198 7 30 A.M. 6 3.9 
299 8 o 6 3.9 
300 8 26 6 4'0 
301 8 54 6 4'2 
30% 9 "4 6 4'2 
303 9 5 0  6 4'0 
304 10 lo 6 4'2 
305 7 5 A-x 6 3'9 
306 7 6 3'9 
307 8 Q 6 4' 1 
308 8 34 6 4'1 
309 9 1 8  6 4'0 

9 47 6 3'8 i i y  10 14 6 3'6 
3x2 I 6P.Y. 6 3'4 
313 1 5% 6 3'2 
314 2 20 6 3 '3 
31.5 24.5 6 3 '4 
316 3 ' 4 %  6 3 '4 
317 3 41 6 3'7 
3'8 4 4 ' -6 4-0 
3x9 4 3 3  6 4'1 
320 4 % -6 4'4 

31st 321 7 1 6 t Y .  6 
b 4'3 

329 7 39 6 4'4 
313 8 4 6 4'4 
324 8 3 7 ,  6 4'3 

,325 8 6 4'5 
326 g 1% 6 4'7 

, 5 2 7  9 35 6 4'7 
,328 9 Pi 6 4'7 
329 1 7P.E 6 4'6 
930 1 27 6 4'6 
331 1 5 5 ,  6 4 6  
33% 2 3 7  a 6 4'6 

Eio. of Mmn time of J . = e i & & k  
1881-*' the Set. ending. s j  aboro origin. 

54" 

h. r. 
De0.Sll3t 333 2 50P.M. 

J d  
6 + 4'6 

334 3 20 6 4'7 
335 3 44 6 4'7 
336 4 9 6 4.8 

Jan. 2nd 337 7 25 A.M. 6 4'9 
338 78 59 6 5 '0 
339 6 
340 8 3 6 

5" 

6 
5'0 

341 g "5 
6 

5"' 
342 9 4 5  

6 
5" 

343 10 3 5 Y 
344 o 58 P.M. 6 5'4 
345 I 30 6 

6 
5'5 

346 1 5' 
6 

5'7 
347 2 15 

6 
5'8 

348 2 38 
6 

5 9  
349 3 6 
350 3 3s 6 6'0 

5'8 

351 3 47 6 6-0 
352 4 12 6 6. a 
353 4 40 6 

6 
6.3 

354 5 I 6.3 
3rd 355 7 5 A.M. 6 

6 
6.3 

356 7 3  6.4 
357 Q g 6 6. a 

6 6.2 
358 1 38 3P 6 

6 
6.3 

3 0  9 I 6'3 
361 9 33 6 6'3 
362 9 53 6 6.3 
363 054p.x. t5 

6 
6.5 

364 1 8  6.6 
36.5 1 a8 6 

6 
6.7 

366 J 55 * 6.8 
367 2 17 6 6'8 
368 2 4.8 6 

6 
6.9 

369 3 1% 

370 3 Q6 6 
37' 3 5 9  
372 1 1% 

373 4 50 , 6 

375 ' 8 2 5 ,  
4th 374 7 a5 LX. 6 

t5 - 7'5 
376 8 5 4 ,  -6 

6 
7'4 

377 9 e3 : 
378 9 4 9  6 

6 
7'4 

379 10 93 
380 I 16 6 
381 1 46 6 

6 
7'7 

982 2 3 0  7'7 
- -  - - 



DETAlLS OE, THE MEASUREAlEhTT. I-r9 

Extracts from the Field Book-(Continued.) 

8 .  

Bo. of Xean time of !i Height of W 
lsa the Bet en*. 5 1  above origin. 

ki 

A. nb. Y d  
Jan. 4th 383 u 34 P.M. 6 + 7-9 

384 1 56 6 8.0 
385 3 25 6 8.0 
386 3 50 6 8.0 
387 4 13 6 - 8.0 
388 4 35 6 7 .a 

Pith 389 7 32 A.M. 6 
6 

7' 7 
390 7 5 8  

6 
7.8 

391 8 a4 7'9 
6 8- o 392 8 40 
6 393 9 ' 5  '3.5 

394 4 p a .  6 8'4 
6 395 1 39 8.6 
6 396 3 37 
6 

8.7 
397 4 2 1  8.6 

6 398 4 lie 8.7 
8.6 6th 399 7 41 A.M. 6 

400 ? $9 6 ' 8.8 
6 8 6  401 8 3 3  
'6 402 9 4 8- 7 
d 403 9 9 8.8 , 

404 10 a 6 '3.7 
9th 40.5 7 54s-k 6 8.6 

6 8.7 ,406 8 30 
6 407 8 4 8 ,  8.7 

408 9 1 0  6 8.9 
6 409 9 39 8'8 
6 41° 9 58 8.8 

4x1 I 4 P . .  6 8.6 
412 I 38 6 8'5 

--- - --- , 4 r g  a10 - 6. 0:s 
414 a 28 6 8.5 . 

6 415 s 4 7  8.4 
6 416 3 6 8.5 

417 3 3 0  6 8.5 
418 3 5 0  6 8.5 

6 419 4 8 9% 
420 4 30 6 8'3 

10th 421 8 4 A.M. 6 8-9 
409 8 a6 6 8. I 

6 4 3  8 48 8'0 
6 434 9 5 
6 7'9 

425 9 29 8. r 
6 426 9 4 ;  8.0 
6 497 10 8. o 

428 I 43 P . r  6 8- I 
4ag 2 ax 6 8. I 

6 430 2 4 1  8.2 
431 3 1 6 8.3 
433 3 31 6 8.2 

t: 
No. of Sean time of ,% d Height of Set 

183a' the Set. endug. 0 3 above origin. 

4 

h, m. feet 
Jan. 10th 433 4 3 P.M. 6 + 8 3  

434 4 2 '  6 8.1 
435 4 4 2  6 8.0 
436 5 10 6 8.0 

11th 437 7 4 0 ~ ~ .  6 8 -0 

438 8 2 6 
439 8 26 6 

7'8 

440 8 51 6 
7'8 

6 
7'8 

1 9 $9 
6 

7'6 
44% 9 36 

6 
7'6 

443 9 5 %  
6 

7'5 
444 10 11 7'5 
445 I ; P.M. 6 
446 I 22 6 

7'4 

6 
7'3 

447 1 41 
4 8  n o 6 

7'4 

6 
7'3 

449 a 4' 
6 

7-a 
450 a 59 

6 
7" 

451 3 1 5  
6 

7" 
452 3 32 

6 
7" 

453 4 7 
454 4 34 6 

7- 

6 
7'2 

455 4 40 
456 5 0 6 ' 

7.3 
7.1 

lath 457 7 30 A.M. 6 7- I 

2 ;  a r 6 
6 

7'1 

6 
7'0 

460 8 ao 
461 8 q 6 6.8 

6.9 

46% 9 31 6 6.7 
4 3  6--- -66. - . 
464 I: 5 6 6.5 

. 4 5  I P.M. 6 6.3 
466 8 80 6 
467 1 4 9  6 

6% 

468 6 
6.4 

6 . 6-5 
469 2 .46  61 * 6.7 
47O 3 5 6 . 6-6 
471 3 46 6 

6 
6'9 

472 4 r 
6 

7'0 
473 4 a7 

6 
7" 

474 4 4 4  
6 

7'0 
475 5 0 
476 5 17 6 7'1 

6'9 

13th 477 7aoa.x.  6 
6 

7-1 
478 7 44 

6 
7'1 

479 8 I 
480 8 a a  6 

6'9 
6.8 

481 g 18 6 
482 9 4 7  6 6-6 

6.9 



CALCUTTA BASELINE. 

DETAILS OF THE W U B B M E N T .  

Edracta from the BeM Book-(Continued.) 

The advanced end of a d  No. 539 fell in defect (i.8. south,) of the dot at North End 
1.7144 feet, as measured on Cary's brass scale with a beam compass. 

b. 

Height of eet No. 639 above No* End = 1.2 feet. 

xfo. of A h l  time of = tb.pt. . * j * e o r i +  
f 

A. n. fd 
Jan. 13th 483 ro 10 A.X. 6 + 6'4 

484 I 40 P.M. 6 6.3 
6 485 1 16 6.3 

486 3 39 6 6'0 
487 3 57 6 5'9 
488 3 I5 6 6'0 

6" 489 3 41 6 
490 4 5 6 6'0 
491 4 a8 6 5'9 
490 5 10 6 6'0 

14th 493 7 30 A.M. 6 5'8 
6 5'9 

495 6 s8 
496 a 55 6 5'7 
497 9 '1 6 5'7 
498 9 47 6 

ki 

k. n. f '  
Jan. 16th 512 9 34 AX. 6 + 5.2 

5'3 9 58 6 
514 o 41 P.M. 6 

5'3 
5. 1 

5'5 0 58 6 5'' 
516 I 17 6 5'1 
5'7 1 4 7  6 

6 
5" 

6 
5'0 

519 !2 
6 

5" 
5'0 a 4 6  5.3 
51' 3 6 6 5.' 
522 3 24 6 S O  
5'3 3 4% 6 4'7 
504 4 0 6 4-5 
525 4 26 6 9'5 
$a6 4 4 3  6 4'8 
527 5 10 6 4'9 

499 10 IO 6 17th 528 7 32 a~r. 6 4'7 
500 3 50 P.M. 6 5.7 
50' 4 so 6 5'7 
50% 4 3% 6 5'5 
S03 4 50 6 5'6 
SO4 5 5 6 5'5 

16th 505 7 10 AM* 6 5'3 
5 4  7 36 6 5'4 
5 O 7  7 56 6 5'3 
508 8 14 6 5'3 

6 5% 8 36 . 5'4 
510 8 55 5'3 
5x1 9 12 6 5'3 

5'9 7 5 8  6 4'4 
530 8 aa 6 4'0 
53' 8 4 1  6 3'6 
53% 9 3 6 3'5 
533 9 30 6 3'3 
534 9 56 6 3'4 
535 10 16 6 3.9 
536 I x3P.H. 6 4' 1 

537 4 10 6 4-0 
538 5 9 6 3'8 

18th 539 8 38k.x 6 1.8 



CALCUTTA BASE-LINE 

Redaction to Mean Sea Level. 

The formula employed for this computation is obtained as follows :- 
Let + denote the radiu of curvature for the azimuth of the base-line at  the mean latitude of the extremities, I1 and 
HI the adopted heighta above sea level respectively of the origin and terminus, ( H I  - H) = h, hm = the value 
of h  obtained from the measurement, and 6 h  a correction to h,,, which may be afforded either by the triailgulntion or by 
spirit levellimg ; also let R = + + H. 

I f  hl ir, . . .  h,, denote the heights above the origin of the successive sets of bars, or longths actunlly measured, 
where any set may consist of a smaller in tegd  number than G of bare and microwpes, and if 1 stauds for a complete ~ c t  
of 6 bars nnd G microsoopes, or 63 feet, then the correction to the measured length to find the corresponding length 
at  the level of the +n, or 

1 P 
C s = - - ( h l + h , + .  . . . . .  + h , , ) =  R [h] provided the p sets are each equal to 1 in length. If however - E  1 

the sth, rth and tth 8eta are incomplete and conaist'respectively of only s, 7 and t bars and microecopes, then t he  
correction becomes 

1 
c9 = - H { [I: - [ (6  - r ) 4 + (6-1) hr + ( 6  - 1) ht ]} ; or abbreviating 

a being thus a correction in consequence of incomplete sets. 

. . . .  Again if 61, ie not zero, and we diepem this quantity amonget the heighta 4 ?is hp on the ~ m p t i o n  
thtrt 

61, 4 shall become A1 + - 
P 

then the correction will be 

whew it is sufficient1y accurate to adopt h, for 

It remaine to remark, that it is convenient for arithmetica; purposes, when deducing the total length m m d  
with the barg thoee m e 4  with the mioroecopee, and in general, to reckon the lime as made up of n eompktc sets 

X 
of bare and microscopes, n Wing the nearest integer not greater than -. If we write n for p  in the t e rn  p+' &, 

63 2 
I x sl, the error committed is - ( p  - n), whioh in the extreme of the Dehra Dooh base-line amounte to lees than 
a R 

*ooor feet. Availing oureelvee of this wnvenience, the wrreution to origin finally beoom- 

S i l y ,  if A be the length of the line at the level of the origin, then the reduction from origin to ~ e a  level or 



I, 
2 9 

CALCUTTA BASELINE. 

Beduetion t o  Mean Sea LeveI-(Continued,) 

which for thortnese may be written 

It must be added that in applying ( 5 )  to the reduction of a base-line in parts, i.e. reducing eaoh section to Bea 

level by itself, the following modification is necessary. Suppose the baae-line divided into aeotions I, 11, I11 and IV : if 
we retain the ~~7~1bole of ( 5 )  for the elements of the entire line and distinguish the similar quantities for e a h  scdion by 

61, 61, 
m- of correeponding subscripts, there ~ d t  by writing lo% for - ; gdh for - &c. 

n n 

the foregoing expremione have been employed in the reduction of all the base-lines given in this vollune. 
P 

For the base-line under reduction A = 33960; Log R = 7.3 1838; [hI1 = 2710 ; a = 0; 61( = 1.7, all in 

feet; and n = 539. Banw we obtain by (5) in feet, 

4 = - 0'0012 : Us = - 0'0096 : and :. C = - 0.0308 

Final length of the baae-line in feet of Standard A. 

Measured with the compensated bars, Page LI I = 32341.0491 

a, 22 microacopesJ page L14 = 1611.1847 

,J beam compass, page Lzo = + 1'7144 

Reduction to aea level as above = - 0.0308 

Length S. end to N. end at mean sea level = 33959'9174 

Log. = 453096663 



CALCUTTA BASELINE. 

Distance from rear-end of set No. 2 to advanced-end of set No. 12 by 1st and 2nd 
measurements contrasted. 

By 1st mcasurmt .  
feet of A 

Measured with the ctompenseted bars = I I x 60~oorg1g = 66oSoz1 I 

9 ,  ,, microscopes = 1 1  x 3'001616 = 33'0178 

Length of the I I sete = 693'0389 - 
Measured with the compensated bars = I r x 60~001g8o = 660*0218 

9 ,  ,, microsoopes = 1 1  x 3.001187 a 33.0131 
~9 beam compass = - omooa% 

Length of the I I wts = 693'0307 . - 

DESCRIPTION OF STATIONS. 

SOUTH END OF CALCUTTA BASE, Latitude N. 22" 37', Longitude E. 88" 25', is 
situated at the junction of the Barackpore and Chitpore roadg and directly opposite to a garden 
house owned by Rajah Baboo. I t  is in the district of the 24 Pergannahs, pergannnh Calcutta. 

The station is marked by a square hollow tower 73.6 feet in height and mme 13 feet quare at top ; the 
isolated pillar for the theodolite being bulit on beams, which are let into the wall about 4 feet below the upper surfme 
of the tower. The usual oirole and dot are engraved on a block of stone fixed in the ground floor of the building. 

NOKTH END OF CALCUTTA BASE, Latitude N. 22" 43', Longitude E. 88" 25', is 
situated east of Sukchir village, at the junction of the road from SukchLr to Baraset with the 
Barackpore road, and oppo~ite to the 11th mile atone from the Government House in Calcutta. 
It is in the district of the 24 Pergannahs, pergannah Calcutta. 

The tower is 74.6 feet high. I n  other respects, the atation i similar to the S. End of the baae. 

J. B. N. HENNESSEY. 
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11, DEHRA DOON BASELINE 4 
Cornparisma Jefwen, the 6Yandnrd Bar A and the Compensated Bar8 A, B, C. D, E, H ,  aods 

at the Surveyor Generats O@e, Dehra Doon, bewe the f i s t  measurement. 

Mean 
A 

A m 
12th .rI 57A.M. 

0 39 P.M. 

I I3 
1 45 
2 22 

2 55 

13th 8 zg A.M. 8 56'88 42.6 
59 9 57'61 54'4 

. g 48 lo 59'65 61'8 
o I r P.M. I I 66-27 163'2 
2 2 9  I2  70'5; 244'1 
2 57 13 71'30 256'0 
3 18 14 71-75 265'5 
3 38 15 72'17 273'7 

16 72.60 279'5 
1 7  72'85 283'3 

14th 7 18 A.M. 18 57'12 52.8 
7 42 19 56.80 49'7 
8 9 20 56'76 49.6 
8 39 21 $7.23 58.5 
g 6 22 58.02 72.8 
9 31 a3 58.90 87.6 

11 58 24 66-56 203.8 
o 23 P.M. 25 67-83 223'9 
0 47 26 68.85 239.7 
I Ir 27 69'83 253.1 
1 35 28 70'86 267.5 
I 58 29 71-67 283.5 
2 19 30 72-32 295.8 
2 41 31 73-05 304'1 
3 3 32 73'65 312.9 
3 28 33 94-12 322'0 

16th 7 35 A.M. 34 57-67 75'0 
8 4 3.5 57-32 73'2 
8 34 36 57'55 76'3 
8 59 37 58-05 84'4 
g '9 38 58'67 93'8 
9 40 39 59-42 '04.3 

10 0 40 60'30 117.3 

Major Everest 
at the micro- 
meter miom- 
"=T* 



BAR COMPARISONS. 

Before the $rst measurement-(Continued.) 

Let the mean length of the compensated bars minus We Standard A at 62" J! be denoted 
by z, and the observed excess of the compensated bars by 8 when the temperature of A k to. 
Then, the expansion of A for lo being (E, - dEa ), we have 

x-(to-620)(Ea-dEa) - 8 = o  

< 
2' rr 

'E B d .9 
u 

O b 3 Z 1831 .I 8 
Nw. !I 

3 El 
rr 

O 9 
J 8 

A m 
15th o 34 P.M. 41 66(170 

0 54 42 67'55 
I 13 43 68'40 
I 35 44 69-32 
1 5 7  45 70.23 
2 22 46 71-11 
2 4 4  47 71-90 
3 5 48 fa's0 
3 25 49 72'85 
3 4 6  50 73.17 

Treating the preceding bar comparisons ae shewn in this equation, we obtain the follow- 
ing series of results : - 

Me-, ... 66.55 ( 208.09 235.10 214.31 235.60 267.75 22795 228.53 23487 

MIOBOYITIP B B A D ' I X ~ B  I X  D r v r s ~ o n s  

1 Divi~~Ion - 40& Cary'a Inch [7.81. - 1.8786 m y .  of A 

- 
M- 

A A B C D E H rt 
4: 

BrvlRra 

I 
+ + + + + * + + + 

2136 246.1 229.0 244'1 277.5 141.3 241'0 246'7 
239'1 249'0 229'9 245.0 279.0 241.8 244.0 248'1 
2552 245.5 228.5 249.6 a83-9 2 4 ~ * 8  243.1 248'7 
267-6 247.4 230'5 247'0 284.5 24.41 241.4 249'2 
279.6 244-0 226.0 248.0 282.0 244.5 242'3 247-8 
294'8 244.8 az6.1 2 4 4 0  279.0 245'1 241-r 246'7 
306'5 248'0 233.8 245.8 283.3 242.5 232.5 247.7 
312.8 247'6 227.0 246'3 284.2 243-5 247.8 249'4 
3.19'3 249.7 229'5 243.1 283.4 244'5 242'0 248'7 
328-5 249'1 234'8 250.3 287.5 247.0 247.0 

Major Everest 
at the mi- 
meter rniuro- 
mpe. 

252d I 



DEHRA DOOK BASE-LIKE. 

Befwe the j h t  mamrement-(Continued.) 

x- 9-67 ( E ,  - dE,) + 52'3 = 0 

x-10.32 ,, + 63'5 = o 
X-11-05 ,, i- 72.6 = 0 

x-11.65 ,, + 81.4 = 0 

x-12-12  ,, + 89.1 = 0 

X +  4'33 n -169.5 = o 
X +  4.68 ,, -171.1 = o 
X +  4'45 ,, -168.2 = o 
a+ 3'95 -156.8 = o 
x +  3'33 ,, - 147'0 = 0 

x +  2-58 ,, -137.5 = o 

And from the mean of these results, 

bdopting the original value of the expamion of A given at page (9), 

where L denotes the mean length of the compensated bars obtained from all the comparisons, 
d 

~3 represented by the mean micrometer reading 234'87, page IL, , 
Comparing this d n g  ribh the mean reading of each c&pnsoted bar given oo the 

same page we obtain the following :-- 

Also combining the values in this table with the equivalent of L-A above determined 
there result, 

In tmx~a of 

Micrmeter divieio~a. 

Millionths of a yard. 

A - L  B - - L  C-L D - L  E-L H-L 

-+ 0'23 -20'56 +0*73 +32*88 -6.92 -6-34 

+ e 3 2  -28.34 +I'OL +45'33 -9-54 -8.74 



BAR COMPARIBONS. IT-, 

Comparisons between th 8tadat-d  Bar A and the Compensated Bars A, B, C, D, El H, made 
at Barwala Camp, Dehra Doon, between the two naeasurements. 

< < 
'8 M I C B O I ~ E T E B  R E A D I H O S  I N  DIVIBIONB 

1 ~hldm - ---1-- mmm [T.BI, - l.aTGa m.l. or A 
r)t8#-7 

LI 

Mean 23 
A A B C D E % H O g 5  

LI 
0 %a^" 
B $4 8 
Sl 8 

h m + + + + + + + 
11th 7 36 A& I 41972 -77.5 343'5 31S"J 334.0 367.1 3ta.o 325'5 334.1 

8 8 a 43-32 6 5  34r-5 31 1.0 330'0 365.5 324'0 330'4 333.7 
3 43-59 41'9 335.1 3095 328'5 362.0 313.0 333'5 331-9 

8 3 7  445 .17  9 4 14'3 332'5 307.0 3 2 4  360'8 324.0 331'0 319'7 
9 32 5 47-30 + rse6 329'0 304.0 318.5 358.0 320.0 330'2 326.6 

10.7 6 50.55 61.1 324-1 303'0 3x3'5 354'5 321.0 334'0 30.5'0 
l o  41 7 59-65 108.3 318-0 3or.o 311'0 351'0 320.4 331'8 392.2 

r 3 4 p a .  8 68'85 336.8 308.5 288.9 300'3 350'0 3~8.0 329'0 315.8 
2 I g 69'8; 351.1 311.0 291.0 309'5 354'0 3x4'5 329" 318'2 
1 31 10 70'90 363'7 315-5 296.4 311'1 356.0 318.0 323'9 310.5 
3 1% X I  7 1'47 369.5 308'3 2896 31%'~ 349.0 310.5 311'5 313'6 

sa 7r.65 371.1 313.5 295'5 316.0 347% 312.0 314% 316'5 
3 5 2  13 71.32 364.1 316.5 300.3 321.0 352.0 309.5 310.0 318.3 
" 14 70'37 3.+3'0 318.0 198.0 317.2 347'8 0 300.0 314.2 4 50 

12th 7 19 A.M. 15 48qr7 - 7.2 313'5 287.3 310.6 333'0 296'0 a96'0 306.1 

7.52 16 48-50 +2 '9  313'0 289'0 307'0 355'5 297'0 3p:O 310.3 
8 28 19.1 311.6 287'9 304'0 340.0 297-1 3055 307.7 
9 a : 43.5 301.0 280.8 298.3 333.5 293.5 303.0 301.7 
9 3 2  19 53-05 ;6-3 299.5 276.5 296.0 334'0 295.0 301'1 300.4 

10 o 20 55.1; 110.8 301'2 276.0 293.0 333'9 296'8 303'0 300.7 
10 30 21 57'40 144'5 294'4 274'0 290.2 324'1 292-0 301'0 296.0 
I 1 4 ~ a . 2 2  67-81 294.1 296.0 276'7 284'8 339'0 290.5 293'5 ~ ~ 6 . 8  
3 49 23 69-40 318.0 179'5 991.1 319'5 186.6 w3.0 -5.3 
a 24 L+ 70.52 , 339.3 2885 273'5 289'8 324'5 285'9 290'4 292'1 
3 5 a 7 aqga 291.0 . z j x 6  292.5 328'5 282.4 389.3. 292.7 , 

3 3 5  26 71-47 349.5 291.5 276'0 304.0 329'0 288.1 291'0 296.6 
4 6 27 71.62 350.6 294'0 277'0 304'5 333'5 486'7 286.5 297.0 
4 37 28 71-40 34.5.0 300'0 278'5 299'5 332'0 284'5 287'0 296.9 
5 8 29 70.82 336'2 301.9 279.5 . 303'9 337'3 286.4 290.7 300'0 

13th 7 3 0 ~ 3 . 3 0  48-80 9'3 312'7 289'4 313.5 312'9 298'5 305'6 310'4 
8 7 31 49-30 18.6 314'2 292'5 3r3-7 339'0 299'0 305'0 310.6 

32 50'50 39.3 307.0 286.9 305'0 336'5 296.8 303'0 305.9 
33 52.25 665 3 0 ~ 8  183.0 297.1 334.0 199.0 303.0 309.5 

9 47 94 54.37 98.8 296'0 2.75'9 289.0 326.0 194.0 096'7 
21 95 56.57 130.8 295.0 176.0 297.6 321.0 189.0 3:: 296.2 

ro 51 36 58.67 160'7 290'7 272'6 284.0 324'0 286.0 297'7 291.5 
I 37 P.M. 37 69-97 329'9 291'6 275.6 296-7 320.1 290'0 279'0 292'2 
2 15 38 71'95 359'3 286'5 291.9 327.1 287.0 293.0 293.1 
a 59 39 23.77 392.3 293.0 : 301.9 333.0 295.1 294.0 299.7 

I 

Bgau~na 

WorEwreet 
at tha micro- 
metermicro- 
~gope. 

. 

: 

-C 



I L g  DEBRA DOON BASELIKE. 

Beteoem the two mearaurements-(Continued.) 

AEI on page IL5 we have 

< < 
). M I O B O Y E T P B  I I E A D I B Q E  I H  D I V I E I O R E  

1 Dlrislm = & Cuyb Inch [7.8], = 1.8768 m.1. of A 

, 
J 

0 0 
B 
'8 

A A B C D E 

I l a  
Si 8 

Si S 

and born the preceding bar cornparisom, we obtain the following aeries of resulfa :- 

R.umpr 

W m  
18th 3 37 P.M. 40 7c85 

4 7 41 75-15 
4 3 5  41 75-01 
5 3 43 74-55 

16th 7 33 A.M. 44 42-77 
8 4 45 43'37 
8 35 46 ~ 3 5  
9 8 47 45-87 
g 39 48 47'57 

10 6 49 49-22 
1030 50 50'65 
10 50 51 51.90 
I 16 P.M. 52 59-31 
I 36 53 60.57 

54 61-77 
55 61.97 

3 3 56 64.65 
3 28 57 65-50 
3 51 58 66'10 
4 J3 59 66-40 
4 38 60 66'37 

, 5 4 61 66'00 

MU ... 59-79 

+ + + + + + 
+413'8 303'5 288.0 313'0 337'8 303.1 298.8 307.4 + 1 Major Everest 

414.6 306.5 287.0 313'9 340.5 297'9 296'7 307.1 
412'5 300-8 287.0 312.0 334'0 298-0 297-4 304.9 
405'5 303.0 287'0 316.8 341.3 296'4 293.3 306'1 

-139.8 267'8 240.5 258-1 289.1 245.0 950.5 258.5 
129.3 267'9 237-8 257.8 287'4 246.0 254'0 258.5 
111-a 263.1 234.9 25r.o 2840 248'1 254-1 255'9 
85'6 260.7 229.3 252*0 283-0 a51.0 255.4 25~-2 
55'7 259.0 234'4 254'5 2869 252'0 260'1 257-8 
28.6 255.0 234.0 951.0 282-5 249.5 255.0 254-5 
13'5 251.1 2j0-o 246.7 282.5 a5o.o 255.0 252.6 + 2.8 ~51'0 231'3 248.4 283.1 249.0 255.9 253.1 

IJ.$'O 261'1 235'0 259'3 291'2 254.0 260.5 260.2 
133.0 260.0 237.7 261.5 ~ 9 0 ~ 0  251'3 261.9 260.4 
152.0 256.0 238'9 252.0 289'5 256.0 260.0 258'7 
169.6 255.0 235.4 257.8 2860 251.0 956.5 257.0 
202.3 251'9 235.0 248'9 286.0 245-5 a51-2 253.1 
214'7 251.5 233'3 250'9 284.9 247.9 248'5 252.8 
220'7 247.2 228'5 241'5 280.1 247-0 245'5 248-3 
224'3 250'9 231.3 247'5 280'9 245.0 250.1 
223-a 248'5 231'0 252'2 281.0 242.1 a4z.o 249'5 
215.9 253'0 225'5 246'5 2826 240.9 241.8 248.4 

165'71 a92'13 271~33 290'15 324'11 285'25 289.89 292'14 

at the miom- 
meter miom 
scope. 



BAR COMPARISONS. 

Betweeta the two measurmmt8-(Continued.) 

x+13*83 (Ea-dEa) -313'3 = 0 8-11-77 (Ea-dB,) + 92.6 = o 

X +  I3'5O I J  -307'4 = 0 X-12-85 I> + 106.4 = o 
x + I z . ~ ~  ,, -288.6 = o 3-13'15 IJ +I07'5 = o 
X + I I - 0 0  ,, -258.2 = o x-13.02 ,, + 107.6 = o 
x+ 8-95 I, -224.1 = o 3-12'55 ,J + 99'3 = o 
x+ 6.83 ,, -189.9 = o X+I9'23 ,, -398.3 = o 
x+ 4 6 0  ,, -151.5 = o x+  18.63 ,, -387.8 = o 
2- 5'87 I, 

- 2'7 = o "+17'65 I J  -367.1 = o 
x -  7.4' ,J + 22.7 = o x+16'13 ,, -340.8 = o 
X -  8.52 ,, + 40.2 = 0 " + I 4 4 3  IJ -313.5 = 0 

x - 9 - 2 0  ,, + 52.5 = o x+  12-78 ,, -283.1 = o 
2- 9-47 I J  + 52'9 = 0 X+II'35 9 ,  - 2 6 6 - I = O  
x -  9.62 ,, + 53.6 =:o X + I O - I O  ,, -250.3 = o 
x -  9-40 JJ  + 48.1 = o x+ 2.68 ,, -145.2 = o 
x -  8.82 ,, + 36.2 = o X+ 1'43 I> -127.4 = o 
x+I3'20 J J  -301.1 = o x+ 0.23 ,, -106.7 = o 
I+  12-70 ,, - ~ 9 2 ~ 0  = o "-0.97 ,, - 87.4 = o 
x+11'50 ,, -266-6 = o x -  2.65 ,, - 50.8 = o 
x+ 9-75 J J  -237'0 = 0 x- 3'5O 9, - 38-1 = o 
x+ 7'63 JI -197.9 = 0 x -  4.10 ,, - 27.6 = o 
a+ 5'43 ,I - 165.4 = o 3- 4 4 0  ,, - 25.8 = o 
X +  3'33 I, -131-8 = o X-- 4'37 IJ - 26.3 = o 
32- 7-97 ,J + 37'7 = 0 x- 4'0° rr - 32'5 = 0 

8- 9-95 ,Y + 66.2 = o 
And from the mean of these results, 

d " = 126.43 - 2.21 (E, - dE,). 
Adopting the original value of the expansion of A given at page ( g )  

m.Y d 
Ea = 22.67 = 16.469, 

d "'.Y and x = 90.03 + 2.21 d& = 123.93 + 2.21 dE, = L - A. 
Proceeding as on page II, we obtain ; 6 

d "'.Y d "'my 
A - A = 90.02 + 2'21 dE, = 123.92 + 2-21 dE, D - A = 122.00 + 2-21 dE, = 167.94 + 2-21 dEa 
B - A = 69.22 + ,, = 95'29 + I, E - A = 83-14 + ,, = 11445 + ,, 
C - A = 88-04 + ,, = 121*19 + ,, H -  A = 87.78 + ,, = 120.83 + ,, 

n.Y 
and 6 x  = 743.6 + 13'3 dE, 

In terms of 

Micrometer divisions. 

Millionths of a yard. 

A-L B-L 0-L D - L  E - L  H-L 

-0.01 -20.81 -1.99 +31-97 -6.89 -2.25 

-0.01 -28.64 -2'74 +#.oI -9.48 -3'10 

Also the following ; 



11-,, DEHRA DOON BASELINE. 

Final deduotion of the total length memured with the compensated bars in the 1st measurement. 

arQ, 
From page I L 6  the excess of the 6 compensated bars above 6 times A b e f i e  the 1st mead : = 840'4-27-3 dEa 

3) 1L9 I 3) between the two ,, = 743.6 + 13.3 dEa 

Therefore the mew excese of )) applicable to the 1st ,, = 792.0- 7.0 dEa 

And the mean length of s set of 6 compensated bars in feet of the standard = 60.002376 2 - 7.0 dE, 

Hence the tdd lengths measured with the compensated bars 

feet of A ...................... in sets Nos. I to 66 = 3960'1568 - 462 dRa 
...................... 13 67 to 157 = 5460'2162 - 637 d E ,  ...................... rn 158 to 219 =, 3720'1473 - 434 dB,, 
...................... 9s 920 to 389 = .ro2oo.4039 - 1190 dEa 
...................... )a 390 to 520 = 7860-3113 - 917 dE, 
...................... I, 52.1 to 622 = 6120'2424 - 714 dBa 

7.~0 Now the mean temperature of A during the above bar comparisons was 62' + = 63O.2, for which - 
temperature the corresponding expansion of A from page (19) is 21-655 m.y. Comparing this value of expan- 
sion with the original value = 22-67 m.y., used in the foregoing, it is found, that dE, = + I - O X ~  may.; 
and substituting for dEa this numerical value, there result ;- 

Total lengths measured with the compensated bars 

of 
to Pin No. I 

A 
in nets Nos. I to 66 or W. End, = ( 3960'1568 - o-0014) = 3960.1554 

)a 67 to 157 or Pin No. 1, to Pin No. 2 (Stn. A) = ( 5460.2162 - ~'0019) = 5460'2143 
,, 158 to 2r9  or Pin No. 2 (Stn. A), to Pin No. 3 = ( 3720.1473 - 0.0013) = 3720'1460 
,, zzo to 389 or Pin No. 3, to Pin No. 4 (Stn. B) = (I 0200.4039 - 0.0036) = I O Z W - ~ O O ~  

,, 390 to 520 or Pin No. 4 (Stn. B), to Pin Na 5 = ( 7860.31 13 - 0.0038) = 7860.3085 
,, 521 to 622 or Pin No. 5, to E. End = ( 6120*2424 - 0'0022) = 6120-240% 

- - 

3, I to 622 OT W. E d ,  to E. End = 37321'4779 - 0'0132 = 37321'4647 



BAR COMPARISONS. 
=I r 

Campritons between tlie Standard Bar A and the Compmated B m  A, B, C, D, E, H, & 
at Bartwla Camp, Deka Dom, aficr the 2nd meastmnmt. 

1 
1 Ditriaion = M118 -Car* 9 Inch ['l.~], = 1.na1 m.y. of A 

March 
and 
April 

h m  , 
31et 6 47 A.M. I 

7 '5 2 
7 38 3 
8 4 4 

5 

7 
9 49 

I 0  30 9 
1 0  41 1 0  
11 a I I 

I 30 P.M. I2 

1 56 '3 
a 21 14 
2 44 15 
3 6 16 
3 33 '7 
3 5 8  18 
4 2 0  19 
4 41 20 
5 2 21 

5 30 2 2 



DEHRA DOON BASE-LINE. 

C q r i a o n 8  between tlrs Standard Bar A and the Cmpensated Bars A, B, C, D, E, H, 
cat Barwala Camp, Dehra Doon, after the 2nd measurement. 



BAR COMPARISONS. 

After firs 2nd measurement-(Continued.) 

As on page IId5 we have 

x - (% - 62') (E, -.dE,) - 8 = 0 ;  

and from the preceding bar cornparisom, we obtain the following seriea of results :- 



DEHRA DOON BASE-LTWE 

After the 2nd ~ u 4 - ( C o n t i l l u e d . )  

And from the mean of these results, 
d 

x = - 69*23+ 10.48 (E, - dE, ). 

Adopting the original value of the expansion of A given at page (9), 

d m.Y 
and z = 103.79 - 10.48 dE, = 142'51- 10~48 dE, = L - A. 

Proceeding as on page 11, 6 we obtain :- 

Also the following, 

In tenns of 

Micrometer divisions. 

M i l l h n h  of e yard. 

'''4 
and 6 x  = 855.1 - 62-9 d E ,  

A - L  B-L C - L  D-L E-L H-L 

- 2'39 -17.40 -2.67 +3470 -7'22 -5-00 

- 3-28 -23-89 -3.67 +47-65 -9.91 -6.87 



BAR COMPARISONS. 

Find deduction of the total length memared with the aompensated bars in the h d  ammrement 

=Y From page I L  the e-a of the 6 compensated ban above 6 timea A &ham the = 743.6 + 13.3 dEa 9 two meaaurementa 

9, IL14 ,I after the 2nd 9, = 855.1 - 62.9 dBa 

Therefore the mean excess of ,, applicable to the 2nd >a = 799'4 - 24-8 dEa 
A And the mean length of a aet of 6 compensated bars in feet of the standard = 60.0023982 - 24-8 dEa 

Hence the total lengths meaaured with the compensated bars 

feet o/ A ...................... in aeta Noa. I to 102 = 6120'2446 - 2530 dEa 
.................. ;I rog to 233 .:.. = 7860-3142- 3249 dE, ..................... I, 234 to 403 = 10zoo.4077 - 4216 dEa ...................... ), 404 to 465 = 3720'1487 - 1538 dEa 

...................... I ,  466 to 556 = 5460-2182 - 2257 dEa ...................... a, 557 to 622 = 3960.1583 - 1637 dE, 

...................... J ,  xto622 = 37321'4917- 15427 dB, 

Now the mean temperature of A during the above bar corn par is on^ was 6a0 + = 66'-I, for which 

temperbture the corresponding expansion of A from page (19) is 21.673 my. Comparing thie value of ex- 
paneion with the original value = 22-67 my., nsed in the foregoing ; it is found, that dE, = + 0.997 m y .  ; 
and aubstitating for dE, this numerical value, there result, 

Total lengths measured with the compensated bars 

in seta Nos. I to 102 or E. End, 
M o/ 

to Pin No. 5 
A 

=E 6120.2446 - 0°0076 = 6120-2370 
103 to 233 or Pin No. 5, to Pin No. 4 (Stn. B) = 7860.3142 - o.oogg = 7860.3045 

,, 234 to 403 or Pin No. 4 (Stn. B), to Pin No. 3 = 10200-4ojr7 - 0-0126 = 1020(r3g51 
,, 404 to 465 or Pin No. 3, to Pin No. 2 (Stn. A) I 3720.148j - 0.0046 = 3720.1441 
,, 466 to 556 or Pin No. 2 (Stn. A), to Pin No. 1 =t 5460.2182 - 0.0068 = 5460-2114 
,, 557 to 62% or Pin No. 1, to W. End = 3960'1583 - 0.0049 = 3960.1534 

19 I to 622 or E. End, to W. End 37321'4917 - 0.0462 = 37321.4455 



''-1 6 
DEHRA DOON BASE-LINE 

~0?ia,tb8fm8 between tire Compensated MicPoscopes and their 6-inch brass sc& d~ring the 
1st melrsurmt, and provisional determination of Microscope errors with respect to tha 

64nch baa ac& A, q e s e e d  in m i i o n t h  fl an inch (m.i.) 

Them mimecop were wmpered s seoond time, becsuae they were sdjustd eAsr the k t  oompsrison. 

- -m - 
1834 

a st 62' FA. 

Divisions r. i. 

Dwxnber lat 

4th 

,, 8th 

,, 11th 

,, 17th 

U 
0 
I' 
ilf 
N 
T 
8 

77 
0 

Jf 
N 

8 

U 
0 
I' 
ilf 
N 
2' 
s 
R 

U 
0 
O* 

ilf 
N 
T 
R 

U 
0 
P 
M 
N 

I 
T 
R 

Before the let mea- 
surement . 

Between seta No. 
22 and 23. 

Between sets No. 
49 and 60. 

Between seta No. 
71 and 72. 

BetweenseteNo. 
129 and 130. 

I' 
ilf 
N 
T 
8 

U 
R 
I' 
ilf 
N 

8 

U 
R 
p 
31 
N 
2' 
8 

U 

I' 
ilf 
N 
T 
R 

U 
R 
P 

N 
T 
R 

65015 
59'31 
64-46 
61-25 
59'02 
63-85 
61-94 

68-05 
69-91 
68.95 
69'85 
68.11 
69'35 
67-64 

69-05 
65.81 
65-66 
68.05 
68.12 
66.65 
63'64 
66-81 

6515 
64'51 
68-01 
65-96 
70'55 
69-12 
69-05 
69.61 

68-15 
67-81 
68'06 
67-45 
67.42 
66.85 
65-11 

+ 197 - 168 
i -154 - 47 

'87 
+ I I $  
- 4 

+ 378 
494 
435 
491 
382 
459 
352 

+ 441 
338 
229 

'00 

+ 3-75 
- 4 2 0  + 2.25 

2'00 

8-70 
5'3 0 

-00 - 0.70 
6-50 
3-20 + 1-00 

'00 

+ 3.05 

-00 

'00 - 7-83 
'30 

o 
'+ 375 
-420 + 225 

200 

870 
530 

o 
- 70 

650 
320 + 100 

0 

4- 305 

0 

o 
- 783 

30 
381 
290 
IOZ 

301 

+ 197 
157 
376 
248 
535 
445 
440 
476 

+384 
363 
3 79 
341 
339 
303 
195 

21s + 2 2 0  

643 
o 

o + zzo 
- 333 

937 
400 
226 
675 

33 

+ 1 1 7  - roo 
987 

o 
0 

- 799 + 200 

+ 2.20 
6'43 

-00 

'00 + a.20 
- 3'33 

9'37 
4.00 
2.26 
6-75 

'3 3 

- r'oo 
9'87 

'00 

-00 

- 7'99 + 2-00 

+ 283 
93 

- a I 
350 

+ 363 
- 9 7  

7 5 

+a83 
93 

+ 363 
- 97 

75 
+ 93 

+ a83 
93 
93 

350 - 2 1  + 363 
- 97 + 93 

+283 
93 

350 - 21 

+ 363 
- 97 + 93 

+ 480 
300 
84 

157 
376 
888 
45' 

+661 
5'7 

I 
2 

3 
4 
5 
6 
7 

8 
9 

135 r o  

530 
413 
670 
394 

+ 480 
470 
136 

-339 
+I14 

582 - 33% + 536 

+784 
356 - 258 

+320 
702 - 593 + 488 

- 2 I 

+ 363 - 97 
75 

+ 283 
93 

350 - 21 

19 
20 

21 
22 

a3 
24 
25 
26 
27 
a8 
29 
30 

31 
32 
33 
34 
35 

. 36 
37 

845 
3 6 ~  
58% 

+ 724 
331 - 204 

+ 327 

12 

I3 
14 

15 
16 
I 7  
18 



MICROSCOPE COMPARISONS. 

During the 1st rneasurenaent-(Continued.) 

* 

Mimom : - Scale A, 
at 62' Fah. 

When compared 

- 8 c 

38 
39 
40 
41 
4% 
43 
4.4 

45 
46 
47 
48 
49 
50 
51 
52 

53 
54 
55 
56 
57 
58 
59 

60 
6 I 
(52 
63 
64 
65 

' 66 

67 
68 
69 
70 
71  
72 
73 

7.1. 

75 
76 
77 
78 
79 
80 
81 

1834-35 

U 
R 
P 
M 
N 
T 
R 

U 

p 
p 

N 
T 
R 

U 
R 
P 
% 
N 
T 
R 

U 
R 
P 
dl 

T 
R 

U 
R 
P 
dl 

0 
P 
X 
N 
T 
R 

U 
0 
P 
P* 
Y 
N 
T 
R 

0 
P 
N 
N 
T 
R 

U 
0 
P 
Y 

T 
R 

17 
0 
P 

December 21st 

M 

,, 27th 

J m w  3rd 

,, 6th 

Between sets NO. 
166 and 167. 

Between sets No. 
209 and 210. 

Between sets No. 
283 and 284. 

Between sete No. 
297 and 298. 

5 6 ° . ~ 5  
66.81 
6676 
60'25 
61.42 
65-83 
63'61 

65'35 
68.31 
6806 
67.76 
66.25 
65'72 
61.05 
65'11 

63-83 
65'01 
65-96 
66 25 
68'42 
68.15 
69-61 

58'95 
63-31 
60.46 
63-95 
63'9z 
65'65 
60.31 

63'25 
63'31 
59-46 
59'75 

3. 26 

- 
3.121 

+ 1 2 %  

420 
246 
191 
289 

84 
315 

were adjusted 

Jan- 12th 

88 18th 

I 

- 366 
+ 30s 

298 - 109 
3 7 + 240 

10s 

+ 209 
395 
3i9 
360 
266 
232 - 60 

+ 195 

+ I 16 
I 88 
248 
266 
401 
384 
476 

- 191 + 82 
- 96 
+ 91 

120 

228 - 106 

+ 78 
8 2 

- 159 
141 

~ ~ ~ N o . ~ t 9 5 ~ a 3 s s .  

Between sete No' 471 
and 472. 

11th 

62.40 2.70 

- 4-00 + 5.00 

+4-1o 

+ 3-03 
-1.40 

8.83 + 6.50 
-00 

- 0 

+2.40 

aftor the These *pee aers c o m p d  a 

Between Bets No. 
388 and 389. 

R 

s 
TJ 
0 
P 
M 
N 

+ 5-50 - 4.00 
7'5O ' + 3'93 
2'33 - 6.50 

+1'83 

+ 2-67 - 1 . 0  

7'23 
7-62 

+ 3-00 - '73 
4-80 + 1.60 

+ 2'77 
-00 

- 7-67 + -28 - 2-13 
7'73 
'00 

T 3';z - 2.50 + 2.90 
2.27 - 3-80 

+ 6.00 

+ 4'32 
'60 

- 1-50 + 6.00 
270 - 400 + 500 

+41o  

+ 303 
-140 

883 + 650 
0 - 120 

+240  

Grst wmparieon. emnd time, h u e  they 

R 

,g 

,'J 
R 
P 
M 
N 

'+ 550 - 400 
x0 + 393 
2.33 - 650 

+183  

+ 267 - 170 
723 
762 

f 300 
- i 3  

480 + 160 

+ 277 
o 

- 767 + 28 - 213 
773 

0 

- 390 + 7 0  - 250 + %SO 

227 - 380 
+ 600 

+ 432 
60 

- 150 + 600 

61.31 

63-94 

65.55 
68.71 
65-93 
65.05 
66.62 

+ 363 
- 97 + 93 

- 75 

+ 283 
93 

350 - 21 

+363 
- 97 

75 

659 - 338 
+ 550 

+456 

+ 808 
373 - 287 

+820 
652 - 133 

+480 

+ 283 
93 

350 - 21 

+ 363 - 97 + 93 

+ 283 
9.3 

350 
350 - 21 

+363 - 97 + 93 

+ 2a3 

93 
350 - 21 

+ 363 
- 97 
+ 93 

+ 283 
93 

3 50 - a I 
4- 363 
- 97 

93 

+ 28.3 
93 

- 350 2 1  

+ 467 - 6 - 10% 

+263 
559 

-507 
+377 

+ 759 

3 1; 
- 52 
+545 

522 
- 637 + 448 

+ 676 
zB1 - 169 

+273 
5.51 - 486 

+ 569 

- 298 
+ 245 

4 
$60 
710 

- 249 
+587 

+ 793 
235 
41 

438 



DEHRA DOON BASELINE. 

During t k 1 st  meat?urement-(Continued). 

The required combinations of individual microscope errors taken from pages 11-,6 
to n-, 8, are expressed as follows ; 

Rqjeracs inunbsrz. mean t m p  t 
mi. 

1 + 7  0 0 

e l =  s +  3 +  4 +  5 +  6 +  T - = + 2 r ; ~  at(6a-0.09) before the measurement 

e *  = 8+ 14 g + 10 + 11 + 12 + 13 + - = + 3631 at (62 + 7'01) between set. 22 & a3 
2 

e I  = 8+a1 
16 + 17 + 18 + 19 + 20 + - = + 2063 at(62+4'69) B $9 

2 
49 & 50 

15+22 
e , =  1 6 +  17 + 18 + 19 + ao + - = +  1956 at (62 + 5-04) ,m 19 do. 

a 
33 +30 e 6  = a4 + a6 + 27 + 28 + 29 + - = + 1033 at (62 + 5'76) 

2 
-2 ,, 7' & 7% 

23 + 30 
a" 

e ,  = a5 + 26 + 27 + 28 + 29 + ----- = + 669 at (6% + 6-35] 8 $9 do. 
a 

31+?7 E! 
e ,  = 32 + 33 + 34 + 35 + 36 + - = + 1163 at (62 + 5'37) & 88 129 & 130 

2 

38 +44 
e n =  39 + 40 + 41 + 41 + 43 + T =  + 639 at (62 + 1-50) 9 )  166 & 167 

4.5 + 52 e = 46 + 47 + ~g + 50 + $1 + 7 = + 1358 at (61 + ~'7;) 88 209 & 210 

45 + 52 el,, = 46 + 48 + 49 + 50 + 51 + 7 = + 1300 at (62 + 372) tt do. 

I Mimowope 

MimpeScale .  
when compared - 

S Cd 11 O L m e d  value in - h a  of 

1835 

-4 

I% 
3; 

Mi- : - &ale A 
at 62' Fah. 
-- 

U 
0 
o* 

8 

U 
0 
p 
T 
AV 

8 

-24th January 

31d ,, 

U 
R 
R 
P 
dl 
N 
T 
8 

U 
R 
p 
T 
N 
M 
S 

R 

Between wts No. 517 
and 518. 

~ e t w i n  sets No. 
6321 and 63z9. 

5th February 

!.ii 

82 
8.3 
84 
85 
86 
87 
88 
89 

go 
gl 
92 
93 
94 
9.5 
96 

i 

+ 283 
93 
93 

a* - 
+363 
- 9 7  

75 

+ 283 
93 ' 

350 - 97 
+363 - P I 

75 

+ 20 

- 72 + 38 
351 - 55 
47 

4 - 2 7 0  - 216 
210 

+ 2 2  - 124 
J3$ + 84 

I 

41 - 66 

60:85 
62.61 
67-61 
61.12 
61-25 
66-32 
58.53' 
58.64 

62'35 
60.01 
59.86 
63'35 
62.02 
62.65 
60.94 

R 19 

+ 941 
581 
294 

58 
612 
673 

- 6 3  
+ 548 

+ 588 
I01 - 260 
270 + 364 
853 
449 

62-31 

+ 7.30 
4-50 - 1'50 
2.3 7 + 6.80 
0.40 
2'50 
8.33 

+ 2-83 
1-32 1 - 4-76 
2'5 7 
'00 + 8.33 

5.90 

+ 730 
450 - 150 
237 + 680 
40 

250 

833 

-k 283 
132 - 476 
257 

0 

. + 833 
590 



MICROSCOPE COMPARISONS. 

During the l a t  measurement-(Continued.) 

B s f ' d  r*mbsrz. c n s ~ t a a v p :  
mi. 

53f 59 = + 1073 at (6; + 4P75) between lmta 283 & a84 = 54 + 55 + 56 + 57 + 58 + y-- 
60 + 66 

e19 = 61 + 61 + 63 + 64 + 65 + 7 = + 121s at (62 + 0'74) 1, 297 & 298 

67+73 = + 1i07 at (62 - 0.04) eu = 68 + 63 + 70 + 71 + 72 + 7 81 388&389 
a3 

6i+72 + a151 at (62 - 0.31) 3 ,, el, = 68 + 69 + 70 + 71 + 73 + = do. 

8a + 89 
cl, = 83 + 85 + 86 + 87 + 88 + - = + 2606 at (62 - 0'40) 

8 
a 1, 517&518 I 

8r + 89 - + 23 rg at (62 + 0.43) " e , = 8 4 +  85 + 86 + 87 + 88 + - - j1 do. a 
90+ 96 e,=91 + 9 3  + 93 + 91 + 95 + - - - + 1307 at (62 - 0.41) 

P 1, 6221 & 622% 

% = 91 + 9% + 93 + 94 + 97 + '0+96 = + 1087 at (62 - 0.47) 88 do. 
2 

And from the foregoing, we obtain We followin equations for the microscope errors 

&inch scalea. 
f per set (or n u )  ; where dE expresses the error in the a opted value of the expamion for the 

e +e mi. 
(mc) 1 = = + 2451 - 6 x 3'46dg applioable to seta Noa I to 2 2  . 

2 

(m.r) = 3 = + 2311 - 6 x 5-85 d& 
a 8, N 33 to 49 

(at) a = !&J = + 1480 - 6 x 5-40 OdB 
2 

*l 11 s o b  7' 
e + 6 7  (m.e.) , = L = + 916 - 6 x 5.86 dE N 8s 72 to 129 

2 

e +e (me.) , = 1-8 = + 896 - 6 x 3-44 dE $1 ,, 130to166 
2 

e + e g  (me.) ,, = L = + 994 - 6 x 2-64 dB 
a $1 1 1 ~ 7  to "9 

elo+ell = - = + 1186 - 6 x 4'24dE >9 ,, a10 to 283 
a 

41+e1s = + 1x44 - 6 x a.75 dE (me.) a = - 
a 11. 11 284 to 297 

- G 9 + 4 8  = + 1461 - 6 x 0.35 dE (m.e.j - - ,l 
2 

11 298 to 388 

(me.)lp = 4a+47 = + 2338 - 6 x 1.80 d& o 
2 

$1 472to517 

'19 (me.),, = - = + 1813 - 6 x 0.01 dE 31 ,, 518 to611 
a 

3 ~ p g  3 + 1087 + 6 x 0.47 dE t~ ,1 62% 



IL20 
DEHRA DOON BASE-LINE. 

During the 1 st  sneasutement-(Continued.) 

Hence the total microscope errors are as follows, 

m.i. f d  a j  A 
2z(m.e), = 53922 - 457 dE = 0.0045 - 457 dE 

In sets Nos. I to 66 27(m.e), = 63369 - 948 dE = 0.0053 - 948 dE 
rg(m.e), = 25160 - 551 dE = 0 . ~ 2 1  - 551 dE 

-- -- -- 

s u m  = 0.0119 - 1956 dE 

5(m-e)s = 7400 - 162 dE = 0~0006 - 162 dE 
seta Nos. 67 to 157 58(m.e), = 53128 - 2039 dE = 0'0044 - 2039 dE 

z8(m.e), = 25088 - 578 dE = o-m21 - 578 dE 

s u m  = 0.0071 - 2779 dE 

g(m.e), = 8064 - 186 dE = 0.0007 - 186 dE 
In sets Nos. 158 to 219 42742 - 681 dE = 0.0036 - 681 dE 

~o(m.e), = I 1860 - 2% dE = o-0010 - 254 dE 
-- 

S u m  = O'W53 - I121 dE 
-- 

64(m.e), = 75904 - 1628 dE = 0.0063 - 1628 dE 
In sets Noa. 220 to 389 14(m.e), = 16016 - 231 dE = ow013 - 231 dE 

91 (m.e), = 132951 - 191 dE = o-0111 - 191 dE 
I (m.e),o = 2151 + 2 dE = 0 - m z  + 2 dE 

s u m  = 0.0189 - 2048 dE 

sum = 0.0224 - 1439 dE 

In eeta Nos. 521 to 622 C ~o~(m.e),, = 183113 - 6 dE = o.0153 - 6 dE 
I (m.e),, = 1087 + 3 dE = 0.0001 + 3 d E  



MICROSCOPE COMPARISONS. 

During the 1st Measurement-(Continugd.) 

Final deduction of the total lengths measured with the compensated microscopes. 

Hitherto the microscope errors have been determined only provisionally ; i.e. in terms of the 

6-inch brass scale A. But from page (31), we have 2 A = I-oooorgz 2, value in 1835. Also 
the coefficient of expansion for brass, has been taken at ~ooo,oro,4r7 in the foregoing reduc-. 
tions, whereas it appears from page (17) that ~~00,009,855 is a more probable value. Accept- 
ing the latter, it may be hund that dE = 3.372 (m.i). Hence, remembering that the length 
measured with a set of microscopes is equal to 3 feet of A + the corresponding (m.e), we have, 

Total length measured with the compensated microscopes 

Id Of 
In  sets NOR I to 66 

A 

or W. End, to Pin NO. I . . . . . .  . -  -1g56dE=( 198'01g7--'ooog)= r g 8 . 0 1 ~ ~ .  

,, Nos. 67 to 157 
or Pi No. I ,  to Pin No. 2 (Sin. A)} . . . . . = { 91 x 3+.0071 } -27% dE=( 2~3'0123--0008)= 273.0115 

,, Nos. 158 to 219 } . . . . . . . = { 62x3+.ooS3} -1121 dE=( 186.0089--0003)= 186-0086' or Pin No. a (Stn. A), to Pin No. 3 

,, Noa 220 to 389 . . . . . ={170x3+.0189} -2048 dB=( 510*0~87--.00o6)= 510.0281 
or Pin No. 3, to Pin NO. 4 (Stn. B) 

,, Noa. 390 to 520 
or Pin No. 4 (Stn. B), to Pin No. 5 . . . . . . . = { 131 ~3+ '0224  1 -1439 dE=( 393*0299-'000~)= 393.0295 

,, NOS. 521 to 622 
or Pin No. 5, to E End 

- 3 dx=( 306~oar3--oooo) = 306.0213 

Nos. I to 622 
or W. Enbj, to E. ~ n d  , . . . . . . , . . . . . . . . . . . . . . . . =(1866.1168-.0026)= 1866.1rqz 



DEHRA DOON 13ASELTNE. 

Compatx'sons between the Compensated Microscopes and their 6-inch brass  scale.^ dzaing the 2nd 
measurement, and proz~isional dcternzination of microscope errors with respect to the 6-inch 

brass scale A, expressed i~a millionths of an inch (m. i.). 

Microscope - 
If icroscope Scale. 

Micros : - Scale A, 
at 6Z0 Fah. 

sr. i. 

59-14 - '79 + 2'37 + 237 + 93 + '5' 34 
65'" 68.56 + "8 I - I ; : ; ; . ~  -1178 93 - 867 35 

410 '5 36 
65-85 241 1 - 1 0  I 1 0  - 3::, + 0 37 

775 

55'87 - 383 + 3-66 + 366 + 363 346 38 
66'95 + 309 - 6.23 - 623 - 97 - 411 3 9 
58'44 - a23 + 12.13 + 1213 75 + 915 40 

because thcy were adjusted oRer the firat comparison. 



MICROS(;'OPE COMPARISONS. 

During tAe 2nd measurem~t-(Contin~ed.) 

The required combinations of individual microscope errors taken horn the preceding 
page, are expressed aa follows ; 

Bejbnm mmbsrr 9n.i 

e l =  a +  3 +  5 +  6 +  8 + 7 =  ' +  go+ at (6: + ~ ' ~ 6 )  before the measurement. 

9+ '7 c, = 10 + tz $ 13 + 15 + 16 + - = + 1426 at (62 + 10.68) 
2 4 between aeta I r5 and 116 

r7+ 18 2 e4 = 11 + xa + 14 + 15 + 16 + 7 = + 157 at (62 + 11-90) .$ 8 )  ,# 

19+25 L e, = 2 0  + 11 + 22 + 23 + 24 + - = - 772 at (62 - 0.43) a 
2 8 

$1  233 88 '34 

26+.?2 
, e 8 = 1 7  + 28 + 29 + 30 + 31 + -=  - 516 at (62 - 1.15) a 

2 E: ,, 465 81 466 

26 + 3.9 - - Fr 
e , = 2 7 + 2 8 + 2 9 + 3 0 + 3 1 + 7 -  168 at (62 + 0.75) 9 ,  490 s 491 

34+w ee = 35 + 36 + 37 + 38 + 39 + ,- = - 304at(62 4- 1'59) after the measurement. 

And from the foregoing, we obtain the following equations for the microscope errore per 
set (or m.e) ; where dE expresses the error in the adopted value of the expamion of the 
6-inch scales. 

cn .i 
(m.e), = el = + 1904 - 6 x 1.76 dB applicable to set No. I 

(m.e)9 = '+" - = + 1627 - 6 x 5 8 9  dB $1 %to 115 
2 

Hence the total microecope errors are as follows :- 

sum = 00139 - 3580 dE 

. . 8U.m - 0.0012 -- 4523 dB - 
In sets Nos. 234 to 403= 17o(m.e)~  = - 109480 + 857 dE = - 0-0091 + 857 dE 

(Total microwope errom continued on next pap.) 



DEHRA DOON BASELINE. 

Dw'ng the 2nd measurement-(Continued.) 

Total Microscope errors (continued from preceding page) 

In sets Nos. 404 to 465 = 62 (m.e), = - 39928 + 312 dE = - 0.0033 + 312 d E  

In sets Nos. 466 to 556 = 25 (me) ,  = - 12- + 388 dE = - 0-a011 + 388 dB L6 (m-e)6 = - 15,576 - 463 dE = - 0.0013 - 463 d E  
som = - 0.0024 - 275 d E  

In sets Nos. 557 to 622 = 66 (m.e), = - 15576 - 463 dE = - 0-0013 - 463 d E  -- 

Find deddction d the total lengths m e m m d  with the compe~lsated microscopes. 

Hitherto the microscope errors have been determined only provisionally ; i.e. in terms of 
the 6-inch brass scale A. But from page (31). we have 2 A = 1~cooo1~2#,  value in 1835. 
Also, the coefficient of expansion for brass, has been taken at ~000,010,417 in tbe foregoing 
reductions, whereas it appears from page (17) that ~000,009,855 is a more probable value. Accept- 
ing the latte~, it may be found that dE = 3.372 (m.i). Hence, remembering that the length mea- 
mred with a set of microscopes is equal to 3 feet of A + the corresponding ( m e ) ,  we have, 

Tdali lengths measured with the compensated microscopes 

rr 2.34 ta 403 
or Pin. NO. 4, (Stn. B), to Pin N0.3 ] . . . . . . = f ~ ~ o x ~ - - o o g ~  ) 4 857 a=( po.~w7C.moa)= Sro'ooog 

,, Noa 5 7 to 6aa LI or Pin Ne. I, to W. 1 ... ;..- - [ 66 x 3--0013 1 - 463 dB=( r 9 8 ~ o o z ~ - ~ ~ 1 ) =  xg8*00a+ 

. , Noa I 6061% 
of E, ]End. to W. End 1 . . . . ; . . . . . . . . . . . . . . . . . . =(1866.o~q-.mzz)= 1866.030. 



DERRA DOON BASELINE. 

DETAIIg OF THE 1 8 ~  MEASUREMENT. 

Disposition of the bars and microscopes. 

Typical illustrations shewing the permutations and combiiiations of the bars and micro- 
scopes during the 1st measurement. The instruments are here named in the succession that 
actually occurred, commencing from the rear-end of a set; and the numbers assigned to the 
illustrations, will be found employed in the tables of " Extracts from the Field Book &c." 

Bar Illustration. 
No. 1 No. 2 No. 3 No. 4 No. 5 No. G ------ 

H 

E 
H 

Microscope Illustration. 
No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 No. 8 No. 9 --------- 

*u ;I tu ;I tu ;I 4R *;\ $1 ;}it} 
M M M  

*T 1 
N N N  

M fT 
N 

Statement. I Statement. 

No. 1 OCCIVB in sets Nos. r to gor,-in set No. 303 
and in seta Nos. 304 to 61 7, 

No. 2 ,, set No. 30Z1. 
No. 3 ,, sets Nos. 3oz2 and 6 ~ 2 ~ .  
NO. 4 ,,  NO^. 6 1 8 ~ ~ 6 1 9 ~ ~ 6 ~ 4 , 6 2 1 ~  &62a1. 
No. 5 ,, Nos. 61 6rgD C;zoJ, 62 1% 

NO. 6 ,, set NO. 622%. 

No. 1 occurs in sets Nos. 1 to 49, and in seta Noa. 396 to 617. 
No. 2 ,, eets Nos. 50 to 301, in set No. 303, and in eeta 

Nos. 304 to 388. 
NO. 3 9, LWt NO. 30Z1. 
NO. 4 ,, NO. 302% 
No. 5 ,, sete Nos. 389 to 395; 
No. 6 ,, Nos. 618,, 61g,, 6201, 62r1 and 6 2 ~ ~ .  
No. 7 ,, Nos. 61 8,, 6 1 9 ~  6 2 0 ~  621% 
No. 8 , set No. 622%. 
No. 9 ,, No. 62a3. 

Extracts from the Field Book of th hemeasurement, and calculated heights of aets h e  the origin. 

Adopted heights above mean sea level. 
West End (origin) = I 770'1 feet. 
E a ~ t  End (terminus) = 1957.7 feet. 

4 Numeral Numeral 
shewing 

When corn- 1 %  arrange- 
When 

h, m. feet. 
1st Dec. I 71y5 z 3 P.X. 6 + 2.3 I 

2 72'3 3 15 6 2.3 I 
3 69.0 4 20 6 '9 1 

2nd ,, 4 53.0 g 31 A.Y. 6 - 
5 60.3 10 40 6 
6 72.0 I 54 PY. d 

I I I I 

NOTE.-The rear-end of set No. 1 stood exactly over the dot at West-End. 



'IL26 
d E H R A  DOON RASELINE. 

Extracts from the Field Book-(Continued.) 

4 f N u m d  
Whsnoom- Jj shewing 
prsd 

enunge- 

Mesn time of Xesn time of ment of 
- ending. 

L. 

18, g 
i(" 

A. m. feet. 
3rd Dec. 13 62.0 11 o A.M. 6 + 1.6 

14 69.9 2 OP.M. 6  '8 
1.5 70'0 3 3 6  '5 
16 68.0 3 55 6 -  -6 

6  g 
1 7 5 8 ' 7  18 53'3 4 3 9  5 20 6 +  a 

4th ,, 19 48.0 8 o A.M. 6  1.4 
2 0  54'8 8 51 6  
21 58.8 9 47 6  1-2 

22 63'0 10 35 6 -7 
23 72.8 a IIP.M.  6  -8 
24 7 2.0 3 9 6 '2 

25 67.7 4 6 6 -  1.6 
26 56.1 5 6 6 1-5 

5th ,, a7 46.0 8  A.M. 6  2.5 
a8 54-6 9 X I  6 -5 
29 60.3 10 17 6 +  '1 
30 64'3 10 58 6 -3 
31 73.9 a 58 P.M. 6  .4 
32 73'0 3 38 6 -  1.2 

6  -33 60.5 4 29 
34 50'5 5 17  

6th ,, 35 42.6 8 2 A.M. 6  d 
6  36 49'3 8 47 -2 

37 54'9 9 38 '2 

38 59'4 10 19 6 '1 

39 745 I 29 P.M. 6 '6 

I 
I 
I 
I 
I 
I 
1 

1 - 7 1  
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 

1 

1 - 3 1  
I 
1 

I 
1 
1 
I 

The dot on Pin No. 1 wae fixed exactly in the normal at the advanced end of set No. 66. 
Height of Set No. 66 above Pin No. 1 = 2.1 feet. 

I 
I 
I 
I 
I 
r 
I 
I 
I 
I 

I 
I 
I 
I 
1 
I 
I 

I 
I 
I 
I 
I 

I 
I 

I 
I 

I 

11th Dea 67 39.0 7 40 Am. 6  + 11-6 
68 47'5 8 44 6  11.8 
69 54'0 9 34 6 11.0 
70 57'5 10 14 6  10.6 
71 644 11 7 6  10'7 
72 74.0 2 43 P.Y. 6 10.5 
73 73.5 3 52 6 10.3 
74 56.6 4 5% 6 8-7 

12tb ,, 75 43-9 8 OLM. 6  6-8 
76 51'8 8 5.5 6  7'8 
77 53'5 9 40 6  8.6 
78 55'9 10 33 6 8.1 
79 58.6 11 a1 6  7'3 
80 58.4 a 17p.u. 6  6'7 
81 56.4 3 30 6  7.5 
8% 55'0 4 3% 6 8.0 

h. m. feet. 
6th Dec. 40 76.8 a 18 P.M. 6 - '8 

41 77'2 3 12 6 1.a 
4a 66'9 3 50 6  1'3 
43 61.6 4 30 6 1.7 
44 53'3 5 9 6 +  0.1 

S t h , ,  4543.3 8 x 4 ~ ~ .  6 0.5 
46 50.0 9 0 6 
47 55'8 I0 I 6 1.9 
48 59'8 10 33 6 1'8 
dg 64'3 11 I3 6  1.0 

50 73-8 3 51 P.M. 6 2'5 
51 61.3 4 31 6 3.1 
gr 51.8 5 6 3'4 

9th ,, 53 40-9 8 4 A.M. 6 3.1 
54 46.6 8 48 6 2-8 
55 52'8 9 36 6 3.6 
56 57'3 10 13 6 3'3 
57 -6a.a 10 51 6 3.0 
58 7.5'5 a o P.M. 6 3.1 
59 76.0 3 7 6 
60 76'1 3 58 6 3.4 
61 54'6 5 15 6 4.6 

10th ,, 62 49'8 9 0 A.M. 6  5.9 
63 58.8 lo 10 6 7'5 
64 65'5 11 15 6 

I 
I 
I 

I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 

I 
I 

I 

I 
I 
I 

1 ' 5 1  
1 

I 
I 

I 

I 

I 

I 
I 

I 

I 

I 

1 
3 - 0 1  

I 
I 

I 

I 
I 

a 
a 
a 
a 
o 
a 
o 
o 
a 
2 
a 
a 
o 
a 
2 
a 

13thDea 83 50'8 7 59 A.M. 6 + 6.9 
84 54'0 8 49 6 8-2 
85 56'5 9 33 6 7'5 
86 60.5 10 24 6 7.2 
87 64'0 11 8 6 6.5 
88 70.0 3 5 P.M. 6 6.6 
89 66.2 3 58 6 7'6 
90 56.6 4 44 6 7.6 

15th ,, 91 42.8 7 4 6 A a .  6 8.1 
91 45'3 8 16 6  8 - 8 1  
93 46'4 8 47 6  9 . 0 1  
94 48'6 9 16 6  8'1 
95 51'4 9 53 6 8 . 9 1  
96 53'5 10 34 6 9'4 
97 57'8 11 13 6 8.9 
98 65.8 I 40 P.M. 6 8.5 

I 
I 

I 

I 
I 
1 

I 

I 
I 

I 

2 
a 
a 
a 
a 
a 
2 
a 
2 

a 
a 
2 

a 
a 
a 

65 740 a r0P.x. 6 I:';I I 

66 73'0 3 54 6 11.0 I 

a 
a 

I 
I 

I 

I 
I 
I 
I 
I 

1 

I 

I 
I 

I 

o 
2 
o 
a 
z 
a 
a 
a 
2 
2 
a 
a 
z 
a 
a 
2 



DETAILS OF THE ~ H T  BIEASUREMENT. 
I 

Extraat8 from the Field Book-(Continued.) 

4 $ 4  m e n  mm- 
p . 4  

dB .I 

Mean time of $ f i caw. I %:% - SI 

1834 & k % s 8  G 4 k 

h. m. feet. 
15thDeo. 99 67.9 2 16 P.M. 6 + 8.1 

roo 66.3 2 54 6 8'3 
101 67'8 3 25 6 9'0 
roz 62-3 3 56 6 9.3 
103 58.8 4 29 6 10.0 

104 50.9 5 14 6 12.6 
16th ,, 105 40'9 7 45 A.M. 6 13'2 

106 45.0 8:23 6 13'3 
107 49'0 9 7 6 14.7 
108 52.8 9 38 6 15.1 
'09 55'5 10 X I  6 16'4 
110 58.9 10 47 6 17'4 
111 63.0 11 2 r  6 17.6 
I 12 66.3 I I 49 6 17.8 
1x3 73-3 2 6 P.M. 6 19'3 
"4 73'3 2 45 6 19.6 
1x5 71.6 3 31 6 19.6 
116 68.0 q o 6 20.1 

1 x 7  63'3 4 35 6 19'7 
"8 57'0 5 4 6 19'9 

17th ,, 119 40-0 7 40 A.M. 6 18.9 
rzo 43.8 8 19 6 17'2 
121 47.8 9 II 6 17'5 
122 $3'0 9 51 6 19'7 
123 58-8 10 31 6 10.2 
124 61.3 rr a 6 20.8 
12.5 65'3 11 47 6 21.6 
126 67.3 o 23 P.M. 6 22'2 

127 72.8 I 7 6 03'7 
128 73'3 1 47 6 a4.8 

i 

Wh en corn- $ 4 , 3 4 
pamd 

.EJ r~ time of E 8.4 - 

The dot on Pin No. 2, i.e. Station A was fixed exactly 

Numeral 
shewing 
=go- 

, 

NumeGI 
#hewing 
arrango- 

Height of set No. 157 above Station A = 2.5 feet. 

ment 

g 
F9 

r 
I 

I 
I 

I 

r 
r 
I 
I 

r 
I 

I 

I 

I 

I 

J 

I 

I 

I 
1 

I 

I 

I 

r 
I 

I 

r 
I 

I 

I 

fOthDea158 51.5 8 ~ A . Y .  6 + 2 8 ' 4  
1.59 52'9 8 34 6 28.2 
160 55.0 9 II 6 17.4 
161 57'1 9 43 6 27'1 
162 58'5 10 20 6 a7'0 
163 60.1 ro 59 6 18.0 
164 62.9 2 17 P.Y. 6 18.1 
165 62-0 a 45 6 28.1 
'66 59'9 3 3% 6 '7.9 

22nd ,, 167 42.4 8 1 6 ~ ~ .  6 17.7 
168 47.0 8 52 6 28'0 
'69 51.8 9 33 .6 08.2 
rgo 54.6 ro 3 6 27'8 

. 

of 

g 

z 
z 
z 
z 
a 
z 
2 

z 
a 
z 
a 
z 
2 

z 
z 
z 
z 
2 

a 
z 
2 

2 

a 
a 
a 
2 

z 
a 
2 

a 

" ending. 'g.? 

1834 a $ .!JJ 
i2 

O 1 
W 

ir. m. feet. 
17thDeo. 129 75.5 2 37 P.M. 6 + 25.1 
18th ,, 130 50-3 7 42 A.M. 6 

131 51.9 8 I r  6 :::: 
132 53'5 8 46 6 24-6 
133 54.6 9 18 6 24'5 
134 55'6 9 53 6 25.2 
135 58.3 10 23 6 25.5 
136 61.5 11 7 6 26-0 

I 
I 
r 
I 

I 
r 
I 

I . 
1 

1 
I 

r 
I 

I 

a 
a 
2 

2 

a 
2 
a 
a 
2 

2 
2 

z 

I 

I 

1 

I 
r 
r 
J 

I 

z 
2 
2 

a 
a 
a 
a 
a 
a 
a 
a 

22ndDec.171 5 7 ' 4 1 0 3 7 ~ . ~ .  6 + 2 7 ' 3  
17% 60.0 11 9 6 16.4 
173 70'1 I 31 P.M. 6 as-3 
174 70.8 a I 6 24.1 
'75 70'0 a 37 6 22.6 
176 63'3 3 5 6 22.1 

177 61.2 3 40 6 23.0 
178 60'0 4 13 6 23'0 
'79 58'9 4 4% 6 02.5 
180 53'9 5 13 6 02% 

23rd,, 181 35'3 7 2 3 ~ ~ .  6 22.2 

a 
2 

2 

z 
2 

2 

a 
2 
z 
a 
2 

2 

z 
2 

z 
2 

z 
I 2  

2 

z 
2 

a 
a 
a 
2 

2 

z 
2 

137 64'3 11 41 z s 8 1  I 

I 

I 

r 
I 

I 
I 

I 
I 
I 

I 
I 

in the normal at the advanced end of aet No. 157. 

138 69.3 2 13 P.M. 6 24.6 
139 68.1 z 49 6 23'9 
140 66.3 q 21 6 23'5 
141 66.2 3 52 6 23.4 
'42 64'5 4 39 6 23'5 
'43 57'3 S J 2  6 23.2 

19th ,, 144 43-9 7 49 A.M. 6 22.6 
145 48.3 8 27  6 22.7 
146 52.8 9 35 6 a2.7 
147 55.0 10 2 6 
148 56.6 10 44 6 :::? 
I49 57'9 11 13 6 25-r 
150 63.0 I 29 P.M. 6 25'2 
151 62.4 z I 6 25.5 
152 62-5 a 31 6 26'3 
153 67'0 3 5 6 26'5 
154 65.8 3 36 6 26'5 
155 64'3 4 6 6 27.1 
156 62.1 4 36 6 27'8 
157 56.2 5 7 6 28.2 

182 39'9 8 5 6 21.3 
18.3 45'5 8 5 1  6 aa-5 

I 

I 

I 

I 

I 

I 
I 

I 

r 

I 

I 

I 

I 

I 
I 

I 

I 

I 

I 

- 

I a 
r 1 I 





DETAILS OF THE lm MEASUREMENT. I=--%, 
Extracts from the Pield Book-(Continued.) 

4 Numeral 3 
Wbenmm- % 

o errange- 'E; umnge- 

- " 2 endby  J 0 .;: 
h " 5" 

18% g p 
8 d g  

h. m. feet. 
2nd Jan. a70 70'1 3 52 P.M. 6 + 10'3 

271 66.8 4 15 6 10.8 
272 62.8 4 47 6 11.4 
273 58.0 5 17 6 12.8 

3rd ,, 274 40'5 7 40 A.M. 6 12.6 
27.5 42'5 8 8 6 12.2 

276 45'0 8 39 6 12.a 
277 48.8 9 7 6 13.0 
278 53'5 9 39 6 13'4 
279 56'4 lo 7 6 13'1 
280 60.8 10 43 6 12.8 
281 64.9 11 I3 6 1a.o 
282 68.0 11 47 6 13.0 
283 69-6 o 27 P.M. 6 12.8 
284 74'2 2 37 6 12.3 

285 74'0 3 0 6 12.2 

286 73'1 3 38 6 12.6 
a87 62.0 4 23 6 12.8 
288 58.8 4 47 6 3 
289 54'5 5 13 6 13'6 
290 51.0 5 32 6 14'3 

5th . 291 37'2 7 54A"- 6 14.7 
292 41'2 8 27 6 15'3 
293 4.5'0 9 1 6 15.2 
294 48.5 9 28 6 1.5'3 
295 52-1 10 I 6 15.2 
296 51'9 10 31 6 15'5 
297 $8'0 11 4 6 16.5 
298 67.2 I 47 P.M. 6 17.0 
299 66.9 2 14 6 16.5 
300 65.2 2 48 6 16.0 
301 59'0 3 14 6 16.2 
3021 51'9 4 44 5 '5.1 
303 48'5 5 10 6 15'2 
30zn 43'0 5 39 1 1.5'2 

6th ,, 304 32.3 8 o AX. 6 16.1 
305 35.0 8 36 6 17'0 
306 39'9 g 1 2  6 17.1 
307 45'0 9 51 6 16.7 

6 17.4 
309 54.0 11 9 

r 
a ,  

I 

I 
I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

1 

I 

1 
r 
1 
I 

1 

I 

1 

I 

I 

I 
I 
I 

2 

I 

3 
I 
I 

I 
I 

I 

357 40'9 9 15 6 50-7 I a 
358 4.5'0 9 43 6 51'3 I 2 

6 52.0 I a 
360 51.8 10 40 
361 55'4 J I 7 6 53'1 I z 
362 67.1 I 7 P.M. 6 54.5 I 2 

i 

1 

2 

2 

2 

2 
2 

2 

2 

a 
2 

2 

2 

2 
2 

2 

2 

2 
2 

a 
2 

2 

2 

2 

2 

2 

3 

2 

2 
a 
z 
a 
2 

3 
2 

4 
2 

2 

2 

a 
a 

310 57'3 X I  43 6 19.5 
311 62.5 I 38 P.M. 6 19'6 
312 63.1 a 5 6 19'5 
313 65'3 3 O 6 20.1 

4 M 3.e 
ment of 

- +. d i n g .  

1836 $ g O ;i 

El 'i & g 

I 

I 
I 
I 

A. m. feet. 
6th Jan. 3 16 55'0 4 23 + 23.1 

317 51.0 4 51 24.3 
318 46.0 5 17  25.3 

7th 27  319 29.1 7 50 "*"- 26.$ 
320 31.5 8 zo ' 27.0 
321 36.5 8 58 27-6 
322 40'9 9 23 ti 28.8 

z 
2 

z 
a 

314 57'6 3 28 6 2 

I 

I 

I 
I 

I 

I 

I 

31.5 57'2 3 59 6 ::': 1 : z 

? ,  

2 

a 
2 

2 
a 

34I 47.2 9 51 t5 41'7 
342 49.8 10 zo 41.4 
343 53'5 10 48 41.2 
344 56.4 11 13 41'7 
345 64.2 I 38 P.M. 6 40'7 
346 65'5 a 0 6 4r-7 

323 46'7 9 58 30.1 I 

331 49 8 10 27 30.8 I 9 

335 54'8 10 55 31.3 I 

326 57.0 X I  18 31.6 I 2 

327 69.3 I a5 32'0 1 2  
328 70.1 I 49 33.6 r 2 
329 70.8 a 19 35.5 1 2 
330 62'0 2 49 359 1 z 
331 59'0 3 18 36.3 I 2 
332 58.0 3 43 36.5 I 2 
333 56.1 4 9 36.4 I 2 
334 53'5 4 33 35.0 I 2 
335 50'8 4 58 37.0 I 2 

336 48'0 5 19 37.3 1 
'th 9 ,  

37'1 I 2 

339 36'5 8 52 2 
340 43'1 9 24 40'2 I 2 

I 
I 

I 
I 
1 
I 

2 

2 

a 
a 
2 

z 
347 59'1 2 35 43'3 I 
348 58'9 2 58 442 I 

45'3 I 
350 57'0 4 2 '  

35' 54'3 4 30 6 47'2 I 
3.52 51.9 4 58 6 46.1 I 
353 44'8 5 29 6 45.0 I 

9th ,, 354 28.9 7 38 A.M. 6 47.8 I 

49'0 I 

356 33'9 8 41 

2 
2 
2 

2 

a 
2 

a 
2 

o 
a 



DEHRA DOON BASE-LINE. 

Extrack from the Field Book--(Continued.) 

.ti Numeral 4 4 When corn- 
chewing when d c 

pared dB 0 

Mean time of - ending. a 2 
1836 $ 8 

E? 

H. m. feet. 
9th Jan. 363 65.5 I 37 P.M. 6 + 55.5 

364 67'1 2 3 6 56.6 
365 67.0 a 26 6 57'9 
366 60.6 a 56 6 59.2 
367 59'5 3 20 6 60.3 
368 58'4 3 44 6 61.5 
369 57'5 4 6 6 62.7 
370 55'3 4 30 6 63-4 
371 52'5 4 50 6 64.7 
372 47.8 5 18 6 65-5 
373 45'2 5 41 6 67.1 

10th ,, 374 28.5 7 44 A.M. 6 69.2 
375 30'0 8 19 6 70.9 
376 33'6 8 49 6 72.3 1 I 

1 h. m. fret. 
10th Jan. 377 39.9 9 22 6 + 74.1 

3i8 44'4 9 50 c5 75'3 
379 49'5 1 0  27 6 75.9 
380 53'0 10 54 6 77'7 
381 55'9 J r  29 6 78.1 
382 57.9 fi 51 6 78'3 
383 64'2 I 52 P.M. 6 77.7 
384 65'8 a 17 6 79.0 
385 65'5 3 47 6 80.3 
386 58.0 3 30 6 81.3 
387 57'5 4 12 6 8.1'0 
388 54'8 4 4% 6 86.2 

12th ,, 389 34.2 8 16 6.". 6 86.7 
2 

I 
I 
1 

I 
I 
I 
r 
I 
r 
r 
r 
I 
I 

a 
2 

2 

2 

2 

a 
2 

2 

2 

a 
2 

2 

2 

I 
1 
I 
1 

r 
1 
I 
I 

r 
r 
I 
I 
r 

The dot on Pin No. 4, i.e. Station B was fixed exactly in the normal at the advanced end of set No. 389. 
Height of set No. 389 above Station B = 2.0 feet. 

- 

a 
a 
a 
2 

a 

a 

I 
I 
1 

r 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
r 
1 
r 
I 
r 
I 
1 

14th Jan. 41.9 69-5 z 41 P.M. 6 + 98.2 
420 62.0 3 13 6 99.0 
421 60'3 3 39 6 99'4 
4 2 ~  57'0 4 '7 6 99'7 
423 53'6 4 50 6 101.8 

15th ,, 424 30'3 7 52 A.M. 6 103'2 

425 33'8 8 25 6 103.9 
426 38'9 8 59 6 104'2 
427 44'4 9 28 6 105.4 
428 48'5 9 59 6 105.3 
429 52'8 10 30 6 106.1 
430 57'5 3 6 105.9 
431 62.0 ~r 35 6 106.4 
432 68'9 I 54 P.M. 6 105.7 
433 69'8 a a4 6 105.3 
434 69'9 3 0 6 104.3 
435 62.9 3 27 . 6 roqo 
436 60.8 4 o 6 104.3 
4.37 60.6 4 25 6 105.3 
438 56.8 5 5 6 104.9 
439 51'5 5 38 6 ro5.r 

16th ,, 440 34.0 7 55 A.M. 6 104-7 
441 37'9 8 36 6 103.0 
442 45'2 9 '5 6 99'4 
443 49'9 9 48 6 99'1 
444 53'9 1 0  20 6 98.7 
445 58'0 10 52 6 98.5 
446 62'3 I r a4 6 98.7 
447 65.3 11 57 6 97.9 

12th Jan. 390 39.9 8 51 A.M. 6 + 86-5 r 5 
6 83.7 5 

1 
I 
I 
r 
r 
I 
I 
I 

r 
I 
r 
I 
r 
I 
I 
I 
I 
I 
r 
I 
I 
I 
I 
1 

J 
I 
I 
I 
I 

39% 49'3 9 56 
393 53.2 10 26 6 82.3 
394 55'5 10 55 6 8 
395 58'5 1 1  26 6 81.5 

13th ,, 396 33.5 8 11 6 82.1 
397 42'8 g 1 1  6 80.5 
398 50'6 10 19 6 78.9 
399 54'9 '0 54 6 79.0 
400 62.0 II 52 6 8.3.3 
401 64-5 o 30 P.M. 6 85.8 
402 68.8 a 35 6 88'4 
403 67.9 3 5 6 88.0 
404 60.1 3 32 6 87'8 
405 59'0 4 0 6 88'0 
406 56.1 4 30 6 89'0 
407 53'2 5 0 6 90.8 
408 43'4 5 33 6 92.6 

14th ,, 409 28.6 7 40 A.M. 6 93'2 
410 31'8 8 1.3 6 93.1 
411 35'0 8 40 6 93-7 
412 40.8 9 13 6 94.3 
413 44'6 9 40 6 94'7 
414 48.8 10 I+ 6 95.2 
4x5 51'9 1 0  4' 6 96.1 
416 56.4 1 1  17 
417 60.5 I I 46 
413 70.3 a 13 P.M. 

I 
1 

1 

I 
1 

1 

I 
1 
1 

1 

I 

1 

1 

I 
I 
I 
r 
I 
r 
1 

1 

I 
r 

5 
5 
5 
I 
1 

I 
I 
I 
I 
1 

1 
I 
I 
r 
r 
I 
I 
1 

I 
1 

I 
r 
r 
I 







DEHRA DOON BASELINE 
IL33 

-... D i a p o d b n  of tire bars and mkrosct?pe~. 

Adopted heights above mean sea level. 
East End (origin) = 1957.7 feet 
West End (terminue) = 1770.1 feet. 

Typical illustrations shewing the permutations and combinations of the bars and micro- 
scopes during the 2nd measurement The instruments are here named in the succession that 
actually occurred, commencing from the rear-end of a set; and the numbers assigned to the 
illustrations, will be found employed in the tables of " Extracts from the Field Book &c." as a 
meam of reference. 

ending. 

Bar Illustration. 
No. 1 No. 2 No. 3 - - 

11 E c n 
H 

Statement 
No. 1 occurs in set No. 1, in wta Nos. 5 to 344 

in sets Noa 342 and 343, and 
in ~ t e  NOIS. 344 to 622. 

NO. a ,, N w  21, 31, 41, and 341~. 
No. 3 $1  NO^. z,, 3,, 4s, a d  341~. 

h. a f e  
19th Feb. I 6 z 3  g 33 A.Y. 6 + a's 

91 66-3 ro IS 3 0'6 
3s 69'9 11 4 3 - 3'0 

'1 39 3 5'8 $4 231P.M. 3 10's 

41 7% 3 1% 3 13'8 
6 71.0 3 50 3 16.4 
5 66.4 4 33 6 1&8 

Microscope Illustration. 
No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 - - - - - -  4! N ti} all !I I} N %j N iM %I is 
R T T 

as ts 4s 
Statement. 

No. 1 o m  in eet No. 1 only. 
NO. 2 n N w  21, 31, and 4y 
No. 3 n 2~ 39, m d b  
NO. 4 Noa5to115.  
No. 5. Noa 116 to 340, in aeta NOR 343 md 343, and in 

w b  Noa 344 to 62%. 
No. 6 n set No. 34x1, 
No. 7 n No- 3 1 1 ~  

Now.-The rear-end of set No. 1 rtood exactly over the dot at Emt-End. , 

Extracts from the Eeld Book of tire remeasurement, and caldded heights of 8d8 

csbooe tire origin. 





DETAILS OF THE am MEAgUREMENT. 

E d d t j  fjont the FisM ~BookL(C0nthuect); 
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DEHRA DOON BASELINE. . ' 

EZtrad8 from the Piehi Book--(Continued.)a 

4 N m d  

- - ending. 

1836 g B 1886 B 
A. m. feet. 

6thMax.197 6c8 9 3 6 -  6 - 7 4 ' 1  
198 69'6 10 a 6 74'9 
199 fa-I 10 a8 6 75'5 
a00 74'6 10 58 6 76'7 
a01 80.6 I 30 P.M. 6 78'5 
20% 79'6 I 54 6 79'3 

6 79'9 Q9'4 ' I9 6 BOa3 a04 1.1 3 41 
a05 80.1 3 9 6 81.1 
206 80.0 3 30 6 81.0 
307 78'5 3 55 6 81'4 
208 76.0 4 17 6 82.6 
209 71'2 4 46 t5 83.7 
3x0 70'5 5 7 6 8q.6 

I a11 63.2 5 35 6 85.1 
6th ,, a12 46'0 7 71'". 85.7 

"'3 50.5 f 34 85'9 
"4 54'7 7 58 6 86.1 
215 58.0 8 a4 6 86-6 

I 
1 
1 
1 
1 
1 

1 
I 
I 
I 
I 
I 

1 
I 
I 
I 
I 
I 

I 

The advanced-end of set No. 288 fell in exceas, (4. e. weat) of the dot by 1st measurement on Pin 
No. 4 or Station BJ 0.0493 feet, as measured on Carfa brass scale with a pair of compaeaea. 

Height of set No. 238 above Station B = 1-8 teeb. 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

; 7th Mar. 234 78.1 o 59 P.U. 6 - 90.8 
235 78'6 I a9 6 91'2 
a36 78.0 I 5% 6 
a37 78.6 a 14 6 $ : I  

, a38 78.6 % 37 6 98'7 
339 76'4 3 9 6 9 9 . 6 1  
a40 76'0 3 32 6 1oo.5 
241 75'3 3 55 6 100.2 

a42 76'0 4 ax 6 100.2 
243 72.8 4 44 6 1oo.g 
aq( 69'0 5 SO 6 101-g 

9tb ,, 245 53-8 7 20 &a 6 103.2 
246 546 7 44 6 JW3 
247 55'7 8 6 6 106.0 
a48 59'6 8 30 6 107.9 
249 6a.3 8 54 6 109'4 
250 63'3 9 I3 6 r11.o 
a51 63.6 9 35 6 1x1'9 
352 65.1 9 53 6 114.3 

h. m. f d  
6thMar.a16 6:7 8 5 4 ~ ~ .  6 -88 .?  

417 64'4 g 20 
a18 6 '0 g 42 

6 89'9 

B 6 91's 
219 6 *a 10 o 6 91.7 
aao 71.9 ro a5 6 91.7 
a11 73'8 10 43 
aaa 75-0 11 8 

6 92'5 
6 9qa 

a23 79'0 I 14p.x. 6 96'6 
a24 79'0 I 36 6 98'8 
225 83.2 a I 
a26 81'9 a a4 

6 98.9 
6 99.0 

aa7 82-0 a 50 6 97'1 
a28 81.3 3 13 t5 9fe2 
229 81.0 3 37 6 97'1 
230 77'0 3 57 6 96.1 

9thfi. 256 76'2 I 7 P,Y. 6 - r18.r 
a57 76'9 1 19 6 119.0 
a58 78'0 I 51 6 120.3 
a59 77.6 a 11 6 121.5 
a60 78.6 2 32 6 12a'g 
261 78'7 a 53 6 I+-a 
26% 77'9 3 I3 6 125-a 
263 74'8 3 35 6 126.1 
'64 7a.2 3 57 6 126-5 
a65 67.1 4 a3 6 xa7.a 
26664-0 q q g  6 127-g 
a67 61.0 5 10 6 ragso 
a68 58.5 5 35 6 129.7 

10th ,, a69 49'3 7 7LY. 6 130'1 
270 53.3 7 38 6 1319 
a71 56'7 8 a 6 131'3 
17% 59.0 8 a5 6 131.8 
273 61.0 8 46 6 131'9 
174 63'0 9 6 133'6 
a75 64'3 g a6 6 134'3 
276 66.6 g 48 6 135'1 
a77 69% 10 11 6 137.0 

a53 66.0 10 17 , 
254 67'3 10 40 
255 68.3 rr o 

r 
I 

1 

I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
r 

331 75'3 4 a0 
232 72.8 4 45 
233 66'1 5 35 

I 
1 
I 
1 

1 
I 
I 
I 

1 
I 
1 
I 
1 
1 

I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
r 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 

5 
5 

1 5  
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 



DETAILS OF THE 3m MEASUREMENT. 

Extracts from the FieM Book-(Continued.) 

. 
4 Q 

3 l Whencorn- 
0 

@ 4 5 Y-timsof 3 . 
- ending. 1 a:$ 2 3 * 

0 20  a f 
€Y 

h. m feet. 
10th Mar. 278 71.0 lo 36 AX. 6 - 137.5 

279 73'0 11 7 6 136.6 
280 77.5 r g P.M. 6 1369 
281 80.8 r 30 6 137.2 
282 79.7 r 50 6 r37.a 
283 z 16 6 137'9 
284 81.0 a 43 6 140.2 
285 81.0 3 3 6 140.9 
286 80.8 3 23 6 141'2 
287 79'3 3 44 6 141.2 
288 75'3 4 5 6 141.6 
a89 72.0 4 a5 6 143.6 
290 69.1 4 47 6 142.3 
291 67.0 5 8 6 141.g 
292 63'5 5 30. 6 142.3 

11th , 293 50.5 6 44 au.  6 142'3 
294 52.6 7 5 6 143.1 
195 54'8 7 31 6 145'3 
296 5i.0 7 51 6 146'6 
397 59'9 8 11 6 147'1 
298 61.6 8 33 6 147.5 
299 63.1 8 5% 6 148.1 
300 64.8 9 13 6 148.8 
3or 66.6 g 30 6 149'9 
301 68.0 9 48 6 151-0 
303 71.0 ro g 6 ~51 .6  
304 73'0 10 30 6 152'2 
305 75'9 '0 49 6 153'5 
306 76.6 11 10 6 154'7 
307 80'9 I 9 P.M. 6 155'9 
308 81.2 I a7 6 156.7 
309 83.1 r 48 6 157.5 
3 1 0 8 3 8  2 1 0  6 159.1 
311 82.a a 57 6 159.8 
312 81.0 3 18 6 1592 
313 80'3 3 37 6 159.7 
314 80.0 3 56 6 161.3 
3x5 78.0 1 1.5 6 162.0 
316 75'8 4 30 6 162.8 
3'7 73'9 4 48 6 162.7 
318 71.7 5 6 162.9 
319 68.7 5 28 6 163.8 

12th ,, 320 53.0 6 30 ASH. 6 164.7 
321 55-0 6 5.4 6 164'7 
312 57'7 7 13 6 164.0 
323 60'4 7 33 6 164.1 
3a4 63'5 7 56 6 163-3 

4 Whencam- 4 * 3 4 
pd 

4 i ~eantinm. j !:$ - a i! ending. 
w O h  

1 - a  o % $ 3  o 50 
I3 

h. m. feet. 
12thMu.  325 6591 8 17 A.M. 6 - 162.9 

326 67-0 8 38 6 164.0 
327 68.6 8 58 6 164'7 
328 71.5 9 21 6 164.7 
329 74'9 9 44 6 164.7 
530 76.1 10 o 6 164.gt 
331 76.1 10 19 6 165.3 
332 78'3 10 38 6 165.3 
333 78'3 10 59 6 165'4 
334 81.7 o 55 P.M. 6 166.4 
335 82.1 r 16 6 167.1 
336 83'5 1 39 6 166.5 
337 81.8 a o 6 167.2 
338 80.9 a zr 6 167.7 
339 80.3 2 qr 6 167'7 
340 80.9 3 7 6 167'5 
3411 80'4 3 35 3 167'4 
342 79'O 3 55 6 168.3 168'1 
343 f7'6 4 19 
341, 71'= 4 48 3 167.9 
344 68.7 5 7 6 167.3 
345 67'7 5 '9 6 167'5 

13th ,, 346 58.0 8 9 A.M. 6 168.4 
347 59'0 8 31 6 168.6 
348 60.2 8 55 6 168.2 
349 61.4 9 1.5 6 167'4 
350 61'3 9 40 6 167'7 
351 62.1 10 a 6 169.1 
3.51 64-4 10 2% 6 169'8 
353 64'8 I0 45 6 170.3 
354 64'6 11 10 6 169.4 
355 6 6 7  I q o ~ . ~ .  6 169'0 
356 67-6 a 6 6 168'1 
357 67'8 2 30 6 167'1 
3.58 67.9 2 56 6 167'0 
359 67'3 3 16 6 167.3 
360 68'3 3 34 6 168.0 
361 66.4 3 53 6 169'2 
362 65'3 4 15 6 170.2 
363 63'5 4 40 6 171.3 

14th ,, 364 45.4 6 56 A.M. 6 7 
365 46.7 7 21  6 171'2 

366 49'8 7 45 6 172'4 
367 51'7 8 11 6 172.4 
368 54'1 8 39 6 171-4 
369 56.2 g 5 6 170.8 
37057'9 9 a 6  6 170.7 

Numerel 
shewing 

ment 

r 
I 

r 
r 
r 
1 
I 
I 
r 
I 
I 

r 
I 
r 
1 
I 
I 

I 

1 

I 

r 
I 

I 

r 
I 

I 
I 

1 
I 

r 
I 

1 

I 

r 
1 

r 
I 
I 
I 
I 
I 

I 

I 
r 
I 
I 

Numeral 

arrange- 
of 

3 i 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

1 5  
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

arrange- 
ment 

rn 

r 
I 

I 

I 
I 
I 

r 
r 
I 
r 
I 

r 
I 

1 
r 
I 

a 
r 

+ 
I 

r 
I 
I 
r 
I 
I 
r 
I 

r 
I 

I 

I 

I 
1 

I 
I 
I 

I 

I 
1 
I 
I 

I 

r 
I 

I 

of " 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
6 
5 

7 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
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DEHRA D O N  BASELINE. 

Extracts from the FieM Book-(Continued.) 

4 
~ b s n  corn- 2 1 J 

Pf-d F 
~ ~ t i - .  5 &$ 

m*. % 0 0  

Numeral I 

hew-. 
arrange- arrange- 
ment of md 

Mean time of meht of 

3 g i  
i 1 "  a €4 

h. m. feet. 
14khMa.r. 371 +j;z g 46 A.X. 6 - 170.0 

372 60.3 10 7 6 170.2 

373 61.1 10 31 6 170.0 
374 62.0 10 53 6 16q1 
375 63'9 11 20 6 168.1 
376 73.0 4 14p.u. 6 168.4 
377 72'4 4 35 6 169.0 
378 72'1 4 59 6 167-7 
379 64'0 5 23 6 166.1 
380 59'8 5 45 6 165'0 
381 56.3 6 4 6 164.1 

17th ,, 382 47.2 7 22 AX. 6 163.9 
383 50'3 .7 44 6 164.2 
384 54'3 8 7 6 164'4 
385 57'3 8 30 6 164.5 
386 59'8 8 52 6 164.5 
387 62'2 g 14 6 164'2 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

I 
I 
I 
I 

I 

I 

I 

1 

I .  

I 

I 

I 

I 

I 

I 

1 

I 

Tbe advanced-end of set No. 403 fell in excess, (i.e. west) of the dot by l a t  measurement on Pin 
No. 3 .J. 0.0939 feet, as measured on Cary's brass scale with a pair of compasses. 

Height of set No. 403 above Pin No. 3 = 2-4 feet. 

h. m. feet. 
17thMar. 388 64.0 9 36 A.X 6 - 164.2 

389 65'8 9 56 6 1642 
390 68.2 10 20 6 164.5 
391 69'7 10 39 6 16.5'0 
391 72.4 11 6 6 165'5 
393 80.1 r 50 P.= 6 167.4 
394 788 2 16 6 168.8 
395 80'0 2 44 6 167.7 
396 77'7 3 25 6 165.3 
397 75- 3 54 6 162.2 
398 73'6 4 22  6 160.3 
399 72'9 4 52 6 159.2 
qoo 70.6 5 10 6 158.2 
401 68.3 5 32 6 157.2 
402 65'5 5 53 6 156.1 

1 8 t h M ~ ,  404 57.8 8 zo A.V, 6 -- 155'1 
405 59'3 8 1 7  6 155.1 
406 60'3 9 7 6 155'8 
407 60'3 g 28 6 156.5 
408 59'8 9 49 6 156.4 
409 59'6 l o  11 6 155'9 
410 60.0 lo 36 6 155'7 
4x1 60.5 10 5% 6 155.0 
413 61.1 11 11 tj 155.4 
413 66.2 I 14 P.V. 6 155.4 
414 67'6 1 34 L5 155'4 
41.5 68'5 I 57 
416 69.9 a 16 

6 '55'9 
6 157.3 

417 71.1 a 36 6 158'1 
418 71.0 a 58 6 158.8 
419 7J.5 3 17  6 158.9 
430 7r.o 3 36 6 158.8 
421 70'4 3 59 6 158.4 
421 69'8 4 17 6 158.6 
423 69'7 4 36 6 ~59.0 
414 67'5 4 57 6 158.8 
42.5 65'4 5 16 6 158.6 
436 65'0 5 35 6 158.9 

19th , 407 56.8 8 I O A . ~  6 159.1 
b 

I 
I 

I 
1 

I 

I 
I 

I 

I 

I 
I 
1 
I 

I 

1 

I 
I 
I 

I 
I 

I 

I 
1 

r 

18th ,, 403 57.0 7 49 A.M. 6 

I 

I 

I 
I 

I 

I 
I 
I 
I 
I 

I 
I 
I 
I 

I 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

5 
5 

. 5 
5 
3 
5 
5 
5 
5 

1 

I 

I 

I 

I 

1 
1 

I 

1 
I 

1 

1 

I 
I 

I 

I 
I 

I 
I 
I 

I 

I 

I 

I 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

19thMa.r. 428 57.0 8 35 A.M. 6 - 159.9 
429 58.3 9 3 6 161.2 
430 61'5 9 25 6 161.5 
431 64.0 9 49 6 161.5 
432 66.1 ro 10 6 160.9 
433 68.6 10 32 6 160.8 
434 68'7 10 58 6 160'5 
435 73.0 I z7p.11, 6 159.4 
436 73'5 1 52 6 158.8 
437 75'6 2 14 6 I~B-9 
438 75'5 9 32 6 158'3 
439 76.0 2 55 6 157'5 
440 74'7 3 I3 6 158.0 
441 72'0 3 37 6 158.4 
442 71'6 4 1 6 158.2 
443 72'0 4 25 6 158.1 
444 71'5 4 46 6 157'8 
445 71'3 5 'a 6 157.0 
446 69.2 5 33 6 157'3 
447 65'0 5 53 6 158.3 

21et ,, 448 64'3 9 32 A.M. 6 157.9 
449 67'1 9 58 6 156'5 
450 69'5 10 a1 6 155'4 
451 71'4 10 40 6 154.0 



DETAILS OF THE % MEBSWEbfENT. 

Extracts from the E'ield Book-(Continued.) 

3 3 4 When aom- 
pared a -  

4 - ending. j %.g i ---eOf C 

lsss g I 
Cc 

h. m. feet 
2lst Mar. 451 7af)a X I  o A.M. 6 - 153.5 

453 74'9 11 22 6 152.4 
454 75'8 11 44 6 151'9 
455 76.7 o 2p.x. 6 151'9 
456 77.8 o aa 6 151.8 
457 78'7 0 10 6 151.4 
458 79'0 I I 6 151.6 

Numeral 
shewing 
a m g o -  
ment of 

When -. .J 4 $ 4  
F~ a F t 

Meantimeof m . 4  - !q -.-- 
lM6 B " % 

Cc 
, d  8 

h. m. 

' 

feet. 
2lst Mar. 459 80.3 1 23 P.X. 6 - 152.0 

460 82.0 I ++ 6 152.4 
461 83'3 -2 3 6 152.3 
46a 83'7 a a5 6 152.5 
463 81.2 9 47 6 152.3 
464 80.0 3 1% 6 r51.a 

23rd ,, 465 66.0 10 o A.M. 6 151.3 

I 

2 * 

I 
I 

I 

I 
I 

I 

I 

The advanced-end of set No. 465 fell in excess, (i. e. west) of the dot by let measurement on Pin 
No. 2 or Station A, 0.1131 feet, as measured on Cay's brass scale with a pair of oompassea. 

Height of Set No. 465 above Station A = 2.4 feet. 

e 

5 
5 
5 
5 
5 
5 
5 

ahowing 
Numeral 

'22% 

." 

23rd Mar. 466 70.2 JO  25 A.Y. 6 - 151'4 
467 72'3 10 49 6 152.0 
468 74.0 X I  10 6 152.3 
469 79.7 I  P.M. 6 152.7 
470 80.5 I 28 6 152-8 
471 80.0 I 49 6 153'1 

6 153.8 472 80.3 a 10 

6 154.0 473 81'0 a 32 
474 81.0 a 52 6 154'4 
475 82.4 3 14 6 154-6 
476 82.0 3 31 6 155.5 
477 82.0 3 54 6 156.3 
478 80.5 4 12 6 156.9 
479 75.8 4 34 6 156.9 
480 74'2 4 54 6 156'7 
481 71.8 5 14 6 156.2 
48% 69.3 5 34 6 155.8 
483 66.9 5 57 6 155.8 

24th ,, 484 49'7 6 56 A.M. 6 155-0 
485 53'0 7 '9 6 154'5 
486 54'5 7 41 6 153'5 
487 56'0 8 o 6 153.6 
488 58.0 8 2 1  6 154'1 
489 60.4 8 40 6 154'1 
490 63'0 9 1 6 154.6 
491 65'7 9 20 6 155-2 
492 68'3 9 40 6 155'3 
493 70.4 9 57 6 154.~ 
494 72'4 10 2 O  6 154'6 
495 74'6 '0 4O 6 155'0 
496 76.8 xr 3 6 156.5 
497 80.8 I 8 P.M. 6 157'9 
498 81.1 I 27 6 158.2 
499 81'4 1 5 %  6 158.8 

r 
I 
I 

I 
I 
I 

I 

I 

I 
I 
I 
I 
I 
I 

I 
1 
r 
I 

I 
I 

I 

I 

r 
I 

1 

I 
1 

1 

I 
I 
I 

I 

I 
1 

I 
I 
I 
I 

I 

I 
I 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

5 
5 
5 
5 
5 
5 
5 

2 4 t h b .  500 81.7 2 13 P.X. 6 - 158.9 
591 84'6 a 36 6 159.6 
502 86.4 a 57 6 161.4 
503 85.8 3 21 6 16a.1 
504 85'2 3 45 6 160.5 
505 84'0 4 5 159'3 
506 79'0 4 2.5 '59'4 
507 76'4 4 46 6 159'4 
508 74'1 5 7 6 159.1 
509 71'3 5 '6 6 159'3 
5x0 68.3 5 45 6 160.0 
5x1 64.4 6 8 6 161.0 

25th ,, 51% 48-4 6 45 A.M. 6 161.0 
5'3 50.3 7 '0 6 161.5 
514 53'3 7 30 6 162'4 
51.5 57'0 7 49 6 163'8 
516 59.0 8 11 6 164.5 
517 60'7 8 30 6 166.0 
5x8 63'4 8 54 6 165.6 
519 66.3 9 '5 6 167.0 1689 
520 68.1 9 35 
5%' 70'9 9 56 6 169.6 
gas 72.2 10 14 6 170.2 
523 74'4 10 33 6 171.2 
524 75'7 10 54 6 170-8 
525 78.3 r r  18 6 170.5 
516 81'4 I I I P . ~ .  6 170'4 
527 82.6 I 32 6 169'7 
528 83'6 I 56 6 170.2 
529 85'7 2 I3 6 170.7 

. 530 86.7 a 32 6 170'0 

531 87'5 2 5% 6 170.2 
532 86.8 3 11 6 I 

533 86.7 3 30 6 171'5 

r 
I 

r 
I 
I 

1 
1 
1 

r: 
I 
I 
I 
I 
I 

r 
I 
r: 
I 

I 

I I 
r 
I 
I 
r: 
I 
1 

I 
I 
I 

I 
I 
I 
I 

-5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 



DEHRA DOON BASE-LINE. 

E ' r d s  from tire XeM Book-(Continued) 

3 0 Numeral 
Whmoom- *Q chewing 
pued m '8 

3 g - 
k 1 g 
I3 

h. m. feet. 
25thMar. 534 869% 3 48 P.M. 6 - 171.7 

535 85'8 4 6 6 172'5 
536 84'9 4 25 6 172.6 
j37 84.0 4 42 6 172.2 

6 171.6 538 82.5 4 59 
539 76.2 5 '7 
540 72'5 5 38 6 171.2 

541 69.5 5 58 6 171.2 
26th ,, 542 46'3 6 48 A.M.. 6 172.0 

543 50.0 7 11 6 172.6 
544 53'7 7 31 6 172.2 
545 56.3 7 50 6 171.3 

27th Mar. 586 79'0 II o AX. 6 - 179.2 
587 85'0 o 50p.M. 6 179-3 
588 86'3 1 g 
589 88.1 I 24 

6 179'9 
6 180'5 

590 88.9 I 42 6 180.6 
591 88.2 I 59 6 180.0 
592 89.0 2 15 6 178.5 
593 88.5 -2 34 6 178.4 
594 88.0 n 52 6 178.8 
595 88.0 3 ro 6 179'6 
596 869 3 28 6 181.7 
597 84.8 3 45 6 180.8 
598 81.6 1 5 6 180.5 
599 80'3 4 '6 6 179.0 
600 78'8 4 50 6 178.1 
601 76.8 5 II 6 178.1 
602 75.2 5 a6 6 177'7 
603 73'2 5 44 6 177.1 
604 72-5 6 a 6 177'4 

28th ,, 605 70.6 9 22 A.M. 6 178.4 
606 73.0 9 38 6 179'8 
607 74'7 9 52 6 '79'4 
608 76.1 10 lo 6 178.9 
609 77'0 10 27 6 178.2 
610 78'2 10 41 6 177'4 
611 79'0 10 56 177.3 
612 80.9 11 11 177.8 
613 81.3 Ir  25 6 178'7 
614 82.6 X I  40 6 179'3 

I 
I 
1 

I 
I 

1 
I 

r 
I 
I 

I 

I 
I 

r 
I 

I 
1 
I 
1 
1 
I 
1 

I 

I 
I 

1 
r 
I 

I 

The advanced-end of set No. 556 fell in excess, (i.e. west) of the dot by 1st measurement on Pi, 
No. 1, 0.1189 feet, as measured on Cary's brass scale with a pair of compasses. 

Height of set No. 556 above Pin No. 1 = 2.9 feet. 

r 
I 

I 
I 

I 

I 

I 

I 

I 

1 2 

5 
5 
5 
5 
5 

5 
5 
5 
5 

h. m. feet. 
16thMar.546 $4 8 I I  A.M. 6 - 171 r 

547 61.3 8 26 6 171.6 
548 64'0 8 53 6 172.8 
549 66.5 9 13 6 170.3 
550 70'0 9 38 6 169'3 
551 72'7 10 2 6 168.9 
552 74'1 10 18 6 1692 
553 76.0 10 35 6 168.7 
554 77'5 10 53 6 168.4 
555 79'2 11 1% 

I 
1 

I 
r 
I 

1 

I 

I 

I 

5 
5 
5 
5 
5 
5 
5 
5 
5 



DETAILS OF THE ~ N D  MEASUREMENT. 

Extract8 from the TieM Book-(Continued.) 

The advanced-end of set No. 622 fell in excess, (i. e. west) of the dot at West-End, 0.1296 feet, as 
measnred on Cary'e brass scale with a pair of compasses. 

Height of eet No. 622 above West-End = 2.8 feet. 

3 When oom- , hewing 

pawd 0 

Mean time of ment of - 
1 1 

El 

h. m. f e d  
28thMar. 615 8G2 I I 54 A.M. 6 - 179.6 

616 84.4 o 11 P.M. 6 179.2 
617 85.5 o 26 6 179'1 
618 85.3 o 43 6 179'6 

I 
I 

I 
I 

5 
5 
5 
5 

5 
5 
5 
5 

h m. fd. 
28thMar. 619 8694 I o P.r. 6 - 179.4 

620 88.5 I 18 6 178.7 
621 87.0 I 36 6 177'4 
622 84'7 2 5s 6 177'4 

I 
I 
1 
1 



DEBRA DOON BASELINE. 

Beduction to l e a n  Sea Level. 

Let the sectiona into which this line ia divided be denoted as follows : 

West-End to Pin No. 1 by . . . . . . . . . . . .  Section I 

............ Pin No. 1 to Pin No. 2 by ,, U: 

. . . . . . . . . . . .  Pin No. 2 to Pin No. 3 by ,, In 

............ Pin No. 3 to Pin No. 4 by ,, IT' 

. . . . . . . . . . . .  Pin No. 4 to Pin No. 5 by ,, I- 

............ Pin No. 5 to East-End by ,, VI 

Then in the notation of (7) page L2, we have 

lPor the 1st mearncr&(in feet.) 

H = 1770 ; h = 187'6 ; sir = 10.0 ; Log R = 7'32068 ; and n = 622. 

C~I: a 4~ dh + - + 
Section I 92 o 66 1.1 



DEHRA DOON BASELINE, 

Bedaction to  Mean 80s Level--(Continued.) 

F'm the 2nd measurement-we have in feet. 

H = 1958 ; h = -- I 87.6 ; Sh = -- 7-9 ; Log R = 7'32068 ; and n = 622. 

+ - .L - I .L. 4- 
Section I 11731 o 66 0.8 12227 4158 '0368 03891 '3523 

,, 111 14811 o 91 1'1 15408 5733 '0464 '5364 '4900 

,, 111 9705 o 62 0.8 10052 3906 '0303 03655 '3352 

9, IV 25524 168 170 2.2 26054 10710 00784 1*oo21 09237 

,, V 10106 o 131 1-7 10388 8253 '0313 '7722 '7409 

,, VI 4177 a5 IOZ 1'3 4219 6426 00127 '6013 '5886 



n-44 
DEHRA DOON RASE-LTNE. 

Final length of the Base-Line and of i ts  P&s in feet of Standard A. 

And from the foregoing, 

feet 
West-End to Pin No. 2 (or Station A) . . . . . . . . . = 9890.5328, Log. 3'995219688 
Pin No. 2 (or Station A) to Pin No. 4 (or Station B) = 14615~2707, Log. 4'164806863 
Pin No. 4 (or Station B) to East-End . . . . . . . . . . = 14678.2286, Log. 4'166673647 
West-End to East-End . . . . . . . . . . . . . . . . . . . = 39184'0321, Log. 4593109124 

S- 

Reduct ion 
to level 

1 5 ,  
and 11, 

43 

M e a s u r e d  w i t h  

4'57'8057 

5739'727' 

3905.8046 

10709.4661 

8259'5 i95 

6495'6491 

39184.0321 

I 

Length by 
each 

measurement 
Compensated 

bare 
WE 11-10 

I and I L  
'5 

Mean length by the 
two measuremente 

By l~tmcudurcmenf, 
n 2nd ,, 

By 1.d nWaJU~Gmrnt, 

n 2 &  ,, 

By 1.d nawunnmf 
,, 2nd 11 

By la nautr-l,  
,1 2nd ,, 1 

By la mamremmt, 
,, 2nd ,, 

By la mcmrrnmrt, 
,J 2nd 1, 

By la monnnoy 
,, 2nd J, 

Compensated 
microscopes 
pqes  I1-zr 
and 11- 

24 

396o.r5,~4 
'1.534 

5460.2 143 
'2114 

3710'1460 
"44' 

10200~4003 
'395' 

7860.3085 
'3045 

6 1 ~ 0 ~ 2 4 0 ~  
'23 7 0  

17321.4647 
'4455 

West-End to Pin No. 1. 

198.0152 1 0.0 1 - 0.3521 
-0024 -0.0107 -0.3523 

Pin No. 1 to Pin No. 2 (or Station A.) 

Beam 
compaes 
pages 

11- to 
34 

11- 
4' 

4157.8185 
'7928 

273'0 115 

Pin No. 2 (or Station A) to Pin No. 3. 

186.0086 I 0.0 I - 03354 
-0004 - 0~0192 - c'3352 

Pin No. 3 to Pin No. 4 (or Station B.) 

510-0281 1 0.0 / - 0.9239 
-0009 - 0.0446 - ~ 9 2 3 7  

Pin No. 4 (or Station B.) to Pin No. 5. 

393-0295 1 0.0 I - 0.7409 
.005o - 0.0068 - 0'7409 

Pin No. Ei to East-End. 

306.0213 1 0.0 1 - 0.5879 
'0188 - 0.0425 - 0.5886 

Weat-End to Esst-End. 

1866-1149 ( 0.0 I - J.UO' 
'0309 - 0.1296 - 3'4307 

'71~3 

3905.8192 
'7901 

10709'5045 
'4% 7 7 

825a.5971 
,5618 

6425'6736 
'6247 

39184.1488 
39183.9154 



DEHRA DOON BASELINE. 

Vm@atory Minor Zkiangulation. 

Nm.-Ewh side of a triangle is given in the aune horizontal line with the q l e  which it s a b n b .  

The angles of the verificatory triangulation were measured with a 3-foot Theodolite 
(either the one b Troughton or that b Barrow) read by 5 micrometer-microscopes. At stations 
A, y and E. En ~ir , 2 measures were t d en on each of 12 zeros. At the remaining 4 stations, 3 
measures were made on each of 12 zeros. The stations on the line are W. End, A, B, and 
E. End.-The auxiliary stations are a, P and y. 

I 
A~ 

1 

2 

3 

4 

5 

Corrected Angle 

0 ,  N 

7" I 41.526 
71 34 35'359 
37 13 43'149 -- 
180 0 0'034 -- 
78 I I 26.844 
34 3 2'605 
67 45 30.585 -- 
180 0 0'034 -- 
74 22 21.452 
4833 17.647 
57 4 20.955 -- 
180 o 0.054 -- 
56 28 14'570 
74 23 44.453 
49 8 1.065 

180 o 0.088 -- 
48 31 54.200 
45 3 15.634 
86 24 50'220 -- 
180 o 0.054 

Name of Station 

West-End of Baee, ... 
Station A, ... ... 

,, a ... ... ... 

... Station a ... ... 
,, & ... ... 

... ... ,, B . . .  

... Station A, ... 

... ,, I3 ... ... 
... ,, 3, ... 

Station /3 ... ... 
,, B, ... ... 

... ... 1 Y ... 

Station B, ... ... 
... ... 

h ~ f i i o ~ ~ a e ,  , . . ... 

Log. Sine 

9.9761 75848 
9'977150135 
9'78'753455 

9*990709265 
9.748131086 
9'966421760 

9'98364~598 
9.874823932 
9'923947698 

9'920959539 
9'983690437 
9.878658239 

9'874668723 
9'849896485 
9'999148810 

Log. Distance 

4.189642081 
4'190616368 
3'9952'9688 

4'213929586 
3.971351407 
4'189642081 

4'273623486 
4'164805820 
4.213929586 

4'315924793 
4.378655691. 
4'273623486 

4'191444706 
4.166672468 
4.315924793 

Sum 

..4 Q 
O S  

K j  

II - 2-29 I 

+ r .804 

-0'375 

- 1'408 

-0.266 

Distance 

Feet 

9890'5328 

14615'2356 

14678.1888 

39183'9572 

in 

Milee 

1.873 

2'768 

2.780 

7'42 I 



DEHRA DOON BASELINE. 

Comparison in feet between the values oompated b means of the verificatory triangulation d and the memure value. 

Of the entire Idne. 

West-End to East-End by the mean of the two measurements t.S. 
page 11, 

44 }391840321 4.593 '09'24 

y 9  ,, computed in terms of west-w id to Station A 
page 11, 

45 ]39183'9512 1.193 1082 93 
4 

7 

Log. computed value - Log. measured value - o-ooo 0008 3 I --- 

In t e r n  of the entire line by measurement. 

West-End to Station A 9890.55 1 7 +o.o I 89 

Station A to Station B 1461 5.2636 - 0.007 I 
Station B to East-End 14678.2 I 68 -o.or 18 

Of each aectim in terms of the othem. 

Etation A to m ~ p t e d  Btstion B to Computed 
Etation A Btation B - E. End - 

Measured l&aaud 
Yearned lengths* ... ... 9890.5328 1 14615.2707 ... ... 14678.2286 1 I 

x 
& = [ Loglo (r + do) - I%o z] Modul-- newly, by which apradon the required 

vsriationa in the foregoing uatar@ numbem have been daulated. 

Computed on base 
StationAtoStationB I ... ... ... 1 ... ... 1 14678*2241 -*0045 



DEHBA DOON BASELINE 
+47 

D e a u r i p t i o n  o f  B t s t i o n r .  

WEST-END OF DEHRA DOON BASE, Lat. 30" 20', Long. 77" 54', is situated 
in the district of Debra Doon, about 2 miles to the E of the ma l l  village of $herpiit-, and 
about 1 mile S. from the Asan river. 

The following description of the station is taken from the original record by Colonel 
Everest :- 

r' A stone 5 feet in length and 1 foot quare base ww punk to  the eurfw of the ground and lodged in e 
'6 pile of masonry 14 feet sqllare with a circular pillar . ~ f  masonry in the middle of 4 feet diameter, the pillar being built 
as disjointed from the rest of the pile in order that the instrument might remain isolated. Into the exposed surface of 
l6 the central stone a piece of brass was soldered on which was inserted a fine silver wire to receive the small dot which 
6' marked the limit of the braeline. This was covered over by a oircular brrres plrte 2 inches diametdr fixed by 3 screws, 

the female sorewe of which were cut in pieces of b w  soldered inco the stone. The upper surface of the b w g  plate 
11 was left even with that of the stone, a circular space being hollowed out to d m i t  it. A parapet wall of 12 inches hi& 
16 waa ereoted round the platform and ultimately when the base wae oonoluded the whole wna built up to a level with t h b  
'6 parapet, a supplemental stone of 1 foot s q w  and 3 inohea thiok with a pieaa of b m  and dot soldered b t o  i t  being 
" accurately placed over the dot in the lower stone b means of the centering telescope of the large thedol ib .  For E 16 protection againat cattle and other intruders a thick edge of prickly pear was planted round the platform." 

The station was constructed in 1834-35, but when visited in 1867, was found with great difficulty; the 
prickly pear hedge bad disappeared, and there wsll uothing to distinguish the station from the numerous mounds whioh 
were scattered around. For its future better protection and to facilitate identification, a tower was built over the 
masonry platform above deooribed, with eidee parrallel or perpendioular to the line of the baae, and an arched paasage 
5 feet. wide and 6 feet high, to allow of access to the mark-stones, ahould the base be remeaoured a t  any fu tun  time. 
The tower is about 10 feet square and 8 feet high ; it  has an external masonry staircaae leading to the summit, which is 
horizontal, to  serve as a platform for future observations. A central pillar 4 feet in diameter rests on the vault, and 
rises to the level of the platform, but is separated therefrom by an annulus ; it is perforated for reference to the m a r b  
below, the perforation being closed above by a mark-stone containing the usual circle, and a fine hole bored through the 
stone instead of the usual central dot ; the mark on this stone is truly in the normal of those below, and is 10.23 feet 
above Colonel Everest's upper mark. 

As the mark on the top of the new tower will suffice for ordinary use, the entrances to the vault have 
been bricked up with masonry, for the better protection of the original marks. 

EAST-END OF DEHRA DOON BASE, Lat. 30" 17', Long. 78" l', is situated on 
the extremity of one of the spurs of the Ghiti or Siwalik range of hills, in the district of' Debra 
Doon. The nearest village is Mohabiiwiila, about a mile to the South-East. The Asan river 
winds round the foot of the spur, and one branch of it takes its rise in a ravine about 100 yards 
to the westward of the station. 

This station is described by Colonel Everest as having been " marked in the same man- 
- 

ner as the western limit, so that a dewription of one will answer for the other." 
It was visited by Captain Branfill in January 1862, to'tw connected with the line of spirit levels which 

bad been brought up from Karichi harbour, as a part of the operations of this department. As no record was forth- 
coming of the height of Colonel Everest's upper mark above the mark on the stone pyramid, to  which the base-line 
measurement was referred, i t  was necessary to remove the upper mark-stone ; then the level of the summit of the 
pyramid was determined as 1957.65 feet above the mean sea level of K a h h i  harbour; Colonel Everest's upper mark 
was found to have been 17 inches, or 1.42 feet above the mark on the pyramid ; the stone slab containing the said 
upper mark wtu replaced in the normal of and a t  its original height above the mark on the pyramid. . ..' 

I n  1867 a tower was built over the station similar to  the one that was constructed in the same year over 
the west end of the base, the description of which may be referred to for further details. The mark in the stone on 
the summit of the tower is 8.71 feet above Colonel Everest's upper mark, and consequently 1967'78 feet above the 
mean sea level of Hadchi harbour, as determined by the spirit levelling operation#. 



DEHRA DOON BASELINE. 

STATION A OR HELIOTROPE-WALA." This stat.ion is 157 sets of bars from the 
West-End. It is marked by a stone 2 feet long sunk into the ground, on the upper surface of 
which is a piece of brass with a dot engraved on it ; a hedge of cactus was planted round it 
to prevent intrusion. 

STATION B OR BAR-WALA." This station is at the distance of 389 sets of bars 
from the West-End, or 232 sets from station A, and as the whole base is 622 sets long, the 
distancee ofstation B from the East-End is 233 sets. It was marked and protected exactly in 
the same manner as station k 

STATIONS a, 8, These stations are situated on the northern face of the Ghati or 
Siwalik range of hills, which affords spurs and eminencerr sufficiently favorable for statiohs. 
They are in the midst of Sal jungle, and have no village near them or any other token by 
which they can be described. Each is marked with a stone f feet long sunk into the ground 
into the upper surface of which a piece of brass with a dot engraved on it is soldered. 

J. B. N. HENNESSEY. 

& pago #iB Bheraf'm Moridionrl Arc of Mi., 1847. 





SIRONJ BASELINE 

The middle point of the baee-line is in Latitude N. 24" 7', Longitude E. 77t 51'; 
the Azimuth of North-East End at South-West End is 49" 26' and the line is 7.28 Miles in length. 

The measurement was effected under the directions of *Major G. Everest R.A., with 
the assistance of the following : 

Lieutenant A. S. Waugh R.E. 
,, T. Renny, R.E. 
,, W. Jones, R.E. 

Mr. G. Logan. 
,, J. Peyton. 
,, W. N. James 
99 R. Keelan 

Baboo Radhanath Sickdhar. 
Mr. G. Terry. 
,, N. Parsick. 

A f ~ ~  Colonel Bir a. Everest, C.B. 



SIRONJ BASELINE 

INTRODUCTION. 

This base-line was selected and originally measured with a steel chain in 1825 by 
Captain G. Everest. H e  subsequently remeasured it, in 1837-38, with the compensated appa- 
ratus, and the details hereafter given appertain to the latter operations. The terminal points 
were practically identical on the two occasions of measurement: they are situated in Malwa or 
Central India, generally to the east of Sironj, the South-West-End being some 5 miles distant 
and nearly due East from that town. 

The measurement was commenced at the South-West-End, bar-tongues pointing North- 
West, and was carried on continuously to the North-East-End, so that every succeeding set origi- 
nated at the terminus of its predecessor. 

The compensated bars were compared with the standard A. both before and after the 
measurement, at Rasuli, a village near the base-line and about 2 miles from the South-West- 
End. Seventy-nine comparisons were made on the first occasion and sixty-one on the second, 
and this " process was gone through in the usual manner, both before and after the measurement, 
under the same tents as those used during that operation."" I t  is not stated in the field records 
whether the bar-tongues during comparisons pointed in the same direction as during the mea- 
surement. 

Of the two comparing microscopes employed in the preceding bar cornparisoae, one was 
fitted with a micrometer while the other had its wires (or lines) fixed. 

The compensated microscopes were compared with their scales on 11 occasions, including 
the comparisons taken prior and subsequent to the measurement. 

I n  respect to time, the first set of bar comparisons was made on the 23rd November 1837, 
the laat on the 22nd of the following January. 

The base-line was not verified by means of minor triangulation. 

Page u x i v  Evemt'a Yeridionel Am of I n b  0847). 



SIRONJ BASELINE 

Comparisons )elween th Standard Bar A and the Ompensated Bars A, B, C, D, 33, H, ma& 
at Raauli village, b e f i e  th meaeurement. 

< < 
c 

5 
5 
.r 

1837. 

.B Novr. Y 

0 %  s 4 6 9 
.cl 0 

B a S 

h. m. 
23rd 6 51 A.M. I O 56'17 

7 31 P 56'97 
8 6 3 58.75 
8 41 4 61-47 
9 2 0  a 65.30 
9 57 69'245 

10 29 72-57 
I 2-2 P.M. a 80.2a 
I 53 9 81-07 
2 2 6  10 81.67 
2 5 7  I1 81.92 
3 33 12 82.02 
4 4 13 81'82 

24th 6 42 A.M. 14 53-75 
7 "  15 53-92 
7 39 16 54'47 
8 3 1 7  55'25 
8 28 18 56-50 
8 51 19 58.10 
9 1 5  20 60.27 
9 4 0  21 62-62 

1029 22 67'72 
1 16 P.M. 23 76'30 
1 39 24 77-12 
2 2 25 7;-92 
2 27 26 78'77 
2 5 0  27 79-47 
3 1 8  28 $9'85 
3 43 29 80'05 
4 ; 30 79'95 

25th 6 5 A.M. 31 52-30 
6 32 32 52.25 
6 56 . 33 52-52 
7 20 34 53-49 
7 4 5  35 54-92 
6 9  36 56-77 

58.95 
34 37 61.30 8 58 38 

9 23 39 63.75 
9 49 40 66-27 ' 

M I C B O Y E T I B  BLADIXQS IS DIYIIIIOXS. 
1 

I Dlridon = -7 C8@# Inch 11.81, = 1'86%0 n.v. d A 

Mtran 

A B C D E A 

+ + + +. + + + + 
340.1 54.5'4 516.8 531'3 571'5 514'9 521'7 533.6 
349.1 535'5 509'1 521'9 563'9 514'1 515.9 526'8 
379'9 534'1 502.6 525'9 565'9 516'4 513'9 526.5 
427'0 533'9 507'6 520'9 565'9 51.C'~ 513'7 526.0 
494-7 526'9 500.0 531'1 569'2 521.9 52.5'9 529.2 
560'0 536.9 508'1 536.9 577'3 526.8 528.9 535-8 
613.1 535.9 51.3'0 538.9 584.0 532.5 536.2 540.6 
726.6 552'9 531'2 546'9 598'1 537'8 536.0 550.5 
740-1 5.53'1 528'1 551'3 592'4 538'9 535.7 549'9 
736'9 5.+2'6 526.0 551.2 586'9 532'9 528.0 5 ~ 6  
745'7 549.9 52.C'2 554'4 ~ 9 ~ ' ~  531'1 530'1 547'1 
740'5 548.4 529'9 550'9 590'0 529'1 529.3 ,546'3 
738'4 554'9 531a2 555'4 594'9 5.39'0 533'2 551.4 

326'6 5j2.9 54.5'0 561'9 602'9 545'4 553'1 563-5 
329.7 5;1-6 543.8 558-8 602'9 545.0 550'1 562.0 
337'5 571'7 538'7 5.58'1 599'9 542'9 558'9 560.0 
351.6 564'9 540.1 554'0 597'1 542'1 546.9 557'5 
376.4 573.1 532'5 553'2 600.1 548'1 549'9 559.5 
400.4 569'9 538'8 558'9 598'5 548'4 551.0 560.9 
433.6 565'9 533'1 552.2 598'1 547'1 553'0 558.2 
47 1.5 564'9 531'3 549'3 593'0 538.0 543'0 553.3 
549.0 565.6 5.30'3 562.2 599'9 546.0 547.0 558.2 
681.2 570.9 546.1 577'2 614'1 554'2 552.0 569-1 
697.6 572'1 550'1 q73.1 615.9 5569 555.9 570-7 
709'0 574'9 550'2 574'0 619.2 559'1 555.1 572.1 
720'5 575'9 550.1 573'9 617'9 557'9 556.1 572'0 
732.2 584'9 557.0 579.0 622.4 563.9 563.1 578.4 
742.5 535.9 558.9 586'9 626.0 572'3 568.4 583.1 
746'6 589'9 563.9 585.0 628.1 570.9 566.2 584.0 
743'5 58i.0 565'9 587'1 629'9 572'4 566.9 584.9 

335'0 595'9 573'9 592.1 633'9 580'3 58.5'3 593.6 
332.4 604.9. 571'1 588.0 632.1 579.6 583'7 593.2 
339.5 602.1 568.9 587.1 630'9 574'9 582'2 591.0 
354.5 601.0 56.5'0 580.0 628.4 573.1 577'0 587.4 
379'4 589'1 559'9 576'1 622.2 569'1 575'0 581.9 
410.9 588.0 551.8 576.0 622.4 565.7 571.1 579'2 
442'6 585'8 553'1 574'2 613'3 564'9 567'0 576'4 
477-5 5 79.0 545.9 568.1 612.8 563.1 5659 572.5 
5 15'5 579'0 545'9 568.8 615'1 562'9 565'3 572'8 
553'9 578'7 546'3 567'2 614.8 567'2 567.2 573.6 

Wwgh and 
Bemy the 
m-per. 

~ i r r o - w i i n  
hor- 

8kyclear. 

chra. 
m o r n t w t v . ~ .  



RAR COMPARISONS 

Before the rneasure~nent-(Continued.) 

< 
M 

< 
c 

.9 

t 2 
? ~ I C E O M E T E B  R E A D I N O B  I N  D I V I B I O I B  

I Mviaim = Cuy's Inch [7.8] = 1.3810 m.y of A 
d 3 20UJ0'6 

% B 
1837 $ B B K A ~ X O  
How. j .- 

0 

3 
w A A B C D E 
B 
J u 

A. m. 
25th r 35 P.N. 41 O 77060 

1 58 42 78.40 
2 20 43 i9.10 
2 44 44 79.67 

80.12 
45 80.45 3 2 7  46 

3 48 47 80.55 
4 8 48 80.57 
4 2 9  49 80.50 

27th 6 48a.x. 50 49'85 
7 19 51 50.00 
7 48 52 50'87 
8 16 53 52-67 
8 44 54 55.20 
9 I.? 55 58.22 
9 48 56 61.95 

10 19 57 6-5-40 
10 45 58 68.32 
r 31 P.M. 59 80.90 
a o 60 82.07 
2 3 1  61 83-10 
3 3 62 83-72 
3 56 63 83-87 
4 2 2  64 83-65 

28th 6 39 A.M. 65 47.0 49.55 
7 6 6649'6 49.40 
7 3 3  6754'54997 
8 5 68 60.3 51.72 

. 8 38 69 65.9 54.37 
9 8 7070.5 57-45 
9 3 6  71 74'1 60'50 

10 3 7276.8 63-65 
10 32 73 78.9 66-87 

I 39 p.ar. 74 83.8 79-47 
z g 7584.1 80.65 
2 39 7684.0 81-50 
3 10 77 83.8 82-17 
3 37 $83.2 82-55 
4 4 7982.2 82.62 

Meam 68-01 

+ + + + + + + 
729.6 604.8 579.9 601.2 648.1 586.8 579.8 600.1 + I Skyclear. 
74.5'0 602-9 584.9 603'9 651-3 590'9 582.9 602.8 
758.4 607.1 582.4 611'3 652.9 591'7 586.2 605.3 
767.0 609.1 584.9 614.0 650.1 591'0 590'0 606.5 
773'6 609.9 584.1 611.0 656.0 595'9 591'9 608.1 
778.7 613.4 586.0 613.7 650.9 596.0 593.9 609.0 
781.5 614'0 589.9 612.3 651.0 593.6 590.1 608.5 
781.0 618.0 594.1 609.9 655.0 598.0 591'9 611.7 
777.0 619'0 591.1 617.1 656.0 596'7 592.2 612.0 

344'2 650.1 622.0 633.0 685'4 624.0 635'8 641-7 BLyclear.Etuo. 
347.4 648'9 620.3 637.2 676.9 621'3 626.9 638.6 
362-1 646.1 614.9 628.0 677.0 620'1 625-z 635-2 
392.5 637.3 608.8 626.0 670.2 617.4 621.0 630.1 
431-3 634.0 601.3 619'1 664.2 612.3 618.0 62q.8 
475-4 628.0 599.0 624.9 660.0 612.0 612.0 622.7 
533-7 623.2 593-2 618.1 660.5 607.9 610.0 618.8 
585.5 624.3 588'1 615.9 659'1 610.0 611.1 618.1 skyolear. 
628.9 625'4 593.0 615.9 660.8 61.3'1 614.9 620.5 
828.1 643'3 621.1 642'3 690.1 630.9 625.9 642-3 DO. 
847.9 646.1 619.2 648.0 693.4 638.0 631.0 646.0 
862.6 651.2 625.0 651.1 696.0 640.7 632.1 649'4 
872.6 650.0 628.0 651.3 6199.0 642.9 637.9 651.~ 
876.6 659.0 637.0 659'1 702'6 645.3 638.5 6 ~ 6 . ~  
873.0 657'1 637.9 662-9 704.0 648.1 640.1 6 ~ 8 ' ~  

356.6 670'5 635'0 648.3 695.2 646.6 649.2 657-5 
355'3 669'4 635'0 654'4 694'9 642.9 649'0 657.6 
364-5 664-9 632.6 646.9 687'8 636'4 642'0 651.8 
392-9 655.9 620.9 634.2 685.9 628'2 631'2 642.7 
432'0 648.9 614'9 636.9 674.9 624.3 627.4 637.9 
477'3 640'3 607.6 629-9 670'9 621.1 625'4 632-5 
525.4 632.9 600.1 625.0 671.1 619.4 622.3 628.5 
573.0 633-2 596-5 624.2 669-z 622.1 622.1 627.9 
622.7 636.0 599-9 630'9 668.0 624'1 620'1 629.8 
809.9 655.1 625.9 653.2 697-4 640'0 633'3 650.8 
827.9 655.2 628'3 659.0 703.9 645.1 635-0 654.4 
842.0 658.0 632-4 658.8 707'5 648.2 644.9 658.3 
853'7 663'8 635.0 671'1 706.9 653.0 646.9 662.8 
859.8 671'8 643'1 668'0 709.0 653'8 647'1 665-5 
861.7 669.0 643.1 671'8 709.1 6.52'9 648'9 665.8 

587'23 60334 574.96 597'21 640'08 585'36 585'34 597.72 
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Before the masurmmt-(Continued.) 

Let the mean length of the compensated bars minus the Standard A at 62" F. be denoted 
by 2, and the observed excess of the compensated bars by 8 when the temperature of A is t'. 
Then, the expansion of A for 1" being (E, - dE,), we have 

Treating the preceding bar comparisons as shewn in this equation, we obtain the follow- 
ing series of results :- 



Before th memurenaent-(Continued.) 

And from the mean of these results, 
d 

z = 10.49 + 6.01 (E,  - dE,) : 

adopting the original value of the expansion of A given at page (9), 

d m.9 
and z = 1og.08 - 6-01 dEa = 150'75 - 6-01 dEa = L  - A ; 

where L denotes the mean length of the compensated bars obtained from aU the comparisons, 
d 

as represented by the mean micrometer reading 597.72, page BL, 
5' 

Comparing this reading with the mean reading of each compensated bar given on the 
same page we obtain the following :- 

Also combining the values in this table with the equivalent of L-A above determined, 

In terms of 

Micrometer divisions 

Millionth of a yard. 

4 

there result, 

A-L B-L C-L D-L E-L H - L  

+5'62 -22.76 -0.51 +42-36 -12'36 -12.38 

+7'77 -31.45 -0.70 +58-54 -17.08 -17.11 

and 6 x = 904-5 - 36'1 d&. 



I I I - ~  sIRoNJ BL~SELINE 

Compapi~ons between the Standard Bar A and the Cornpensated Bars A, B, C, D, E, H ,  
made after the measurement. 

< < 
c 

h 5 8 .- 1 3  'i; 3 
lsss 'z 

I: 
: 2 5  2 E E  c Jany. .El a G 

o &  2 e 
CI g f C 

1 
B 
E 
i3 4 

I .  m. 
19th 7 ~ I A . Y .  I 4393 39P82 

8 16 2 50-4 41-45 
8 52 357.0 44-75 
9 2 O  460.9 47.65 
9 49 5 64.4 51-00 

10 14 667'2 54.20 
10 38 768.9 57-12 

I ~ ~ P . M .  874.4 68.97 
' 53 9 75.5 70.20 

18 10 76.1 71-35 
2 4 2  I I  75.9 72-25 
3 10 12 75.7 73-10 
3 40 13 75-8 73*;0 
4 5 1475.0 74-00 

20th 6 5 1 a . r .  15 36.7 38.77 
7 18 16 40-4 38.82 
7 5 8  1747.4 40.20 
8 22 18 51.9 41-92 
8 5 4  1957.1 ~ 8 2  
g 27 20 62.1 48.25 
9 5 3  2 1  6.5'9 51-42 

1 0 2 0  2268'4 54-57 
1042 23 70.0 37-22 
I 2 8 p . ~ .  24 76.1 70.37 
a 4 25 76'3 72-27 
2 27 2676.4 73-22 
252  27 766 74.02 

16 28 76.7 74.62 
3 39 29 76-3 75-02 
4 o 30 75.8 75-32 
4 21 .?I 74.9 74-55 

21st 7 I A.M. 32 37'1 38.25 
7 30 33 42.1 38'67 
8 11 3450.7 40.87 
8 4 1  3556.2 43'67 
g X I  3661'7 47-05 
9 37 37 65.4 50.17 
9 5 8  3867'9 53-02 

1 0 x 9  3970.0 55-70 

M I C R O H E T E B  R E A D I N G S  I R  DIVISIONS 

I Dlridon = A, C w ' s  Inch [7.81. = 1 ~ 3 8 1  m.y of A 

-- 

ss 
Moan r 2  

A A B C D E H O g S  

~ B Y A B K ~  

1 r ,  
+ + + + + + + + 

184.7 644.1 606.9 616.9 664.2 612.0 620.8 627.5 
209.5 632.1 597.0 613-9 659'1 607'3 610.3 620.0 
257.6 625.1 590-1 607.9 656.2 604.1 60.1'6 614'7 
303.1 618.1 585.9 599'9 652.1 597'1 598'3 608.6 
353'8 614'9 578.1 594.0 640.1 597'9 589'1 602.4 
399'3 607.2 572'0 597.0 640.8 590-1 589.1 599.4 
441.8 605.0 576.1 595.1 641.9 596'0 589.0 600-5 
614.2 618.0 591.0 620.1 665.3 608.1 593.4 616.0 
633.0 619-9 595.4 619.2 662.9 605.0 597.1 616.6 
649.5 625.0 588.2 620.0 665.2 611.1 600.4 618.3 
664'5 624'9 601.2 623.8 663.9 612.9 603'4 621.7 
677'5 628'2 601.0 624'9 670.6 614.8 604.2 624.0 
687'5 629.1 600.1 629.0 668'9 618.2 603.9 624.9 
692.6 633.0 606.1 629'9 670.1 617.9 608.8 617.6 

165.2 643'9 604.1 619'9 6 6 1 . ~  609.1 619.9 626.5 
164.0 639.9 598.0 620.1 661.1 607.7 615-9 623.8 
183.0 635.0 596.6 613.1 660.2 60q3 608.2 619.6 
209.1 626.9 589.7 605-9 653.9 598-1 603.0 612.9 
253'8 618.5 5799 598'9 639'9 589'0 591'3 602-9 
303.3 607.1 572'8 592'4 633-5 587.9 584'8 596'4 
350-5 603'8 564'4 5854 633'9 585.1 580.0 592.1 
398'6 596.4 562.9 583.9 635.0 584.1 578.1 590.1 
436'7 599.0 558.9 587.1 632.1 585.0 579.0 590'2 
619'8 601.4 578.0 612.1 645.9 589.0 576.0 600.4 
648'8 603.9 579'0 612.5 649.1 593'2 582.4 603'4 
663'9 605.0 583.2 610.1 653.6 597-0 585.0 605-7 
677'0 612.0 584.4 612.9 655.3 597'9 586.9 608.2 
685'6 6119 586.7 611.8 654.9 590~0 587.7 607.2 
6922 616'9 588'8 616.1 656.0 603.1 590.1 611.9 
6966 618.6 592.9 616-2 655.0 603.9 588'1 612.5 
699.0 620.0 593'0 618'9 659.0 607.0 591.1 614.8 

134.3 620.3 585.8 600'9 643'2 590'8 603.1 607.4 
136.3 619-o 577.4 603'1 636.9 587'4 595'8 603'3 
170.0 611.0 571.0 590.9 637.9 579'2 582.6 595'4 
212.1 6oom1 559.1 582.1 626.9 572.0 573.0 585.5 
265'6 589'8 544'3 570.9 618.0 569.9 566.1 576.5 
312.0 581.8 548.9 571'0 614.0 566'1 561.9 574.0 
352'6 576.0 542'1 565'9 610.9 563'1 558.7 569.5 
393.3 579.2 500'1 565.2 610.0 564.1 560'1 563'1 

%clear. 



BAR COMPARISONS 

. After the measurement-(Continued.) 
-9 



m-Io SIRONJ BASELINE 

After the measuremmt-(Colltinued) 

As on page I I L 6  we have 

and from the preceding bar comparisons, we obtain the following series of results :- 
d d 

x+ 22.1 8 (E,  - dE,) -442.8 = o X +  23-75 (E,  - BE,) -473.1 = o 



BAR COMPARISONS 

After the tnemmwd-(Continued.) 

And from the mean of these results, 

adopting the original value of the expansion of A given at page (9), 

d "'.Y 
and z = 99-36 + 2.17 dE, = 137.40 + 2.17 dE, = L - A ;  

where L denotes the mean length of the compensated bars obtained from dl the comparisons, 
d 

aa represented by the mean micrometer reading 597.10, page I I L  
9' 

'"d 
and 6 x = 824'4 + 13.0 dE,. 

Comparing this reading with the mean reading of each compensated bar given on the 
same page we obtain the following :- 

In terms of 

Micrometer divisionrr. 

Millionth of a yard. 

A - L  B - L  C - L  D - L  E - L  H - L  

+ 9-98 -24.77 -0'32 +43'10 -10'42 -15'55 

+ I I ' O ~  -34'25 -0'44 $59'60 -14'41 -21-50 I 
Aleo combining the values in this table with the equivalent of L-A above determined, 

there result, 



SIRONJ BASELINE 

Final deduction of the total length measured with the compensated bars. 

"B 
From page I I L  the excess of the 6 compensated bars above 6 times A before the mea t  : = 904'5 - 36-1 dEa 

7 

9, I I L I I  99 after ,, = 824'4 + 13.0 dEa 
Therefore the mean excess of J J  applicable to the base-line = 864'5 - I 1.6 dEa 
Also the mean length of a set of 6 compensated bars in feet of the standard = 60.0025935 A - 11.6 dEa 

10 

And the mean length of the set of compensated bars A, B, C, D in feet of the A = 40'0018342 - lo - 7'7 dB, 

Hence the total lengths measured with the compensated bars 

f s t  of A 
in sets Nos. I to 609 .................. = 36541'5794 - 7064 dE, 
in set No. 609, .................. = 40'0018 - 8 dEa 

in seta Nos. I to 609, .................. = 36581'581 2 - 7072 dE, 

I 1O.6 7"7) Now the mean temperature of A during the above bar comparisons wae 62' + - (or 62' + - 
6 4 

= 63'-9, for which temperature the corresponding expansion of A from page (19) is 21.660 m.y. Compar- 
ing this value of expansion with the original value = 22.67 m.y used in the foregoing; it ie found, that 
dB, = + 1-01 m.y; and substituting for dE, this numerical value there results;- 

A ~b total length measured with the compensated b u s  in sets Nos. I to 609, = (36581-5812 -*0214) 



SIRONJ BASELINE 111, 
= 3 

Comparisons between t h  Compensated Microscopes and their 6-inch brass scales &ring the 
measuremcmt, and provisional determination cf Microscope errors with respect to the 

6-inch brass scale A, ezpressed in millionths of an inch (mi.) 

When compsred 

- 

November 29th 1 Before the measure- I 

December 6th Between sets No. 
62 and 63. 

,, 12th Between eats No. 
133 and 134. 

Divisions 
1-=1',. mi. I I 

- 

Them microompeo wem compared a second time, b u m  they were adjurted stter the drst wmp& 
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171icroscope Comparisons-(Continued.) 

8 These microscopes were compared a eewnd time, bccaue t h y  were adjuated after tho &st compnrison. 

- 

When compared 

- 
1837-38 

6 

8 

k 

e z  

e 

IT 
11.f 
R 
T 
iV 

R 
S 

ZT 
.M 
B 
T 
A7 
R 
8 

U 
bi 
R 
T 
N 
R 
8 

U 
.Jf 
n 
S 
iV 

n 
X 

U 
X 

T 
N 

; 
U 

R 
T 
N 
3 
~f 

E 
k ' 
Z ?  F 

74 .~2  
76'0.5 
75'08 
75.70 
74.62 
7i.21 
74.24 

74.92 
75.65 
72 .71  

75'.?5 
75.62 
76.26 
74.74 

70.31 
70.65 
74.85 
74'00 
69.45 
72'25 
i O . 2 1  

77-12 

77'55 
79.11 
79'44 
75'6% 
79-42 
78 71 
77'74 

76'45 
74'15 
ii'.'31 
76.80 
74'32 

;;:$ 
67.52 
66.03 
69.31 
69.65 
67.42 
68.21 
68.75 

l i d  

..2 I? .; Yicroecope 
g g i  I - 
. ,o Microscope Scale. 

2 

2: 
g b 61 

-= I 2 0 II 

2.;: C ~ R  j G o  11 

2 Ed , . 5 
P; W C 

4- 807 
878 
817 
8.56 
789 
9.55' 
765 

+ 807 
853 
670 
334 
8.51 
891 
796 

+ 5 1 9  
541 
803 
750 
466 
640 
515 

+ 9-15 
972 

' O i O  

logo 
851 

1089 
1045 
984 

+ g o 3  
760 
95 7 
925 
770 
798 
859 

+ 34.5 
2.53 
457 
478 
3.59 
388 
422 

I T  
,lf 
0 
T 
LY 
R 
S 

U 
dl 
0 
T 
N 
R 
8 

U 
.V 
0 
T 
LV 
R 
S 

7.T 
f 
0 
T 
AT 
N * N  

X 

U 
f 
0 
T 
N 

December 28th 

,, 30th 

January 3rd 

3, 9th 

,, 13th 

M.im : &ale - A, 
at  62' Fah. 

Between sets No. 
331 and 332. 

Between sets No. 
368 aud 369. 

9 )  

Between sets No. 
455 and 456. 

BetweensetsNo. 
539 and 540. 

Observed 
terms 

nirisions 
1(,c)(,,,=1" 

+ 4'03 
- 1.93 + 4'10 
- 5'63 + 9.10 
- 9'30 + 4'00 

+ 4'40 
- 2'.59 
-k 4 80 
- 5'6.3 + 8 go 
-rz.jo 
+ 5.17 

+ 7'17 
6-13 
4'10 

- 4'10 
f r1 .60 
- 5'73 
+10'50 

+ 3.63 
'23 

3.37 
- 6 1 7  + 8'60 

5.27 
-11.30 
+ 4'50 

+ 3 ' 2 i  
2-23 
1.70 

- 6-40 
+ 9'05 
- 7'33 
+ 5-50 

+ 7'53 
5.20 
8.07 

- 1.20 

+rr..t3 
- 5'93 + 8.07 

,, 18th 

~2 -. a cU '?I m.i. 52 

oalue in  
04 

403 
- 193 + 410 
- 563 + gro 
- 930 + 400 

4 440 
- 2.59 
$ 480 
- 563 + 890 
-1270 

+ 517 

+ 717 
6 1 3 -  
410 

- 4 0  + 1160 
- 573 
+1050 

+ 363 
23 

333 - 617 + 860 
527 

-1130 
+ 450 

+ 3 2 ;  
223 
170  - 640 

+ 905 
- 733 
+ 550 

+ 753 
520 
807 - rzo 

I 

- 593 + 807 

il 

+ 283 
- 2 I 

+ 93 
- 97 + 363 

93 
- 75 

+ 283 
- 2 I 

+ 93 
- 97 + 363 

93 - 75 

+ 2 8 3  
2 1  

+ 93 
- 97 
+ 363 

93 - 75 

+ 283 
- 2 I 

+ 93 
- 75 + 363 

363 
9 3 

- 75 

4-283 
- 2 I 

+ g j  
- 97 + 363 

93 
- 75 

+ 2 8 3  
- 2 I 

+ 93 
- 97 + 363 

93 
- 21 

,; Afterthemeaaure- U 
ment. 

+ 1493 
664 

1320 
196 

2062 
114 

1090 

+1530 
573 

1243 
'74 

2104 
- 286 
+1238 

+1519 
1133 
1306 
%43 

1989 
160 

1490 

+ 1591 
974 

'496 
3g8 

2074 
1979 

8 
'359 

+1513 
962 

1220  

188 
2038 

158 
'334 

4-1381 
752 

I357 
261 

1845 - 112 

+1208 

Af 
0 
T 
N 
n 
s 

2 Ej 

41 
42 
43 
44 
45 
46 
47 

48 
49 
50 
5' 
5% 
53 
54 

55 
56 
57 
58 
59 
60 
61 

62 
63 
64 

z i  
67 
68 
69 

70 
7' 
72 

73 
74 
75 
76 

77 
78 
79 
80 
81 
82 
83 
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Microscope Comparisons-(Continued.) 

The required combinations of individual microscope errors taken from pages LII, and 
In, are expressed as follows ; '3 

14' 
Reference numbers. tn.i mean temp : 

e l =  2 +  3 +  4 +  5 +  6 + 7 -  ' + ' - + 7212 at (6; + 1b6z) before the rneburement. 

e2 = 9 + 1 1 + 1 z + r g + 1 4 + - -  1 - + 6629 at (62 + 16.66) between set8 62 & 63 

- 8+15 e s -  10 + 11 4- 12 + 13 i- 1 4 +  - = +  772.5 at(62+16-43) 1 ,  do. 

16+25 
P, = 18 + 19 + 20 + 21 + 23 + - 

2 
= + 5663 at (62 - 5'72) ) I  133 & 134 

=7+2.5 e , = r 8 + r g + 2 0 + 2 2 + 2 4 + - =  
2 

+ 5995 at (62 - 2-15) ,, do. 

26+ 32 
e8 = 27 + 28 + 29 + 30 + 31 + - = + 5966 at(62 + 1.63) a 7 )  181 & 182 

34+40 e , = 3 5 + 3 6 + 3 7 + 3 8 + 3 9 + ~ -  - + 5393 at (62 + 5.88) ,, do. 
.9 

41+47 - + 5648 at (62 +13.54) ,, 331 & 332 e10= 42 + 43 + 44 + 45 + 46 + y-- - 
48 + .54 S 

e l l = 4 9  + 50 + 51 + 52 + 53 + 7 = + 5192 at (62 + 13.07) ,, 368 & 369 

55+61 z elp=56 + 57 + 58 + 59 + 60 + 7 = +  6336 a t ( 6 a + 9 . 9 1 )  ,, do. 

62 + 69 el, = 63 + 64 + 65 + 66 + 68 -t - - 
2 

- + 6425 at  (62 + I 5.98) 2 ,  455 & 456 

62+69 = + 6330 at (62 +16.61) e14=63 + 64 + 65 + 67 + 68 + - ,, do. 
2 

70+ 73 71 + 72 + 74 + - = + 5071 at (62 +13'60) 2 )  do. 
2 .  

77 + 83 
el, = 78 + 79 + 80 + 81 + 82 + - - 

2 
- + 5398 at (61 + 6.13) after the measurement. 

77+80 el,= 78 + 79 + 81 + - 
2 

= + 47 75 at (62 + 5'84) 29 do. 

And from the foregoing, we obtain the following equations for tbe microscope errors 
per set (or m e . )  ; where dE expresses the error in the adopted value of the expansion of the 
6-inch scalee. 

el + e9 mi. 
(rn.~.)~ = - - - + 692 1 - 6 x I 8'14 dE applicable to aets Nos. I to 62 

2 

( M i o m p a  errora per ~ e t  (or m.e.) continued on next page.) 
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Microscope Comparisons-(Continued.) 

Microscope errors per set (or m e . )  continued from preceding page. 
mi. 

+ Cg + 5129 - 6 x 2-41 dE applicable to sets Nos. 195 to 252 (me.)6 = = 
P 

( ~ L + ) ~ = ~ = + ~ ~ z I - ~ x  ga71d& ,, 
a ,, 253 to 331 

' +ql - + 5420 - 6 x 13-31 dE ,, (rn.8.h = ,'-e_ - 
2 

,, 332 to 368 

( m . ~ . ) ~  = %A = + 6381 - 6 x ra.95 dE ,, a ,, 3 6 9 b  455 

(me.), = w6 = + 6160 - 6 x 1j.09 d& ,, 
2 

11 456 to 539 

(rn.~.)~,, = q6 + = + 5694 - 6 X 9.85 dE ,, a ,, 54o to609  

= + 4923 - 4 x 9-72 dE nppliuabl~e to  aet No. 609, (m.e,)ll = - a 

Hence the total microscope errors are as follows :- 

m.i. feat of A 

in sets Nos. I to 62 = 62 = 429102 - 6748 dE = -0358 - 6748 dE 

195 to 252 = 58 (me.), = 297482 - 839 d E  = -0248 - 839 d E  
253 to 331 = 79 (me.), = 436159 - 4603 dE = '0363 - 4603 dE 
332 to 368 = 37 (me.), = zoo540 - 2955 d E  = -0167 -- 2955 d E  
369 to 455 r 87 (me.), = 555147 - 6760 dE = -0463 - 6760 d E  
456 to 539 = 84 (m.e.), t 517440 - 7605 d E  = -0431 - 7605 d E  
540 to 609 = 70 (me.),, = 398580 - 4137 d E  = '0332 - 4137 d E  

in set No. 609~ = I (m.e.),,= 4923 - 3 9 d E =  mo004- 39dE 

And the total microecope errors in the base-line = -3067 -36152 d E  



Microscope Comparisons-(Continued.) 

Final deduction of the total lengths measured with the compensated microscopes. 

Hitherto the microscope errors have been determined only provisionally : i.e. in terms 
A of the %inch brass scale A. But from page (31). we have 2 A = r .oooo~gz 1,, value in  

1835. Also, the co-efficient of expansion for brass, has been taken at .ooo,oro,417 in the fore- 
going reductions, whereas it appears from page (17) that ~000,009,855 is a more probable value. 
Accepting the latter, it may be found that dE = 3-372 (mi). Hence, remembering that the 
length measured with a set of microscopes is equal to 3 feet of A + the corresponding (ma>), 
we have, 

. Total lengths measured with the compeneated microscopes 

feet of A - feet 

{ 1 
Of A 

In sets Noa. I to 609 = 609 x 3 + -3063 - 36113 dE = (1827'3414 - '0101) = 1827'3313 

In set No. 609, = C I x 2 + .0004 - 39 dE = ( 2.0004 - .moo) = 2-0004 1 
In aeta Nos. I to 609, or South-West-End to North-East-End = (1829'3418 - -0101) = 1829'3317 

Disposition of the bars and microscopes during the measurement. 

The following typical illustrations show the permutations and combinations of the bare 
and microscopes during the measurement. The instruments are here named in the succession 
that actually occurred, commencing from the rear-end of a set;  and the numbers asuigned to 
the illustrations, will be found employed in the tables of '' Extracts from the Field Book &c." 

Bar Illustration. I Microscope Illustration. 

No. 1 No. 2 I N o . 1  N o . 2  N o . 3  

Statement. 

No. 1 o c m  in aete Noa. I to 609. 
No. 2 ,, set No. 609~. 

Statement. 

No. 1 occura in aets Noa. I to 194. 
No. 2 ,, Nos. I 5 to 609. 
NO. 3 ,, aet NO. Zg, 



STRONJ BASE-LINE 

Extracts from the .Field Book of tile mcasztrement, and calculated heighfs of sets 
above the origiiz. 

Adopted heights above mean sea level. 
South-West-End (origin) = I 5 29.4 feet. 

North-East-End (terminus) = 1479.0 feet. 

Mean time of 
onding 

h. m. 
6 55 A.M. 
8 o 
8 59 
9 37 
lo 25 
I 1  2 

I 44 P.M. 

2 27 
3 21 
4 9 
6 54 A.M. 
7 37 
8 12 
8 42 
9 '7 
9 50 

1 0  .31 
11 3 
I 46 P.M. 
2 18 
3 6 
3 36 
4 11 
4 39 
6 47 A.M. 
7 18 
7 58 
8 22 
8 56 
9 21 
9 52 

I 0  20 

'0 54 
I1 21 
2 0 P.M. 

5% 25 
3 2.3 
3 59 
4 40 
6 37 A.M. 
7 13 
7 57 

feet. 
6 + 2'2 

6 1.1 
6 '0 
6 - - -  

I 
6 1.2 
6 1.8 
6 2.6 
6 3.1 
6 3.2 
6 3'3 
6 3.6 
6 4'3 
6 4'5 
6 5.0 
6 5'3 
6 5'9 
6 6-7 
6 7.6 
6 8.4 
6 8.5 
6 9.0 
6 9'5 
6 10.3 
6 10.5 
6 10.7 
6 11.0 
6 11.2 
6 11.3 
6 11.6 
6 11.9 
6 1s.5 
6 12.9 
6 13.1 
6 13'5 
6 rq'r 
6 14'4 
6 15.0 
6 14'9 
6 15.2 
6 15'6 
6 Ib..j 
6 16.9 

Nunneral 
shcn ing 
arrange- 
rnri~t  of 

I .. 
Mean timo of 

endmg 

h. m. 
8 28 A.M. 
9 
9 26 

I 0  2 

10 30 
11  6 
I 46 P.M. 

2.14 
2 52 
3 22 
3 51 
4 18 
6 58 
7 34 *.If. 
8 I 

8 40 
9 
9 46 

1 0  22 

10 59 
7 3 
7 30 
7 59 
8 30 
9 I 

9 29 
I0 I 
10 26 
'0 57 
I 32 P.M. 
2 I 

2 3.5 
2 58 
3 28 
3 56 
4 2.3 
4 -47 
6 45 A X  

7 
7 43 
8 7 
8 38 

f e d  
6 - r 7.2 
6 17.3 
6 17.7 
6 17.7 
6 1 8 4  
6 18.; 
6 19'3 
6 r9.g 
6 ' 9 9  
6 19.9 
6 20.2 

6 20.4 
6 20.4 
6 20 cj 
6 21.1 
6 21.6 
6 21.8 
6 22.7 
6 22.6 
6 22.7 
6 23.2 
6 23.6 
6 23'9 
6 24'3 
6 24.6 
6 24.8 
6 25.2 
6 25.6 
6 2.5'9 
6 26.2 
6 26.6 
6 26.8 
6 2 7.0 
6 27.2 
6 27.1 
6 27.1 
6 26.7 
6 27.3 
6 27.6 
6 28'3 
6 28.9 
6 29'3 

Numeral 
sl~ewing 
arrallgc- 
ment of 

- 

Nom-The rear-end of set No. I stood exactly over the dot at South-WestiEnd. 
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Extracis from the Field Book-(Continued.) 

December 14th. (161) Clouds in the East. 

9 m 
B 8 2 en corn- " 

mpwd 4 -d .c 8 Mean time of 3 Z.5 - e n d h  k .Y > 23 
1837 & # 6 .3 

6 

h. m. feet. 
8thDec. 85 6840 9 o A.M. 6 - 29.5 

86 72'5 9 34 6 28.7 
87 76.0 10 z 6 27.1 
88 78.0 10 30 6 27.1 
89 80.0 10 56 6 27.0 

go 80.0 I ,?z P.M. 6 27.0 

gr 81.5 I 58 6 27.0 
92 82.1 2 27 6 27.2 
93 80.8 2 53 6 273 
94 80.7 3 19 6 27.0 

9.5 79'0 3 41 6 27.6 
96 77.4 4 4 6 27.8 
97 75'3 4 30 6 28.1 

9th ,, 98 44.0 6 41 A.M. 6 28 2 

99 48.0 7 J o  6 28.4 
roo 54.1 7 40 .6 28.3 
I O I  .59'1 8 2 6 29.4 
102 6.5'0 8 3 5  6 29.8 
103 67'5 8 57 6 30'4 
104 72.0 9 23 6 31.1 
10.; 74'0 9 44 6 31.0 
106 77.3 10 22 6 29.8 
107 79.2 10 56 6 29.6 
108 81.8 I 2op.x. 6 30.0 
109 81'4 I 44 6 30.0 
1 x 0  81.0 z 15 6 29.9 
I 11 80.2 2 ;g 6 5o.z 
1 x 2  79.2 3 z 6 3oe.5 
"3 78.1 3 22  6 30.8 
114 77'2 3 4.5 6 30'5 
115 76.0 4 6 6 30'5 
116 74'1 4 34 6 31.1 

l l t h , ,  I 4 2  6 4 z a . x .  6 31.0 
118 4 7 3  7 10 6 31.0 
"9 53'1 7 43 6 30'3 
120 57.0 8 10 6 30.4 
121 63.0 8 4.3 6 29.9 
122 67.2 9 8 6 30'1 
123 71'5 9 31 6 29.6 
124 73'0 9 53 6 30.0 
12.5 73'3 10 2 1  6 30'2 
126 74-5 10 50 6 30.7 
127 76.7 1.31p.1~. 6 30.3 
128 78.0 I 58 6 30'3 
129 77.8 2 30 6 29.8 
130 76.5 2 52 6 29.6 
131 75'3 3 2 2  6 30'0 
132 74.0 3 52 6 30.2 

Numeral 
nheaing 
nrrnngo - 

of 

F 1 s  i r e  

1 
I 
x 
I 
I 

I 
I 
I 

I 
I 
I 
I 

1 I 
I 
1 
1 

I 
I 
1 
I 

I 
r 
I 
1 

I 
I 
I 
I 
I 
r 
I 
I 
r 
I 
I 

1 
1 
1 
1 
I 
1 

I 
I 
I 
I 
1 
I 

o 3 5 
$ 1  When corn- 

B F y pnred 4 - 5 xean time of 5 3.2 - 
% 3 ending ;f: $'s 

1837 $ g .Y 
O 2 

6 w" 

h. m. feet. 
IlthDec. 133 7:8 4 16 P.M. 6 - 30.7 
12th ,, 134 76.4 I 19 6 30.6 

13.5 76.0 I 43 6 30.5 
136 76.3 2 14 6 31.1 
137 77'0 2 38 6 31.3 
138 76.0 3 9 6 31.7 
139 75'4 3 30 6 31.9 
140 74.0 3 56 6 32.2 
141 71.0 4 20 6 32.0 

13th ,, 142 43.8 6 42 A.M. 6 32-4 
I43 46.2 7 5 6 32'6 
144 50.0 7 36 6 33.1 
14.5 STo 7 5 7  6 33'3 3y6 

147 I*c5 62.7 5 8 8  2 6 34.0 
148 66.8 g 18 6 34'4 
149 69.6 9 42 6 349  
1 5 0  71.0 10 I3 6 35'1 
151 7.7'0 10 25 6 35'5 
1.52 7.3'5 I0  52 6 3.59 
1.53 80.0 I 23 P.M. 6 36.4 
154 81.5 I 47 6 37.0 
15.5 81.2 2 14 6 37.6 
156 79.8 2 50 6 37.8 
157 78.0 3 12 6 37.9 
158 77.6 3 4 0  6 38.5 
1.59 77'5 4 7 6 38.9 
160 76.0 4 27  6 39.3 

14th ,, 161 45.2 6 3 3 a . x .  6 39.9 
162 49'0 7 4 6 40.3 
163 54'0 7 35 6 40.6 
164 59'.? 8 1 6 41.1 
16.5 6t .8 8 34 6 41.6 
166 67.1 8 57 6 41.9 
167 71.0 9 25 6 42.4 
168 7.3'5 9 44 6 42.9 
169 75'8 J O  10 6 4.3'4 
170 761 10 38 6 43'7 
1 7 1  79'0 4 6 43'7 
172  82.8 131p.M. 6 43'9 
I73 82.3 1 5 7  6 44.2 
174 79'1 2 24 6 41'7 
175 80.1 a 46 6 44.8 
176 80.7 3 15 6 45.0 
177 80.0 5 .38 6 45.0 
178 79'0 4 5 6 45.1 
179 76.0 4 36 6 45'5 

15th ,, 180 54'0 6 4 6 ~ . ~ .  6 45'8 

Kumeral 
slles~iliq 

I 

I 
I 

I 

I 

I 

I 

I 

I 
I 
I 

I 

I I 
r 
1 

I 
I 

I 

1 
I 

I 
I 

I 

1 
1 

I 

r 
I 

I 
r 
I 
I 

I 

I 

r 
1 

I 

I 
1 

I 
1 

I 
I 

I 
I 

1 

I 

mclLt 

I 
I 
r 
I 

I 
I 

I 
I 

I 
I 
I 

I 
I 
I 

I 

I 
r 
I 
r 
I 

I 

I 
I 

I 
I 

I 

I 
r 
I 

I 
I 

I 
I 
I 

I 
I 

I 

I 

r 
I 
I 
I 
1 
I 
I 

I 
I 
I 

nrrallgc- 
of 

, 

Q 2  

I 

I 

I 

I 
I 

I 
I 

I 

I 

I 

I 

I 

I 
I 
I 

I 
I 

I 

I 

I 

I 
1 

I 

I 

I 

I 
I 

I 

I 

I 

1 

I 

I 

I 

I 

I 
I 

I 
I 

I 

I 

I 
I 
I 

I 

I 

I 
I 



SIRONJ BASELINE 

Extracts from the Field Book-(Continued.) 

-- 

December 23rd. (259) Cloud~ in the Eaat. 

Numeral .!A 
4 ohewinfi When eom. $ * 

Y 
arrange- 
ment of pmd 0) ment ot 

tc 

h. 7n. feet. 
15th Dec. 181 5890 7 30 A.M. 6 - 46'2 I I 

182 76.0 9 58 6 46.7 I I 

183 79.2 10 36 6 4;'2 I I 

184 81.0 1 1  5 6 47'7 1 1 

18th ,, 185 43-6 6 56 6 48.1 I I 

186 56.8 8 3 I 6 48.8 I I 

187 64.0 9 16 6 48'6 I I 

188 69.5 10 3 6 48.2 I I 

189 72.6 10 45 6 48'3 I I 

190 77'0 I 52 P.M. 6 48'5 I I 

191 77'0 2 35 6 48'8 I I 

192 77'0 3 18 6 49'6 1 I 

I93 75'0 4 1 6 50.2 I I 

I94 73'0 4 35 6 50'4 I I 
19th ,, 195 47.6 7 35 A.M. 6 49'6 I 2 

196 54.8 8 36 6 49'; I 2 

197 63'3 9 12 6 49.9 I 2 
198 67.2 9 43 6 50.0 I 2 

199 71.0 10 16 6 50.0 I 2 

200 74'0 10 38 6 50.2 I 2 

201 76.0 11 10 6 50'4 I 2 

202 75.0 I 35 P.M. 6 50'5 I 2 

203 75.6 2 4 . 6 $0'7 I 2 
204 76.2 2 31 6 51.1 I 2 

205 75.3 4 2 56 6 51.2 I 2 

206 75.0 3 25 6 51-3 I 2 

207 74.1 3 48 6 51.5 I 2 
208 73.0 4 20 6 51-7 I 2 

20th ,, 209 40'0 6 53 A.M. 6 51.9 I 2 
210 43.3 7 20 6 52.2 I 2 
211 49'2 7 53 6 52'3 I 2 
212 53.4 8 16 6 52-6 I 2 

213 57.8 842 6 52.8 I z 
214 61.2 9 4 6 52.8 I 2 

215 65.0 930 6 53-1 I 2 
216 66.5 950 6 53'4 1 2 

217 68.6 10 15 6 53'4 1 2 

a18 70.3 10 40 6 53.6 I 2 

219 71.0 11 3 6 53'9 I 2 

nno 72'2 I 52 P.X 6 53.9 I 2 
221 72'1 2 13 6 546 I 2 

222 73'1 245 6 54'7 I .a 
223 73'1 3 12 6 55.2 I 2 

224 72.0 3 48 6 55.6 1 2 

225 69.8 4 14 6 56.1 I 2 

226 67.5 4 43 6 56.0 I 2 

21at ,, 227 38.1 6 50 A.M. 6 56'4 I 2 

228 42.5 7 20 6 56-4 I a 

2 

z 
2 

z 
2 

a 
2 
z 
a 
z 
a 
2 

2 

2 

2 

z 
2 

2 

a 
2 

2 

a 
2 

2 

a 
z 
n 
a 
a 
2 

z 
a 
2 
2 

2 

2 

2 
2 

z 
z 
z 
2 

2 

a 
z 
z 
2 

h. m. feet. 
21st Dec. 229 47.5 7 52 A.M. 6 - 56.4 

230 52'2 8 18 6 56.6 
231 58.1 8 48 6 56.8 
232 62 3 9 12 6 56.7 
233 66'2 9 41 G 57.5 
234 68.1 10 5 6 58.0 
235 71'0 ro 32 6 58.2 
236 77'5 1 0  54 6 58.3 
237 72'7 126p.1~. 6 58-5 
238 73'7 1 49 6 58-7 
239 73'3 2 18 6 59.0 
240 74'3 2 42 6 59.1 
241 73'1 3 9 6 59.1 
242 72.0 3 30 6 59.1 
243 71'4 4 6 6 58.9 
244 70'2 4 28 6 58.3 

22nd ,, 245 37.0 6 50 A.M. 6 58.5 
246 42'8 7 25 6 58.6 
247 47'3 7 49 6 59-7 
248 52'3 8 18 6 59'9 

6 61.4 249 58.0 849 
62.9 2.50 64'7 9 27 

251 68'3 g 56 6 64.4 
252 71'0 10 29 6 65.4 
2.53 72'5 I $4 P.M. 6 66.6 
254 74'O 2 24 6 66.9 
255 74'8 2 53 6 66.8 
256 73'2 3 28 6 66.4 
%57 71'8 3 54 6 66.6 
258 69'6 4 21 6 66.6 

23rd ,, 259 36.0 6 47 6 65.7 
260 42.8 7 36 6 64.7 
261 49'8 8 13 6 62.7 
262 59'0 9 11 6 61.7 
263 64'4 9 43 6 60.4 
264 68'0 10 11 6 59'5 
26.5 71'3 10 43 6 59.0 
266 75.7 I 58 P.M. 6 58.8 
267 77'0 2 32 6 58.7 
268 76'5 3 a 6 58.7 
269 76.1 3 28 6 583 
a;o 75'% 3 54 6 58.3 
271 728 420 6 56.7 

25th ,, 272 50.3 7 IA.M. 6 55.9 
273 51'1 7 36 6 57.0 
274 5.5'1 8 7 6 58.0 

6 58.8 
276 63'7 9 9 

I 
I 

I 
I 
I 
I 
I 

I 
I 
r 
I 
I 

I 
I 
I 
I 

I 
I 
I 

1 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
r 
I 
I 
I 
1 

I 
I 

I 
I 
I 
I 

I 
I 
I 
I 
I 



DETAILS OF THE MEASUREMENT. I I L 2  I 

. Extracts from the Field Book-(Continued.) 
-- - 

9 
m 

When com- 2 \ $ 4  
pared 4.7 " Mean time of ' $ .g - c ending $'? 
1837 f .- 

G 

h. m. feet. 
25thDeo. 277 65.8 9 35 A.M. 6 - 59.1 

278 70.9 10 8 6 58.7 
279 71'3 10 32 6 58.0 
280 7.3'8 10 55 6 57.7 
281 7.5.2 I 27 P.M. 6 57'2 
282 76.9 I 55 6 57'0 
28.3 74'3 2 2 0  6 56.6 
284 75'7 2 41 6 56.8 
28.5 72.0 3 12 6 56.7 
286 72-4 3 30 6 56.5 
287 72'3 3 53 6 55.8 
288 71.0 4 19 6 5.5'2 

26th ,, 289 42.1 6 $1 A.M. 6 5-1'5 
290 46.2 7 17  6 54'5 
291 50.6 7 46 6 53'9 
292 55.0 8 12 6 53.8 
293 59'6 8 45 6 53'6 
294 65'6 9 14 6 53'2 
29.5 70.0 9 43 6 52'9 
296 71'3 10 10 6 53'0 
297 72.3 10 31 6 52'4 
298 72'7 10 56 6 52'2 
299 73.7 I 31 P.X. 6 51.8 
300 74'3 I 59 6 51'7 
301 75'3 2 36 6 51'6 
3'02 74'0 3 3 6 51.0 

6 51'0 303 73'5 3 29 
51.2 304 73'2 3 49 

30.5 71'7 4 18 6 51'' 
27th ,, 306 389  6 4 5 ~ ~ .  6 51'3 

307 42'4 7 13 6 51" 
308 47'1 7 41 6 509 
309 54.2 8 1 8  6 506 
310 60.0 8 4 6  6 50'5 
311 65'0 9 11 6 50'0 
312 68'3 g 38 6 50'2 
313 70.9 10 1 2  6 499 
314 73'0 I0 38 6 50.1 
315 74'0 11 I 6 50'' 
316 7.5'0 1 31 P.M. 6 49'9 
317 76.0 1 58 6 49'9 
318 76.8 2 23 6 500 
3 19 76.1 2 53 6 505 
320 76.2 3 2% 6 51" 
32 1 7.5.1 3 50 6 50'7 
322 73'8 4 21  6 49'9 

58th ,, 323 42.0 6 56 A.M. 6 49'7 
324 46.1 7 2 7  6 49'3 

9 c When com- " 3 3 
plved 'ii Y 

g 5 Mean time of 3 t%.z - ending .- .- 
2 g 

1837-38 g g ,.a .% 

a fi 

h. m. feet 
28th Dec. 325 5390 7 56a.x. 6 - 49.5 

326 60'8 8 26 6 49'5 
327 66'1 9 o 6 49'7 
328 70.0 9 26 6 496 
329 73'9 9 58 6 49'5 
330 75'3 10 24 6 49'7 
331 76'0 10 56 6 49'7 
332 80'0 I 58 P.M. 6 49.6 
333 81.0 2 24 6 50.0 
334 81'0 z 50 6 50.1 
335 79.8 3 19 6 50.4 
336 78.5 3 47 6 49'7 
337 77'0 4 12 6 49.4. 
338 7.3'8 4 37 6 49.0 

29th ,, 339 41'7 6 44 A.M. 6 49.0 
3-10 44'0 7 12 6 48.9 
341 49'5 7 41 6 48.2 
342 5.5'3 8 7 6 47.8 
343 61.3 8 3 0  6 47'5 
344 66.3 8 54 6 46.7 
345 70.2 9 22 6 4.5'6 
346 73'3 9 49 6 45'3 
347 7.5'2 10 19 6 45'9 
348 75'5 10 45 6 46.3 
349 80.0 I 30 P.M. 6 45'6 
350 80.3 2 3 6 44'7 
351 80.0 z 30 6 44.2 
352 79'3 2 50 6 43'9 
353 77 '1  3 46 6 43.5 
354 74'8 4 29 ' 6 43.1 

30th ,, 355 48.5 6 54 A.M. 6 42.6 
356 52.8 7 2% 6 42.2 
357 57'8 7 53 6 41'9 
358 61.1 8 16 6 41'7 
359 6.5'3 8 45 6 41.2 
360 68.8 9 9 6 40.9 
361 71.0 9 38 6 41.1 
362 73.5 10 o 6 41-0 
363 75'4 10 30 6 41'1 

. 364 76-9 I I 4 6 41'3 
3 6 ~  79.7 I 38 P.M. 6 41'3 
366 79.8 2 6 6 41.5 
3% 79'7 2 35 6 42.0 

42.8 368 79'3 3 13 
3rd Jan. 369 76.0 z 20 6 43'7 

370 76.3 2 51 6 44.5 
371 75.9 3 1 2  6 45'2 
3iZ 7.5'0 3 4 5  6 46.1 

Numeral 
sheaii~g 
arrange- 
men 
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Extracts from the Field Book-(Continued.) 

.!a a f 
al 

4 When com- ,,., 5 4 3 f 
p m d  c .,a 

M m e  o 3.: 3 2:s - 2 y, ending ,+, ti '5 
'8 ; O  

" B 1, g g .- g .  

h'umeml 
shewit~g 
armge- 
men' of 

G i g  G fi 
I 

h. m. 
3rd Jan. 373 7399 4 13 P.M. r 2 

374 71'2 4 42 
4th ,, 375 40.2 6 57 A.W. 

376 43'0 7 24 
377 47'5 7 52 
378 53.0 8 19 
3 i9  58'9 8 45 
380 64'0 9 9 
381 69'2 9 40 
382 72.0 ro 10 

383 73.0 10 32 
384 74.5 11 2 

38.5 78.8 I 54 P.M. 

386 79.0 z 21 

397 80.0 2 51 
388 80.5 3 15 
389 78.4 3 48 
390 77'2 4 1% 

391 74'3 4 42 
6th ,, 392 59.5 6 54 A.M. 

393 43'5 7 24 
394 5O.O 7 56 
39.5 55'2 8 25 
396 61.2 8 ;I 
397 67'0 9 2 1  

398 70.3 9 57 
399 73'6 10 20 

400 77'2 10 50 
401 79.3 I 48 P.M. 
402 79.4 2 16 
403 80.2 2 4 1  
40.1 80.0 3 4 
405 79'7 3 3a 
406 79'3 3 53 
407 77'3 4 15 
408 75'5 4 38 

6th 9, 409 39-3 6 55 A.X. 

410 44'5 7 25 
411 50'3 7 56 
412 56.1 8 zo 
413 61.7 8 49 
414 66.3 9 '7 
41.5 71.2 9 47 
416 73'7 10 ro 
417 75'3 '0 36 
418 76.8 10 59 
419 81.1 r 32 P.M. 
420 82.0 I 58 

I 

1 
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1 
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1 

I 

I 
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I 

r 
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r 
r 
I 

1 

J 

r 
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1 

I 

I 

1 

I 

I .  m. feet 
6 t h J s n . 4 ~ 1  8:s 2 2 5 p . ~ .  6 - 9 0  

422 81-3 2 50 6 57'4 
423 81.0 3 19 6 57.5 
424 80.5 3 42 6 5j.3 
425 78'3 4 11 6 57'4 
426 77'0 4 36 - 6 57.2 
427 73'0 5 4 6 57'4 

8th ,, 428 45.0 6 49 A.M. 6 57.6 
429 48.5 7 35 6 57'3 
430 5.5.0 8 6 6 57'3 
4.31 60.1 8 2 8  6 57.6 
432 64.5 8 54 6 j i .6  
433 68.1 9 24 6 57.8 
431 7 1'2 9 48 6 58.2 
4.35 72'2 10 8 6 58.5 
436 75.0 10 31 6 588 
437 76'2 I0 54 6 58.9 
438 81.4 14.5p.x. 6 59.1 
439 82'5 2 g 6 53.4 
440 82.3 a 40 59.4 
44' 82'5 3 3 6 59'5 
442 82.3 3 28 (j 59'7 
443 81.2 3 50 6 60.0 
444 79'2 4 16 6 60.2 
445 76'3 4 44 6 60.3 

9th ,, 446 45.4 6 56 A.M. 6 59.8 
447 47'8 7 21 6 60.1 
4-18 j4.0 7 58 6 60.2 
449 58.3 8 2.3 6 60.4 
450 62.2 8 48 6 60.4 
451 66.0 9 9 6 60.2 
452 69.0 9 38 6 60.5 
453 71'0 ro o 6 60'4 
454 73'8 10 30 6 60.3 
45.5 7 . 5 4  10 52 6 60.1 
456 80.5 2 21 P.M. 6 60'1 
457 81.0 2 52 6 59'8 
458 80.3 3 24 6 60.3 
459 79.8 3 46 6 60.3 
460 ;8.z 4 rz 6 60.2 
461 76.0 4 31 6 59'; 
462 72.6 4 55 6 59" 

10th ,, 463 36.6 6 54 A.M. 6 58.9 
464 40'3 7 19 6 59'2 
465 45'8 7 48 6 59.2 
466 50.8 8 12 6 58.6 
467 5.5'0 8 3 6  6 58.2 
468 59.2 S 56 6 57'5 

F 9 g  
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Extracts from the Field Book-(Continued.) 

3 a, 

lj 4 3 % Y 

When corn- 
pared 

.FJ 2 ~ e a n t i m s o f  3 2.9 - 
'i: e! 

ending % '8 
& 3 p g 0 % 

g g  G 

3 f 3 When corn j $ 2  
P& $ 4 e m  t h e  of 3 &$ - endiug % 'g 

2 6  a 1838 k g O 2 .- 
tc 

Numeral 
shewing 

Numeral 
shewing 
arrange- 

$ / i!i F Q g  

arrange- 
ment 

FQ 

h. m. fed. 
10th Jan. 469 63.5 9 22 A.M. 6 - 56.8 

470 65'0 9 41 6 56.4 
471 67.6 10 3 6 56.4 
472 70'2 10 27 6 55'6 
473 71.2 10 -51 6 55'3 
474 77'5 1 53 P.M. 6 54.3 
47.5 78.2 2 1 7  6 53.2 
476 78.8 z 44 6 52.5 
477 78.8 3 8 6 51.3 
478 78.0 3 34 6 52.2 
479 77'5 3 56 6 52.7 
485 74'4 4 2 0  6 53.2 
481 72.0 4 40 6 52'7 
482 70.0 5 4 6 51'9 

11th ,, 483 37.7 652b.M. 6 52.0 
454 40'5 7 13 6 51.8 
485 45'2 7 39 6 51.6 
486 49.6 8 o 6 51'7 
487 54'8 8 25 6 52.2 
488 59.4 8 47 6 52'6 
489 64.0 9 9 6 51.9 
490 68.3 9 36 6 50.9 
491 71'0 ro o 6 50.5 
492 72.0 10 18 6 50.8 
49.3 74'0 10 44 6 51.4 
494 7.5'3 11 2 6 51.7 
495 78.2 1 3 0 p . x  6 51.1 
496 80.0 3 6 50'7 
497 80.6 2 27 6 50.4 
498 80.0 z 48 6 50'8 
499 80.0 3 9 6 50'8 
500 79'5 3 3r 6 50.4 
501 i7.2 3 58 6 49'9 
502 76.2 4 I; 6 49.j 
503 $3'2 4 41 6 49'5 
,504 70.2 5 2 6 49'7 

12th ,, 50.5 37.1 6 56 A.M. 6 49'5 
506 41.1 7 25 6 49'2 
507 47'0 7 50 6 48.9 
508 5.+-z 8 2 0  6 48.7 
509 58.8 8 46 6 48.3 
510 63.0 9 I I  6 48.0 
5x1 66.4 9 26 6 47'5 
5x2 69'2 94.5 6 47.3 
513 71'3 10 3 6 46.9 
514 73.6 10 24 6 47'1 
515 74'7 10 47 6 47'3 
516 76.8 11 8 6 47.5 

of 

fj 

a 
a 
2 

a 
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z 
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a 
z 
.I 
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a 
a 
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z 
z 
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z 
a 
a 
z 
z 
a 
a 
a 
z 
2 

A. m. feet. 
12th Jan. 517 7897 I 32 P.M. 6 - 47'7 

518 81.0 I 53 6 47.5 
519 82.0 a 15 6 47'2 
520 82.9 z 33 6 47.3 
521 82.2 z 54 6 47.2 
522 80.2 3 14 6 47.6 
523 80.3 3 28 6 47.7 
524 7V.I  3 57 6 47.4 
525 77'5 4 I9 6 476 
526 76.0 4 39 6 47'3 
527 7.3'6 5 0 6 47'5 

15th ,, 528 38.5 6 5 . 5 ~ . ~ 1 .  6 47'6 
529 40.6 7 18 6 47.7 
530 45'2 7 43 6 48.2 
531 50'1 8 4 6 48.7 
532 55'1 8 2 7  6 49'5 
533 60'2 8 49 6 49'7 
534 64.2 Y 14 6 49'5 
535 68.2 9 35 6 48.7 
536 72.0 9 5 8  6 47'3 
537 74'5 10 19 6 46.5 
5.35 76.7 10 39 6 46.0 
5.39 79'0 11 0 6 45.2 
540 81.0 z 7 P.M. 6 44'6 
541 81'7 2 3 1  6 44'1 
542 82.1 a 56 6 43.6 
543 81.3 3 16 6 43'2 
544 80.0 3 38 6 43.0 
545 79'0 4 2 6 42'2 
546 77'8 4 24 6 1 . 7  
547 76.0 4 48 6 41.5 

15th ,, ' 548 39-6 7 1 A.H. 6 41'1 
549 41'3 7 25 6 40.6 
550 46.0 7 52 6 40'7 
5.51 51'3 8 16 6 40.7 
552 58.1 8 4 2  6 40'8 
553 6.3'3 9 3 6 41'0 
554 68.0 9 28 6 41.5 
555 71.0 9 50 6 41.1 
556 ~ 4 . 6  ro 13 6 41.6 
557 77'0 10 33 6 41.9 
558 79'4 " 3 6 42'2 
559 83.7 I 31  P.M. 6 42'7 
560 83'3 1 5.5 6 42.9 
561 84.2 a 31 6 43.0 
562 84.0 a 55 6 42.4 
56.3 82.3 3 20 6 41.8 
564 81.0 3 41 6 41-5 
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Extracts from the Field Book-(Continued.) 

The advanced-end of set No. 609, fell in defect, (i. e. south) of the dot at North-East-End, 5.3567 
feet, as measured on Cary's brass scale with a beam compass. 

Height of set No. 609, above North-East-End = 2.1 feet. 

.b Q Numeral .b m 

When corn- 4 1 4  When corn- 4 1 8  m 'i: a arrange- 2 'i: 0 p-d P*d 5 M a .  time of j 2 .Z me.t of ~ m n t i r n e o f  j 8.5 - ending .- .? 
% 3 - 

$ O O  $ ending $'g 
1638 8 g .-" 

Numeral 
shewing 
arrange - 
me"0f 

k 
n 

I 

r 
I 
1 

k 

d 

i 
P l i  

2 

2 

2 
2 

569 45'2 7 16 6 40.8 
570 47'0 7 39 6 41'3 
57' 52'3 8 3 6 41.5 
572 58.0 8 25 6 41.5 
5i3 64'0 8 52 6 41'4 
574 68.2 9 13 6 41.5 
575 71'0 9 38 6 41.3 
576 73.8 10 o 6 41.1 
577 77'3 10 31 6 40.7 
578 j9.0 10 54 6 41.1 
5 79 82'2 11 24 6 40.8 
580 86.8 2 41 P.M. 6 40'6 
581 86.0 3 4 6 40'7 
582 85.0 3 32 6 41.1 

583 83'3 3 57 6 40.5 
584 81.6 4 25 6 40.2 
585 78.8 4 50 6 40.0 

17th ,, 586 45.7 6 5 5  A.M. 6 40.5 
587 48.0 7 20 6 40.1 
588 51.0 7 46 6 40'0 

O 2  

h. m. fert. 
15th Jan. 565 80.5 4 8 P.M. 6 - 40.8 

566 80.0 4 31 6 403 
567 74'0 4 59 6 40'3 

16th ,, 568 42.7 6 51 A.M. 6 40.6 
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2 

a 
6 39'9 1 2 

h. m. feet. 
17th Jan. 589 5c0  8 8 A.M. 6 - 40.3 

590 60.2 8 31 6 40.6 
591 65.1 8 56 6 39'8 
592 68.2 9 20 6 39'9 

594 74'2 10 9 
595 76.2 10 3.5 6 39'9 
596 78.0 10 58 6 38.8 
597 82.0 I 1 3 ~ ~ .  6 37.8 
598 82.1 r 34 6 57'5 
599 82'4 1 55 6 36.8 
600 82.1 2 15 6 36'4 

6 35'9 601 82.0 2 33 
602 81.6 2 50 6 35'6 
603 81.3 3 9 6 35'2 
604 81.0 3 25 6 35.2 
60.5 80.0 3 45 6 34'5 
606 79.2 4 o 6 34'3 
607 78.0 4 2 0  6 34'1 
608 76.6 4 35 6 34'4 
609 73'5 5 0 6 33'9 

18th ,, 609, 64.0 9 5 A . M .  4 31.8 

Total - 26500.8 
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SIRONJ BASELINE 

Reduction to Mean Sea Level. 

In  the notation of page I,,, we have 

P 
X = 38416 ; Log R = 7.31987 ; H = 1529; [h] = - 26500-8 ; a = 1086 ; Sh = - 16.5, 

1 
all in feet; and n = 609. - "3 \'* T ' I  Hence from the equation Cl + C2 = - h 2 - p { [hlr + + + 7 8 , see page 

1 
iain in feet, 

C, = - 2.8122; C2 = + o8ogg1 ; and :. C =  Cl + C2 = - 2*7171. 

Final length of the base-line in feet of Standard A. 

Measured with the compensated bars, page 111- 
12 

= 36581'5598 

9) >> microscopes, page 111- 
I7 

= 1829.3317 

9) beam compaes, page III- 
24 

= 5'3567 

Reduction to sea level as above = - 2.7171 

Length South-West-End to North-East-End at mean sea level = 38413'531 I 

Log. = 4.58448423 

NOTE.-(1) A correction of + 0'005 feet ass accidentally lost e n t  of at the time of deducing this length. Beferring to this qnan- 
tiQ, Colonel Everest remarks at page 277 of his Meridional Am of India 1847, that the small correction of 0.005 of a foot which in 

applied to this messurement, M due to the circumstance that the angles about the bsse were observed in the years 1836-37 with the upper 
marks of the platform in their e x i n i n g ~ i t i o n s ,  which upper marks, on nrbquent  referenos to the lower onn  embedded in the earth, 

ushewed mal l  dircrepancies, and it wan ound to involve l e ~  computation to reduce the measured base to the positions used in 1836-37 
66 ~JUUI to correct the angles about the baae." 

An the omiaaion was not recollected until a oonsidera%le amount of calculatione bssed on the length here adopted had been completed ; 
'"05 

it nss considered unneoesssry to incur the numerous arithmetical alterations involved, especially since the correction in only or 0.1 " . .  
millionth part of the bane-line. The length of the base-line ia therefore sccepted at the value given above. 

(2) The limiting points of the baae-line adopted in the foregoing measurement (of 1837) are pmticnlly identical with those laid 
down by Captain Evereut in 1825 when he obtained the length of thin line by measuring with a chain. The vdue obtained on the latter 
oocluion when expressed in t e r n  of Btanderd A is 38410'543 feet (see Evere&'# Am Book of 1847, foot note p. ruiii) being 2,988 fect in 
defect of the h a 1  vdue above deduced. 



SIRONJ BASELINE 

D e e e r i p t i o n  o f  S b a t i o n e .  

SOUTH-WEST-END 0%' SIRONJ BASE, Lat. 24" 5', Long. 77" 48', is situated on 
the lands of the villaxe of Parsora, in pargana Sironj of the territories of the Nawab of Tonk. 
The circumjacent villages, with their distances and bearings, are as follows :-Parsora, 1.1 
miles E. ; Rasali, 3.5 miles N.N.W. ; Eklaod and Kachpura, 3.0 miles N.E. ; Bania Dhana and 
Ekodia, 1.3 miles S.E. 

The station is marked by a prismatic stone, having a circle and dot engraved on the upper surface, sunk 
endwise to a level with the surface of the ground. Over this stands a pillar of mnsonry 2 feet high, and 4 feet in 
diameter, having a mark-stone in its upper surface with the usual circle and dot engraved on it adjusted normally over 
the lower mark. The whole is enclosed by a square pile of earth. The lowest dot ie the one that was used in the 
meaeurement of this base-line. 

The South-West-End was connected in 1861, by a double line of spirit levels, with the 
mean sea level at Karachi, when it was found that the height of the upper markstone was 
1531.36 feet above this datum. 

NORTH-EAST-END OF SIRONJ BASE, Lat. 24" 9', Long. 77" 53', stands on the 
lands of the village of RijpGr, in pargana Sironj of the territories of the Nawab of Tonk, 
The circumjacent villages, with their distances and bearings, are,-Riijphr, 0.7 miles E. ; Tal 
Barodia, 1.5 miles N.E. ; Thanarpk Binchakeri, 1.2 miles E.S.E. ; and Sialpiir, 1.7 miles S. 

The station is marked precisely after the method adopted for the South-West-End Station. 

J. B. N. HENNESSLY. 



B I D E R  B A S E m L I N E .  



BIDER RASELINE 

The middle point of the baee-line is in Latitude N. 17" 56' Longitude E. 77" 37' 
Azimuth of East-End at West-End 305" 51'. Length 7-87 miles. 

The measurement was effected under the directions of Lieutenant A. S. Waugh, R.E., 
with the aid of the following Officers and Assistants. 

Lieutenant T. Renny, RE. 
9 s  W. S. Jacob, R.E 

Mr. G. Logan. 
,, J. Olliver. 
,, T. Olliver. 
, G. Terry. 
,, N. Parsick. 
,, J. Roesenrode. 
,, - DaCosta. 

Mir Siud Mohsin. 



BIDER BASELINE 

INTRODUCTION. 

This base-line was measured in the valley of the Manjra River near the town and 
fortress of Bider, from which the We~t-End is distant about 2 miles to the North. The line 
was selected and prepared for measurement by Lieutenant A. S. Waugh, R.E., who in the &-st 
instance endeavoured to eearch out the extremities of the base-line measured with a chain in 
this vicinity by Colonel Lambton in the year 1815 ; but as no trace8 of the old line could be 
discovered, the intention of including it in the new line and determining its length with the 
compensated apparatus was necessarily relinquished. 

The measurement was commenced at the West-End, bar-tongues pointing North, and 
carried on continuously to the East-End, so that every succeeding set originated at the point 
marking the terminus of its predecessor. The line was divided into 3 sections by the subdi- 
viding points A and B, to admit of verification by Minor Triangulation. 

Fifty-seven comparisons were made between the compensated bars and the standard A 
before the measurement was commenced and as many more after it was completed. On the f i s t  
occasion the site selected was very near the West-End of the base, the comparing piere of 
granite were set up parallel to the line, and the bar-tongues pointed North, as they did during 
measurement. The spot chosen for the after comparisons was in the low-grounds bordering the 
little streamlet near the village of Malgi ; the piers were set up as before parallel to the line, but 
in order to obtain a more favorable light the ends of the bars were reversed so that their tongues 
now pointed 8outh. 

Of the two comparing microscopes employed in the preceding bar comparisons, one was 
fitted with a micrometer while the other had its wires lor lines) fixed. 

The compensated microscopes were compared with their scales on 7 occasions, including 
the comparisons taken prior and subsequent to the measurement. 

In  respect to time, the first set of bar comparisons was made on the 12th October 1841, 
the last on the 8th of the following December. 

The stations of the verificatory triangulation were 7 in number, forming a eingle eeries 
of triangles. Of these stations 1 were in the alignment, via., W. End, A, B and E. End; while 
the auxiliary stations a, B and y were selected on suitable prominences south of the lina The 
angles were observed with Troughton's 3-fopt theodolite, the mean being derived from 24 mea- 
sures taken in equal numbers at 8 equidistant zeros. 



rv- BIDER BASELIME, 
4 

Comparisons between the Standard Bar A and the Compensated Bars A, B, C, D, E, H, made at 
Bapur, or West-End of the base-line, before the measurement. 

a a 
w 

la41 a 
8 

B 
C 

ii 8 
Sl 8 

M I C B O Y Z T X B  B E A D ~ N ~ ~  I N  DIYIEIOEB 
I 

1 Mridon= -9.6, W n  Inch [1.81= 1'- m.y d A 

Mean c S 
A A B C D E H #fa " "  5 

2 8 

B Z X A S X ~ .  

Wyde(~r,mth 
afewcirrihere 
andthece' 

U Waugh, at 
the micrometer 

urn 
Renny at the 
p b  mim- 
ecope. 

- m ~  
&mug gush of 
rind 
ally; s fea 
&,,& 

A fewclmds to- 
wanlstheE. & 8. 
horizon, 
of the &y clear. 

SIIJ 
with clouds. 

. .. 

h. m. 
12th 7 36 A.M. I 75P9 6Gg7 

. 8 12 a 78.7 71.65 
8 44 380.8 73.65 
9 '4 4 82.4 75'75 
9 42 5 84.2 77-47 

10 8 6 85.5 79.12 
10 35 7 86.2 80.75 
11 2 8 87.1 82-27 
r 40 P.M. 9 89.1 87-35 
2 7 1089.0 87.82 
a 34 11 89.1 .88.07 

12 88.9 88-32 : 2; 13 88.6 88.55 
3 56 14 87.8 88.60 
4 24 15 86.9 88.35 
4 51 16 85-8 87-95 
5 19 17 84.3 87-33 

13th 6 31 A.M. 18 70'3 69.62 
7 o 19 72'8 69-73 
7 27 20 75" 70'40 
7 5 3  2176'4 71-22 
8 16 22 77'5 72-10 
8 41 23 78.6 73-15 
9 4 2479'874-20 
9 2 6  2581'475'30 
9 50 26 82.9 76-60 

1015  2783'478.07 
1038 2884'879'40 

r 24 P.M. 29 87'5 85'65 
r 56 30 87'0 86.07 
2 2 3  3186,686'27 
a 48 32 86.3 86'35 

33 8.5'9 86'35 
34 85.8 86.30 

4 4 3585'886.17 
4 3 2  3685'586.02 
5 2 3; 84.2 85.82 

+ + + + + + + +  
118.0 119.2 100.9 118.3 136.4 110.6 106.1 115.3 
145.5 116.9 96.4 115.8 134.6 112.9 102.6 113.2 
177.6 116.0 96'3 114-3 134'8 I 102.9 113'1 
210'0 n3'2 93'7 117.0 136'9 113.8 104'1 113.1 
239.0 111.2 92.1 114.0 134.9 113.4 102.2 111.3 
264-7 107.7 89'1 113.4 133'3 113'4 101'0 ::::; 
289.7 107'3 89.2 110'9 132'1 111'9 rooso 
312.7 106.8 89'7 110.9 131.0 112.1 97.9 108'1 
384-3 105.0 91.8 115.4 128.8 104.6 93-9 106'6 
389.8 102.8 89.0 114.1 128.3 106.3 I 105'6 
394.6 104'1 90'4 114.9 131.9 104.7 91'7 106'3 
398'0 104.3 91.9 117'5 128.4 101.6 89.0 105.5 
397.5 102.8 89-6 116.2 129.3 roo'r 88.0 104.3 
394-6 102-a 89.0 114'9 129.3 999 87.3 ; :  
390.9 101.9 88.6 r 16.8 130-0 101.1 89'0 
383.9 106'9 91.1 117.8 I 96'9 87.0 104'5 
371-1 102.7 92.7 116.9 128.3 98.9 87.0 104.4 

68.8 I 65'2 86'6 99'4 66'1 64.9 76.2 
72.0 80.1 62.3 90'8 97.8 69'0 64'2 77'4 
83'0 79.0 57'7 85'0 96'6 65'1 63'.5 74'5 
97.7 79.9 58.3 83.1 96.8 66'9 61.8 74'5 

11 1.6 78.0 56'0 80.4 95'3 67.1 61.6 73'1 
128.0 73'2 51.3 81.1 92.8 64'0 60'1 70.6 
145-1 69.8 51.6 74'9 I 65.0 59'2 68.7 
163.4 68.9 49.0 74'1 91.9 63.0 58.2 67.5 
185.6 66.2 50.2 74'0 91.8 67.1 57.1 67.7 
207.6 65'3 50.2 70.6 93.1 65.0 56'8 66.9 
227.1 62-2 47.0 69.2 90.0 62.3 55.1 64.3 
333.4 76.3 66.4 94.4 111.0 8.3'1 70'8 83'7 
340.1 81.2 68.1 91.2 109.7 80'0 69.1 83.2 
341.2 80.7 72.5 96.0 108.1 79'0 68.0 84.1 
341.0 80-1 68.1 89.8 110.5 78.8 65-7 82'2 
340.2 79.3 64.0 95'0 107.9 80.6 66'0 82.1 
338.8 77.0 70.2 94.8 0 0  77.7 66.0 82-5 
336.9 81.5 71.7 96-3 rIo.1 76.7 68.0 84" 
332.2 80'0 69.1 95-4 106.8 72'7 67.0 81.8 
326-2 79.2 71.0 91.2 I 77'0 65'8 82'0 



BAR COMPARISONS 

Before th mmurement-(Continued.) 
- 

I t rrrnxr .  

a a 
b., MIOBOMBTPB RXADIXQB I B  DIVIBIOBB 

I 
1 Myidon = -- C.9 Inch C7.81 = 1.8W m.v of A 

SO069 61 

w A A B C D E 

h. 9% 0 0 

14th 6 25 A.M. 38 71'5 70'97 
6 52 39 73'0 71'17 
7 1 8  4074'971'60 
7 4 2  4177'1 72-27 
8 ' 4  4279.1 73-15 
8 2 7  4380'474'25 
8 51 44 81.5 75'52 
9 15 45 81'8 76'90 
9 41 46 83.8 78.27 

ro 8 4785'1 79'67 
1 0 3 4  4886.281.07 

I 25 P.X. 49 88.6 87.22 
1 47 5087'887.47 
z 8 51 87'2 87'57 
2 3 1  5286.987'55 
2 57 53 86.7 87'45 
3 2 5  5486'387.32 

+ + + + + + + + 
67'6 55-2 39'0 59.6 77'1 43'1 43'9 53'0 
70'5 56.1 39'2 58.1 77'4 43'0 42'6 52.7 
78.4 53.8 34'1 60.3 75.0 45'0 41.5 51'5 
90'0 53.8 34.0 54'4 72'3 46'0 41'3 50'3 

104'6 53.3 33'5 56.9 76'1 446 40'8 50.9 
122.8 48.7 34.8 53.7 76'7 44'8 40'1 49.8 
143'4 51'5 32.8 59'1 75'1 44'8 41'8 50'9 
163.8 47.0 32.0 53.8 73'3 46'1 38'8 48.5 
183'4 46'6 29.3' 51.6 70'2 46'5 35.8 46-7 
~05 .1  49.0 27.2 516  70'4 45'3 37'0 46'8 
228.4 46.8 zg's 51.3 72'1 42.8 38.5 46-8 
318.6 41.2 33'1 541 73'0 47'2 32'1 46-8 
323'5 47'1 31.1 55'3 74'6 47'8 34'7 48'4 
323.3 46.6 34-8 58.0 74'8 47'1 35'7 49'5 
319'9 47'3 37.0 61.2 72'7 ~5 37'3 50.0 
318.6 49'2 36'0 58'3 74'7 45'0 37-3 50.1 
317.2 47'8 37'6 58.0 74'1 4.3'0 35'1 49'3 

3 5 1  ~ 5 8 5 ' 7 8 7 ' 0 7 ,  311.3 45.5 37.6 58.8 75'9 41.7 35.0 49.1 
4 18 56 84.8 86.70 302.9 47.0 35'2 60.2 74'1 40.1 30'8 47.9 
4 4 6  5783'886.20 292.4 46.0 30-7 59.7 7 7  36'4 2f.a 45.5 

Means 80.65 246.80 75-84 60.69 84-35 100.62 72.41 63'84 7 6 ' ~ ~  



BIDER BASE-LINE 

BIfit~ the mcastcremmt--(Continued.) 

Let the mean length of the compensated bars minus the Standard A at 6:" F. be denqted 
by z, and the observed excess of the compensated bars by 6 when the temperature of A is t'. 
Then, the expansion of A for 1' being (Em - dE,), we have 

X - (to - 62") (E, - d ~ , )  - 6 = 

Treating the preceding bar comparisons as shewn in this equation, we obtain the follow- 
ing series of reeult~ :- 



BAR COMPARISONS. 

Before the msasurement-(Continud.) 

h d  from the mean of these results, 
d 

x = - 170-5 I + 18.65 (E, - dEa) : 

adopting the original value of the expansion of A given at page (9), 

d "'*Y 
and x = 135.13 - 18.65 dE, = 186.93 - 18-65 dE,= - A;  

wbere L denotes the mean length of the compensated bars obtained from a22 the comparisons, 
d 

aa represent.ed by the mean micrometer reading 7629, page IVW5 

Comparing this reading with the mean reading of each compensated bar given on the 
same page we obtain the following:- 

Also combining the values in this table with the equivalent of L--A above determined, 

I 

In  terms of 

Micrometer diviaiom 

Millionths of a yard. 

, 

there result, 

A - L  B - L  C-L D - L  E-L H - L  

-0'45 -15~60 + 8-06 +24*33 -3.88 -12.45 

-0.62 -21.58 - ~ I I * I ~  +33.66 -5.37 -17.21 

"*Y 
and 6 z = 1121-6 - 111~9 dEs. 



BIDER BASELINE 

Cmpazisona between the Standard Bar A and the Compensated Bars A, B, C, D, EJ HJ made 
war the village of Malgi, after the measuremerat. 

< < 
.M 

MIOBOYETIB B s ~ ~ ~ n a e  I N  D ~ v r s ~ o r r e .  
.4 
k 

1 
1 Divisloll = ,= Cary'a [7.8],=;1'1826;m.g. of A 

4 
h 0 

184. 8 
.I R l r ~ ~ s t x s .  

Dm?. Y 
0 

f! 
C 0 

B 
# 

ti 
S 

h. m. 0 0 

6th 6 55 A.M. I 62'2 59-97 
7 23 2 63.7 60.42 
7 46 3 65.7 6rmoz 
8 8 468.0 61.77 
8 34 570.663.07 
9 I 673-4  64.82 
9 25 775'3 66-50 
9 47 876 '4  68.02 

10 9 977.3 69'57 
1034 10 78.1 71'17 
I 22 P.M. 11 81.1 79-20 
I 43 12 81.3 79'57 
2 2 13 81.4 79.95 
2 2 8  1481.6 80.30 

15 81.6 80'57 
16 81.3 80.72 

3 4 1  1781.0 80.87 
4 X I  18 80'4 8087 
4 4 2  19 79'4 80.62 

7th 6 58 A.M. 20 62.2 60'72 
7 20 21 63.4 60.92 
7 4 4  2265'5 61-35 
8 8 23 67.9 62-10 
8 3 0  24 70'1 63-10 
8 4 9  25 7 % ' ~  64.25 
9 ~8 2674'1 65-85 
9 4 5  27 7.5'7 67.67 

ro 8 2876.8 69.22 
l o  42 29 78.7 71'42 

I 24 P.M. 30 81.8 78.72 
I 48 31 82.1 79'40 
2 10 32 82.0 79.90 
2 33 33 82.0 80.37 
2 56 34 82'0 80.75 
3 20 35 81.6 80.97 
3 43 36 81.3 81-12 
4 26 37 80'3 81'12 
4 4 6  38 79.8 80'92 

-L 

A A B C D E 

+ + + + + + + + 
167'2 321-a 303.0 318'3 338'4 306.9 313'0 316.8 
169'2 323.0 295'3 315'8 339'2 303'0 307.0 313.9 
176.0 318.9 299'2 317'1 333'9 304'0 304'9 313.0 
189.9 316.9 291'4 311.9 331.7 304'0 304'6 310.1 
209.1 312.3 288.3 310.0 326.1 302.8 300'2 306.6 
234'7 309'3 282.0 304.6 322.9 296.1 2 9 ~ 4  301.6 
257'7 304'2 280.0 302'9 318.7 296.0 293'0 299.1 
278.2 300'9 276.8 299'3 314'9 293.4 289'2 295.8 
300.6 299'8 274'9 297'9 312'1 289'7 287.4 293.6 
323-6 293'0 272'8 291'3 311'9 290.2 284.9 290.7 
438.4 294'2 277'0 299'2 319.1 292.4 286.8 294.8 
443'9 295'0 279'0 301'3 317'4 290'9 285'3 294.8 
449'0 296.2 278.0 300'1 318.0 292.3 284-7 294.9 
456.1 297'0 279'7 301'9 318.2 293.8 285.9 296.1 
460'7 294.2 280.9 304'2 317'3 294-0 287.0 296-3 
461.5 297.4 279.1 30CO 317.7 292.3 285.0 295.9 
460.5 293'3 279'3 301'2 312'4 289.8 282.9 293.2 
458.5 293'0 277'8 297'1 312'2 287'9 281.1 291.5 
453'9 290'2 275'0 300'0 312'3 286'1 277'2 290.1 

109.1 257.9 235'0 254'0 269'9 242.3 247.9 251.2 
111.4 255.1 233'0 256.0 270'3 239'0 244'4 249.6 
1x7'1 255'9 231'0 254'3 266'3 239'8 240'9 248.0 
127'7 248.2 227'0 251'0 966.1 241.1 , 239.1 245'4 
142'1 250'0 223'5 247'9 263'1 237'0 238.0 243'3 
159'2 246'3 218.5 246.2 260'2 234.3 233'8 239.9 
183.2 240.9 214.6 240'1 255.9 232.1 229.3 235'5 
zro'o 238.0 215.1 241.3 252'2 232-0 226'3 234'2 
233'5 232.0 210'7 235'1 250.0 230.0 224.2 230'3 
263.1 230'0 207.1 234'1 248.1 228.9 220.1 228.1 
354'0 220.4 198.1 231.8 241'0 217'4 206-2 219.2 
363.1 216.1 196.6 229.8 242.0 211'8 204'9 2 1 6 ' ~  
370.6 217'0 ~99.7 228.0 239.9 217'6 206'3 218.1 
376.9 217'0 200.0 231.8 243.1 215.5 205'6 218.8 
381.9 219'2 198'7 230.0 243'1 21.5-3 206.3 218.8 
385.5 219'7 199.2 228.7 242.1 216.0 206-3 218-7 
385.1 219'7 200.0 228 6 239'3 212.0 203.8 217'2 

383'0 219.2 198'1 226'7 238.0 210.8 202.0 215.8 
380'1 215'0 196.0 227.3 235'1 207.2 201.3 213.7 

Lt. Waugh at 
the micrometer 
mioampe;k 

st the 
pkin micros- 
oope. 

Lta Waugh and 
RBnnychanged 
PIaw st the 
micmsoopee. 



BAR COMPARISONS 

After tire mecxsurement-(Continned.) 

<; < 
'8 .r I! 4 

1841 '8 -1 3 k 
8 

Deer. 4 % I  s B 
w & g t 
B E x 8 

h. m. 0 0 

8th 7  A.M. 3962.8 59.47 
7 22 40 63.7 59'92 
7 47 41 64'8 60.52 
8 xr 42 67-0 61.27 
8 34 43 69.5 62-30 
8 5 6  4471'7 63-55 
9 18 45 73.6 64-95 
9 3 9  4675.666'35 

1 0 2 0  4779'0 69-47 
1038 4880.2 71.00 
I aopa.  49 83-5 80.60 
I 42 50 84'0 81-30 
2 2 5184.2 81-90 
2 2 1  5284'1 82.35 
2 40 53 83-4 82-70 
a 58 54 83.2 82.95 
3 16 25 83'3 83.12 
4 r 2683.2 83.27 
4 1 8  5782.7 83.25 

Mean8 72'27 

M I ~ ~ O Y E T ~ B  BBADIRQB I H  DIVIEIOHB 
1 

1 Dhid011= ~ 0 0 8 0 . ~  Cvyb Inch @.8] = a . y  oi A 

$2 M"" c al 
A A B C D E H @ 

B x a t ~ s n a .  

+ + + + + + + 
* 8  1 

+ 
14'9 186.5 156.8 182.6 192'3 1648 170.7 175.6 
20'4 182.0 157.0 178.8 19.3'1 1 6  168.0 173'9 
29'5 180.9 154.1 179.8 188.4 163.1 165.0 I ; I - ~  

40'9 175'1 150'0 I 74.6 188.1 161.8 163.8 168.9 
54'9 170'0 147.2 169.8 18.+.o 160.7 161.0 165.5 
71'7 149.2 145-0 167.1 181.0 157.3 158.0 162.9 
92'0 167.7 141.6 168.0 178.2 157.3 155.4 161.4 

11z.8 161.8 139.0 '58.1 176.0 155.8 154.0 1.57'5 
159'5 155'0 134.7 159'2 175-4 154'8 149-5 154.8 
180.1 154-4 134'1 161.1 175'0 155'4 150.6 15.5'1 
316'8 159.0 136'3 168.0 180-1 150.1 146.8 156-7 
329.0 154'8 136.6 167.2 179.8 154.0 146.6 156.5 
339.4 157.2 137-4 167.6 178.0 155.2 1~6.3 157.0 Theweathcr 
347.7 156.2 136.1 169.0 178'4 156.3 145.4 156.9 throughout 
353.8 157.0 137.8 . 166.4 177'5 155.0 145.6 156.6 these coniIu- 
356'5 155'2 138.7 166.0 179.7 153.7 143.9 156.2 ri80118 WRY 

358'2 157'1 136.3 165.3 178'1 153'1 144'0 155-7 c l e a r  a n d  
358'3 154.0 138.7 165.2 174.3 149'0 139.8 153.5 ~ t e d y .  Wind 
357'2 154.7 137.5 166.1 174.7 148.3 138.6 153.3 atN.E. 

268*;5 232.90 211'69 236.85 aso'7q 225.54 221-30 229'84 I 



BIDER BASE LTNP 

After the measur~t-(Coutinued) 

As on page IV, we have 
5 

z - (to - 62") (E, - dE,) - 8 = 0 ;  

and from the preceding bar comparisons, we obtain the following series of results :- 

x+ 2-03 (E,-dE,)-149-6 = o a- 16-72 ( E ,  - dE,) + 134.8 = o 

x+ 1-58 

x+ 0.98 

x+ 0.23 

x- 1-07 

a -  2-82 

X -  4'50 

x- 6-02 

x- 7'57 
X -  9-17 

x- 17.20 

x-17.57 

2-17'95 
x- I 8-30 

x- 18-57 

x-18-72 

x-18-87 

x- 18-87 

a- 18-62 

x+ 1.28 

x+ 1-08 

e+ 0.65 

x- 0'10 

X -  I ' JO  

x- 2-25 

x- 3.85 

a- 5-67 

x- 7-22 

#- 9'42 



BAR COMFARTSONS 

Aftm the meaaurment-(Continued.) 

And from the mean of these results, 
d 

x = -  38-91 + 10.27 (E, - dE,): 

adopting the original value of the expansion of A given at page (91, 

d "'.Y 
and x = 129'49 -- 10.27 dEa = 179.03 -- 10.27 dE, = L - A. 

where L denotes the mean length of the compensated bare obtained from all the co~llparisona, 
d 

88 represented by the mean micrometer reading 229.84 page IV, 
Proceeding as on page IV, we obtain : 

9' 

7 * 

In terms of A - L  B - L  C - L  D - L  E - L  H - L  

Micrometer divisions. $3.06 -18.15 +7-OX +20e90 -4-30 - 8-54 

Millionths of a yard. +4'23 -25.09 $9'69 $28.90 -5.95 -11.81 

Also the following ; , 

-.Y 
and 6 x = 1074'2 - 61.6 dE,. 



m-I z 
BIDER BASE-LINE 

Find dedaation of the total length measured with the compensated bars. 

From page IV- the excess of the 6 compensated bars above 6 times A 
7 

m.9 
= 11~1.6 - 111.9 dE, 

before the measurement 

~9 IV- I I 9 9 after JJ = 1074'2 - 61.6 dE, 

Therefore the mean excess of ,, applicable to the base-line = 1og7.g - 86.8 dE, 

A And the mean length of a set of 6 compensated bars in feet of the standard = 60.0032937 lo - 86.8 dE, 

Hence the total lengths measured with the compensated bars 

feet Of A 
insets NOH. I to 244 .................. = 14640.8037 - 21 179 dE, 

880.8 Now the mean temperature of A during the above bar comparisons was 62" + 7 
= 76"-5, for which temperature the corresponding expansion of A from page (19) is 21-738 m.y. 
Comparing this value of expansion with the original value = 22-67 my., used in the foregoing; 
it is found that dE, = + 0.932 m.y. ; and substituting for dE, this numerical value, there result, 

Total lengths measured with the compensated bars 
feet Of A 

in sets Nos. I to 2 4  or W. End, to Stn. A = (14640.8037 - '0592) = 14640.7445 

JJ  245 to 518 or Stn. Aj to Stn. B = (16440.9025 - -0665) = 16qqo.8360 

JJ 519 to 660 or Stn. BJ to E. End = ( 8520.4677 - '0345) = 8520'4332 

JI I to 660 or W. End, to E. End = (39602.1739 - '1602) = 39602.0137 



BIDER B.ISE-LINE w, 
'3 

Cornpatisas LQten the Compensated Nicroscopes and tJ~eir 6 - ind  Brass scales during the 
measurement, and provisional determination cf Illicroscope errors with respect to the 

6-inch brass scale A, expressed in millionths of an inch (mi.) 

Tham rsianmxrpes wwe m m p d  e oeoond time, beosuw they w m  edjurted aRer the f h t  o o m ~  

\i 
' d 
2 d e 
"h 

E; 
2 

+ 283 
- 7.5 - 2 I 

+ 93 + 363 
- 97 - 97 

4- 283 
- 75 

75 
21 

+ 93 
363 

- 97 
97 

+ 283 
- 75 - 21 

+ 93 
363 

- 97 
97 

+ 283 
- 75 - 21 

+ 93 + 363 
- 97 

97 

+ 283 
283 

- 75 
21 

+ 93 
93 

363 
- 97 + 93 - 97 

Microsoope - 
Micr~~~opBcn le .  - When compared 

- 
1841 

B :  
(I 
S 
A 

0 
N 
P 
T 

U 
8 
S* 
Jf 
0 
N 
P 
T 

U 
S 
Ji 
0 
N 
P 
T 

U 
S 
M 
0 
N 
P 
T 

U 
U* 
8 
db 
0 
0" 
N 

R 
T 

Micron : - Saale A, 

Obrsrcred 
tenns 

Divisions 
10000= 

'00 

'00 

'00 

'00 

- 1'63 
'00 + 1.00 

- 0.73 
4-07 
2.13 

14.73 
-00 

- 2'37 
3-17 
5'73 

+ 7'10 
3-27 

- 7.87 + 6.20 
3'23 
1.67 
4.40 

- 3.70 
6.70 

13-63 
'00 

- 5-50 
'53 

5-67 

- 1.80 
'8 7 

2.20 
11.67 

'00 

+ 1-43 
-4.90 

1.83 
' 2'43 

3-80 

October 18th 

,, 25th 

November 4th 

,, 9th 

' ,, 16th 

st 62O 

mi, 

942 
939 

1419 
1351 
981 
681 

+1582 
975 

1181 
- 71 
+1538 

1471 
ga6 
727 

+ 1379 
686 

-398  
+ I I I ~  

I 170 

8a1 
1052 

+ 1266 
741 

- 63 
+151g 

I 

1x55 
783 

+ 126% 
1.376 
878 - 1 

+I344 
1482 
1113 
1004 
1126 

763 

onlcc is 
of 

m.i. 

0 

0 

o 
0 

- 163 
0 

+ loo 

- 73 
407 
213 

I473 
0 

- 237 
317 
573 

+ 7x0 
327 

- 787 + 620 
323 
167 
440 

- 370 
670 

1363 
0 

- 550 
53 

567 

- 180 
87 

aao 
1167 

0 

+ 143 
-490  

183 
243 
380 

Before the measure- 
ment. 

Between set8 No. 
48 and 49. 

Between set8 NO. 
155 and 166. 

Between eete NO. 
244 and 245. 

Between eeta No. 
353 and 354. 

Fsh. 

8 i 

e j 3 f l  

I 

2 

3 
4 
5 
6 
7 

8 
9 

10 

11 

12 

13 
14 
15 

16 
17 
I 8 
19 
zo 
21 

aa 

23 
24 
a5 
a6 
27 
28 
29 

30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

i j .$ 
k:LP 
mag 
S % 
c '=N ." .; 

'i 

$ 
1 

e' 
8 

1 
pa  e c o  

' 2; 
8 3 ; .  

+ I 159 
1017 
960 

1326 
1151 
1078 
628 

+ 1372 
14.57 
1469 
1423 
1445 
1345 
1340 
I397 

+ 386 
434 
410 
401 
484 
751 
709 

+ 1353 
1486 
1321 
1426 
1401 
1305 
I447 

+ I 159 
1180 
1173 
1187 
1251 
la46 
1240 
1284 
1276 
1240 

u ) 8005.5 
S 
M 
R 
AV 
T 
T 

U 
8 
S 

R 
N 

T 

U 
S 
M 
R 
N 
T 
T 

U 
S 
M 
R 
N 
T 
2' 

U 
U 
8 
db 
R 
R 
iV 
T 
R 
T 

78-27 
77.36 
83-11 
80.42 
79.15 
72.85 

83.95 
85'31 
85.51 
84'76 
85.11 
83-52 
83'45 
Q.35 

68-18 
68.94 
68.56 
68-41 
69'75 
74.01 
73-35 

83.65 
85-77 
83.13 
84-81 
84'42 
82.88 
85.15 

80'55 
80.88 
80'77 
81-00 
82-01 
81-94 
81.85 
82'55 
82'41 
81'85 



BIDER BASE-LINE 

Hicroscope Cqarisons-(Continued.) 

The required combinations of individual microscope errors taken from pages IV, and 
IV, are expressed as follows ; '3 

1 4' 
22+remw nabar. a.i. ~ M M  Cdllp: 

' + 7  q = a + 3 + 4 + 5 + 6 + I = + 6694 at (6; +&o) before the measurement. 

+ + 5994 at (62 + 22.38) between sets 48 & 49 C p =  g + I t + I 2 + 1 3 + 1 4 + - =  
a 

8+ 15 % =  10 + 11 + 12 + 13 + 1 4 +  - = +  6200 at(6a+aa*qa) I) do. a 
16+2a 

c, = 17 + 18 + 19 + 20 + ax + - = +  4609 at(6a + 8-07) 
a ,, '55 dG 1-56 

e 6 = n . c + a 5 + a 6 + a 7 + a 8 + - -  
5 23+29 - + 5591 at (62 +rr'24) a ,, 244 k 245 

2 

e6 = 3% + 33 + 34 + 36 + 37 + = + 5351 at (62 +19.56) -1 $9 353.3% 

38+J9 = + 9 1 9  at (61 +19*73) a * = 3 1  + 33 + 35 + 36 + 37 + 7 
8 " do. 

31+?9 ~ = 3 3  + 35 + 36 + 37 + 38 + * = +  5794 at(62+19.85) ,, do. 
Cr 

46+47 + 5737 at (62 + 16-73) % = 4 0 + 4 2 + 4 3 + 4 4 + 4 5 + - =  99 
a 5'8 & 5'9 

40+47 - + 5639 at (6% +16-88) q0'42 + 43 + 44 + 45 + 46 + 7 - 91 do. 

41+47 - + 5584 at (62 + 16-74) ell= 40 + 42 + 43 + 44 + 45 + 7 - 8 ,  do. 

'%= 49 + 50 + 5r + 5% + 53 + 4+ = + 5535 at (6a +r.qsa) after the measurement. 

When m m p d  

- 
1841 

November 26th 

Deoernber 4th 

Between aata No. 
518 and 519. 

dfter t.be measure- 
ment. 

- 

7:55 
79'34 
78.26 
79-35 
79-25 
78-55 
79-31 
79'55 

74'71 
76-72 
76.26 
77-48 
76.62 

I 

&J+.?' 
 YE 
%: 16 , w k  
S (;; 

"R 3 . 2  fi 
f; a o  
7 g.4 
a;a 

+ 972 
1084 
1017 
1084 
1078 
1034 
1082 
1097 

+ .794 

tY 
8 
&f 
O 
N 
P 
It 
T 

S 
U 
41 
0 
N 

at 62* Fah. 

m.i. 

4 

U 
8 
Jf 
K 
N 
l' 
R 
T 

S 
U 
M 
R 
N 

P 
2' 

+ 283 
- 75 - 21 

+ 93 
363 - 97 

+ 93 - 97 

- 75 

T 
,!I' 

Xicro~cope - 
Mimowope Scale. 

Obreroed aalua ir 
tamr of 

Divisiom ,-=,,, 
+ 1.17 1 + I I ~  

76.05 878 '00 

73-61 1 7.1 / 0 0  

- 1'40 
11-50 + '3.10 - 2'27 

-0'93 
.oo - 2'27 

+ 3.30 

781 53 
631 54 

+ 1372 
869 

-154 
+1487 

1'2x4 
844 

1175 
773 

+ro49 
1363 

- 140 
"50 + 310 - 227 

93 
O 

227 

+ 330 
160 I + 283 910 

40 
+I 

4% 
43 

45 
46 
47 

48 
19 1.60 

892 I - IOL 
967 + 3'63 
9x4 

+1423 
- 1020 - 21 

+ 363 + 93 51 
- I 50 



BIDER BASELINE 

Microscope Comparisons-(Continued.) 

And from the foregoing, we obtain the following equations for tbe microscope errore 
per get (or me.) ; where d~ expressee the error in the adopted value of the expansion of the 
6-inch scales. 

e +e, r .i. s 
= -1-, = + 6344 - 6 x Xqig dB applicable to aeta NOS. I to 48 

2 

Hence the total microscope errom are ae follows :- 

sum = -1284 - 3 1 8 s d E  

In sets Nor. 519 to 660 = 142 (me), = 789520 - 13189 dE = ,0658 - 13189 dE - 
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Microscope Comparisons-(Continued.) 

Final deduction of the total lengths measured with the compensated microscopes. 

Hitherto the microscope errors have been determined only provisionally ; i.e in t,erms 
A of the 6-inch brass scale A. But from page (31), we have 2 A = ~ . o o o o ~ g z  a, value in 

1835. Also the coefficient of expansion for brass, has been taken at .ooo,o10,417 in the fore- 
going reductions, whereas it appears from page (17) that ~000,009,855 is a more probable value. 
Accepting the latter, it may be found that dl3 = 3.372 (mi). Hence, remembering that the 
length measured with a set of microscopes is equal to 3 feet of A + the corresponding (m.e), 
we have, 

'* 
Total length measured with the compensated microscopes 

In aets Nos. J+& ~r A I 
feet d A 

or W. End, to Stn. A 244X 3 + -1114 - 23586 d E  = ( 732'1z55-.oo66)= 732-1189 

9, 

or Stn. A, to Stn. B 
245 1 - 31854dE = ( 8az.144a-'oogo)= 822'1352 

or Stn. B, d ' ~ .  End 519t0660 1 - 13189 dE = ( 426*0740--0037)= 426'0703 

Disposition of th 5ars and microscopes during the measurement. 

The following typical illustrations show the permutations and combinations of the bars 
and microscopes during the measurement. The instruments are here named in the succession 
that actually occurred, commencing from the rear-end of a set; and the numbers assigned to 
the illustrations, will be found employed in the table of " Extracts from the Field Book &c." 

Bar Illustration. Microscope Illustration. 

NO. 1 I No. 1 No. 2 No. 3 No. 4 

Statement. 

No. 1 occum throughout, i.e., in aeta Nos, I to 660. 

Statement. 

No. 1 occurs in seta Nos. I to 353. 
No. 2 ,, Nos. 354 and 355. 
No. 3 ,, Noe 356 to 518. 
NO. 4 ,, Nos. 519 tO 660. 



BIDER BASELINE 

DETAILS OF THE MEASUREMENT. 

Extracts from the Field Book of the measurement, and calculated heights of sets d o v e  the origin. 
Adopted heights above mean uea level. 
West-End (origin) = 1980.2 feet. 
East-End (terminus) = I 95 7.1 feet. 

The rear-end of set No. I stood exactly over the dot at West-End. 
(3) Morning cloudy. (5) Bfternoon cloudy and threatening. (13) Cloudy and threatening. (39) Heavy shower 

after the measurement of this set. (42) Raining. (62) Sky clear. (53) Sky overcnst with clouds. (57) Sky clearing. 
(64) &aining slightly. (71) Cloudy morning. (73) Cloudy afternoon. (82) Cioudy and foggy. 

.b Numernl G 0 
a 4 a 3 %  arrange- 3 % 

8 Mean time of 3 2.g 2 Mean time of 5 ment of 

1841 $ ending 1841 +. * ending 
O E 

%.% 
'E; 'E; '8 

% f g 3 2 5 .- 

Numeral 
shewing 
amnge- 

k 

h. m. feet 
19th Oct. r 7G1 6 50 A.M. 6 + 1.5 

2 75'3 8 50 6 - 0.8 
3 7 q 2  9 54 6 3.3 
4 81.0 1053  6 4.8 
5 88.6 2 o P.M. 6 4.9 
6 89'3 2 59 6 5.0 
7 88.0 4 10 6 6.4 
8 79.8 2 0 

6 8.6 
20th ,, 9 73'1 59 A.M. 6 10'3 

10 76.2 7 5 9  6 11.5 
1 1 79'5 fi 55 6 12.3 
12 83'5 9 52 6 12.9 
13 84.7 10 48 6 13'5 
14 8.5'4 I1  39 6 15.5 
15 88.4 z ~ ~ P . M .  6 16-3 
16 84.6 3 16 6 16.7 
17 90'1 4 16 6 17.6 
18 89.5 5 o 6 18.6 

23nd ,, 19 70'2 6 38 A.M. 6 '9.1 
20 73'8 7 23 6 19.5 
21 76'7 8 15 6 19.8 
22 80'1 8 59 6 20.2 

23 83.1 9 5I 6 21.6 
24 86.2 10 38 6 22'1 

25 84'3 I 29 P.M., 6 22'3 
26 80.5 2 10 6 22.0 

27 82.0 2 47 6 21.4 
28 83'9 3 25 6 21'8 
29 83'9 4 11 6 21.6 
30 82.8 4 50 6 21'9 
31 81.6 5 26 6 22.1 

2srd ,, 32 72'3 7 26 A.M. 6 22.2 
33 73.7 8 5 6 22.8 

6 23.3 
35 78.2 9 21 
36 80.5 10 5 6 23.7 
37 83'0 10 44 6 23.8 
38 85.6 11 23 6 21'5 
39 82.0 2 8 P.M. 6 24'9 
40 76.4 3 12  

merit 

$ 
PI 

1 
I 

I 

I 
I 

I 

I 
I 

I 

I 

I 

I 

I 

r 
I 

1 

I 
I 

I 

I 
r 
I 

I 

I 

I 
I 

I 

I 

1 
1 

I 

Of 

f 
5 

I 

I 

r 
I 

I 

' I  
I 

I 

I 
I 

I 

I 
I 

I 

I 

I 
1 

i 
I 

I 

I 

I 
I 

I 
I 

I 
I 

I 

I 

I 

1 

I 

41 77'7 3 57 6 82 71.0 7 14 6 61.11 

r 
I 

I 
I 

I 

I 
I 

r 
J 

1 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 
I 

I 

I 

J 
I 

I 

I 

1 
I 

r 
I 

I 

1 I 
I I 

I 

I 

I 1 
I 

I I 

I I 

I I 

I I 

I I 

6 6 

I 

I 

I 

I 

I 

I 

I 

I 

1 

I 

I 
I 

I 

I 

1 

I 

I 

I 

I 

I 

I 

A.m. feet 
23rd Oct. 42 73.3 4 51 P.M. 6 - 27.3 
25th ,, 43 72.8 6 56 A.M. 6 28.3 

44 75'5 7 49 6 29.7 
45 77'9 8 27 6 3 1.5 
46 81.6 9 16 6 33.8 
47 85.0 l o  8 6 36.2 
48 85.9 11 o 6 38.9 
49 86.0 4 7 P.M. 6 41.3 
50 82.6 4 51 6 ~ 3 1  
51 81.7 5 28 6 45.1 

26th ,, 52 72'0 6 40 A.M. 6 45.; 
53 71.7 7 28 6 45.8 
51 74'3 8 18 6 46'3 
55 78.0 8 55 6 47-0 
56 81.0 9 39 6 47'6 
57 83.8 10 16 6 48.6 
58 86.0 10 48 6 49'9 
59 861 r 32 P.M. 6 50 o 
60 85.5 z 20 6 49.6 
61 87.8 3 4 6 48.4 
62 87'3 3 47 6 48.1 
63 81.2 4 29 6 48.3 
64 79'3 5 16 6 49.1 

I 

1 
I 

I 
I 

I 
I 

I 

I 
I 

I 

I 

I 

I 

27th ,, 6.5 71'1 6 42 A.X. 6 50.0 
66 72.3 zz 6 50'8 
67 73'7 8 8 6 51.4 
68 7.5'0 8 45 6 51.5 
69 76.2 9 a q  6 51'5 
i0 78'2 9 57 6 51'6 
71 80.0 10 30 6 5.3'1 
72 82.1 11 2 6 53'5 
73 82'5 1 3 2 p . ~ .  6 54'2 
74 82.0 2 3 6 54.7 
75 82.5 2 38 6 55'2 
76 82.3 3 14 6 55'8 
77 82.0 .3 49 6 56.0 
;8 81.,3 4 21  6 5 j.7 
79 80.6 4 51 6 58.6 
80 79'7 5 25 6 59'8 
81 70.7 6 45 A.M. 6 60.9 



BIDER BASELINE 

Eztracis from the Field Book-(Continued .) 

I 43 d 
3" 

1841 % 
d 
k 

28th Oct. 83 
84 
85 
86 
8 7 
88 
89 
90 
9' 
92 
93 

29th ,, 94 
95 
96 
9 7 
98 
99 

I00 

I01 

102 

103 
104 
1 05 
I 06 
'07 
I 08 
109 

30th ,, I ro 
I I I 

I I 2  

'13 
114 
" 5 
I 16 
"7 
118 

19 
I 2 0  

1 2 1  

1 2 2  

123 
1 24 

2nd Nov. 125 
I 26 
127  
I 28 
129 
'30 
131 
132 

(106) A 
sunshiny dny. 

81.j 
82'1 
83'4 
82'2 
82.0 
8 I '2 

82.0 
81.1 
80.3 
73 '3 
74'1 
71'8 
76.2 
76.7 
77'7 
79'3 
78.8 
7 9'5 
i9'7 
79.1 
78'7 
7 8.4 
77-0 
86.0 
75'3 
75'9 
78.2 
80.3 
82.4 
83.0 
85" 
87.0 - 
slight 

~ e a n  time of 3 
endiug 

0 

i 

Numeral 
shewing 
srrnnge- 
ment of 

h. m. 
7 50 A.N. 

8 24 
9 0 

9 33 
ro 18 
ro 48 
2 47 P.M. 

3 1 7  
4 0' 

4 30 
5 8 
6 33 A.M. 

7 1 2  

7 52 
8 30 
9 1.  
9 31 

10 2 

10 31 
11 2 

I 41 P.M. 

2 '4 
2 52 
3 25 
4 0 : 
6 58 A.M. 

7 49 
8 24 
9 1 

9 35 
I0 I 1  

lo  46 
I 2 0  P.M. 

1 5' 
2 22 

5' 
3 25 
3 52 
1 34 
5 3 
7 17 A.M. 

7 58 
8 4' 
g 15 
9 50 

10 24 
9 

I 59 P.M. 

2nd Nov. 133 
134 
'3.5 
136 
'37 
138 

3rd ,, 139 
140 
141 
142 
I43 
144 
'45 
1 46 
1 4  7 
148 
'49 
150 
'5' 
152 
'53 
154 
'55 

4th ,, 156 
'57 
158 
159 
I 60 
161 
I 62 
16.3 
'64 ' 6.5 
I 66 
I 67 
168 
169 

5th ,, 170 

'7' 
1 7 2  

'73 
'74 
'75 
176 
I 7 7  
178 
'79 
I 80 
181 
182 

xhower of rain. (1 10) Morning cloudy and damp. 

a, 
B 

Mean time of 5 
ending 

0 

2 

Numeral 
shewing 
arrange- 
ment of 

h. m. feet. 
2 35 P.M. 6 - 68.6 
3 9 6 68 o 
3 43 6 67.0 

6 66.6 
6 66.3 4 5.5 

5 36 6 6 5 ' ~  
6 50 A.M. 6 65.7 
7 2s 6 65.3 
8 o 6 64.4 
8 33 6 63.6 
9 11 6 62.0 

6 62.1 
46 6 61.8 10 a5 

lo 57 6 61.0 
I 24 P.M. 6 60.6 
1 54 6 59'9 
2 2.3 6 58.8 
2 48 6 58.1 
3 I4 6 57'5 
3 38 6 56.7 
4 12 6 55'3 
4 41 6 54'5 
5 10 6 53'7 
8 46 A.M. 6 52-7 
9 18 6 52.3 

6 51.5 
52 6 50.6 10 18 

10 49 . 6 50.2 
I 20 P.M. 6 49'5 
1 46 6 48.3 
2 ' 5  6 47'4 
2 46 6 .46.; 
3 16 6 45'7 
3 4' 6 45'5 
4 19 6 45'4 

6 45'9 
48 6 46.3 5 23 

6 3 7 ~ ~ .  6 47'4 
7 8 6 48.5 
7 44 6 49'3 
8 11 6 49'3 
8 41 6 51'0 
9 3 6 51'8 
9 3' 6 57'7 
9 58 6 53'4 

10 zy 6 53'7 
ro 58 6 54'0 

I 35 P.M. 6 54'5 
2 6 6 56'3 
2 29 6 57'3 

Rainy and cloudy. (127) A fine clew 



DETAILS OF THE MEASUREMENT. 

Extracts from ths Field Book-(Continued.) 

4 m 
a 
2j 4 3 % 

2 5 Meantimeof 3 %.$ 
1841 % 3 ending + "0 'h 

g . " 2 
Efi 

%# .- i? 
4 3 4 2 %  .. 

Q &fern time of 3 2 .$ 53 
1841 onding ... .- 

'i; 0 :  

k 2 s g Ti .E 
k la 

h. m. feet. 
5thNov. 183 8894 z 55 P.M. 6 - 57.7 

184 88.7 3 18 6 58.2 
18.5 86.3 3 50 6 58.7 
186 86.4 4 1 7  6 59'5 
187 83'0 4 47 6 60.1 
188 80.6 5 16 6 60.7 

6th ,, 189 72.6 6 4 0 ~ ~ .  6 61.4 
190 73'7 7 I4 6 61.6 
191 74'2 7 42 6 61.3 
192 78.0 8 18 6 61.8 

6 61.1 '93 80.1 
8 45 60.6 194 82.0 9 10 

19.5 83'7 9 35 tS 59'9 
196 8.5'9 10 .C 6 58.6 
197 88.4 l o  35 6 57'4 
198 89'7 11 1 6 56.7 
199 90'7 I 24 P.M. 6 55.7 
ZOO 91.2 I 51 6 55.2 
201 91.8 2 20 54'7 
202 92.8 2 44 (j 5.5.6 
20.3 32'9 3 11 6 56.1 
204 9.3'0 3 41 6 56.3 
20.5 89.1 4 9 6 57.1 
206 88.5 4 33 6 57'5 
207 84.6 5 o 6 58.4 
208 81.9 5 20 6 58.7 

8th ,, 209 71.3 6 36 A.M. 6 58.5 
210 72.1 7 5 6 58.4 
2H  73'9 7 37 6 58.4 
212. 75.1 8 2 6 58-5 
213 76.9 8 2 7  6 58.6 
214 78'3 8 54 6 58.5 

The advanced-end of set No. 244 fell in 

Numerul 
shewirig 
arrange- 
ment 

1 
F 9 i  

Numernl 
shewing 
arrange. 

of 

I 

me"t 

$ i  m s  

I 

I 
I 
1 

I 
I 

I 

I 

I 
I 

I 

1 
I 

1 
I 

I 

I 

I 

I 

I 

I 

I 

1 
I 

I 

I 

I 

I 
I 

I 

I 

defect 

of 

Gary's brass scale with a pair of complrsses. 
Height of sci. No. 214 above Station A = 1.6 feet. 
The temillnl point of set NO. 244 was the point of origin for sct No. 245. 

h. m. feet. 
I 8thNov. 215 8036 9 23 A.M. 6 - 57.8 
r 216 81.9 9 48 6 57.2 
I 217 83.9 10 1 7  6 57.1 
1 218 84% 10 40 6 56.7 
I 219 86.6 11 4 6 56.2 
I 2 2 0  88.0 I 41p.x. 6 55'6 
1 2 2 1  88.8 2 7 6 54'7 
I 222  89.1 2 31 6 54'4 
I 223 89.6 2 58 6 53.4 
r 224 89.4 3 22 6 528 
I I 225 88.6 3 48 6 52.2 

226 87.7 q 13 6 51'5 
1 227 83.2 4 40 6 50'4 
I 228 82.1 5 a 6 49'7 
1 229 78.8 5 24 6 49'2 
I 9th ,, 2 . 3 ~  70.7 6 32 A.M. 6 48'4 
I 231 71'3 6 58 6 47.2 
I 23% 73.8 7 26 6 46.7 
I 233 75'7 7 53 6 45'5 
I 234 77'7 8 29 6 45.2 
I 235 78'5 8 5% 6 ~ ' 3  
I 236 80.4 9 18 6 43.8 
I 237 82.8 9 41 6 4.3'2 
1 238 83.6 10 6 6 43.1 
I 239 8.5'0 10 32 6 42.3 
I 240 88.7 I I ~ P . M .  6 41.7 
I 241 88'7 I 6 41.0 
I 24% 88.0 2 8 6 40.8 
I 243 89'3 2 36 6 40.0 
I 244 86.0 3 41 6 40.2 
I - 
I Total - 122 78.5 

(i. e. nest) of t1:c dot a t  Station A, 0.1033 feet, as 

r 
I 

I 

1 

1 
I 

1 
1 

1 

I 

I 

I 
I 
I 

I 
r 
I 
I 

1 

1 

I 

I 
I 

I 

I 
I 

I 

I 

I 

I 

measured 

I 

I 
I 

I 

I 

I 

1 

1 

1 
I 

I 

I 

I 
I 

I 
r 
I 

I 

1 
I 

I 
I 

I 

I 
I 

I 
1 
I 
I 

I 

on 

lot11 ,, 258 88.6 3 18 P.M. 6 - 47.1 
2.59 90'2 3 46 6 47'9 
260 87.0 4 14 6 49.1 
261 84.6 5 r 6 50.1 

l l t l i  ,, 262 70'5 6 45 A.M. 6 -50.1 
263 73'4 7 I4 6 51'5 
264 76'2 7 48 6 52.4 
265 77.8 8 1 7  6 53'5 
266 79'1 8 48 6 54'5 
167 81.2 9 I I 6 56.4 
268 84.2 9 35 6 57'4 
269 85'7 9 57 6 58-5 
270 85.0 10 22 6 59-8 

I 

I 

I 

I 

I 
I 

I 

I 

I 

I 

I 

I 

I 

10th ,, 245 70.9 6 57 A.M. 6 - 40.2 
246 74'0 28 6 41-7 
l47 76.9 7 5 7  6 42'9 
248 78.0 8 26 6 43'6 
249 81.0 8 56 6 43'1 
2 5 0  84'6 9 22 6 42.2 
251 84.0 9 50 6 42.7 
252 87.0 10 1 7  6 43'2 
253 87.8 10 44 6 44'6 
2.54 88.0 I I 10 6 44.7 
255 87-5 I 50 P.M. 6 44.8 
256 88.2 z 17 .6 45'5 
257 87'3 2 48 6 46.5 

I 

I 

I 

I 
I 

I 
I 

1 

I 

I 

I 

1 

I 

1 

1 

I 
I 

I 

I 

I 
1 

1 

I 
1 

I 
I 

1 

1 
I 

I 

I 

I 

J 

1 

1 

I 
I 

I 
I 



=V-zo BIDER BASELINE 

Extracts from the Field Book-(Continued.) 

3 o 

% % $ % 
Y 3 5 Mean time of 3 .8 .,. .Y en'% .,. 0 g % 3 

P, 

a El 2 ;  

Numeral 
shewing 
arrange- 

of 

.a f 
d 1  4 % m" Co 

5 .-time of 3 1841 L. '2 rr * ending t i g o ... r. 
k P 1 s  e 

h. m. feet. I I I 

Numeral 
shewing 
arrange - 
ment of , 

I 
g i g  P 1 g  - 

h. m. feet. 
13thNov.321 76.7 450p .x .  6-111.6 

322 75-1 5 11 6 112.8 
15th ,, 323 47.6 6 47 A.M. 6 112.9 

324 51.1 7 15 6 113.2 
325 59'6 7 4 9  6 114.0 
326 64'1 8 18 6 114.6 
327 67'9 8 43 6 114.8 
328 70.3 9 6 6 I 

329 73'2 9 34 6 115.9 
330 74'3 9 57 6 1163 
331 75'1 10 24 6 116.3 
332 76.4 10 55 6 11.5'8 
333 79.4 1 25 P.M. 6 I 15.7 

6 115.6 334 i9'7 49 ,16.4 
335 80.4 n Z I  

336 80.0 2 45 6 116.3 
337 79'7 3 12 6 116.5 
338 79'4 3 32 6 1~7 .7  
339 78.7 4 2 6 118.0 
340 74'0 4 2 2  6 118.0 
341 71'9 4 45 6 117.8 
342 68.9 5 12 6 118.6 

16th ,, 343 47.4 6 38 A.M. 6 119.1 
544 49'0 7 6 6 120.0 

34.5 55'1 7 3.5 6 120.4 
346 61.2 7 58 6 120.6 
347 66'2 8 2.3 6 120.8 
348 70'' 8 49 6 1226 
349 73'1 9 13 6 122.9 
350 i5'9 9 37 6 123'6 
351 78.0 10 7 6 125.2 
352 80.9 10 30 6 126.7 
353 80.6 lo  56 6 127.6 
354 83'0 3 2.3 P.M. 6 127'4 
355 82.7 3 56 6 127'3 
356 81'0 4 44 6 127-3 
3.57 70'3 .5 5.5 6 127.2 

17th ,, 3 58 49'9 6 40 A.M. 6 126.6 
359 53'0 7 9 6 125.5 
360 58.5 7 35 6 125.1 
361 64.2 8 3 6 124.8 
362 70.2 8 28 6 125.0 
363 74'8 8 54 6 124'9 
364 77.2 9 22 6 126.1 
365 79'4 9 48 6 127.1 
366 81.2 10 19 6 128.8 
367 82'2 10 48 6 132.2 
368 85.0 I r 23 6 132.1 
369 85'5 I 49 P.M. 6 132.3 
370 85'4 2 1 7  6 130'9 

g 

I 

I 

I 
1 

I 

I 

I 

I 
I 

I 

I 
I 
I 

I 

I 

I I 
I 

1 

I 

I 

1 

I 

I 

I 
I 
I 

I 

I 

I 

I 
1 

I 

I 

I 

I 
1 

I 

J 

I 
I 

I 
r 
I 
r 
I 

I 

r 
I 

11th Nov. 271 86.4 lo  50 A.M. 6 - 60.2 
272 90'0 I ~ ~ P . M .  6 62.0 
273 91'9 1 48 6 62.8 
2 74 88'7 2 17 6 63.3 
275 90'4 2 41 6 65.1 
2 76 89'4 3 6 6 66.2 
277 90'0 3 31 6 67'3 
278 90.2 3 5.5 6 68.3 
279 86.4 4 18 6 68.8 
280 83'5 4 41 6 69.6 
281 81'4 5 5 6 70.2 

12th ,, 282 66.0 6 35 A.M. 6 70.8 
283 68.1 7 9 6 71.9 
284 71'9 7 35 6 72.9 
285 73.8 8 I 6 740 
286 75-5 8 27 t5 75.b 
287 77.1 8 49 6 75'7 
288 79.1 9 14 6 76.3 
289 80'4 9 39 6 766 
290 81'5 10 2 6 77-1 
291 82.6 10 28 6 77'4 
292 83'9 10 56 6 78.6 
293 86.0 1 21 P.M. 6 79'4 
294 87'0 I 42 6 80.0 
295 87'9 2 5 6 80'4 
296 86.8 2 28 6 81'3 
a97 87.8 z 51 6 82.1 
298 86.1 3 13 6 83.2 
299 84.9 3 37 6 83'8 
300 82.4 3 59 6 84.6 
301 79'; 4 25 6 8.5'4 
30.2 81.2 4 4 7  6 86.3 
303 79'5 5 l X  6 87.1 

13th ,, 304 60.8 6 37 A.M. 6 88.1 
30.5 63'9 7 9 6 89.0 
306 6;'1 7 36 6 91.3 
307 69'8 7 59 6 92.4 
308 ;I.J 6 2 1  6 93.5 
309 73'4 8 45 6 9.5'0 
310 75.6 9 "  6 96.3 
311 78'0 9 3 6  6 y8.0 
312 79.6 10 2 6 500.1 

313 80.9 10 24 6 100.9 
314 81.8 10 51 6 102.3 
31.5 84-3 2 2 6 ~ ~ .  6 103.5 
316 84'0 2 53 6 105.1 
3 I i  83'7 3 19 6 106.5 
318 83'4 3 44 6 107'3 
319 82.4 4 5 6 109.5 
320 78.6 4 24 6 110.7 

I 

I 
I 

1 

I 

I 

I 

I 

I 
I 

I 

I 
I 

I 

I 

I 

I 
1 

I 

I 
I 
I 

I 

I 
I 

I 
I 

I 

I 
I 

' I  

I 

I 

I 
I 

I 

I 

1 

1 

I ( 
I 

I 

I 
I 

I 

I 
I 

I 
I 

1 

1 

i 
1 

1 

1 

I 

1 

1 

I 

1 

I 
1 

t 
I 

I 
1 

I 

I 

I 

I 

I 

I 

I 
I 

I 

I 

1 

I 

r 
I 

I 
I 

I 

I 

I 

I 

I 

r 
I 

I 

I 

1 

I 

I 

I 
I 

I 

I 
I 
I 
I 

I 

I 

I 
I 

I 

I 
I 

I 
I 

I 

I 
I 

I 

I 
I 

I 

I 

I 

I 
I 

r 
I 

I 
I 

I 

I 

I 
z 
2 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 



DETAILS OF THE MEASUREMENT. 
IV-2 I 

Extracts from the Fieeld Book-(Contintled.) 

P 

9 
w 

J 1 8  d % a 

4 M- time of J g.9 

Numernl 
shewing 
arrange- 

of 

.?a 

d 4 4 4 d % 

1841 c .Y 
$ a * a  3 2 3  

% F S E % $ 

Numeral 
.hewing 
arrange - 

4 $  amt time of 3 3.a 
Q., 

... .G 
O f& en*g * 0 0 

s O 2 
. 4 9  

Is 

h. m. feet. 
20thN0~. 421 84.5 I 30 P.M. 6 - 62a3 

422 86.9 r 55 6 61.9 
423 8.5'9 2 2.5 6 61.8 
424 86.0 2 46 6 61.7 
425 84'8 3 11 6 62.0 
426 84'2 3 35 6 62.4 
427 79'9 4 4 6 62.9 
428 77'0 4 3 0  6 63.6 
429 76'1 4 52 6 64.2 
430 73'3 5 21  6 64'9 

22nd ,, 431 60.6 6 35 A.M. 6 665 
432 62.9 7 8 6 . 67.8 
433 69.1 7 54 6 68.8 
434 73'2 8 31 6 69'4 

6 70.6 435 75.9 8 59 
72.0 436 78.0 9 26 

437 78.6 9 5 1  6 71'9 
438 79'5 '0 24 6 74'3 
439 81.4 I0 54 6 75'3 
440 80.7 I 23 P.M. 6 76.1 
441 80.1 r 52 6 77.4 
442 83.2 z 22 6 78.8 
443 84.5 2 46 6 79" 
444 81.2 3 I4 6 79'0 
445 81'4 3 41 6 79'2 
446 78.6 4 18 6 78.4 
417 75'4 4 50 6 78.5 
448 72'4 5 15 6 28.3 

23rd ,, 449 58.4 6 40 A.M. 6 78.3 
450 61.4 7 10 6 78.6 
451 6.5.6 7 3 9  6 79.2 
452 69.8 8 8 6 79'3 
453 72'9 8 38 6 79'6 
454 7 4 "  9 3 6 79'6 
455 77'5 9 32 6. 79'5 
456 77'6 9 5 7  6 79'5 
457 79'9 '0 24 6 79'3 
458 80.7 10 58 6 79.2 
459 8 ~ 7  138p .y .  6 80.7 
460 83'5 2 5 6 81.5 
461 81.6 a 31 6 82.1 
462 80.5 z 57 6 82.6 
463 82.5 3 21 6 8.3'8 
464 82.4 3 41 6 8,;.8 
465 78.7 4 7 6 86.0 
466 7.5'1 4 3 1  6 86.1 
467 72'3 5 1 6 86.,5 
468 70.4 5 23 6 86.8 

24th ,, 469 55.1 6 40 A.M. 6 84'9 
470 57'9 7 14 6 83'4 

H 

h- m. feet. 
17thNov. 371 8;a7 2 43 P.M. 6 -130.1 

372 84'9 3 12 6 129.8 
373 84'0 3 49 6 128.3 
374 82'4 4 1 3  6 I+.O 

375 74'.5 4 44 6 127.3 
376 69'8 5 I5 6 127.0 

1 8 t h , ,  377 52'4 635"". 6 126'9 
378 55'0 f 4 6 126.8 

ment 

s 
R g  

I 

I 
I 

I 

I 

I 

I 

I 

I 

I 

I 

x 
I 

I 
I 

1 

1 

1 

I 

I 

I 

1 

1 
I 

I 
I 

I 

I 

1 

1 
I 

1 

1 

1 
I 

I 
I 

1 

I 

I 
I 

I 
I 

I 

I 

I 

I 
1 

1 
1 

1 

1 

1 

1 

1 

1 

of 

E 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

3 
3 
3 
3 
3 
3 
3 

I 3  
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

1 3 
3 
3 
3 
3 
3 
3 
3 
3 

3 
3 
3 
3 
3 
3 
3 
3 

6 126.8 
380 66.4 8 2 

381 70.9 8 28 6 1a7.1 
382 74'0 8 49 6 126.5 
383 77'7 9 '1 6 126.0 
384 80.0 9 35 6 125.7 
385 81.8 10 I 6 125.1 

6 124.5 386 84'3 10 40 
387 8.5'2 11 20 6 122.3 
388 86'0 I 47 P.M. 6 120.5 

6 119.1 389 86.2 2 20 

390 86.4 2 49 6 117.2 
6 114.6 391 8.5'7 3 

392 8.5'5 4 3 
393 83'0 4 38 6 109.6 

6 107.8 394 73'8 5 10 
19th ,, 395 56.2 6 41 A.M. 6 105.3 

396 62.8 7 40 6 roz.+ 
397 7.3'0 8 3 3  . 6 99.4 
398 78.6 9 22 6 95.3 
399 81.7 10 3 6 92.9 
400 82.7 1 0 3 1  6 91.8 
401 83.9 11 o 6 89.9 
402 85.9 I 29 P.M. 6 87.8 
403 85'4 1 57 6 85.7 

6 84.0 404 85'7 2 27 
6 83.2 405 85'6 2 59 
6 82.0 406 87'5 3 24 
6 80.1 407 8.5'0 3 54 

408 78.3 4 18 6 j9.2 
409 77'3 4 47 6 77'5 
410 74'9 5 13 6 75.8 

20th ,, 411 57.7 6 38 A.M. 6 74.6 
412 59'5 7 11 6 72.4 
4x3 64'0 7 41 6 70.9 
414 68.0 8 8 6 70.1 
415 71'2 8 36 6 68.5 
416 74'7 9 3 6 67.2 
417 78'3 9 34 6 65.5 
418 80.3 9 58 6 64.7 
419 81.3 10 29 6 63.5 
420 82'5 10 55 6 62.7 

I 

1 

1 

I 

1 

1 

1 
I 

I 

1 
I 

I 

I 

I 

1 
I 

I 
I 

1 

I 

I 
I 

I 
I 

I 

I 

I 
1 

1 

1 

1 
1 

I 

I 

r 
1 

1 
I 

3 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

3 
3 
3 
3 
3 
3 
3 
3 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
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I 3  
3 
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IT-22 
BIDER BASELTNE 

Extracts from the Fieeld Book-(Continued.) 

3 i? 
2 .U 3 P 
s i M - t i - ~ f  B $,a 

lsll 6 , c .; ending 

g a o z  

a i g k 

9 e g 
$ % 3 4 
B &im t i m e d  J 2.9 .,. '2 1841 , i ending , 0 

g $ 2 .a k 
H Da 

h. m. feet. 
24thNov. 471 6298 7 43 A.M. 6 - 82.0 

47a 66.5 8 13 6 80.4 
473 iO'4 8 47 6 78.8 
474 73'9 9 24 6 77'9 
475 7.5'7 9 53 6 77'4 
476 76.8 ro 26 6 75.1 
477 78'0 10 .5I 6 73'9 
478 81.0 I 2 0  P.M. 6 73'3 
4i9 79'6 1 48 6 73.1 
480 80.6 2 14 6 73'1 
481 80.0 2 40 6 72.4 
482 80.4 3 7 6 71'5 

6 70'5 483 79.6 3 29 
484 79.8 

3 54 68,6 485 77'2 4 1 7  
486 74'6 4 38 6 68'5 
487 73'2 5 0 6 68.4 
488 71.0 5 22  6 68.3 

25th ,, 489 53.1 6 44 A.M. 6 67.3 
490 55'4 7 14 6 66.3 
491 61.4 7 48 6 65'5 
492 65.6 8 15 

Numeral 

arrange- 
shewing 

g 
Fg 

Numeral 

arrange- 
nhewing 

i 
E 
g 

ment 

$ g  
' F g  

I 

I 

I 

1 

1 
1 

1 

I 

I 
1 

1 

1 
1 

I 

I 

I 

I 

1 

I 

of 

3 

8:; 1 ; 493 67'9 8 37 
494 70.7 9 2 
495 72.1 9 24 6 62.4 I 

I 

I 
1 

I 

I 
1 

I 
1 

1 

1 

I 

I 
I 

I 
I 

I 

I 

I 

1 
1 
I 

I 

3 
3 
3 
3 
3 
3 
.g 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

I 

measured 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

3 
3 
3 
3 
3 
3 

I 3  

The advancedend of set No. 518 fell in excess (i. c. east) of the dot a t  Station B, 0.2631 feet, as 

3 

on 

h. a. feet. 
2~ thNov .  496 73.4 9 47 A.M. 6 - 61.3 

497 74'7 10 8 6 60.9 
498 75'3 10 30 Ci 59'5 
499 78.6 o 52 P.X. 6 59.2 
500 80.1 r 16 6 58.3 
501 81.5 1 41 
502 80.1 2 3 

6 578 
6 56.2 

503 81.1 2 26 6 55'7 
504 80.7 2 4 8  6 54'6. 
505 80.7 3 16 6 53'0 
506 80.6 3 37 6 51'9 
5O7 79'9 4 2 6 51.6 
508 75'3 4 29 6 51'0 
509 73'9 4 50 6 50.8 
510 71-4 5 18 6 50'1 

26th ,, 511 57.3 6 55 A.M. 6 48.6 
512 60.3 7 23 6 48.0 
513 64.0 7 51 6 46.8 
514 66.7 8 14 6 45'9 
515 69'6 8 40 6 44'9 
516 71.4 9 a 6 43'7 
5'7 72'5 9 29 6 43'5 

3 
3 
3 

Carp's brass scale with a pair of compasses. 
Height of sei No. 518 above Station B = 1.6 feet. 
The terminal point of set No. 518 was the point of origin for set No. 519. 

518 77'9 10 45 6 42.0 - 
Total - 23263'9 

26thNov. 519 83.4 2 43 P.M. 6 - 42'1 
520 83.1 3 8 6 42.1 
521 84'0 3 35 6 42.1 
gaz 83.0 . 4 o 6 42.9 
523 81.7 4 2.5 6 44'5 
524 75'2 4 48 6 45'5 
525 73'2 5 12 6 46.3 

27th ,, 526 58.2 6 4 9 ~ ~ ' .  6 46.8 
527 61.2 7 19 6 47.3 
528 6.5'1 7 48 6 47'9 
529 72.6 8 59 6 48'4 
530 71'7 9 25 6 49'6 
531 75'9 9 4.5 6 jo-7 
531 77.0 10 8 6 51.5 
533 77'6 10 31 6 52.5 
534 78.4 10 58 6 52.9 
535 82'8 1 19 P.M. 6 54'4 
536 82'9 1 39 6 55'1 
537 83'7 2 5 6 55'8 
538 85.0 2 26 6 56,6 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

I 
I 

I 
1 

1 

1 

1 

I 

1 

I 

1 

1 

I 

1 

1 

I 

I 

1 

I 
I 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

w 

27th Nov. 539 84.8 a 48 P.M. 6 - 57'2 
540 85'4 3 9 6 57'9 
541 8.3'9 3 30 6 58.7 
542 84'9 .? 50 6 59'5 
543 78'5 4 13 6 61.2 
544 77.1 4 31 6 61.9 
54.5 75'3 4 55 6 63.0 
546 73'9 5 1 7  6 63'8 

29th Nov. 5-17 63.2 6 54 a.m. 6 64'6 
548 65'2 7 21 6 65.8 
549 6i.5 i 47 6 66.5 
550 70.2 8 8 6 67.8 
551 72'1 8 30 6 69.0 
552 73'4 8 52 6 70.2 
553 75'0 9 18 6 71.0 
554 77'2 9 47 6 73.2 
555 79'1 '0 15 6 76.4 
556 80'5 11 o 6 79'7 
557 82'3 11 30 6 83'8 
558 82.0 I 50 P.M. 6 85'5 

1 

1 

1 

1 

I 

I 

I 

I 
1 

I 
I 

I 

I 

I 

I 
I 

I 

1 

I 

I 



DETATLS OF THE MEASUREMENT. 

Extracts from the FieM Book-(Continued.) 

i 

3 e ; 4 3 a 
5 ~ e a n  time of s g.2 

leal % 3 ending 4 *'" 
c O b  3 

2 i? d i g  

3 * w m o 
Y 

Mean time of 2 8 %  
1841 ending % x 

0 O 

& t & .g 
2 

El El 

h. m. feet. 
29thNov. 559 84-9 z 16 P.M. 6 - 85.6 

560 86.4 2 51 6 83'7 
5 6 ~  8.5'4 3 17 6 82.8 
562 84.2 3 39 6 82.1 
563 81.6 4 a 6 81.5 

6 80'3 564 i9'6 4 2.5 
565 76.0 5 0 6 76.2 
566 71.4 5 33 6 73.8 

30th ,, 567 6.3'9 6 50 A.M. 6 72.7 
568 65'0 7 19 6 71.2 
569 67'3 7 42 6 69'8 

6 68.1 57O69.9 8 5 
66.1 571 7.3'0 8 32 

572 i4'9 8 5 7  6 65.0 
573 76.8 9 20 6 64'5 
574 78.7 9 46 6 64'3 
575 80.0 10 3 6 63.8 
576 82.2 10 26 6 63.1 
577 82.2 10 50 6 63.1 
578 86.4 I I+P.H. 6 63'1 
5i9 88'4 I 39 6 63.1 
580 89'5 2 2 6 63.0 
581 88.4 2 28 6 60.9 
582 88.0 2 54 6 60.3 
58.3 88.3 3 15 6 60.2 
584 86.7 3 40 6 59'5 
58.5 86.6 4 9 6 59'5 
586 83.0 4 34 6 5 ~ 1  
587 i9'5 5 0 6 58.3 
588 76.6 5 23 6 57'2 

1st Dec. $89 67.1 6 40 A.M. 6 56.5 
590 68'1 7 7 6 55'7 
591 69'4 7 36 6 54'7 
592 71'7 8 4 6 53'1 
593 73'9 8 28 6 51.8 
594 76'1 8 52 6 51.1 
59.5 78'0 9 18 6 50'3 
596 79'2 9 38 6 49.1 
597 80'7 10 2 6 48.3 
598 81.4 10 21 6 4i.4 
599 82'9 10 43 6 46.2 
600 8.5'3 1 3 P.M. 6 45.9 
601 86.0 I 30 6 46.0 
602 84.0 a r 6 46.3 
60.3 85'1 a 24 6 46-7 
604 86.9 2 50 6 47'9 
605 8i.3 3 13 6 48.1 
606 88.0 3 37 6 48'3 
607 86.6 3 58 6 48'5 
608 81.9 4 2 3  6 48'7 
609 80.1 4 43 6 48.7 
610 78.1 5 7 6 48'7 

2nd ,, 611 65.1 646a .x .  6 48.8 
The advanced-end of set No. 660 fell in 

%ary's brass scale with a pair of compasses. 

Numeral 
 hewing 
arrange- 
ment of 

s 

Numeral 
shewing 

merit 

0 2 

Height of set No. 660 above EasbEnd = 1.6 feet. 

arrange- 
of 

ji t 
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I 
I 

I 
I 
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I 
I 

I 
I 

I 
I 

I 

I 
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I 

I 

I 

I 

I 

I 

1 

1 
I 

1 

1 

I 

1 

1 
I 

I 

I 

I 
I 

I 
1 

I 

I 

I 

I 

I 
I 

I 

1 

I 

1 
I 

1 
I 

defect 

I 

I 

I 

I 
I 

I 

t 
I 
I 

1 
I 

I 

I 
I 

1 

I 

I 
1 

I 

I 
1 

I 
I 

1 

I 

I 
1 

I 
1 

I 
I 
I 
I 

I 
I 
I 

I 

I 
I 

I 

1 

I 
I 

I 
I 

I 
I 

4 
4 
4 
4 
4 

1 4  
4 
4 

' 4  
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

1 4  
4 
4 
4 
4 
4 
4 
1 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

h. m. feet. I 

measured on 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
+ 
4 
4 
4 
4 
4 
4 
(i. e. 

2ndDec. 612 65:~ 7 14 A.M. 6 - 48.6 
613 67'5 7 40 6 48.6 
614 7a.1 8 o 6 48.6 
61 j ' 72.9 8 24 6 48.6 
616 75'4 8 45 
617 77.2 9 10 

6 48.7 
6 49'1 

618 78.4 9 30 6 50.1 
619 79.0 9.53 6 50.5 
620 80.0 10 19 6 51'2 
621. 81.0 10 49 6 51.0 
622 81.2 11 I 6 50'3 
623 85.1 I 2 7  P.M. 6 49.6 
624 85.0 I 50 6 48.6 
625 84.3 2 13 6 48.0 
626 85.7 2 39 6 47.8 
627 84'4 3 I 6 47'6 
628 8.5'1 3 23 6 47.2 
629 84.0 3 44 6 46'7 
630 83'7 4 7 6 4.5'8 
631 82.3 4 25 6 4-14 
632 79'4 4 49 6 44'5 
633 77'5 5 11 6 43.9 

3rd ,, 6.34 62.1 6 44 A.M. 6 42.9 
635 63'6 7 I3 6 41.0 
636 66.2 7 39 6 39'3 
6.37 68-9 8 6 38.4 
638' 71.4 8 25 6 37'6 
639 73'7 8 49 6 36'3 
640 76.2 g 11 6 34'8 
641 78.1 9 34 6 33'6 
642 79'4 Y 58 6 31'3 
643 80.1 10 a0 6 30'4 
644 80.2 10 44 6 29.0 
645 81.4 rr 10 6 28'1 
646 84'1 1 40 P.M. 6 27.0 

647 84.1 2 4 6 26.1 
648 84.4 a 28 6 25.2 
6-19 84'3 2 53 6 24.1 
650 8.3'9 3 21 6 23.4 
651 83'5 3 46 6 22.8 
652 83.1 4 10 6 22.3 
6-53 80.0 4 3 2  6 22.2 

654 78.1 4 51 6 22.2 
65.5 i6.3 5 17 6 22.0 

4 t h , ,  656 61.4 6 4 6 r . x  6 21.9 
6.57 63'1 7 9 6 21.9 
658 6.5'1 7 33 6 21.5 
6-59 68.1 8 o 6 20.8 
660 74'4 9 10 6 19.1 

Total - 7335'7 - 
west) of the dot at EastrEnd 0.1792 feet, as 
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Reduction t o  Mean Sea Level. 

Let the ~lections into which this base-line is divided be denoted as follows : 

West-End to Station A by Section I ; 
Station A to ,, B ,, 11; 

,, B to East-End ,, III; 

Then in the notation of (7) page L2, we have 

H =  1980; h = -  23'1 ; 8h = - 2-4 ; Log. R = 7.3 1990, all in feet ; and n = 660. 

- - - - - + 
Section I ... 12279 o 24.4 0.9 12389 15373 -0374 1.4572 1~4x98 

,, 11 ... 23264 o 274 1.0 23648 17263 '0713 1.6364 1.5651 
,, 111 ... 7336 o 142 0-5 7642 8947 '0230 0.8481 0'8251 

Final length of the Base-Line and of its parts in feet of Standard A. 

Section 

Reduction 
to sea. level 

ati above 

- 1.4198 

- 1.5651 

. - 0.8251 _ 

M e a s u r e d  w i t h  

Total Length 

15371'5469 

1;261'1+3o 

8945.8576 - - -  
W.EndtoE.End ... 

4-~8671,7574 

4'23706,9566 

3.95162,1981 -- 
41578.5475 

Beam 
wmpasa 
Pages to 

'9 
IV- 

23 

+ -1033 

- -2631 

+ -1792 

CompellBBted 
bara 

39602.0137 1g80.3244 + - 0 1 9 4  -3.8100 4'61886,9314 

ampnssted 
microscopes 
page IV- 

732-1189 

822'1352 

426'0703 

, 

I 
page lV-I 

W. End to Stn. A ... 
Stn. A to Stn. B ... 
Stn. B to E. End ... 

14640.7445 

16q40.8360 

8520.~332 - 



BIDER BASE-LTNE. 

V~ificatoy Minor Biangulation. 

NOT~.-EM~ side of a triangle M given in the  me horizontal line with the angle which it subtendo. 

The angles of the verificatory triangulation were measured with a 3-foot Theodolite 
(either the one by Troughton or that by Barrow) read by 5 micrometer-microscopes. At all the 
stations 3 measures were made on each of 8 zeros. The stations on the line are W. End, 
A, B, and E. End. The auxiliary stations are a, /3 and y. 

r l  
0 M 

6 .l 

1 

2 

3 

4 

5 

Nme of Station 

West-End of Base, 
Station A, . . . ... 

,, a ... ... 

Station a ... ... 
,, A, ... . . . ... ... 22 B .-. 

Station A, a * .  

,, B ... . . . 
, 3, ... .-. 

Station B ... ... .-. 
,, B, . . . ... 
,, Y ... . . . ... 

Station B, ... ... 
.. . 

~ a a ~ ~ n i  af Base, 
.*'- 

C o d e d  Angle 

0 , I, 

35 38 55'976 
.59 99 4'101 
85 I 59.951 -- 

180 o 0.028 

65 42 8.460 
82 23 7.083 
3' 54 44.490 -- 

180 0 0'033 -- 
38 17 47'754 
79 37 43.242 
62 4 29.043 -- 

180 0 0'039 -- 
3.1 46 10.766 
68 44 32.01; 
77 29 17.232 --. 

180 o 0.015 

49 11 I * I ~  

87 5 KI.209 
43 43 47.68' -- 

180 o 0.010 

Log. Sine 

9'765531782 
9'934503940 
9.998366246 

9.959718617 
9'9961532 18 
9'723'44736 

9'792204194 
9.992845 758 
9.946235639 

9.744961863 
9.969396658 
9'989561538 

9.878985996 
9'999438q.51 
9'839641259 

c o 
O %  

.% 
& 

-d"604 

+ 0'384 

-0.472 

- 1'270 

-0'741 

Log. Diatance 

3.953883110 
4.122855268 
4.186;1 7574 

4.190456991 
4'226891592 
3'953883'10 

4'03642.5546 
4'237067 I 10 

4'190456991 

3*79182$871 
4'016260666 
4'036425546 

3.8311 70608' 
3'95 1622863 
3'79182587 1 

Sum 

Distmca 

Feet 

15371.5469 

17261.0460 

8945'8758 

41578'4687 

in 

Miler 

0-911 

3'269 

1.694 

7'874 
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Comparison in feet between the values computed by means of the verificatory triangtdation 
and. the measured value. 

Of th entire line. 

West-End to Ea~t-End by the measurement, page IV,  LO^. 
24 141578.5475 4.618 869 314 

9 9 computed in terms of West-End to Station 
A page IV, 41578'4687 461 8 868 491 

25 - 
Log. computed value - Log. measured value = - o-ooo ooo 823 

In terms of tAe entire tine by rnecaaurenml. 

Computed 
Computed - 

Mensurede 

West-End to Station A . . . , 15371*5760 +o.o291 

Station A to Station B . . . . 17261.0787 - 0.0643 
,, B to East-End . . . . 8945.8928 +0'0352 

Of each section in terms of the others. 

West-End Btation A to Computed Btation B to Computed 
to Station A I Station B - I ;Ed-End - 

Measured M-d 

Measured lengths* . . 15371.5469 1 1fz61-1430 1'. . . . 1 8945.8576 1 . . . . 

(dx) (d')= Nom-Since Log,(x + dz) = Log* + - + - + kc. 
2 2x2 

Computed on base 
West-End to Station A } " . . 

Computed on base 
Station A to Station B . . 

2 
da= [~%3~(r + - ~ o g l ~ x ] ~ ~  nearly, by which expression the required 

variations in the foregoing natural numbere have beon calculated. 

17261.0460 

. . . . I . . . . 1 8945.9164 , + -0688 

-*0970 8945'8758 +-0182 



BIDER BASELINE 

D e s c r i p t i o n  o f  B t a t i o n e .  

WEST-END OF BIDER BASE, Lat. 17" 5S', Long. 77" 34', is situated on the lands 
of hlarcal village ; parvana Bider of the Hydrabad district (Nizam's dominions). Tllc circurn- 

a. 
jacent places, with their distances and bearings, are as fc,llows ; Bider fortress 2 miles S. ; 
Gadgi village 1.4 miles S.E.; the Mausolenm near Fatepur 1.5 miles S.E . ,  and Bankeli village 
nearly 1 mile N. The station is not on the higl ie~t  part of the ridge, having been selected at 
a lower level for convenience in measuring tlie base-line. 

The following description is taken from the original record by Colonel Everest :- 

" The platform is 16-9 inches high, with a foundation of 21.5 inches on bnsnlt rock. The distance be- 
" b e e n  upper and lower marks is 21.4 inches ; thc n~nrks we dots engraved on 1)mss plugs, fixed in la~ig  1)ns:llt sto~les. 
L L  19- nleans of lead. The pier for the great theodolite is of stone mtlsonry 4 feet irl dirimetcr and circrinlvcribcd I y  an 
"anuulus also of masonry, by which it is isolated from the rest of the plntform. The rock i t& sit16 occnrs 3 il~ches 
'I below the surface of the ground, and therefore the footing of thc pier has been sunk 18. i inches into the rock ; the ltttter 

is a bmrltic trap of a friable nattlre, readily splitting into smnll rhomboidal fragmeuts, aud on accoliut of this pecu- 
" liarity of structure it was  impracticable to mark the rock itself."" 

EAST-END OF BIDER BASE, Lat. 17" 54', Long. 77" 39', is situated on the lands of 
Malgi village; pargana Hider of the Hydrabad district (Nizam's dominions). The village 
of Malgi is about 1 mile W. of the station and the town of Bider some 5 miles to the W.N.\JT. 

b 

The following description is taken from the original record by Colonel Everest :- 

The platform is 17 inches high, and constnicted on the isolatin,a principle, the pier auci annulus being 
both of stone masonry. 'rhcro are 3 marks in the pier ; an upper mark, 17  inchea above the ~ ~ o u n d ,  and a middle 
and lower mark a t  4 inches and 33.75 inches respectively below the surfilce. The marks are engraved ou bmsa 

" fixed in long baaalt stones."* 

STATION A,* I s  on the line and 2.931 miles from the West-End ; and is situated on 
a gentle swell of land, about a quarter of a mile north of the small village of Sholapur. 

The station is marked by a dot on a silver stud let into a slip of brass imbedded in stone. 

STATION R.* I s  on the line and 1.744 miles from the East-End, and is situated on a 
smell in the fields N.W. of Mnlgi !illage. This swell is the orily ground available for the 
trisectional division of the base. 

The station is marked precisely after the method adopted for station 4. 

AUXILIARY STATION a OR BIDER FOKT, COUNTERSCARP O F  DITCH." This 
is the only position available for the minor triangulation. The ditch of tile fbrt has been 
excavated in the iron-stone rock, leaving a ridge 14 feet thick at the edge of the hill. The 
village of Mamankheri is N. 30" W. # mile ; Hnmelnpur N. 99' E. 1 mile ; biirganj K. 56" E. 
4 mile ; Agrar N. 81" E. + mile ; Waldodi, N. 118" E. mile. 

AUXILIARY STATION /3 OR MALRAPUH, HILL" The village of Malkapur is 
situated between two isolated hills of trap formation, capped with iron-stone. There are fakirye 

Taken h m  pagcs 72-74 Evereut'e Moridionul hrc of Indin, 1847. 
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Desmiplion of Rations-(Continued.) 

tombs on both these hills ; one of these tombs offered no obstruction, but the other occupied the only 
available ground at top, and therefore the station has been placed on the northern face of the hill. 

AUXILIARY STATION y OR MALENA," This station is at the foot of Malena hill, 
connected with that on which Malgi G. T. Survey station is fixed, and it is of the same geologi- 
cal character. 

Taken from psges 72-74 Evemt'e Bderidiond Am of Indis, 1847. 

J. 6. N. HENNESSEY. 
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SONABHODA BASELINE 

The middle point of this baee-line is in Latitude N. 26" 17', Longitude E. 88" 17'; 
the Azimuth of Rilmgunj or North-East End at Sonikhoda or South-West End is 233" 57', and 
the line is 6-95 Miles in length. 

The measurement was effected under the directions of Lieut.-Colonel* A. S. Waugh, RE, 
with the aid of the following : 

Captain T. Renny, RE 
Mr. GI. Logan 
,, C. Lane 
,, H. Keelan 
,, T. Olliver 
,, J. W. Rossenrode 
,, J. B. N. Hennessey 
,, J. 0. N. Jamee 
,, J. H. Lawrence 
,, A. T. Haycock 
,, - Lawler 

Mir Siud Mohsin 



SONAKHODA BASELINE 

INTRODUCTION. 

This base-line was measured on the stretch of level ground which lies between the 
villages of Songkhoda and Rrimganj in the Purneah district, province of Bengal. The line was 
selected and prepared for measurement under the immediate directions of Lieutenant-Colonel 
A. S. Waugh, R.E., who was assisted in the selection by Lieutenant R. Walker, R.E. 

The measurement was commenced at Soniikhoda or South-West-End, bar-tongues point- 
ing North-West, and carried on continuousl'y to Rimganj or North-East-End, so that every 
succeeding set originated at the point marking the terminus of its predecessor. The line wag 
divided into 4 sections by the sub-dividing points A, B and C, to admit of verification by minor 
triangulation. 

The compensated bars were compared' with the standard A before and after the mea- 
surement, as waR customary at all the preceding base-lines ; and they were also similarly com- 
pared for the first time about the middle of the measurement, a procedure which was adhered 
to at all the subsequent base-lines. On dl these three occasions of comparisons, the comparing 
piers were set up parallel to and within a few feet of the line, but before tho measurement near 
the South-West-End, the ends of the bars were reversed to obtain a more favorable light, so that 
the bar-tongues pointed South-East durinw these comparisons. After set No. 291 the comparing 

a. 
piers stood in the vicinity of Section Stat~on B, and after the measurement they were placed 
near the North-East-End : on both these occasions of comparsions the bar-tongues pointed North- 
West as they did during the measurement. 53 comparisons were made before the measurement, 
60 after set No. 291 at B and 80 after the measurement had been completed. 

One of the comparing microscopes employed in the preceding bar comparisons was fitted 
with a micrometer, while the other had its wires (or lines) fixed. 

The compensated microscopes were compared with their scales on 6 occasions, including 
the comparisons taken prior and subsequent to the measurement. 

I n  respect to time, the first set of bar comparisons was made on the 27th November 1847, 
the last on the 21st of the following January. 

The stations of the verificatory triangulation were 9 in number, forming a single series 
of triangles. Of these etations, 5 were in the alignment, viz. South-West-End, A, B, C and 
North-East-End, while the auxiliary stations a, /3, y and 6 were placed on suitable sites North- 
West of the line. The angles were observed by Mr. C. Lane with Troughton's 3-foot theodo- 
lite at 8 equidistant zeros ; three measures were taken on each zero so that 24 measures in all 
were made of each angle. 
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BAR COMPARISONS 

Before the meaauremenl-(Continued.) 

B ~ r r n x e  

< < 
c 

. -i i 1847 '8 

j f i  Nom. . 
u 
0 4 

2 9 8 
g a # D 

h m 0 0 

30th I 19p.Y. 43 75'7 73-40 
I 40 44 76.3 74.00 
I 58 45 76.3 74'43 
o 15 46 76'2 74-90 
a 35 47 76.5 75'30 
2 5 7  4875.9 75-55 
3 19 4975'6 75.73 
3 38 50 75'9 75.83 
3 5 5  51 75.6 75-85 
4 13 59 74'7 75.88 
4 31 53 74'0 75.83 

Meana 70'07 

MIOBOYBTXB B E A D I N ~ B  I N  D I Y I E I O N ~  
I 

I Mridon = - Csrp's Inch *.a], = l'S&1 a.v oi A 
316W4 

i l -  24  
A A B C D E H ! @  

4 I 

+ + + + + + + + 
286.8 235.2 223'3 254-0 273.5 241.8 233'2 243.5 
295.4 232.3 223.1 154.7 272.0 239'5 a3r.o aqa-I 
300.6 230.3 218.1 251-2 270.0 . 238'3 230.2 239'7 
306.2 234.0 220.8 251.8 272'0 240'0 231.8 241'7 
311'3 235-3 za2.0 252.0 271.8 239'3 2 ~ 9 . 0  241.6 
314-9 236.7 219.9 150.2 269.0 239.8 230.0 240'9 
317.2 238'3 220.0 245'7 271-0 236.8 229'3 240.2 
318.5 237.3 2aa.a 248.3 a71-3 237.0 228.8 240.8 
320.3 240.0 218.3 248.7 270.8 235'7 226.1 239.9 
3az.o 235'5 "8.5 244'3 268'5 235.3 227.7 238'3 
320.6 238'2 218'5 a4+6 267.1 234.0 223.3 237.6 

238'74 248'13 131-27 257.88 280.00 248'69 243.93 251.65 













BAR COMPARISONS 

After set No. 291-(Continued.) 

And from the mean of these results, 

adopting the original value of the expansion of A given at page (9), 

where L denotes the mean length of the compensated bars obtained from all the conlparisons, 
d - 

as represented by the mean micrometer reading 376'62, page V, 
9. 

Also combining the values in this table with the equivalent of L-A above determined, 
there result, 

Comparing this reading with the mean reading of each compensated bar given on the 
same page we obtain the following :- 

In terms of 

Micrometer divisions. 

Millionths of a yard. 

A - L  B - L  C - L  D - L  E - L  H - L  

- 1-39 -25'09 +4'77 +26.58 + 0.10 - 4.96 

- 1.78 -32'19 +6.12 + 3 4 1 0  + 0.13 - 6.36 



V-I, 
SONAKHODA BASELINE 

Comparisons Iehueen Ihe Standard B ~ T  A and the Compensated Bars A, B, C, D, E, H ,  
ma& at Ramganj, or North-East end of the base-line, after the measurement. 

a a 
+, 

i C 

1 s S 

h. m. 0 0 

18th I 15 P.M. I 71'2 64-30 
1 34 2 71'6 65'15 
1 5' 3 71.8 65'83 
2 7 4 72.2 66-48 
2 23 5 72.6 67'08 
2 40 6 72.5 67-58 
2 !i6 772-3 68'03 

8 72.2 68-48 " g 72.0 68.85 3 28 
3 46 10 71.6 69.18 
4 4 1171.2 69-45 
4 21 12 70.8 69.65 
4 36 13 70'4 69-78 
3 5 0  14 70.0 69-83 

19th 7 12 kr. 15 50'5 52.23 
7 40 16 51.0 51-78 
8 0 1752.0 51.60 
8 17 18 53.0 51.65 
8 35 19 53'7 51.80 
8 54 20 54.7 52'03 
g 13 21 56.1 52-40 
9 3 2  22 58.1 52'88 
9 4 8  2359.6 53-40 

10 2 2460'5 53'9.3 
1018 2562.0 54'63 
10 36 26 63'0 35-53 
10 52 17 63'8 56.33 
I 4p.y. 28 68.8 62'45 
1 19 29 69.3 63.13 
I 33 3069.5 63.78 
I 51 31 69'7 64-50 
2 9 3270.2 65-20 
2 2 5  3370.6 65-73 
2 42 34 70'6 66-30 
2 57 35 70.6 66.80 
3 17 3670'6 67-43 
3 39 37 70'5 67'98 
4 2 38 70.3 68-38 
4 24 3969.8 68.68 
4 4% 40 69'6 68-75 
4 5 9  41 69-3 68.80 

MIOBOXETEB B E A D I R ~ B  I N  DIVIBIORB 
I 

1 Mvidon = - ,,,,, tky'r Inch [7.81, = 1.9852 m.y of A 

c a  BEYABXB 

Mean 
3 3  

A A B C D E H 

+ + + + + + + + 
317'7 388'2 393'3 422.9 427'5 406'0 396'0 405'7 
330'0 39.3'1 395'2 427'8 431'6 409'3 400'3 409'6 
341'9 391'3 390'0 427'0 433'0 409'3 400'0 4084 
3.52'0 394'2 390.0 425'5 435'0 409'8 399'3 4090 
362.5 396.2 390.8 425'1 437'7 410'2 401.3 410.2 
370.7 403'0 388.0 423.5 438'3 411'2 402'2 41 1'0 

376'7 401.7 384'3 419.8 435'0 410'1 402'0 408.8 
382.8 404.5 388'7 419'5 437'7 41 1.0 402-1 410.6 
384.6 407.9 387.9 8 437.0 409.5 405.1 4116 
389.3 407'2 387.3 421.8 441.2 412'0 405'2 412'5 
396'4 411'2 388.2 419'0 439.0 413'0 406'0 412'7 
398.1 412.0 389.3 4ao.a 439.3 416.2 416.0 415-5 
399'4 413-3 388.3 424'7 444'0 415'8 408.2 415'7 
401.6 414.3 385.0 423'3 441-0 411'5 407'0 413.7 

I 14.9 421'8 394.0 420.4 463'3 409'7 419'2 421'4 
111.9 425.4 -394'3 421'2 450'2 418.3 420'7 421.7 
113.7 425.8 394'2 427.3 450'9 421.8 422-8 423.8 
116'4 426'2 393'2 428.1 449'8 421-a 423.0 423.6 
120.4 478'7 395'0 4273 450'7 419'2 422'0 423'9 
126.4 428.3 397.2 425'0 448.0 421'0 422'5 423'7 
I 428'5 397'1 428.0 449'5 420.7 419.5 423.9 
142.2 427.0 394.9 425.5 448.5 418.5 421.2 422.6 
153'3 423'2 392'3 425'1 447'0 419-3 422'2 421'5 
164'8 qzr'r 391'2 425.7 447'0 420.0 422'2 421.a 
176.9 421'5 389'0 421'8 443'5 422.0 417.7 419.3 
191.2 4~5.0 388.5 420'4 440.3 419'9 414'0 416.4 
204'0 412.0 381'7 418.0 437'7' 418'0 413'3 413'5 
298.1 403'0 393'8 426'9 442'2 422.0 405'4 415.6 
308.5 407.2 392.9 426.8 450.0 425.4 410'7 418.8 
320'3 407.8 391'2 425'2 449.0 421'8 409.9 417'5 
331'5 408'0 390.0 422'4 448.8 422'1 412.5 417'3 
343.3 410.8 391.2 422'7 448.5 425'0 416'0 419'0 
354-7 409'2 389.2 427.0 450.8 426.0 412.8 419.2 
363'5 407'3 389'9 422-1 449'4 421'6 414'2 417'4 
369.6 4x1'7 391.7 422.4 445'8 425.8 416'3 419.0 
377.2 412.0 396'2 426'2 449.2 421'3 413.9 419.8 
383'8 411.0 393.0 427'2 452.0 419.2 413'1 419.3 
389'0 415.0 393'5 427'9 453'0 422'5 417.2 421'5 
391.8 418.2 396-8 429.0 452-8 421'0 416.2 422.3 
394'0 424'8 397'8 430'7 453'3 423.0 418'3 424'7 
395-6 422'8 396'8 431'2 452-0 422'5 417'9 423'9 

the micrometer 
~ m p e i  Mr. 
gee]an d the 
plainmiommope. 



BAR COMPARISONS 

After the measurement-(Continued.) 

a 
wl 

a 
C 

.I 
P; 5 
$ 
+, .B 3 a 2 s 

lM8 ii B 3 J ~ Y .  
c 0 I] 

C g g B 1 si S 

h. m. . 
20th 7 I ~ A . M .  42 5098 531)08 

7 41 43 51.4 52.65 
8 4 ~ 5 2 . 5  52'45 
8 27 45 53.8 52'45 
8 47 46 55.4 52.65 
9 5 47 57.0 53.08 
g 24 48 58'2 53.65 
g 45 49 59'6 54-35 

10 5 50 61.3 55.18 
1 o a 4  51 63'1 56-15 
10 41 52 64.3 57'03 
l o  56 53 65.0 57-80 

I 14p.x. 54 69'5 63'68 
1 33 55 70'0 64-50 
1 49 5670'6 65-23 
2 5 57 71.1 65.83 
a 22 58 71.2 66.50 
2 40 59 71.3 67.20 
2 5 6  60 71'8 67-68 
3 11 61 71'9 68.13 
3 29 62 71.5 65.65 
3 47 63 71'3 69.05 
4 5 64 71'0 69'40 
4 22 65 70.7 69.68 
4 37 66 70'4 69.83 
4 54 67 70.0 69.90 

21& 7 ?A.M. 68 53.2 55'53 
7 2 9  6953'4 55'13 
7 49 70 54'0 54'90 
8 9 71 54.7 54-80 
8 3 0  7255.8 54'78 
8 5 0  73 56'9 54'95 
g 8 7458'1 55'23 
9 23 75 58.8 55-58 
9 39 7660'1 56.08 
9 56 77 61.9 56.68 

10 13 78 63'3 57'38 
10 29 79 64.7 58.23 
10 49 80 66.1 59-25 

M- 61-15 

B B Y A I X B  

C a p t . & n n ~ a t  
thomicrometer 
microscope ; 
~ ~ . g ~ ~ b ~ ~  
the plain mi- 
croeoope. 

Foggymrning. 

& ~ I C E O X ~ ~ T E B  R E A D I X ~ ~ B  I N  D ~ v ~ e r o n e  
I 

1 MTildon = - 
11601'1 

Cary's Inch [7.8], = 1'4859 m.y of A 

Mean 24 
A A B C D E H ' d @  i! a 

X 8 

+ + + + + + + + 
136.1 431.3 400.4 425.6 452.2 422.7 427.8 426.7 
134.0 434'1 403'1 433.8 457.1 425.0 431.1 430'7 
135.6 437'2 405'8 434.5 458'6 428.8 43.3'1 433'0 
140.5 436.0 410.8 436.8 461'2 430'5 436.3 435'3 
148.6 4 0 . 5  410.8 437.8 461'0 432'4 435'4 436'3 
158.1 438'7 409'8 439'7 462'4 434.1 436.1 436.8 
168.5 436'8 407 2 437'0 462'7 429'7 434'0 434'6 
181.3 435'6 406'3 436'0 458'8 430'0 431'8 433'1 
196.5 431.2 404.8 436.1 456'5 432'0 427'1 431'0 
213.5 427.8 401'7 432'7 457'1 430'3 427'1 4a9'5 
229.6 427.3 401.1 430'0 456'8 430.8 425'3 428.6 
243'1 425'0 399'4 433'. 456'1 429.2 424'6 427'9 
329'8 418'1 398.0 436.8 454.2 426.0 413'2 424.4 
343.1 419.0 399'5 435'1 457'0 424'9 416.1 425'3 
354'6 419.6 398.0 434'9 457'0 426.2 418.0 425'6 
364.2 420'0 398.7 436.1 458.8 430.0 417.2 426.8 
374'6 4208 399'5 436'4 457'2 429'3 419'3 427'1 
384.2 423.2 401.2 434'0 459.0 432'8 421.6 428.6 
391.3 424'5 401'8 436.1 458'3 430'1 421'2 428.7 
398'6 419.8 402'0 #o'2 459'0 429'2 421'0 428'5 
405.6 428'0 403'5 442'7 462.7 432'1 421'2 431'7 
410.8 427'8 407.1 440'7 464'8 432'3 423.2 432'7 
414'7 431'1 406'0 439'8 460'4 431.0 424-8 432'2 
418.4 43 1'6 405'8 441.2 463.4 435.1 426.2 433'9 
421.0 433'3 41 1'2 438'0 4661 434'6 426'8 435.0 
422'0 436.2 411.0 ~ 5 . 0  467.3 433'5 428.8 437'0 

1792 428.8 408.1 430'8 450'2 428.2 427-6 429'0 
174'7 437'8 405'5 431'8 453'8 429.0 427'9 4.30'9 
'72'8 435'8 407'0 435'6 457" 428" 430'7 432'4 
172.8 437.8 408.4 438.4 460.0 430.1 433'0 435'0 
176'1 439'3 412.6 437'1 460.0 433'0 433'8 436'0 
179'6 4.40'3 413.7 440'7 460'2 431'8 430'8 436.3 
185'7 440'1 409'8 442'8 462'1 433'0 435'5 437'2 
195.2 437'6 409.8 4J8'7 461.1 432.1 434'6 435.7 
zoq.6 437.8 405.6 436.8 456.6 431.8 429'0 432'9 
215.7 433.2 406'1 436'6 459-2 432'2 431.0 433'1 
229'6 43 1'4 409'3 433'3 457'5 430'8 430'8 43 1.0 
245.0 428.0 398.1 429.8 457.7 431'2 427.9 428.8 
262.4 426'8 402.0 43a-a 455.6 431-1 426.2 429.0 

277.57 ' 4 2 ~ ' 5 ~  398.08 430.23 451.74 423.86 419'65 424'18 . 



v- SONAKHODA BASELINE 
14 

After the measurement-(Continued.) 

As on page V-6 we have 

and from the preceding bar comparisons we obtain the following series of results :- 



BAR COMPARISONS 

And from the mean of these reaulta, 

adopting the original value of the expansion of A given at page (9), 

d --9 
and z = 131.62 + 0.85 dEa = 169.16 + 0.85 dEa = L  - A. 

Proceeding as on page V- we obtain:- 
7 

Also the following ; 

J 

In terme of 

Micrometer divisione. 

Millionths of a yard. 

-a9 
and 6 z = 1015*o + 5.1 dE,. 

A - L  B - L  C - L  D - L  E - L  H - L  

-2.67 -26'10 +6.05 +27'56 -0'32 -4'53 

-3.43 -33.54 +7'78 +35*42 -o'41 -5.82 



'-1 6 
SONAKHODA BASELINE 

Final dednotion of the total length measured with the compensated bars. 

m.Y 
Pmm page V- the excess of the 6 compensated bars above 6 times A before the = 197.2 - 48.4 dEa 7 measurement 

J V-II JJ a> 3, after set No. 291 = 1039.0 - 4.2 dEa 
,, after the measurement = 1015.0 + 5. I d ~ ,  

or set No. 583 
Therefore the mean excess of ,, applicable to sets Nos. I to 291 = 11 18.1 - 26.3 dE, 
and J J  J; ;J 292 to 582 = 1027-0 + 0.5 dEa 
Also the mean length of a set of 6 compensated bars in feet of the standard, A 

applicable to sets Nos. I to z91} =60m0033543 - ~ ~ ' 3  dE5 
m 

and JI applicable to sets NOS. 292 to 582 =60*00308 10 5 + 0.5 dBa 

Similarly from pages V,I I and V the mean excess of the two compensated 
-15 bars A and H above twice A } = 333.6 + on2dE5 

and the meanlength of the set of compensated bars A and H in feet of A 
the standard = Z O - ~ I O O O ~  + 0.2 dE, 

Hence the total lengths measured with the compensated bare 

f e d  d A 
in sets Nos. I to 145 .................... = 8700.4864 - 3814 dE, 

,, 146 to 291 .................... = 8760.4897 - 3840 dEa 
,, 292 to 445 .................... = 9240'4745 + 77 dB5 
II 446 to 582 .................... = 8~20~4221 + 69 dEa 

in set No. 583 .................... - - 20~0010 + o dEa 

in sets Nos. I to 583 .................... '34941'8737 - 7508 dE, 

Now the mean temperature of A during the bar comparisons before the measurement and after 
26O.3 set No. 291 wae 6a0 + = 66O.4, for which temperature the corresponding expansion of A from page (19) 

is 21.675 m.y. Also the mean temperature of A during the bar comparisons after set No. 291 and 
00-5 

after the measurement was 62' - -iS- = 61'-9, for which temperature the corresponding expansion of A - 
from page (19) is 21.647 m.y. Comparing these values of expansion with the original value = 22-67 m.y, 
used in the foregoing; it is found that dE, = + 0.995 m.y, for sets Nos. I to 291, and = + 1.023 m.y, for 
seta Nm. 292 to 583. Substituting for dEa respectively these numerical values, there result, 

Total lengths measured with the compensated bars 

led of A 
in sets Nos. I to 145 or S.W. End, to Stn. A = (8700.4864 - '01 14) = 8700.4750 

JI 146 to 291 or Stn. A, to Stn. B = (8760.4897 - '0115) = 8760.4782 
JI 292 to 445 or Stn. B, to Stn. C = (9240'4745 + .m~)  = 9240.4747 
JJ 446 to 583 or Stn. C, to N.E. End = (8240*4231 + ' m z )  = 8240.4233 

JJ I to 583 or S.W. EndJ to N.E. End = (34941.8737 - '0225) '34941.8512 



SONARHODS BASE-LINE 

Comparisons between the Comnpensated Jlicroscopes and their 6-inch b a s s  scales during the 
measurement, and provisional determination cf Illicroscope errors wit?& respect to the 6-inch 

brass scale A, expressed in millio~rtlts of an inc?~ (mi.) 

Them microecopes were oompsred a second time, bearuse they were adjusted sfter the first comparison. 

When oompared 

- 
1847-48 

December 3rd 

,, 10th 

Microscope 

E;b& - 
2 B d  8 & 7 Obsenled s n l w  in 

g gq terms of .* .- 
+ m U  
u s o  

5 5; ~i-iisions 
1m(,= It'. 

Before the measure- 
ment. 

Between sets KO. 

d 
I 
2 4  
2 
& %  -. a 

S 
o 

3 

+ 283 
- 75 + 350 - 2 I 

+ 363 
93 

- 97 
+ 283 

U 
,Y 

M 
N 
0 
T 

U 
- 75 + 3-50 - 2 1 

+ 363 
93 

- 97 
+ 283 

283 
- 75 

7 5 + 350 - 2 I 

+ 363 
93 

- 97 
- 75 
+z8? 

- 
+ 363 

93 - 97 
- 75 + 283 

350 
350 - 2 I 

+ 363 
93 

- 97 

66 and 67. 

Micros : - Scale A, 
at 62' Fah. 

U 
3 
P 
M 
8 
R 
T 

U 
S 
p 

N 
R 

S 
I' 
M 
N 
0 

mi. 

+ 605 
163 
926 
808 

- 16 
+ 943 

849 
856 
45 
So6 

+ 352 
450 

- 99 
4 4  + 763 
993 
793 

- 54 
+ 417 
+ 29 

582 
970 
1078 
763 
'9 

57.5 

+ 36 
611 
8.38 
639 
847 
816 - 109 

+ 5'9 

g j  
ti Ei 
2 2 

I 
2 

3 
4 

T 

g 
1 0  

11 

12 

13 
I4 

15 
16 
17 
18 
rg 
20 

21 

22 

23 

24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
31 
35 
36 
37 
38 

T 

73:55 
74'77 
75.70 
75.26 
76.92 
;6.01 
72.45 

69375 
70.47 
73'72 
70.96 
72.92 
69.71 

- 4.0 
5.6 
2'8 
0'0 

4'0 
9'0 
"9 

- 3'3 
4'7 
1.4 + 3'1 

- 19 
5'3 

+ 722 
798 
856 
829 
933 
876 
653 

+ 484 
529 
733 
560 
683 
482 

70'05 

60.55 
64.35 
63'37 
66.97 
64'12 
64'46 
67.12 
61.41 
63'35 

73-27 
74.15 
76.72 
70.06 
75.12 
73-21 

72.75 

71-77 
71-25 

74.92 
7.5'42 
73.96 
74.52 
73.01 

,I%, 

366 

+ 437 

- 400 
560 
280 
000 

400 
900 
'go 

- 330 
470 
140 + 310 

- 190 
530 + 1'0 

+ "6 
0.2 

- 1.1 
2.8 + 2.8 
8.6 
1.1 

- 1.1 
+ 4 ' 3  

- 6.0 
4'6 
3'0 + 2.2 

- 4'2 
9.0 
0.0 

- 5.0 
2'5 
3.2 
5'5 + 1.2 

- 3'3 
8.9 
0.0 

,, 16th 

January 1st 

,, 11th 

503 

- 91 + 147 
86 
31 I 
133 
1.54 
320 

- 37 
+ 84 

+ 704 - 159 - 
gzO 
879 
820 
826 
672 

+ 611 
578 
808 
839 
748 
783 
688 
616 

7 

8 

+ 100 
+ 160 

20 

- 1 1 0  
280 

+ 280 
860 
1x0 

- I 10 
+ 430 
- 600 

460 
300 + 220 

- 420 
90° 
ooo 

- 500 
250 
320 
550 + 120 

- 330 
890 
ooo 

Between sets No. 
145 and 146. 

Between sets No. 
291 and 292. 

Between sets No. 
445 and 446. 

I",: 

* s 
S* 
P 
31 
N 
0 
T 

S 
U 
f' 
M 
N 
0 
T 

S 
U 
I' 
P* 
Jf 
N 

8 
S 
P 
A€ 
N 
R 
T 

S 
U 
P 
M 
N 
R 
T 

S 
u 
p 
I' 
M 



SONAKHODA BASELINE 

Microscope Comparisons-(Continued.) 

The required combinations of individual microscope errors taken from pages V, and 
are expressed as follows ; I 7 

V-I 8, 
Befirenee numberr. mi. mean temp : 

' - + 3348 at  (602 + 13928) before the measurement. e l =  z +  3 +  4 +  S +  6 + 7 -  

8+14 .  - 
% =  + 10 + X I  + 1 2 ;  13 + ,-+ 3149 at (62+9 .28)  betweenaeta 6 6 &  67 

15+ 2 3  = + 2781 at  (62 + 1.74) es = 17 + 19 + 20 + 2 r  + 22 + ------- 
a J  J  14.5 Q; 146 

9) 

16+ 2.3 -3 c, = 18 + 19 + 20 + 21 + 22 + - = + 2885 at (62 + 2.66) ; 
2 

$ 9  do. 

24+.?0 - e 6 = 2 5 + z 6 + 2 7 + z 8 + 2 g + - -  + 3714 at  (62 +1zvog) 2 q J J  
.A  

agx & 292 
2 

2 
c, = 32 + 33 + 35 + 36 + 3; + +8 = + 3281 at (62f11.25) $ J )  

0 
445 & 446 

0 

31+38 = + 3082 & (61 +11a33) a ,, 9 = 3 2 + 3 4 + 3 5 + 3 6 + 3 7 + 7  do. 
2 

c8 = 32 +L- " I  +" - + 889 at  ( 1  + 9.53) 9 )  do. 
2 

39+45 - + 3293 at (62 + 6.10) after thc measurement. C e = 4 0 + 4 1  + 4 2 + 4 3  + 4 4 + 7 -  

el0 = 40 + ?EL3 = + s19 at (62 + 6.53) 9 9  do. 
2 

Y icrowope 
d 

When compared 

- t m r  of 
" (0 

1848 
Dirisions 

M i w  : - S d e  A, 
at 62' Fah. 

mi. 

Jmuary 18th + 148 
459 
981 
877 

194 
578 

39 
40 
41 
42 

Aftert.hemeaaure- S + 523 - 3.0 - 300 - 75 

749 43 

ment. 

- i 'z  1 - 420 
+ 0'9 + 90 - 

U 
P 
dl 
N 

U 
P 

N 

66.25 
74.02 
66.76 
65.62 

266 
751 
298 
226 

0.9 
1.2 + 6.0 

go 
120 

+ 600 

+ 283 
350 - 2 I 

160 + 3 6 3  



SONAKHODA BASE-LINE 

Microscope Comparisons-(Continued.) 

And from the foregoing, we obt,ain the following equations for the microscope errors 
per set (or m e . )  ; where dE expresses the error in the adopted value of the expansion for the 
6-inch scales. 

+ e4 
mi. 

( r n . ~ . ) ~  = - - - + 3 2 4 9 - 6 x  11'28dE applicsbletosetsNos.  to 66 
2 

e 2 + e '  - + 2 9 6 5 - 6 ~  5 . 5 1 d E  ,, ( r n . ~ . ) ~  = - - 
2 3 9 67 to '45 

e4 + ea - + 3300 - 6 x 7-36 dE ,, (rn.~.), = - - 
2 ,, 146 to 291 

e + e  
(me.), = = + 3498 - 6 x r 1.65 dE ,, 

3,  292 to 445 

e7 + e9 ( n t . ~ . ) ~  = ----- = + 3188 - 6 x 8'72 dE ,, 
2 ,, 446 to $82 

C s  + el0 - (m.~.),, = - - 
2 

+ 854 - 2 X 8-03 dE ,, set No. 583 

Hence the total microscope errors are as follows, 

m.i feet of A 

In sets Nos. I to 145 = C 66 (me ) ,  = + 214434 - 4467 dE = + '0179 - 4467 dE 
79 (m.e), = + 234235 - 2612 dE = + -0195 - 2612 dE 

-- 

In sets Nos. 146 to 291 = 146 (me ) ,  = + 481800 - 6447 dE = + -0402 - 6447 dE 

In sets Nos. 292 to 445 = 154 (na.e), = + 538692 - 10765 dE = + ,0449 - 10765 dE 

In sets Nos. 446 to 583 = C 137 (m.e), = + 4367.56 - 7168 dE = + -0364 - 7168 dE 
( r n . e ) , =  + tlj4- 16 dE = +- .OOOI - 16 dE 

sum = -t '0365 - 7 184 dE 

Final deduction of the total lengths measured with the compensated microscopes. 

Hitherto the microscope errors have been determined only provisionally; i.e in terms 
A of the 6-inch brass scale A.  But from page (31), we have 2 A = 1~0000192 G, value in 

1835. Also the coefficient of expailsion for brass, has been taken at .ooo,o10,417 in the fore- 
going reductions, whereas it appe;trs from page (17) that ~000,009,855 is a more probable value, 
Accepting the latter, it may be fourid that JE = 3.372 (mi). Hence, remembering that the 
length measured with a set of microscopes is equal to 3 feet of A + the corresponding (me) ,  
me have, 



SONAKHODA BASELINE 

Hieroscope Cmnparisons-(Continued.) 

Total lengths measured with the compensated ~nicroscopes 

In sets Nos. feet of A feet d A 
or S.W. fi.4 to Stn. i 14' } . . . . . . = { 145x 3 + -oj74} - io79 d E  = ( 43~.0458-.002o)= 435-0438 

19 

or Stn. A, to Stn. B 146 to 291 I { 1 . . . . . . = rqG x 3 + '0402 - 6447 d B  = ( 438.0486-.oor8)= 438-0468 

9 ,  

or Stn. B, to Stn. C 292t0445 } . . , . . . = { 154 X 3 + '0449 1 - 10765 dE = ( 462-0538-.0030)= 462.0508 

Disposition of the bars and microscopes during the measurement. 

The following typical illustrations shew the permutations and combinations of the bars and 
microscopes during the ~neasurerr~ent. The instl~uments are here named in the succeesion that 
actually occurred, commencing from the rear-end of a set, and the numbers assigned to the 
illustrations, will be found employed in the tables of " Extracts from the Field Book &c." 

Bar Illustration. - 
No. 1 No. 2 

Statement. 

No. I occurs in sets Nos. I to 582. 
,, z ,, set No. 583. 

Microscope Illustration. 

No. 1 No. 2 No. 3 

I Statement. 

No. I occun in sets Nos. I jo 145. 
9,  2 ,, 146 to 582. 
,, 3 r, set No. 583. 





SONAKHODA BASELINE 

Extracts from the Field Book-(Continued.) 

Deccmber 14th. (108) Cloudy morning. 

3 ? % 4 2 a 
% $ Mean time of 5 m 3 

1847 ending a '".' 
'" 0 8  6 

i 3 O 5 
g 4 R 

A. m. feet. 
11th Dec. 85 77.9 2 46 P.M. 6 - a.3 

86 77'3 3 15 6 -6 
87 76.8 3 43 6 '2 

88 75.8 4 24 6 . I  

89 74'1 4 53 6 '1 

13th ,, go 54.8 6 55 A.M. 6 -I 

91 55'7 7 23 6 '2 

92 57'4 7 50 6 -4 
93 59'4 8 I4 6 -5 
94 61.9 8 4 6  6 a6 
9.5 64'6 9 12 6 '7 
96 67'9 9 42 6 -8 
97 70.2 10 8 6 .g 
98 72'3 10 37 6 1.2 

99 74'4 11 8 6 1.0 

roo 76.4 I 35 P.M. 6 -9 
ror 76.8 a 5 6 -7  
102 77.0 2 35 6 -6 
103 77'0 3 3 6 -5 
104 76'3 3 31 6 '7 
10.5 75'7 4 0 6 '0 

106 74'9 4 34 6 +  '3 
107 72'7 5 8 6 -3 

14th ,, 108 54'7 6 58 A.M. 6 '7 
109 560 7 30 6 -9 
1x0 5710 8 I 6 1.4 
1 x 1  58.9 8 30 6 1.9 
I 12 59.5 8 58 6 2.1 
113 62.0 9 26 6 2.2 

114 64'7 9 54 6 2.4 
"5 67'5 10 18 6 2.4 
116 70'0 1 0 4 7  6 2.8 

The dot denoting Station A was fixed 

3 o 

3 8  % .... m o .,= 
$ M C ~  time of 5 1.5, 

1847 c ending &.C 

k O o  

% g 
fi 

2 g 

h. nz. fect. 
14th Dec. I r 7 7.<7 I 23 P.M. 6 + 3.0 

I 18 76.0 I 50 6 3.0 
I 19 76.8 2 20 6 3.1 
130 77-3 2 46 6 3.2 
121  77.2 3 18 6 3.2 
122 76'3 3 44 6 3.8 
'23 75'7 4 1 7  6 4.1 
124 74'0 4 45 6 4.4 

1 5 t h , ,  12.5 52.8 7 Z L M .  6 4.6 
126 53'9 7 3.5 6 4.8 
127 56.3 8 8 6 5'3 
128 59'2 8 4 1  6 6.0 
129 62'2 g 13 6 6.3 
130 6.5'0 9 42 6 6.7 
131 68.0 ro 1 7  6 6.6 
132 69.6 10 41 6 6-3 
I33 71'2 11 14 6 5.9 
134 75.2 1 4 5 p . x  6 6.1 
I35 75'8 2 '5 6 6.0 
136 76.0 2 41 6 5-7 
137 76.1 3 4 6 5-4 
1-38 75'6 3 30 6 5-4 

Numernl 
shewing 
arrange- 

Height of set No. 145 above Station A = 1.4 feet. 
The terminal point of set No. 145 waa tho point of origin for set No. 146. 

Numrrsl 
shewing 
arrange- 

ment 

a 
Pl 

I 
I 

I 

I 

I 

I 

I 
I 

I 

I 

1 

r 
I 

1 

I 

I 

I 

I 

I 

I 

I 
I 

I 

I 

I 

I 

I 

I 

J 
I 

I 

I 

exactly 

Oent 

I 

I 

I 

I 
I 

I 

I 

1 

I 

I 

1 

I 
I 

I 
I 

I 
I 

I 

I 

I 

1 

I 

Of 

E 

I 

I 

I 
I 

I 

I 

I 
I 

I 

I 
I 

I 

I 
I 

I 

I 
I 

I 

I 

I 

I 

I 
I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

in the 

e e  P 1 g  

I 

I 

I 

I 

I 

I 

r 
I 

I 

I 

1 

I 

I 

I 

1 

I 
I 

I 
I 
I 
I 

I 

I I 

I 

J 
I 
I 

I 

3 9 7 7  3 5 6  6 4 ;  
140 74'0 4 26 
141 72.0 4 57 6 6.3 1 

17th ,, 159 64.0 g 58 A.M. 6 + 5.7 
160 66.3 10 25 6 5.9 
161 68.0 10 53 6 6.3 
162 74.0 I 28 P.M. 6 6 ' 7  
163 74-1 I 56 6 6 6 1  
164 73'5 2 23 6 7'2 

165 73'3 2 51 6 7.3 
166 73'4 3 20 6 7.1 
167 73'3 3 49 6 6'5 
168 72.0 4 18 6 6.2 
169 i0.0 4 4 7  6 5'9 

1 8 t h ,  170  51.4 7  A.M. 6 6.0 
1 7 1  53'0 7 38 6 6.1 

I 

I 

I 

I 

I 

I 

I 

I 

I 
I 

I 

I 

IG th , ,  142 51'3 656a.11. 6 6 3  
I43 52'7 7 28 6 6.3 
I41 53'5 8 0 6 6.4 
I45 5i.3 8 52 6 6-4 

Total + 156.2 

z 
a 
2 

2 

2 
2 

a 
z 
2 

2 

2 

a 

2 

z 
2 

z 
a 
2 
2 

2 

2 

2 

2 

a 
2 

16th ,, 146 72.4 1 52 P.X. 6 + 6.7 
147 72.3 2 22  6 6.6 
148 72'4 2, 55 6 6.2 
I49 72'3 3 22 6 6.1 
150 72'0 3 52 6 5.8 
151 70.7 4 22 6 5.3 
152 67'9 4 54 6 5.6 

17th ,, 153 52.1 7 5 A.M. 6 5.4 
I54 54'0 7 34 6 5.1 
155 55'9 8 9 6 5.0 
156 57'7 8 35 6 5.2 
I57 59'5 9 3 6 5.0 
158 61.8 9 29 6 5'5 

I 
I 

I 

r 

1 

1 

I 
I 

1 

I 

I 
I 

I 

I 
I 

1 

I 

normal a t  the advnncedend of w t  No. 145. 







DETATLS OF THE MEASUREblEhT. 

Extracts from the Field Book-(Continued.) 

3 f Y 3 a d % 
0 

Mean time of 5 4 3 
1848 % 2 ending JY 

C 

O % a b  
k 

Y 3 f 3 a d "o 
0 

3 $ ~ o a n  time of j 4 .g 
1848 " k 

... .- ending 2 

$ a $ " B .- 
l3 E 

h. m. fed. 
6th Jan. 362 7'93 r 57 P.X. 6 + 19.0 

363 72'0 2 20 6 19.0 
364 72.0 2 4 4  6 18.8 
365 72'0 3 7 6 19'2 
366 71.2 3 35 6 19.4 
367 70'9 3 58 6 19.1 
368 69'9 4 20 6 19-" 
369 69.1 4 40 6 19.2 
370 67'8 5 3 6 18.9 

7th ,, 371 47.3 7  A.M. 6 19.0 
372 48.0 7 36 6 rg',? 
373 49'8 8 I 6 19.3 
374 51.2 8 24 6 19.5 
375 52'9 8 48 6 19'5 
3 76 54.0 9 12 6 19'2 
377 55'2 9 33 6 19'3 
378 57'0 9 5 6  6 19.4 
379 58.9 10 17  6 19.2 
380 60.4 10 37 G 18.9 
381 62.9 11 I 6 19'0 
382 68.2 I 21 P.M. 6 18.8 
383 69.1 I 42 6 19.1 
384 69.7 2 6 6 19.2 
38.5 70.0 a 26 6 18.7 
386 70.2 2 48 6 18.5 
387 70.2 3 9 6 18.1 
388 70'1 3 36 6 17.3 
389 69.7 3 58 6 17'3 
390 69'0 4 '9 6 17.4 
39' 68.7 4 39 6 17.1 
392 67.5 5 I 6 17.2 

8th,, 393 47.5 7 7A.M. 6 17'3 
394 48'7 7 36 6 17.1 
395 49'5 8 0 6 17'6 
396 5O.9 8 24 6 18.0 
397 53'3 8 50 6 17.8 
398 55'7 9 '4 6 17'9 
399 ! P I  9 39 6 17'9 
400 61.2 10 I 6 17.6 
401 63.9 10 27 6 18.2 
402 ,65.5 10 48 6 18'5 
403 68.0 11 13 6 18.3 
404 72'0 I 28 P.N. 6 18.1 
405 72'3 I 52 6 17.5 

The dot denoting Station C wae fixed 
Height of set No. 445 above Station C 

Numeral 
shewing 
-ge- 

of 

a r l i  s 

shewing 
Numeral 

arrange- 
ment 

e 
i 

The terminal point of set No. 445 was the point of origin for set No. 446. 

of 

8 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 
I 

I 

1 

I 

1 

1 

I 

I 

I 
I 

I 
I 

I 

I 

I 
I 

I 
I 

I 
I 

I 
I 

I 

I -  
I 

I 
I 

I 

I 

I 
I 
I 

I 

exactly in the normd a t  the advancedend of set No. 445. 
= 0.3 feet. 

h. m. fcet. I 2 8th Jan. 406 7297 2 16 P.M. 6 + I 7.4 
2 407 72'3 2 3 9  6 17-6 
2 408 72'2 3 3 6 17.7 
2 409 72.1 3 23 6 17.5 
2 410 71'9 3 4 7  6 17.4 
a 411 71'5 4 4 6 17-4 
a 412 71'2 4 24 6 17.2 
2 413 70.5 4 45 6 17.5 
z 414 69.2 5 6 6 17.8 
2 10th ,, 41.5 50'1 7 1 9 ~ ~ .  6 17.8 
2 416 51.1 7 42 6 17.9 
a 417 52.8 8 6 6 18.0 
2 418 55'1 8 26 6 18.0 
2 419 57'0 8 52 6 18.3 
2 420 59'0 9 I4 6 18.8 
2 421 61.4 9 40 6 18.8 
2 422 63.3 10 3 6 18.7 
2 423 6j.2 10 a4 6 18.7 
2 424 66.2 ro 47 6 18.4 
2 423 67.3 11 13 6 18.5 
2 426 72.5 1 37 P.M. 6 18 9 
2 4 2 7  72'7 1 58 6 18.5 
a 428 73.4 a 2 2  6 18.5 
2 429 73'2 2 44 6 18.4 
2 430 73'5 3 8 6 18.4 
2 431 73'2 3 31 6 18.9 
a 432 73'0 3 55 6 19.3 
2 433 72'5 4 I5 6 18.9 
2 434 71'8 4 38 6 18.8 
2 4.75 71.1 5 2 6 18.5 
2 11th ,, 436 50'4 7 9 A.M. 6 18.1 
2 437 50'0 7 37 6 18.4 
2 438 52.2 8 7 6 18.8 
a 439 54'0 8 31 6 19.0 
a 440 56.4 8 57 6 19.3 
2 441 59'2 9 '3 6 19.6 
2 442 62.0 9 48 6 19.5 
2 44.3 63'5 10 1% 6 19.9 
2 444 6.5'2 1 0  38 6 20.3 
2 445 68.8 r r 31 6 20.3 
2 - .  
a Total + 2681.5 
a - 
2 

I 

r 
I 

I 

I 

I 

I 
r 
I 

r 
I 

I 

r 
r 
r 
I 
r 
I 

r 
I 

I 
I 

I 

I 

I 
I 

I 

r 
I 

I 
I 

I 
I 

I 

I 

I 

I 

I 
I 

I 

2 

a .  
2 

2 

a 
a 
2 

2 

a 
2 

2 

a 
a 
2 

2 
2 

2 

2 

2 

2 

2 

2 

a 
2 

2 

a 
a 
2 

2 
a 
2 
a 
a 
2 

a 
a 
2 

a 
2 

a 



SONAKHODA BASE-LIKE 

Eztracts from the Field Book-(Continued.) 

11th Jan. 446 720.2 
er7 72'7 
448 72'9 
419 i2'3 
450 7 2 ' 0  

451 70'9 
,, 452 50'7 

453 50'8 
454 52'1 
455 53'7 
456 55'0 
457 56 5 
458 57'5 
459 59'0 
460 60'7 
461 62'5 
462 64.2 
463 66.1 
464 72.0 

46.5 72.2 
466 72.7 
467 73'0 
468 73'2 
469 73'4 
4i0 73'5 
47' 73'2 
472 72'7 
473 72.2 
474 71'9 
475 7''' 

13th ,, 476 50.2 
4i7 50'2 
478 51'5 
479 53'4 
480 5.5'7 
481 59.0 
482 60'0 
483 62'1 
484 64.3 
485 66'0 
486 67.5 
487 i2-3 
488 72.0 
489 73'1 
490 72'8 
49' 73'2 
492 73'3 
493 73'2 
494 73'3 
495 72'8 

Mean time of 
ending 

Jr. m. 
3 I3 P.X. 
3 37 
3 57 
4 '9 
4 4' 
5 3 
7 I1 A.M. 

7 36 
7 56 
8 15 
8 37 
8 56 
9 20 

Y 40 
'0 3 
10 22 

'0 45 
11 6 

r 15 P.X. 

1 37 
1 55 
2 '7  
2 38 
2 57 
3 '8 
3 39 
4 1 
4 '8 
4 40 
5 5 
7 I 0  A.M. 

7 38 
8 4 
8 28 
8 52 
9 '5 
9 36 
9 57 

10 20 

ro 40 
11 6 

I 17 P.M. 

1 35 
I 5.1 
2 I3 
2 34 
2 5' 
3 10 

3 3 0  
3 48 

Numcwl Numeral 
shewing shewing 
arrange- 
ment of 

feet. 

6 20.5 
6 20.4 
6 20.7 
6 io.8 
6 20.3 
6 20.2 

6 20.3 
6 20.2 
6 20.4 
6 20.6 
6 20.5 

6 20.5 
6 20.6 
6 20.6 
6 2o.g 
6 20.4 
6 20.5 
6 20.7 
6 20.8 
6 20.8 
6 20.8 
6 21.0 
6 208 
6 20.5 
6 20.6 
6 19.7 
6 19.6 
6 19-5 
6 19.7 
6 19.9 
6 20.1 
6 20.1 
6 20.1 

6 20.2 
'6 20.2 

6 20.0 
6 20.1 
6 20.1 
6 20.1 
6 20'2 

6 90.2 
6 20.2 
6 20.2 

6 20.2 

6 20.2 
6 20.2 

6 20.3 
6 20.2 

6 20.2 

I 

I 
I 

r 
I 

r 
I 

I 

I 

I 

I 
I 

I 

I 

I 
r 
I 

I 

I 
I 

I 

I 
I 

r 
I 
I 

I 

I 

r 
I 

I 

I 

I 

1 

1 

I 
r 
I 

r 
I 

I 

I 
I 

I 
I 

I 

I 
I 

I 

2 

2 

2 

2 

2 

L 

2 

a 
2 
2 

2 

2 

a 
2 

2 

2 
2 

2 

2 
2 

2 
2 

9 

2 

2 

2 

2 

2 

2 

2 

2 
2 

2 

z 
2 
2 

2 
2 

2 

2 

a 
2 

2 

2 

2 

2 
2 
2 

2 

2 

2 

2 

a 
2 

2 

2 

2 
2 

2 

2 

a 
2 

2 

2 

2 
2 

2 

2 

2 

2 

2 

2 
1 
2 

a 
2 

2 
2 

2 

2 

2 
2 

2 
2 

2 

a 
a 
2 

2 

2 
2 

2 

2 

I 
2 
2 
a 

feet. 

497 70.9 4 30 6 20.2 

498 70.2 4 48 6 20.2 
499 69'0 5 8 6 20.3 

14th ,, 500 50.7 7 6 A.M. 6 20.3 
501 50'9 7 27 6 20.3 
502 51'5 7 50 6 20.3 
503 52'5 8 9 6 20.3 
504 54'0 8 31 . 6 20.3 
505 55'5 8 53 6 20.3 
506 57'0 9 14 6 20.3 
507 58.7 9 3.5 6 20.2 
508 61.3 g 58 6 20-.+ 

509 64' I ro 21 6 20.4 
510 65.3 10 41 6 20.4 
~ I I  66.2 11 3 6 20.5 
512 71.2 1 1 3 p . x  6 20.3 
513 71.8 1 58 6 20.3 
514 72'0 2 3 6 20-4 
515 72'0 2 l a  6 20.5 
516 71.7 2 42 6 20.5 
5'7 71'5 3 0 6 20.7 
518 71.1 3 zo 6 20.9 
,519 70'9 3 39 6 20.8 
520 70'0 3 59 6 20.8 
521 69.2 4 15 6 20'5 
522 69'0 4 34 6 20.6 
523 68.2 4 55 6 20'4 

15th $ 9  524 49'1 7 r i  A.X. 6 20.5 
52.5 50'0 7 37 6 20'7 
526 52'0 7 58 6 21.1 

527 52'5 8 2 0  6 21-2 

528 54.8 8 42 6 21.2 

529 56.0 9 2 6 I 

530 58'1 g 26 6 21'3 
531 60.0 9 46 6 I 

532 61-5 10 5 6 21'4 
533 63.1 10 ar 6 21'4 
534 64'9 10 39 6 21'6 
5.35 66.8 11 2 6 z1.6 
536 71.5 1 17 P.M. 6 21.6 
537 71'3 1 3 8  6 I 
538 72 '0  1 58 6 21'5 
539 71'9 15 6 21'3 
540 72'3 2 3 2  6 21.2 
541 72'5 a 51 6 21'4 
542 72'1 3 13 6 21.1 

543 71'9 3 30 6 21.1 

544 71'5 3 50 6 21.1 

545 71'3 4 8 6 21.2 

I 

I 

I 

I 

I 

I 

I 

r 
I 
r 
r 
I 

r 
I 

1 
I 
I 

I 

I 

I 

I 

I 

r 
I 
I 
I 

I 
I 

I 

I 
I 

r 
I 
I 

I 
I 

I 

I 
I 

I 
I 
I 

I 
I 

r 
I 

I 
I 
I 



DETAIL8 OF THE MEASUREMENT 

Eztrmts  from the Field Book-(Coutinued.) 

The advanced-ecd of set NO. 583 fell in excess (i. e. north-east) of the dot at North-East-End 2.8343 feet, 
memured on Cary's brass scale with a beam compass. 

Height of aet No. 583 above ru'orth-EastrEud = 1.4 feet. 

Reduction t o  Mean Sea Level. 

Nun~eral i? ellen ing 3 d nrrnmlpe- r2 % 
4 ment  of 4 5 Mean time of 3 2 .% 

1848 % ending L .c 
% ;O 

$ .Y 
R G 

Let the sections into which this base-line is divided be denoted as follows : 

h. m. feet. 
15th Jan. 546 71:3 4 26 P.M. 6 + 21.2 

547 70'9 4 45 6 21.3 
548 68.7 5 1% 6 21.4 

17th ,, 549 51.3 7 4 A.M. 6 . 21.4 
550 52'2 7 27 6 21.4 
551 54'0 7 49 6 21.4 
5.5% 55'7 8 11 6 2 1 ' ~  
553 57'2 8 32 6 21-6 
554 9 6  f3 5' 6 21.5 
555 (So.r 9 9 G 21.6 
556 612  9 2 7  6 21.7 

557 62~9 
9 48 

6 21.5 
558 64.0 10 6 21.4 
559 65'7 10 25 6 21.3 
560 67.1 10 43 6 21.3 
561 68.9 X I  5 6 21.4 
562 73.7 127p .y .  6 21.5 

563 73'7 1 47 6 216 
564 73'4 2 8 6 21.8 
565 73'1 2 28 6 21.7 

Numeral 
shewing 

arrange- 
ment of 

South-West-End to Station A by Sectioll I ;  Station 13 to Station C by Section I11 ; 
Station A to ,, B $ 9  I1 ; ,, C to North-East-End ,, IV. 

r 
I 

I 
1 

I 
I 

I 

I 

1 
I 

I 
I 

I 
r 
I 

I 

I 

2 

Then in the notation of (7) page L2, we have 

I 

I 
I 

I 
I 
I 
I 
I 
I 
I 
I 

I 

I 

I 

I 
I 

I 
I 
I 

I 

2 
2 

a 
2 

3 
2 

3 
2 

2 
2 

a 
2 
2 

2 

a 
2 

2 

3 

223; h = 244; ah = + 4.1 ; Log IZ = 7.32010, a11 in feet; and n = 582. 

I 

+' + + - - - 
Section I ... 156 0 I45 1.0 229 9136 *0007 '0975 -0982 

99 11 ... 1274 o 146 1'0 1494 9199 '0045 '0982 '1027 
1 9  111 ... 2682 o 154 1.1 3075 9703 '0093 '1035 '1128 
1 9  IV ... 2861-14 137 1.0 3341 8650 *OIOI 00923 *~ozq 

2 

2 
z 
2 

2 
2 

a 
2 

2 
2 

a 
2 
2 
2 

2 
2 

a 
2 

2 

2 

A. 7n. feet. 
17th Jan. 566 7,3f)r 2 49 P.M. 6 + 21.3 

567 73'1 3 6 6 20.6 
568 7.3'0 3 27 6 20.5 
569 72'7 3 47 6 20.7 
570 72'3 4 9 6 20.8 
5;' 71'9 4 26 6 20.8 
571 71'5 4 44 6 209 
573 70.0 5 4 6 20.9 

18th ,, 574 49.2 7 8a.x. 6 2 1 ~ 0  

57.5 50'3 7 3' 6 21.0 
576 51'5 7 5' 6 21.0 
577 52'5 8 9 6 21.0 

5i8 54'1 8 31 6 21.1 
5i9 55'2 8 50 6 21.0 

580 57.0 9 12 6 20.9 
581 58.7 9 33 6 20.6 
582 61.4 lo  5 6 20.8 
583 66.0 ro 37 2 21'7 

Total + 2861.1 
- 
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SONAKRODA BASELINE 

Final length of the Base-Line and of its pads in feet of Btandard A. 

Section 

Reduction 
to sea level 
PBge V-27 

- '0982 

- '1027 

- .I 128 

- '1024 

- '4161 

J f e a a u r e d  w i t h  

Total Length 

9135'4206 

9198'4223 

9702.41 27  

8649'5390 --- 
36685.7946 

Compensated 
bars 

p w  V-16 

I 

Log. 

3'960?2,8547 

3'9637 1,3344 

3'98687,9744 

3~93h99,2961 

4'56449,7930 

Compensated 
rnicroscopea 
page V-20 

Beam 
compass 

pBges 
V- to 

22 

V-2 

S. W. End to St& A ... 
Stn. A to Stn. B ... 
Stn. B to Stn. C ... 
Stn. C to N. E. End ... 
S. W. End to N. E. End 

8 ~ 0 . 4 7 5 0  1 435-0438 1 '0000 

'0000 

'0000 

- 2'8243 

- 2 8243 

8760.4782 

9240.4747 

8240.4233 

34941'8512 

438.0468 

462.0508 

412-0424 - 
1747-1838 



SONA RHODA BASE-LIRE. 

Verificato y Ninor Biangulatim. 

Nm-Eaah ddo of a triangle ia given in the same horizontal line with the angle which it aubtends. 

The angles of the verificatory triangulation were measured with a 3-foot Theodolite 
by Troughton and Simms, read by 5 micrometer-microscopes. At  all the stations 3 meiisures 
were made on each of 8 zeros. The stations on the line are South-West-End, A, B, C, and 
North-East-End,-The auxiliary stations are a, and y. 

c Q i? 
& 

+ .!163 

-0.672 

+0'536 

-0'405 

-0.159 

-0.308 

-0'756 

Q4 3 
0 M 

$$ 
-- 

1 

2 

3 

4 

5 

6 

7 

Diatance 

Beet 

9135.4206 

9198'4335 

g;oasqa5~ 

8649'5483 

36685.82 75 

Log. Sine 

in 

Mila  

I 

1.730 

1'742 

1.838 

1.638 

-- 
6.948 

Log. D i s t n n ~  Name of Btetion 

South-West-End of Baee, 
or Sou&& T.S. } 

Station A, ... ... 
,, a ... . . . ... 

Station a ... ... ... 
,, A, ... ... 
,, P ... - - a  

Station A, . .. ... 
,, P ..a ... . . a  

8 ,  B, .. . ... 

Station ... ... ... 
,, B, ... ... 
PS Y ... ... ... 

Corrected Angle 

o , ,, 
47 33 27a115 
60 I 54.189 
72 24 38.709 -- 

180 o 0.013 

62 12 50.183 
66 34 28.434 
51 12 41.395 -- 

180 o 0.012 -- 
53 23 33-02 I 
71 0 21'242 
55 36 5.75' -- 

180 o 0.014 -- 
68 35 6.1 16 
60 55 10.383 
50 29 43.516 --. 

180 o o-015 -- 

9'868030072 

9'937669349 
9.979205624 

9.946793263 
9'962643098 
9'891i95889 

9.904574618 
9,975685459 
9'9'652'976 

9.968931234 
9.941480679 
9'887377434 

9.951 jog024 
9'935843215 
9~923119749 

9'907929287 
9'926656983 
9~968302929 

9'958902578 
9'922'8296+ 

9~27562000 

I 

3'849552995 

3.919192272 
3-96072854; 

3-904550389 
3-g20400204 
3'849552995 

3'8g260303 I 
3.963 713872 
3'904550389 

3'974156831 
3.946706276 
3'892603031 

~002746106 
3.986880297 
3'974'56831 

3'9423i2464 
~ ' ~ ~ I I O O J ~ O  

+'002746106 

3'973713042 
3'936993428 

3.942371464 

Station B, ... ... 
:: 6, "' .. . ... 

.. . . ... 

Station y ... ... .-. 
,, c, ... ... 
,, 6 ... ., . ... 

. . 
Station C, .. . ... 

,, 6 ... 
North-East-End of ~rrse,  

or b g a o j  T.S, } 

63 28 41~i80, 
5937 2.546 
56 54 '5'693 --- 

180 o o-org -- 
53 59 41'470 
57 37 49'207 
68 22 29.341 -- 

180 o 0.018 -- 
65 27 54.702 
56 42 55'530 

47 49 9.784 

180 o 0.016 
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Comparison in feet between the values computed by means of the veriflcatory triangulation 
and the measured value. 

Of the entire line. 

South-West-End to North-East-End by the measurement  LO^. 
Page 136685'1916 1.561 4919 30 

99  computed in terms of South-West-End 
to Station A page V, { 36685.8175 1.564 4983 20 

29 

Log. computed value - Log. measured value = + onooo 0003 go - 

In t m  of the entire line by measurement. 

Computed 
Computed - 

Measurode 

Eouth-West-End to Station A 9135.4124 -m0082 

Station A to Station B 9 1 98'425 3 f -0030 

2, B to ,, C 9 702.4' 64 +-0037 

,, 0 to North-East-End 8649'5405 +-oo I 5 

Of each section in terms of the others. 

Computed on base South- 
West-End to Station A 

- - 9 J 98'4335 

South West-End Station A to 

Computed on base 
Statidn A to Station B > - *  

.. I . . . 

to Station A 

Computed on base 
Station B to Station C 

. I .. . . 

Stetion B 

V*) (&I2 + kc. NomSince  Log, (z + &) = Log, z + - x 2x2 

x 
&. lr=  LO^^ (r + dz ) - L%o X I  mCi nearly, by which expression the required 

variations in the foregoing natural numbcrs have been calculated. 

Stntion C to Computed 
North East-End - 

Measured 

Gmputed 
- 

Measured 

Station R to Computed 
Station C - 

Measured 

. . . . 

+-OII z 

. . . . 9702.41 27 . . . . 8649'5390 

9702~4251 +'0124 8649'5483 + '0093 
I 
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D e s c r i p t i o n  o f  S t a t i o n s .  

SOUTH-WEST-END OF SONARHODA BASE, OR SONAKHODA TOWER STA- 
TION, lat. 26" 15', long. 88" 15' is situated in thiina Kali6ganj of the Plirnea district, and stands 
at a distance of 200 yards to the N. of the village of Sonbkhoda, and close to a cart road leading 
to Kishanganj. The village of H;itgaon is about 3 miles towards the S.W.; PLhhrkLta, nearly 
5 miles to the JY. by S., and GernLbari, about 24 miles nearly due west. 

The t o ~ e r  a t  this station is entirely of masonry, 21 fcet high and 14 feet square a t  top, and as it  rnarka 
the extremity of a base-line, its constn~ction is adapted to the requirements of the measurement by mcaus of a vaulted 
passage running through it, on u level with the ground, in the direction of the line. In the centre of the tower, on the 
floor of the vaulted passage, there is a small plate of brass let into stone : the station mark is en,mved on the brass rtud 
was transferred to the top of the tower through the hole in the vault. The pillar for the theodolite is built on the 
vault of the passage, and is sepamted by a small annular space from the rest of the building so as t o  be isolated 
from it. When all the observations had teen taken a t  this station, the two openings of the vaulted passnge were ' 

closed with masonry, and a cone of masonry 3 feet high built on the top of the tower over the theodolite pillar. 
The distance between the upper mark on the top of the pillar, and the mark on the floor of the vaulted passage is 
21.6 feet. A. flight of steps is built along one side of the tower with a landing place a t  top, the portion which adjoins 
the tower being of masonry, but the loner part which projects beyond it was of mud, and mas removed after the obser- 
vations had been all taken, so as to prevent idle people gaining access to the top. 

NORTH-EAST-END OF SONAKHODA BASE, OR RAMGANJ TOWER STA- 
TION, lat. 26" 19', long. 88" 20', is situated in thiina Iialiiganj of the Plirnea district, and 
stands close to the S.W. side of the villagb of RLmganj. The village of GhRgra, is about I t  
miles towards the S.S.E., and that of Manikp6r about 1* miles nearly due JY. 

The station is marked in the same manner as SonBkhodrt Tower Station, with the difference that the 
height of the tower here is 20 feet above the surface of the ground, and the distance between the upper and lower m k s  
ie 18 fcet. 

STATION A. I s  situated in th5na Kaliiiganj of the Piirnea district, on the straight line 
joining Soniikhoda and RQmganj Tower Stations and at about 13 miles from the former point. 
The nearest village to it is Balanja which is about a mile to the S.W. 

The mark consists of a dot on a brass pin fixed in the head of a stout wooden picket, driven about 5 feet 
intoethe ground and projectiug 14 iuches above the snrfaco. , This picket is surrourided hy 3 others of equal height for 
the support of the theodolite stand, and an isolnted platform of earth of about 14 feet square was raised around these 
pickets which are also connected together with earth work. 

STATION B. I s  situated in thina Kalkiganj of the Piirnea district, nearly mid-way 
between the ends of the base-line. The village of BhatgLon is distant about a mile to the S.E. 

The mark and platform a t  this station are similar to those a t  Station A. 

STATION C. I s  situated in thiina KaliLganj of the PGrnea district, on the straight line 
joining Sonikhoda and Ramganj Tower Stations and at about 1% miles from the latter point. 
The nearest village is Madiriplir, distant about half a mile to the N.E. 

The mark and platform a t  this station are similar to those a t  Station A. 

AUXILIARY STATION a OR MUNAPARA. Is situated in thsna Kalliganj of the 
P h e a  district, and stands on the south bank of a tank, about half a mile S.E. of the village of 
Munipira. 

It is denoted by a platform of earth 18 inches high and 14 feet square a t  top, with a central masonry 
pillar, 4 feet in diameter and isolated from the rest of the platform by an annulus of masonry, 2 foet thick, built a t  a 
small htcrval around the pillar. There are markstones at top and bottom of pillar. 
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AUXILIARY STATIOX /3 OR PANASI. Is  situated in thina KaliQganj of tile PGrnea 
district, and stands on the S.E. bank of a tank adjoining the S.S.W. side of the village of Panisi. 

A platform, similar to and of the saae  height as that a t  Auxiliary Station a, marks the station. 

STATION y OR GAGNATI. I s  ~itnated in thkna Kalikganj of the Pdrnea district, 
and stands close to the western edge of a jheel, about 250 yards to the east of the village of 
Gagnati. 

A platform, similar to that a t  Auxiliary Station a, but 7 feet 5 inches in height, marks the station. 

STATION 6 OR MANIPUR. Is  in thkna KaliLgunj of the Phrnea district, and stands 
on a slight swell of ground about 200 yards S.E. of a lo~lg narrow jheel, 2 of a mile K.E. of 
the village of hlaniphr, and half a mile N. ?V. of MLnikpGr. 

A platform, similar to that a t  Auxiliary Station a, but 7 feet 7 inches in height, marks the stntion, 

J .  B. N. HENNESSEY. 
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ClIACR on ATTOK l3ASE-LINE 

The middle point of this base-line is in Latitude N. 33" 55', Longitude E. 72" 29'; 
the Azimuth of North-East-End at South-West-End is 234" 41', and the line is 7.83 Niles in 
length. 

The measurement was effected under the directions of Lieut.-Colonel* A. S. Waugh, ILE,, 
with the aid of the following : 

Captain A. Strange 
Mr. G. Logan 
Lieut. J. T. Walker R.E. 
,, T. (3. Montgomerie R.E 

hlr. )I. Keelan 
,, J. Mulheran 
,, W. N. Ja~nes  
,, J. B. N. Hennessey 
,, G. H. W. Shelvertou 
,, N. A. Belletty 
, W. H. Johnson 
,, C. J. Carty 

Now &nerd 85 A. 8. Waugh. 



CHACH on ATTOIC BASE-LISE 

INTRODUCTION. 

This base-line was measured on the plain of Cliach, East of Attolr in the province of the 
Punjaub, the lTest-End being East of the Attok fort about 8 Miles. Tlle line was selected 
undcr tlie personal superintendence of Lieut. Colonel A. S. TVaugh R.E., and the ground prepared 
Ly Mr. J. 0. N. James. 

The measurement was commenced at K&lu or South-West-Rnd, bar-tongues pointing 
Nortll-West, and carried on cantinuously to Agzar or North-East-End, so that every succeeding 
set originated at the point markinw the terminus of its predecessor. Tlle line was divided into 

9 
4 sections by the sub-dividing polnts A, B and C to admit of verification by minor triangula- 
tion. 

Comparieons between the cdmpensated bars and the standard A were made on three 
different occasions, i.e. before tlie measurement near the South-West-End, after set No. 341 a t  
about the centre of tlie base and after the measurement near the North-East-End. The com- 
paring piers were in all three cases set up parallel to the line and within a few feet of it ; but on 
the first occasion, when 47 comparisons were made, the ends of the bars were reversed to obtain 
a more favorable light, so that the bar-tongues pointed South-East ; in the second series of 83 
comparisons the bar-tongues pointed as during the measurement to the North-West, and there 
are reasons for concluding that this latter direction for the bar-tongues was maintained in the 
third series consisting of 93 comparisons, taken on the conclusion of the measurement. 

One of the two comparing microscopes employed in the preceding bar comparisons was 
provitled mitli a micrometer, while the other had its wires (or lines) fixed 

The compensated microscopes were compared with their scales on 6 occasions, including 
the comparisons taken prior and subsequent to the measurement. 

In respect to time, the first set of bar comparisons was made on the 6th December 1853, 
the last on the 22nd of the following February. 

Tlie stations of the verificatory triangulation were 9 in number, forming a single series 
of triangles. Of these stations, 5 were in  the alignment, viz. South-West-End, A, B, C and 
North-East-End, while the auxiliary points a, 8, y and 6 were placed on suitable sites South- 
East of tlie line. The angles were measured by Lieut. T. G. Montgomerie R.E., with Barrow's 
3-foot theodolite on 10 equidistant zeros ; three measures mere taken on each zero, so that 30 
measures in all were taliell of each angle. 
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Cmpara'sona between the Standard Bar A and the C'ompensated Bara A, B, C, D, E, H,  
made at Kilu, or 8outh- West-End of the he-line, before the measurement. 

January 6th. At 2 h. 12m. P.M., a violent earthquake occurred, apparently from W. to E The stone pillars 
rocked to and fro, and the levele were all much disturbed. 

.. 

< < 
c MICBOYITIP R r ~ ~ ~ n e a  I X  D ~ v ~ s ~ o n r  

1 
I Dlvidm = - 

9,?, C W #  Inch [7.8], = 1 . W O  m.1. of I( 

d 
1853 % 

m 

Dm. .j c a  
3 3  

BlMAPX8 

d A A B C D E H 
* 

i( x 8 

7a. m. 0 0 

6th 7 48a.x. I 36-4 33-73 
10 11 2 52-3 40.58 
11 39 3 58.6 48.83 
0 32p.11. 4 60.3 51-80 
r 26 5 61.9 56.00 

6 62.9 59.70 2 59 
3 45 7 61.8 60.70 

7th 7 21 A.X. 8 .35*9 35.23 
8 '9 9 40'9 35.73 
9 10 10 46.3 37-85 
g 54 I J  52'5 40.95 

10 30 12 57'7 44.30 
r I 4 13 60.1 47-88 
o a P.M. 14 61.8 53.20 
o 33 15 63.2 55.33 
I 7 16 64.4 57-53 
1 qz 17 64.9 59.48 
2 14 18 65.3 60.85 
a 48 19 65-6 62.08 
3 31 20 65.1 63-13 

8th 8 7 A.M. ax 42'4 38.98 
9 14 22 49.6 41-18 

10 20 23 55'0 45.75 
rr 42 24 60.4 51.73 
o a5p.x. 25 62.7 54.78 
I 10 26 64.6 5;-;3 
I 56 27 66.1 60.20 
a 40 a8 66.5 62.10 
3 28 29 65.4 63'50 

9th 7 S A Y .  30 36.4 38.33 
7 37 31 38.2 37'70 
8 5 32 40'7 37'65 
8 33 33 43'5 38.23 
9 2 34 46.7 39-35 
9 26 35 49'2 40.98 
9 49 36 51.5 42-53 

10 11 37 53'9 4.4'28 
10 33 38 56.6 46'23 
10 5.7 39 59'3 48'25 
X I  45 40 63'9 51-48 

+ + + + + + + + 
406'6 1028.9 1002.2 1026.1 1056.0 10x7'5 104o.o 1028.5 
532'0 1031'9 999'0 1033'0 1058.2 1024'0 1034'9 1030.2 
669.5 1026.9 1003'9 1033.8 1064.0 1025.0 1ogr.g 1030-9 
735.0 1032.8 1005.0 1040.0 1063.8 1026.9 1028-8 1032.9 
789'3 1030.0 1oog.o ro4a.o 1064.1 1030'0 1030.9 1033.3 
842-5 1030~0 1303.0 1046.0 1071'0 1028.0 rozg-5 1033.9 
856.0 1031.9 1005.8 10482 1065.0 1027'9 1027'5 1034.4 

429'4 1017'9 990.8 1020.6 1048.2 1011'6 1034'1 1020.4 
446-7 1027.4 roor.4 1033.0 1054.6 roz1.o 1045'4 1030.5 
485.8 1030.6 1ooo.5 rogl.1 1058.4 1024'9 1036.8 1030.4 
536.9 1028.1 998.2 1032'6 1059.9 1022'2 1035'2 1029.4 
590.1 1026'8 991.1 1031'0 1055.9 1021.8 1029.8 1026'8 
645.4 1020.0 99.5'2 1030'6 1050.8 1018.9 1022'2 rozz.3 
736.4 1023.1 993.1 1037.1 1058.9 1ozr.g 1024'2 1026.4 
772.9 1023.3 991-8 1037'4 1061.7 1023.9 1025.4 1027.3 
810.9 1022.4 997.3 1038.9 1065.1 1025.4 102l.7 roz9.o 
843-6 1025.8 999.6 1o++.3 1070.1 1027.2 ~024.9 1032.0 
865.8 1028.5 1ooo.5 1048.1 1067.1 1027'3 1025.2 1032.8 
884.1 1031.0 1003.5 1049.6 1072.8 1030.2 1027'0 1035.7 
901'2 10a5.8 1006.9 1048.8 1073'9 1030'7 1030'0 1036.0 

478.0 1005.9 982.1 1o14.o 1051'2 1ooI.a 1026.7 1013'5 
518.3 1012.8 986.8 1018.3 1043.4 1004'1 1021'7 1014'5 
597.6 1010.6 983.1 1oar.8 ro5o.q 1010.8 1015*6 1015-4 
703.3 1007.2 984.3 1022'8 I O ~ I ' I  1008.3 1007.1 1013.5 
754.3 1009'9 985-5 1028.0 1050'0 1008.0 IOIO-O 1015'2 
799'9 1014.9 989.1 1032.1 1052.3 1013.7 1013.5 1019'3 
839.1 1015.1 986.0 1030.4 '1057.0 1013.0 1010.8 1018~7 
868.7 1012.3 981.4 1029'1 ro51.g 1010.1 1008.1 1015.5 
888.5 1009.3 984.3 1029.1 1056.6 1006'8 1006.9 1015.5 

442'1 986.8 965'1 991.0 1019.3 984'0 1005'0 991.9 
435'5 989.2 970'9 993'9 1023.9 984'8 1008.0 995.1 
438'5 997'1 973'2 999'1 1025.1 989'8 IOIO'O 999'1 
449.1 1002.0 978.0 1003-1 1031'0 991.0 1013.0 1003.2 
473.3 10oz.s 982'0 1006.0 1033.6 996.2 Iorq'o 1oo5-7 
500'3 ~oog'o 981.6 1008.9 1037.3 IOOI'O io17.5 1008.6 
529'2 10x7'0 983.9 1014'9 1041'9 1005'4 1017'9 1013.5 
559.5 1011.5 985.0 1016.0 1045'1 1006.2 1018.9 1013.8 
591'0 1013.8 985-7 1025.9 1050.0 1009-9 1018'4 1017.3 
624.5 1013.9 986.1 1022.0 1050.1 1009.9 ror5.g 1016'3 
697.3 1008.0 978.0 101g.o 1043-o 1ooq.r 1004-9 ~oog-5 

r,t.-co1.wangh 
st the mimme- 
&mi-pe: 

-pe. 

Lieut. Monko- 
merieat the mi- 
cmmeter micro- 
Soope : Mr. Kw- 
h a the plain 
mkOBCOp,,. 

~ l ~ ~ d ~ ~ ~ ~ .  
Mr. K e e b  st 
the mkrometer 
mioroncope: U 
Wder at the 
plain 

U . - C o ~ w ~ h  
atthemicromc 
ter microsoope : &. grnn * 
the plsin mi. 
-pe. 

i 



BAR COMPARISONS 'I-s 

Before the measurement-(Continued.) 

by z, 
Then, 

Let the mean length of the compensated bars minus the Stavdard A at 62" P be denoted 
and the observed excess of the compensated bars by 6 when the temperature of A is to. 

, the expansion of A for lo being (E, - dl?,), we have 

B ~ l r r l r x s  

b 

< 
M 2 1 ,  MIOBOYETPI B L A D I B B B  I X  DIVIBIOBB. 

1 i 

Treating the preceding bar comparisons as shewn in this equation, we obtain the follow- 
ing series of results :- 

1 ca 
.i 3 j, 

8 l k  1 Doc. 4 
B % $ 4  

SI a 3 d 1 z 
h. m. 0 0 

9th o 8 P.Y. 41 65'5 54.60 
o 31 .+a 67.0 56-65 
o 58 43 68.4 58'78 
I 31 44 68-5 61'23 
a 7 45 68'4 63-30 
a 40 46 69.2 64'63 
3 31 47 67'3 65'75 

Meane 50.49 . 

d 
x+ 28.27 (E, - dE,) -621'9 = o 

I 
1 DlTbioll = c q ' 8  I d  [ldl, 1'4870 11.1. oI A 

Mean 
A A B C D E H 

ft 
B a 
X 8 

+ + + + + + + + 
729.2 993.7 972'3 1013.9 1040.0 1002~9 1000'0 1003.8 
762'0 998.0 972'1 1o15.o 1033'o 998.9 995'9 1 0 0 2 " ~  

796.9 993'1 969'9 1008.0 1029'2 996 o 990.1 997'7 
837'2 991'2 963.8 1006.9 1029.5 993.2 988.0 995.4 
868.0 991.0 962.9 loo4.1 1025.3 992.9 988.5 994'1 
890.2 991.1 962'9 1010.6 roz8.z 993.0 988.4 995.7 
9'4'3 994'9 967'8 1007'0 1033'9 99"9 986" 996'9 

675'87 1013dr 987.14 1024.32 1049'42 1010'94 1017.13 1017.09 



CHACR OR ATTOK BASELINE 

d 
x+ 17-72 (E, - dE,) -454.3 = o 

x+ 15-77 ,, -426.3 = o 

++13'75 ,, -391.8 = o 
x+ 9-52 I) -312'2 = o 

7-40 ,, -274.6 = o 

=+ 5'35 N -240.2 = o 
X+ 3-21 , -200.8 = o 

x+ 0'77 , -158.2 = 0 

x- 1-30 ,, -126.1 = o 

x- 2-63 ,, -105.5 = o 

"- 3'75 ,, - 82.6 = o 

And from the mean of these results, 
d 

x = 341.22 - 11-51 (E, - d m :  

adopting the original value of the expansion of A given at page ($9, 

d '"d 
a n d z  = 138.47 + 11'51 dE, = 178-21 + 11-51 d q = ~ -  A ;  

whore L denotes the mean length of the compensated bars obtained from all the con~parisons, 
d 

as represented by the mean micrometer reading 1017.09, page V T  
5' 

Comparing this reading with the mean reading of each compensated bar given on the 
same page we obtain the following:- 

- -- - 

Also combining the values in this table with the equivalent of L-A above determined, 
there result. 

In  terms of 

Micrometer divisions. 

Millionthe of a yard. 

"'.Y 
and 6 z = 1069.3 + 69.1 dBa. 

A - L  B - L  C - L  D - L  E - L  H - L  

- 3'48 -29'95 +7'23 +32'33 -6.15 +omo4 

-448 -38.55 +9-31 +41*61 -7-91 +oao5 



BAR COMPARISONS 

Comparisons between the Standard Bar A and the Compmeated Bars A, B, C, D, E, H, made 
on a aite selected about the middle of the base-line, after set No. 341. 

* 
1854 

0 

Jan. 

MICBOXPTXB R ~ ~ ~ r n e a  Ia  Drvra~ona.  
1 

1 "vldon = Caryh Inch [7.8], = 1'5887 m y .  d A 

Mean 
E 

C d  t j  A A B C D iS 1 Rx"BxB 

I 
h. m. 0 0 

18th I 10 P.M. I 61.0 54-08 
2 10 a 64'5 58.00 
3 7 3 66.1 61-05 

19th 8 I A.M. 4 42.8 41-30 
8 46 5 46'5 42-20 
9 35 6 52'4 44'48 

10 41 7 56'5 48-65 
0 25 P.M. 8 55'0 53'05 
I a 9 56'3 53-83 

39 10 57'5 54'75 
2 '4 " 57'9 5.5'60 
2 56 12  58.5 56'48 
3 35 13 58'7 57-05 
4 ' 3  '458.257'40 

20th 7 42 A.M. 15 47.8 46.85 
8 21 16 50'6 47.20 
8 59 17 53'5 48.28 
9 34 18 55'6 49'5.8 

lo ro 19 57.6 51.18 
I0 40 20 59'1 52'68 
o 10 P.M. 21 65-5 57.85 
0 35 22 6i.3 59.38 
0 56 2.3 67'8 60'7.3 
I 16 24 67.4 61.;8 

25 67.3 62.63 ::: 2667.963-30 
2 1 4  2768.063'95 
2 3 r 28 67.6 64'43 
2 51 29 67.4 64.88 
3 8 30 67.5 65'1.5 
3 25 31 67.2 65.38 
3 43 32 66.6 65-58 
4 3 33 65'5 65.60 

21st 7 35 A.M. 34 36.0 36-98 
8 '7 35 39'1 37-13 
9 1 '364.3'9 38-28 
9 3 6  3748'2 40'10 

10 8 3852'742'48 
'0 40 39 56'7 45-05 
X I  8 40 59.3 47-68 

Capt. Strange at th< 
mlcro: mlcm: Mr 
Ilolheran U the 
mmlcmeopk 

Qmdj rnornln~. 
Lleut. W & ~ I  at thl 
miemmeter miem 
scope: Yr. K d u ~  
attheplain mlerp 
leope. 

SalmUw. 

mmnlng. 
u g h  at the 

micmmeter mlcm 
rope ; Lt. W d k e ~  
at the okln mlero 

Januay 16th. (1) Very cloudy morning. (3) Sunny afternoon. 



CHdCH on ATTOK BASELINE 

After aet No. 341-(Continued.) 

R B M A ~ K S  

~ t .  amay Walker mmn~ng. at the 
mIcmm,,~  
-: Mr. 
Uthepumicm: 

ao,,ur. 

thyE8-2;! 
-ope; llr.m- 
zM&thepun 

-. 

~~~~,~ 
tbisarpftawru 

< 
bcl 

< 
% 

MICBOI~ETBB READI!?@B I!? Drv~arorrs 
I 

I Ditlsion = - 11697'47 C y ' s  Inch [7.8], = 1'4851 m.y. of A 

, 0 

1854 8 
.a c a  

Jany. * 9 4 
B 
+ A A B C D E 
0 

B 
# U 

h. m. 0 0 

21et 0 30P.M. 41 61.0 54-98 
I o 42 65.3 57.20 
1 41 43 65'9 59.73 
2 7 44 66.5 61.03 
2 29 45 67.3 61-83 
"1 4667.4 62-53 
3 12 47 66.9 63.13 
3 34 4866.5 63.55 
3 57 49 66.1 63.85 
4 no 50 65'6 64-03 

22nd 7 39~.Y. 51 46.1 48.75 
8 2 52 46.2 48-35 
8 23 53 48.0 47-98 
8 4 4  5450.8 47.83 
9 3 55 51'3 48-13 
9 22 5651.4 48.43 
9 38 57 53.5 48'75 
9 54 58 55'8 49'38 

ro 10 5956'9 50-18 
10 27 60 57.8 51'08 
1 0 4 4  61 59.1 52'00 

23d 7 3 o U .  61 36'2 40.75 
7 58 63 37'9 40'15 
8 20 6441.6 40.00 
8 44 65 46.4 40'45 
9 10 6651.0 41'75 
9 35 67 54'7 43'73 

10 3 68 57'2 46'13 
1024 6957'9 47'95 
1043 70 58.2 49-38 
11 I 7159'0 50'68 
0.25 P.M. 72 64'4 56.85 
0 4 3  73 64.7 55'10 
I o 74 64.5 59.13 
I 18 75 64'1 59'93 
I 34 7663'9 60'50 
I 55 77 63'7 61-03 
2 13 78 63.2 61.35 
2 31 79 63.1 61.58 
z 51 80 63.1 61'75 
3 ro 81 62.8 61.95 
3 28 8262'4 62.05 
3 46 83 62.1 62-05 

Mean0 53'76 

+ + + + + + + + 
715'1 973.7 951.0 959'9 1022'0 978.3 976.6 9 8 1 ' ~  
752.4 980'9 954'9 988'2 1026.0 982.4 981.0 985'6 
794.7 984.9 960'1 998'9 1029.8 986.0 982.8 990'4 
814.5 986.1 957.0 996.1 1029'2 981.0 983.0 988.7 
827.5 982.8 958'0 988.8 1024-o 984'0 981.1 986.5 
837.0 985.0 956'3 989.0 1019'9 983.0 983.0 986.0 
844.6 983.0 957.0 992'0 1025.8 980.0 978-0 986.0 
851.6 983.1 954-0 987'3 1022.2 982.9 979.8 984-9 
856.9 982.0 958.1 988'2 1021.9 980.1 980.1 985.1 
860.4 982.9 956.1 986.1 1022.0 977.0 976.2 993.4 

590'0 967.4 938.7 969'9 991'8 955'9 968.7 965.4 
582.9 966.1 940'6 968'1 995'1 959'1 9661 965.9 
579.0 968.3 935'7 963'9 992'3 9.51'3 962.9 962'4 
581.4 964.6 936.1 960'6 990'.3 950.9 958'1 960.1 
587-2 962.7 935'1 960.1 988'3 951'0 954'0 958'5 
592.4 957.7 927'4 953'6 983'7 948'7 954'0 954'2 
599.2 95F1 927'3 952'0 986'0 946'9 952.8 954.0 
611.2 9564 931'8 956.0 985'0 949'3 9.55-r 955'6 
626.0 959-a 932.3 958'2 990'2 953'8 959.2 958-8 
641.6 964.2 934'9 963.6 995'7 959'1 962.8 963.4 
657-3 961.7 937.2 966'3 995.6 960.8 963'9 964'3 

457'8 974'0 943'4 963'4 990'4 949'5 970.0 965.1 
449.2 970.6 941.8 967'7 992'0 954'0 971'2 966.2 
450.1 966.0 941.5 962'1 991'4 953'3 966.9 963.5 
463'7 962.6 939.4 960'0 986.2 950.2 963'7 960.4 
.+go3 964'9 931.9 960'4 987'4 949'0 957'9 958'6 
524'7 960.2 932'9 959'1 990'4 953'9 965.4 960.3 
565'3 963'4 935'4 967'3 993'8 957'2 965'2 963.7 
595'6 965'2 937'5 966'2 995'5 957'6 965.0 964-5 
619.9 966-2 936.1 972'5 996.6 962'2 968'0 966.9 
642'5 9j0.0 941'0 975'5 999'1 964.8 968'9 969.9 
746'0 977.1 951.8 994.1 1028-5 979.1 975.2 984.3 ' 

766'5 97B9 955'6 roor'z 1025'4 979.0 977'9 986'3 
781.8 976.8 954.4 1000'0 1027'0 978.6 974-1 985.2 
795'2 980'2 957.0 998'9 1026.7 984.1 979'6 987.8 
803'9 978'0 954" 998'5 1021-7 983.5 975'8 985.3 
812'0 981.3 952.0 995'9 1019'1 977'2 979'4 9842 
815.2 980.9 956.8 995'0 1018'9 977'5 977'3 984'4 
818.8 980-4 948.2 991'1 1021.8 979.0 977'5 983.0 
823.0 980'3 958.0 989.1 1020'4 981.1 978-2 984.5 
824.6 984.0 959.4 988'0 1019.6 980'3 980.9 985.4 
825.0 979.5 961.9 984'2 1017.9 981.4 977.7 983'8 
825'5 977.2 960.1 990'4 1019-0 979'5 976.7 983.8 

689'85 976'83 950.52 983'63 1012'53 972.5 I 975.41 978-57 



BAR COMPARISONS 

After aet No. 341-(Continued.) 

As on page VI, we have 
5 

x - (to - 62") (E, - dEa) - 8 = o 

and from the preceding bar comparisons, we obtain the following series of results :- 
d d 

x+ 7-92 (Ea - dE,) - 285.8 = o x- 3-58 (E,  - dEa ) - 101.6 = o 



CBACR OR ATTOK BASE-LIKE 

After set No. 341-(Continued.) 

r+21.85 (E,  - dE,)-517.0 = o 
X +  22'00 )J -513'4 = 0 

~+21 .55  )> -496.7 = o 
x + 20.25 > J  -468.3 = o 
x+18.~7 3, -435.6 = o 
X +  15-87 J J  -398.4 = o 
x-t 14.05 JJ  -368.9 = o 
x+12'62 19 -347'0 = o 
X+II'32 J )  -327'4 = 0 

x+ 5-15 >J -238'3 = o 
x+ 3-90 I J  -219.8 = o 

And from the mean of these results, 
d 

z = 288.72 - 8.24 (Em - dEa) : 

adopt,ing the original value of the expansion of A given at page (9), 

d ".Y 

and z = 143.20 + 8.24 dE, = 183.83 + 8-24 dEm = L - A, 

Proceeding as on page V L 6  we obtain ; 

Also the following ; 
a "S  

A - A = 141.46 + 8-24 dEa = 181.60 + 8.24 dE, 
' B- A = 115.15 f ,, = 147.82 + J, 

C  - A = 148'26 + ,, = 190'33 + ,, 
D - A = 177.16 + ,, = 227'42 + ,, 
- A = 137'14 ,, = 176.05 + >J 

H -  A = 140.04 + ,, = 179'77 + ,, 
".Y 

and 6 x = I 103-o + 49.4 dEm. 

A 

In terms of 

Micrometer divisions. 

Millionths of a yard. 

A - L  B - L  C - L  D - L  E - L  H - L  

4 -28.05 +5-06 $33.96 -6.06 -3.16 

-2-23 -36.01 +6'50 +43'59 -7'78 -4.06 



BAR COMPARISONS 

Com..arisons between thc Standard Bar A and the Cmpenaated Bars A, 13, C ,  D, E, H, made at 
Agzar, or North-East-End of the base-line, afder the measurement. 

February 16th. After No. 6, the cornparisone were stopped by rain and darknew for about 8 of an hour. 
,, 17th. (8) Rniuing heavy. 
,, 18th. (12) Foggy. (13) to (36) Cloudy. 

< < 
M rr 

3 8 P 

M I C P O V ~ E T E P  BEADINOB I H  DIVIBIOXB 

1 DIvidon= 01611.11C~y'a I Inch [?.a]. = 19848 m . ~ .  of A 

+ 

~ x r r s x e  

a w a ~ . c o l . w a m n h  

~ i c t h & ~ ~ ~ ~ ~ :  
w d e r a t t h e p h i n  
mic'O.cOpB. 

-end-ps- 

:n'zE;g;; 
thereathereanrrin- 
u i~c 'Oudy.  

capwnstnnuuat 
the micrometer mi- 
c-,,p; HT. H ~ I -  
h e r a n a t a e ~ m n  
miuosope. 

% g 3  2 
1854 'i; '& a 

Qa 
Feb. .d 2 3 * L. 3 

B 
C 

B E z 8 
A. m. 0 0 

16th o 0P.H. 161.0 57'58 
0 40 2 60.8 58'6.3 
1 1.5 3 62.1 59-38 

4 63.6 59.98 
45 5 63.7 60.70 2 I7  

2 47 6 61.9 60.98 
4 7 7 56.9 59.40 

17th 9 28a.x. 8 49.2 48'3.3 
10 14 9 50'7 48.88 
1 0  1052'1 49-48 
r i 8 I I 53.6 50.23 

18th 7 8a.H. 1 2  38'1 39-33 
7 32 13 39'7 39'18 
7 49 1440'8 39.28 
8 9 15 41.4 39-58 
8 31 16 42'3 40.00 
9 4 1743'9 40.90 
9 22 18 45'0 41-43 
9 4 1  1946'0 42.05 
9 59 20 46'8 42'75 

lo  18 21  4i.8 43-50 
1 1 5 1  2250' j47 '28 
o i I r.H. 23 51'5 47'98 
03.3 2452'2 48.73 
0 5 2  2552.6 49.38 
I 9 2653.1 49'93 

2753.6 50'75 : :: 2854.1 51.25 
2 9 2954'2 51-75 
2 25 3054'0 52-20 
z 42 31 53.9 52-55 
3 6 32 53'7 52'93 
3 24 33 53-8 53-13 
3 43 3453.9 53'30 
4 o 3554'2 53'35 
4 1 7  3654.6 53'43 

A A B C D E  

+ + + + + + + + 
829.1 1062.1 1041'1 1083.0 1104'3 1062.2 1063.2 1069'3 
852.2 1069.1 1049.1 1089.4 I I  13'2 107.5'0 1072.9 1078.1 
867.5 1079'9 rogj-8 10940 1111.0 1078.1 1077.7 1083.1 
881.0 1081.0 1058.0 1097.6 1120-9 1078.1 1082.0 1086.3 
893.1 1085.4 1062.0 1093.9 112r.3 1084.8 1081.2 1088.1 
897.0 1087.3 1059.9 1094.0 I 1az.I 1083.0 1080.1 1087.7 
861.5 1071'2 1047.3 1080-1 1108.9 1074.1 1073.8 1075.9 

697.0 1074.4 1054'9 1079'0 I IWO 1071'0 1079.0 1077.9 
710.0 1083.5 1059.2 108 7.0 r rrg.2 1074'0 1080-1 1083.2 
721'5 1086.0 1061.9 1083.0 1117.2 1079'1 1084.0 1085.2 
735.1 1091.9 1058.2 1089.0 I I 18.9 1084.3 1088.r 1088.4 

290.1 824.3 798.3 817.9 844'0 809.8 825.7 820.0 
289.7 825.1 797.2 821-2 846.1 809'5 829.1 821.4 
295-1 825.3 796.1 820.1 846.2 810.1 827.0 820'8 
302.5 826.9 799.0 821-8 848.8 813.8 830-1 823.4 
313.2 826.8 803.0 826.0 854.2 819.4 833'8 827.2 
339'7 834.2 807.7 833.1 860.2 821'7 838.3 832.5 
344.8 83q5 808.9 836.6 866'1 827.1 841.1 835.7 
355.6 839.7 813.9 839.9 869'5 831.8 846.7 840.3 
370.0 840.8 812.5 843.0 872.9 835-6 844-6 841.6 
383-9 847.0 820.0 845.5 874-6 837.4 847.0 845'3 
4.45'1 855'8 823'1 857.9 894'3 854'3 853.0 856.4 
459-5 850.3 825.8 859.2 893'5 856.1 854.0 856.5 
471-1 855.8 827.5 862.0 892.4 852.2 856.6 857.8 
482.4 855.0 828.4 857.8 894.9 853.4 859.2 858'1 
493'4 858.4 830.0 862.0 892.1 857.1 861.3 860.2 
507-4 860.9 833.0 864.8 893.1 856'6 860.2 861'4 
515.9 856.2 830.4 866.2 894.6 855.9 859.8 860.5 
524-9 859-4 833.9 865.5 892'8 854-3 860.2 86r.o 
531.5 857.4 833'9 866-5 890'9 855'4 860'4 860'8 
536.9 859-5 835'0 864.1 890.7 854'4 860'2 860.7 
541'7 857'3 833.3 864'4 893'2 851.1 857'4 859'3 
544'6 858.8 831.8 863.7 891.0 852-3 858.4 859.3 
547.0 858.8 832.0 863.2 888.0 851.0 855.9 858.2 
549'7 854.9 829'8 860.0 887.8 846.8 854.9 855'7 
553.3 857.3 830'4 861.6 889.3 849.2 852.0 856.6 

4 3 5  37 54.6 53.60 551.9 85.5'7 827.0 858.6 884.3 843.8 8 4 . 3  8.53'~ 1 



CHACH OR ATTOK BASELINE 

After tice measurement-(Continued.) 
Y 

< < 
.r 0 

d '5 a 
1864 

8 
Feb. .!j 

m 
9 
C 0 

3 x S 

M I O B O ~ ~ ~ T ~ B  ~ ~ A D I I P B B  I N  DIVIIIONB 
I 

1 DL- = - W a  Inch 17.81, = 1.0MI m.y. d A 

42 B X M A B K S  

h. m. o o 
19th 7 1 8 ~ ~ .  3840'0 41.95 

7 40 39 41.7 41-68 
7 58 40 43'3 41-68 
8 13 41 44.3 41.83 
8 30 42 45.5 42-13 
8 5 1  43 47.5 41-73 
9 9 4449'0 43'43 
g a6 45 50.3 44-18 
9 4 2  4651'3 45-00 
9 5 8  4752'4 45'93 

10 22 48 54.1 47-25 
10 41 49 54.5 48'30 
1146 5055.8 51-40 
o 2 P.M. 51 56.5 52-08 
o r 8  5256.9 52.80 
0 37 5357-453'50 
0 5 0  5457'6 53'98 
I a 55 57.6 54'35 
1 1.5 56 57'7 54'7.5 
I ag 57 57-9 55.15 
I 46 5858.2 55-68 
I 59 5958-1 56-08 
a 1% 60 58.2 56'35 
a 2 6  6157.9 56-58 
a 39 6257.5 56-75 
2 55 '63 57.1 56'88 
3 8 6456'9 56'95 
3 2 0  6556.8 57-00 
3 3 3  6656.6 56-98 
3 44 67 56.4 56-98 
3 59 68 56.2 57.00 
4 1 I 69 56.0 56-90 
4 a4 70 55-6 56-78 
4 38 71  55-2 56'63 

22nd 7 12 A.M. 72 46.9 4.6'48 
7 45 73 48.6 46.48 
8 16 74 50.5 46'85 
8 49 75 52'4 47'63 
9 22 7654.2 48-65 
9 4 7  7755.4 49-63 

Mean 
A A B C = J3 

+ + + + + + + + 
355'9 846'1 8aa.6 844:g 873.6 836.7 848.4 845.4 
356.0 848'3 821'2 843 I 874'2 835'9 851.8 845.8 
357'1 850'5 821'2 844.3 875'1 833.2 848'0 845'4 
364.7 855.1 818'3 845-3 874-2 830'6 845'9 8j4.6 
373'7 853.1 816'3 843.1 874.1 833'2 844.6 843.9 
385.5 8.19'1 816'6 842.0 873.8 833.9 845.3 843.5 
394'2 850'3 817.0 848'9 875'9 836.4 846.8 845'9 
407.3 852.2 812.8 850.9 877.1 838'8 849'9 848.6 
4253 849-7 822.1 851-a 879'8 841'1 853-7 849.6 
441.9 8.57'3 834'8 856'4 888.5 845'7 854'0 854'5 
463'~ 862.1 830.8 861-9 891.2 851.8 858.1 859.3 
484.1 867.3 833.0 866.2 89.5'7 853.1 860.1 862.6 
531'5 873-2 836.9 8762 908.0 863.3 869.3 871.2 
543'1 873.2 839'7 880'9 910.4 864'7 869.1 873.0 
554.8 875.2 839.8 880.8 909.7 864-8 872.4 873.8 
567'7 876'3 845'5 881.8 914.9 869.2 871.1 876.5 
575'6 879-4 846'8 881.7 9143 866.6 875.2 877'3 
584.2 875'8 843.3 881.6 911-g 868.2 873-2 875.7 
591'4 879'4 848.7 885'0 9'0'5 871'4 877'2 878.7 
596.0 876-9 848.6 879.1 910.7 870.3 872.8 876'4 
6042 877-3 8466 884.9 908.6 868.6 873.4 876'6 
609.2 877.8 847.8 885.0 909.8 872.7 875.8 878.2 
612.4 879.0 846'2 883.2 910.4 870.3 873.8 877.2 
615.7 877.8 848.7 882.0 911.1 871.2 871.2 877.0 
618.0 873'2 846.7 878.1 907.0 865.7 866.8 872.9 
620.1 871.7 894'2 878.7 904.9 868'1 870'0 872.9 
621.4 8749 845'4 878.8 904.3 866'7 870.0 873'4 
622'4 873.3 844'6 878.1 903.3 863.1 867-0 871'6 
621.9 872.0 842.2 877.0 901.6 862'6 864.4 870.0 
621.1 872.3 843'6 878.0 898.9 862.8 865.7 870'2 
620.6 869.8 841'6 874.1 900-a 862.1 864.0 868.6 
619.5 870.8 841'1 872.9 900.7 862.3 864.2 868.7 
617.9 872.9 844.2 874'7 899.5 861.6 866.4 869'9 
615.3 869.8 841.6 872.3 898.8 858'8 860.1 866.9 

466'a 885.6 855'6 879.8 908-6 872.2 881'2 880.5 
469'5 883.4 854'3 879'8 905'6 870.6 879'5 878'9 
478'7 877'8 8509 876.9 905'7 867.3 877.7 876'1 

$zza%iLt. 
m e  micmeo- 
Mr. K m h  a t  tbs ,*,,- 
~WQ. 

w. 

sag. 

CILNUY. 

C I ~ .  

Lt. w* at the 
mkromstsr micro- 
-; =. ~ad.lr 

493'9 877'0 849'1 874'3 901'3 865'9 873'3 873'6 
512.6 878.3 847.3 881'1 906'3 867.3 876.8 876'2 
529.8 881.2 851'6 881.9 907-9 871.7 878'9 878'9 

='Po. 

- 



RAR COMPARISONS 

After the measurement-(Continued.) 

BXYAPXI  

a m ~ w a ~ h a r  
the micrometer mi- 
cnsope;Lt.W.Iksr 
at pl.i. - 
a*+l*.a 

- f i u ~ x -  

t * 
M c MILIBOYETXB READINBE I E  DIVIIIOXI 
.9 1 

!i 1 Dl* = WhD.81, = 1'P8(a m.y. of A 
11617'74 

% 
1854 % 

8 
Feb. 4 k 

9" 
CI 

A A B C D E 
0 

I 
tl 

A. m. o o 

22ndro 1 6 ~ ~ .  78 56'6 50.83 
10 46 79 58'3 51-98 
o 6 p . s .  80 60.7 55'53 
0 34 81 61.0 56'65 
I o 82 63-1 57-65 
1 3 2  8364.8 58.88 
1 56 84 64.8 59'75 
2 x 9  8565.5 60.55 
a 4 0  8666.2 61-30 
3 4 8766.0 61-95 
3 a3 88 65'6 62'45 
3 41 89 64-4 61-80 
3 $7 9062.8 63.00 
4 15 91 61.9 63-00 
4 34 92 61.3 61.83 
4 5 3  9360.9 62.53 

+ + + + + + + + 
550.3 883'3 855.0 889.2 914'1 874'7 881.2 8829 
571.8 885'1 850'9 887'8 g15-a 874'3 879'0 882.1 
617'1 867.3 839.0 874.0 906.5 866.9 863'7 869.6 
637'7 864.0 834'9 871.9 904.0 865'9 864.1 867.4 
6.55'5 862'9 835.1 871'3 903'9 866-2 859'2 866'4 
663'1 850'1 822.1 859'9 889-9 850.3 848.5 853-5 
677'7 853'1 823.7 863.3 888.9 849.0 845.9 854.0 
689.7 851.0 826.9 863.8 889.0 850.9 854.0 855-9 
703'6 854-1 827.0 868.8 895.2 851.1 850.8 857.8 
716'4 855'4 827.2 865.6 893-8 852-7 849.0 857.3 
725'3 857'1 830'1 860.9 895'9 854'0 453'0 860.0 
731-6 858.0 832'2 869'2 897-4 857'1 855.0 861.5 
734.2 861'2 836.2 869'0 901'0 858'2 859.3 864-a 
732.0 863'0 837.2 872'2 9040 861.0 860.9 866. 
725.1 861.2 837.9 872.0 899.3 865.9 860.1 866.6 
721.1 869'0 842.5 877.0 905.0 865.9 865.9 870.9 

Means 5rSga 562.15 886.86 858.68 890'66 918.81 879'66 884'88 886.58 



CRACR OR ATTOK BASE-LINE 

After the measurement-(Continued) 

As on page VI- we have 5 
x - (to - 62") (E, - d E a )  - S =  o 

and from the preceding bar comparisons we obtain the following series of results :- 
d d 

x+ 4-42 (E, - dEa)-240'2 = 0 a+ 8-70 (E, - dE,) -311.2 = o 



BAR COMPARISONS 
-15 

Aft& the measurement-(Continued.) 

a?+ 5-00 ,, -248.0 = o 

tr+ 5-10 ,, -249.2 = 0 

a+ 5-22 ,, -252.0 = o 

X+ 5'37 ,, -251.6 = o 

z + 15-52 ,, -414'3 = 0 

15-52 ,, -409.4 = 0 

0-k 15-15 ,J -397'4 = 0 

x+ 14-37 ,, -380.4 = o 

"-I 13-35 ,, -363.6 = o 

X+IZm37 8 ,  -349'1 = 0 

x+ 11-17 ,, -332.6 = o 

P + 10'02 , -310'3 = 0 

X +  6-47 ,, -252'5 = o 

And from the mean of these results, 

adopting the original value of the expansion of A given at page (9), 

d N.Y 
and x = 146'50 + 10.08 dEa = 188.15 + 10.08 dEa = J, - A. 

Proceeding a8 on page V L 6  we obtain :- 

Also the following, 

Iu terms of 

Micrometer divisions. 

Millionths of a yard. 

m.9 
and 6 z = I 128.9 + 60-5 dE,. 

A - L  B - L  C-L D - L  E-L H - L  

4.0'22 -27'90 +4-08 +32'23 -6-92 -1.70 

+0'28 -35.83 +5'24 +41'39 -8.89 -2-18 



CHACR OR ATTOK BASE-LIKE 

Final deduction of the total length measured with the compensated bm. 

".Y 
From page Y L 6  the excess of the 6 compensated bars above 6 times A defmr the = Io69.3 + 69.1 dxa 

measuremellt 
J) I) JJ after set No. 341 = I 103~0 + 49-4 dEa 

JJ  '5 J> J> ,, after the measurement = I 128.9 + 60.5 dEa 
Therefore the mean excess of ,, applicable to sets Nos. I to 341 = 1086~2 + 59.3 dE, 
and IJ JJ JJ NOS. 342 to 656 = 1116.0 + 55'0 dE, 
Also the mean length of a set of 6 compensated bars in feet of the standard, A 

applicable to sets Nos. I to 341 } = 6 0 . ~ 3 ~ 5 8 6  yj + 59.3 dE. - - 

and J 9 
A applicable to sets Nos. 342 to 656 =6o.m33480 16 + 55-0 dEa 

Similarly from pages V L I o  and VI, the mean excess of the two compen- a.9 
'5 sated bars A and H above twice A } = 367.9 + 18.4 dEa 

and the mean length of the set of compensated bars A and H in feet of the A 
standard =20'0011037 + 18-4 dEa 

Hence the total length measured with the compensated bars 

feet a/ A .................... in sets Nos. 1 to 167 = I0020'5++2 + 9903 dEa 
.................... ,, 168tog41 =10&0-5670+10318dE, 

,, 342 to 494 .................... = 9180-5122 + 8415 dEa 
,, 495 to 656 .................... = 9720'5424 + 8910 dEa 

in set No. 6571 .................... - - Z O . W I I +  r8dEa 

in sets Nos. I to 6 ~ 7 ~ .  ................... = 39382'1669 $. 37564 dEa 

Now the mean temperature of A during the bar comparisons before the measurement and after set No. 
341 was 62' - = 52'-I. for which temperature the corresponding expansion of A h m  page (19) 

6 
E 21.586 m.y. Aleo the mean temperature of'A during the bar comparisons after set No. 341 and after the 

measuremeht was 6 2  - = 51'-8, for which temperature the corresponding expanaion of A from page 
6 

(19) = 21 -590 m.y. Comparing these values of expansion respectively with the original value = 22.67 m.y, 

used in the foregoing, i t  is found that dEa = + I-o84m.y. for sets Nos. I to 341, and = + 1.080 m.y, for seta 

Nos. 341 tO 6571. Substituting for dEa respectively these numerical values, there result, 

Total lengths measured with the compensated bam 

fed c f .  A 
in sets Nos. I to 167 or S.W. End, to Station A =  ( I W ~ O . ~ + + Z  + '0322) = 10020.5764 

,, 168 to 341 or Station A, to Station B = (10440-5670 + '03~6) = 10#0'6m6 
,, 342 'to 494 or Station By to Station C = ( 9180*51~2 + '0273) = 9180.5395 
JJ 

495 to 657,or Station C, to N.E. End = ( 9740'5435 + .0289) = 9740-5724 

9 )  I to 657,or S.W. End, to N.E. End = (39382'1669 + '1220) = 39382'2889 



CHACH OR ATTOK BASELINE 

Cornparisma between the Compensated fiicroscopes and the 6-inch brass scales during the 
measurement, and provisional determination cf i~ficroscope errors with respect to t h  

6-inch brass scale A, expressed in millionths of an inch (m.i.) 

~ - 

* Thwe microsoopes were compared a reoond timo, h w  they were adjusted sfter the iimt comparison. 

When compared 

- 
1853-54 

Z i Z  
8 
!i 
g 8  

T 

0 
R 
N 

S 

T 
M 
* 
0 
R 
N 
I' 
S 

T 
2 
0 
R 
N 
N* 
p 
P* 
8 

8 

T 
T* 
l l i 
'11': 
P 
R 
N 
0 
S 

N 
N* 

December 16th 

,, 12th 

,, 26th 

January 4th 

,, 15th 

,, 17th 

February 2nd 

Before the meaaure- 
ment. ' 

9% 

Between set6 No. 
56 and 56. 

BetweenwtsNo. 
167 md 168. 

BetwtenaatsNo. 818 8 819. 

Between aete No. 
34 1 and 342. 

Between sets No. 
416 and 417 

4 
.g 

g 
.j 

i? 

'r 
z e  
0 

d 2 .; 
& B E 
&: * 
(OW$ 
,%I, 

. g . p  
.Aa m ll 

3- 
I - s h  

i ;  
i 

- 97 - 21 + 183 
+ 93 
+ 363 + 350 

- 75 

- 97 - zr - 21 

+ 283 
+ 93 
+363  
+ 350 - 75 

- 97 - 21 

+ 283 + 93 + 363 + 363 + 350 
+350  
- 75 

- 75 

- 97 - 97 - 21 - 21 

+ 350 + 93 + 363 + 283 - 75 

+ 363 + 363 

Micros : - Scale A, Microscope - 
Microscope Scale. - 
a m e d v & i n  

6 ye 4 fi B 

at 62' 

mi. 

+ 1 6 9  
+ 2.77 + 667 
+ 5 4 4  + 996 + 984 

- 158 

- 424 - 178 - 
+ 214 
+ 95 
+ 3 2 6  
+ 128 
- 673 

+ 6 9 7  
+ 3 6 5  + 445 + 357 + 808 
+ 307 + 795 
- 3 1 6  
- 499 

- 236 

+ 834 
+ ~ 0 6  
+ a 8 3  + 202 

+ 310 
+ 157 
+ 849 + 649 - 222 

+ 761 + 296 

tsrms 

Divisions 
loooO=l,t. 

0.00 

0.00 
0.00 

0.00 + 4-86 
+ ''37 

0.00 

+ 16'37 
+17'37 + 16.30 
+16'37 
+1r'z5 
+18.60 
+15'47 
+12.27 

f 9 . 1 0  
+ 4-93 + 4'20 
+ 3'90 + 5'50 
+18.13 
+ 4'45 
+ I I ' I O  

- 3'43 

- 303 

+ 8'03 
+14'77 + 1'08 

0.00 

- 3'18 
- 1'23 + 2.80 + 3-00 - 2.60 

f 8'47 + 4'77 

+ 266 + 298 
+ 384 
f 451 + 147 
+ 497 

- 83 

-1964 
-1894 
-1661 
-1706 
-Ira.? 
-1897 
-1769 
-1825 

- 1 1 6  - 107 - 258 - 126 - 105 
-1869 

0 

-1776 - 81 

+ 142 

+ 128 - 274 
f 196 
+ 223 
+ 378 + 187 + 206 
+ 66 + 113 

- 449 
- 544 

T 1 6;z5 

Fah. 

8 i 
g P 1  
B R 
3 2 

I 
2 

3 
4 
5 
6 

7 

8 
9 

10 
11 

12 

13 
14 
1.5 

16 
17 
18 
19 
20 

21 

22 

23 
24 

15 

26 
27 
28 
29 
30 
31 
32 
33 
34 

35 
36 

of 

mi. 

0 

o 
0 

O + 486 + 137 

O 

,+ 1637 
+1737 
+1630 
+1637 
+I125 
+1860 
4-1547 
+1227 

+ g r o  
+ 493 + 420 + 390 + 550 + 1813 
+ 445 
+ I I I O  

- 343 

- 303 

+ 803 
+1477 + 108 

o - 318 - 123 + 280 + 300 - 260 

+ 847 + 477 

iff 
U 
R 
LY 

S 

T 
J6 

U 
R 
N 
P 
S 

T 
M 
u 
R 
fl 
N 
p 
P 
S 

8 

2' 
T 
M 
bi 
P 
R 
N 
U 
S 

B 
N 

66.76 
68.15 
69.21 
64.35 
69'95 

60.67 

30.58 
31'69 
35'43 
34'70 
44'03 
31-65 
33'69 
32.80 

60.15 
60.29 
57'88 
59'99 
60.32 
32-09 
62.00 
33'59 
60.70 

64'27 

64-05 
57.62 
65.14 
65'56 
66.45 
64-99 
65'29 
63.05 
63-80 

54'82 
53-29 



CTTAC'II OR ATTOIL BASE-LINE 

Nicroscope Comparisons-(Continued.) 

The required combinations of irldividual nlicroscope errors taken from pages VI, and 
TI-' are expressed as follorvs ; ' 7 

Reference numbers. mi. mean temp : 

= + 3474 at ($2 + i 9 8 )  e l =  2 +  3 +  4 +  5 +  6+,- before the measurement. 

e, = 8+ 9 + 11 + 12 + I3 + 14 + 3 = + 36 at (62 -27.~2) betveen sots 55 & 56 
2 

e3 = 10 + 11 + 12 + 13 + 14 + 8+15 = + 162 at (62 -2680) IJ do. 
a 

e, = 1 7  + 18 + 19 + 20 + 22 + ?k! = + 2869 a t  (62 - 1.85) J P  167 dt 168 
2 

e6 = 1 7  + 18 + 19 + 2 1  + a3 + r6+14 = + 1257 a t  (62-11.2~) 2 ,, do. 
2 d 

24+26 a = 28 + 30 + 31 + 32 + 33 + - = + 2416 a t  (62 + 2.55) 2' ,, 16; & 168, and341 & 342 
2 0 

0.1 

16+" - + 1589 at (62 -10.99) '& ,, e , = 1 7 + 1 8 + 1 9 + 2 1 + 2 3 + - -  do. and;18&31g 
2 

26+34 ti 
e8 = 28 + 30 + 31 + 32 + 33 + - = + 2554 a t  (62 + 2.81) 8 ,, 341 & 342, 

2 

2'+?4 
a 

eg = 29 + 30 + 31 + 32 + 33 + -L_= + 2609 at  ( 6 2 +  2.34) ,, do. 
2 

3i+44 - + 2573 at (62 - 3'5;) elo= 39 + 40 + 41 + 32 + 43 + ------ - V J  do. and 491 $495 
2 

2 i+?4  ell = 29 + 30 + 31 + 33 35 + -;- = + 2521 at (62 + 0.60) $8 do. and116&417 

el, = 29 + 30 + 31 + 33 + 36 +? = + 2056 a t  (62 + 0 . 3 ~ )  PI do. do. 

3 7 f 4 4  = + 2485 a t  (62 - 5.31) el, = 39 + 40 + 41 + 35 + 43 + 7 ,J 416 $417 a d 4 9 4  &495 

6 ' 
3 

2" 
T* 
-1f 
P 
R 
N 
O 
AS 

2" 
nr 
P 
R 
1 
0 
S 

- 

m e n  compared 

- 
1884 

- 
.d . 

5 s 
s g  u 

5'' 
T 
,If 
P 

N 
U 
$9 

February 6th 

,, 16th 

Micros : - Scdo A, 
at 62' Fuh. 

Dotrccn sots NO. 
494 and 495. 

Afterthemeasure- 
meut. 

m.i. 

+ 1248 
$ 1 ~ 7 0  + 178 
+ 48.5 + 66 
+ 417 
+ 4 6 6  
- 191 

-4. 
I *  
0 3  
2 k  
XI,, N .. a 
[ 2 
94 

1 
k 
2 

d 
2 2  * 

t: 
8 

pa 
4 3 
F 2 f l  

37 
38 
39 
40 
41 
42 
43 
44 

2" 1.19'78 

S,5'52 

56.15 
5.5'59 
59.92 
57.09 
54-82 
56.65 
56.57 

- 764 
- 753 
- 2 

- 6 3 3  - 761 - 658 
- 8 

2 .< m 
: , 

8c.1 , a 
B c 11 
-W .z .- 

+ w. I1 

2 EL 
; C; 5 

+9;71 45 >v 
P 
R 
N 
U 
S 

+ 59 + 216 
- 48 + 439 + 565 

1 - 83 

49.96 
55.22 
51.87 
49.82 
51.48 
61.87 

- 4 0  - 366 - 401 
- 130 
- 307 
- 449 
- 4  
- 339 

+18'j8 
+ 8.33 + 2.90 
+.~ .yz  + 8.37 
+ 9.40 

0.00 

3ficroscope - 
~licroscopo Scnle. 

o i 
terars of 

46 
47 
48 
49 
50 
51 

Divisions 
I(,,)O(,= 1't mi. 

+ 1i.50 
+17'33 + 6 00 

+ 2.65 + 2.80 
+ 5'0.3 
f 5 . 1 7  + 2.23 

+18,jR 
+ 8.33 + 290 
+ 4 9 2  + 8.37 + 940 

0 

- 97 - 21 

+ 3.50 + 93 + 363 + 283 
- 75 

+ 17.50 ( - 9; 
+1f.j3 + 600 + 265 + 280 
+ 503 
+ 5 1 i  + 223 

' - 97 - 21 

+ 3.50 + 93 + 36.3 
+283  
- 75 



CHACH OR ATTOK BASE-LINE 

Xcroscops Comparisons-(Continued.) 

Bsfrrmce M ~ ~ U J .  m.i. mean temp : .. 

a 
el, = 59 + 40 + 41 + 4% + 43 + 3+ = + a152 at (62 - 5.26) -8 

3 9 8  do. 

e, = 46 + 47 + 48 + 49 + 50 + 'q = + 16j8 at  (62 - 9.64) after the menaurement 

8 = +  506 a t ( 6 2 - 9 - 1 0 )  ti, do. 

And from the foregoing, we obtain the following equations for tlie microscope errors 
per set (or m e . !  ; where dE expresses the error in the adopted value of tlle expansion for the 
6-inch scales. 

e + C  m i .  
( r n , ~ . ) ~  = = + 1755 + 6 x 11.22 dE applicable to sets Nos. I to 55 

2 

Hence the total microscope errors are as follows, 
mi. feet o f  A 

I n  set. Nos. I to 1 6 ~  { 55(m.e),= + 96 525 + 3703 d~ = *oao;8o + 3703 d~ 
x~z\m.e),= + 169792 + 9623 dli = 0.0141 + y623 dE 

sum = 0 ' 0 2 2 1  + 13326 dl% 

In sets Nos. 168 to 341 = + 277387 + 3959 dE = 0.0231 + 3959 dE 
23(m.e),= + 45356 + 564 dl3 = 0.0038 + 564 dE 

sum = 0.0269 + 4523 dl3 

C 75(m.e),= + 194.125 + z75dE = 0.0162 + 275dE 
In sets Nos. 342 to 494 zo(m.e), = + 5r060 + 282 dE = 0'0042 + 282 dE 

58(m.e), = + 121742 + 863 dE = O'OIOJ + 863 (lE 

sum = 0.030; + 1420 dE 



VJ-2, 
CHBCH OR ATTOK BASELINE 

Microscope Contpal.isons-(Continued.) 

Final deduction of the total lengths measured with the compensated microscopes. 

Hitherto the microscope errors have been determined only provisionally ; i.e. in terms 
A of the 6-inch brass scale A. But from page (31), we have 2 A = 1°0000192 lii, value in 

1835. Also the coefficient of expausion for brass, has b.een taken at -ooo,o1o,q17 in the fore- 
going reductions, whereas it appears from page (17) that ~000,009,855 is a more probable value. 
Accepting the latter, it may be found that dE = 3.372 (m.i) .  Hence, remembering that the 
length measured with a set of microscopes is equal to 3 feet of A + the corresponding (m.e) 
we have, 

Total lengths measured with the compensated microscopes 
feet of A feet fl A 

In sets Nos. 
or S.W. End to Stn. A + 13326 dE = ( 501.0317 + '0037) = 501-0354 

,, Nos. 168 to 341 
or Stn. A, to Stn. B + 4523 dE = ( 522-0369 + '0013) = 522-0382 

" Nos. 342 to 494 + 1420 dE = ( 459-0393 + '000~#) ;i59'0397 or Stn. B, to Stn. C 
162 x 3 + + .oooo) -0259 + 7259 dE = ( 487.0353 + -0020) = 487-0373 495 to 6571 

or Stn. C, to N.E. End 

or S'.)W. End toN.E.End . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . = (1969'1432 + '0074) = 1969.1506 

Disposition of the bars and microscopes during the measurement. 

The following typical illustrations show the permutations and combinations of the bare 
and microscopes during the measurement. The instruments are here named in the succession 
that actually occurred, commenciug from the. rear-end of a set ; and the numbers assigned to 
the illustrations, will be found employed in the tables of " Extracts from the Field Book &c." 

Bar Illustration. I Microscope Illustration. 

No. 1 - No. 2 No. 3 No. 4 No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 

C 
D 
E 
H P 0 

Statement. I Statement. 

No. 1 ocoure in sets Noe. 11, 21, 31, 41, S1, 65J1, 654. 
NO. 2 ,, Nos- Ip 229 391 49, 5~,~559, 6569. 
No. 8 ,, Noa 6 to 654 
No. 4 ,, set NO. 6571. 

No. 1 ocoura in eeta Nos. 11, 21, 31, 41, sl. 
NO. 2 8, Nos- I 9 ,  22, 391 4.91 59. 
No. 3 ,, Nos. 6 to 167. 
No. 4 ,, Nos. 168 to 654. 
No. 6 ,, Nos. 6551 and 656,. 
No. 6 ,, Nos. 65s9 and 654. I NO. 7 11 No. 6571. 



CHACH OE ATTOK BASELINE L, 1 
DETAIU OF THE MEASUREMENT. 

Extracts from the Field Book of the measurement, and calculated heights of sets above the ongin. 
Adopted heights above mean sea level. 

South-West-End (origin) = 10146 feet. 
North-East-End (terminus) = 1049.3 feet. 

186s 

17th Dec. 

19th ,, 

20th ,, 

21st ,, 

22nd ,, 

23rd ,, 

h. m. 
10 25 A.M. 
0 45 P.M. 
2 0 

3  15 
8 50 A.M. 

9 55 
11 0 

0 25 P.M. 

1 19 
2 4 
3  19 
7 57 A.M. 
9 5 

ro 15 
0 0 P.M. 

0 48 
1 50 
2 50 
3  47 
7 55 A.M. 
8 42 
9 35 

ro 23 
11 36 
0 I 0  P.M. 

1 23 
= 27 
3 30 
7 50 ArM. 
8 4 4  
9 40 

I0 30 
I1 20 

0 43 P.M. 

1 27 
2 I 0  

3 0 

3  40 
7 50 A.M. 

8 40 
9 '5 

4 ... 1 1  Y 

Mean time ot 3 S.g : i '8 c.2 2 O  

2 g .g 
H W 

feet. 
3  + 0'9 
3 - 1.1 
3  3'1 
3 4'9 
3  6.2 
3  7'7 
3  8.9 
3  10.1 
3 11.6 
3 13.0 
6  15'4 
6 16.6 
6 17.1 
6  16.7 
6  15.8 
6 15'4 
6 14.8 
6 14.7 
6 14.2 
6 12-I 
6 11.1 

6 12.1 

6 12.0 

6 11.9 
6  11.6 
6 I 1.3 
6  11.4 
6  ir'o 
6 11.2 

6 11.1 
6  11.0 

6 11.0 

6 10.8 
6 11.0 

6  10.9 
6  11.0 

6 1r.o 
6 10.8 
6 
6 
6 10.9 

- 

Numeral 
rbewing 
Msnge- 
ment of 

I .. 

Numeral 
shewing 
arrange- 
ment of 

m. 
5 A.M. 
0 

30 P.M. 
'7 
55 
30 

I 

58 
50 A.M. 
j 0 

14 
I0 

58 
21 P.M. 

3 
40 
3 0 

r 
2 

I 
2 

1 1  

2 

I 
2 
I 

2 

3  
3  
3 
3 
3 
3 
3 
3 
3  
3  
3  
3  
3 
3  
3  
3  
3  
3  
3  
3  
3  
3  
3  
3 
3  
3  
3 
3 
3  
3  

2 7 
55 P.X. 

40 
'9 
4 .  

45 
55 A". 
40 
20 

5 7 
3 7 
I 2  

25 P.M. 

2 3 
5 

39 
14 
0 

53 A.M. 

45 
32 

feet. 
6 - 10.7 
6  10.8 
6 10.9 
6 1o.y 
6 11.0 

6  I 1.1 

6 11.1 
6 11.6 
6 11.6 
6 11.6 
6  11.7 
6  11.8 
6 11.5 
6 rr.9 
6  12.0 

6 11.9 
6 11.7 
6 11.6 
6 11.6 
6 11.7 
6 11.8 
6 11.6 
6 11.7 
6 11.6 
6 11.7 
6 11.6 
6 11.5 
6 11.6 
6  11.6 
6  11'5 
6 11.5 
6 11.4 
6 11.4 
6 11'2 

6  11.7 
6 12.0 
6 11.9 
6 11.2 
6 10.7 
6 ro.4 
6 10.3) 

I 
2 

I 
2 

2 

I 

. Z  
I 

2 

3  
3  
3  
3 
3  
3  
3  
3  
3 
3  
3 
3 
3 
3  
3  
3 
3  
3 
3 
3  
3  
3  
3  
3  
3  
3 
3  
3 
3  
3  
3 l  

Nom-The rear-~nd of set No. I stood exaatly over the dot at  South-West-End. 
(4,) and (6,) Windy. (20) to (23) High wind. (34) to (40) Cloudy. (58) and (59) High wind. 

23rd Dec. 

24th ,, 

26th ,, 

27th ,, 

28th ,, 
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Extracts from the Field Book-(Continued.) 

(155) Cloudy. 

The terminal point of set No. 167 wns the point of origin for eet No. 168. . 

Q 3 & 3 8 4 %  
j M t i e  of 2.2 1854 c 'i: 

ending 0 0 

O I 
g g .- 
B 

A. m. fret. 
2nd Jan. 124 35.0 8 30 A.M. 6 - 6.6 

125 40.8 9 10 6 6.6 
126 44.9 9 39 6 6.6 
127 488 l o  6 6.6 
128 53.9 10 38 6 6.4 
129 58.3 11 19 6 6.3 
130 61.3 o 20 P.M. 6 6'0 
131 63.0 o 50 6 6.0 
132 64-3 I 22  6 6 0 3  
133 66.0 I 50 6 6.1 
134 67.1 2 15 6 6.0 
135 67'4 2 4 5  6 5'i 
136 67-9 3 10 6 5.8 
137 67'8 3 37 6 5'9 
138 67'0 4 5 6 6.2 

3rd ,, 139 25'1 7 35 LM. 6 6.2 
140 30.9 8 8 6 6.0 
141 36'9 8 4 4  6 6.1 
142 43'6 9 1 8  . 6 6.2 
143 48.4 9 53 6 6.3 
144 52.8 lo  z5 6 5.8 
145 55'4 10 55 6 5'9 
146 57.1 fl 25 6 5'9 
147 62.1 oz6p .x .  6 5 8  
148 63'7 0 54 6 5'8 
149 65'4 1 24 6 5'8 
150 66.1 I 45 6 5.8 
151 66'9 z 16 6 5.6 
1-52 67'3 2 40 6 5'6 
153 66.8 3 27 6 5 ' i 3  
154 66.1 3 56 6 

4th ,, 1-55 26.1 7 43 A.M. 6 5'5 
156 36.1 8 4 6  6 5'5 
'57 40'4 9 25 6 5.1 
158 47'0 9 58- 6 4'9 
'59 55'0 '0 29 6 4'9 
160 569  11 o 6 4'9 
161 57.8 X I  35 6 4'9 
162 62.6 0 3 o p . ~ .  6 5.0 
163 64.2 I 25 6 5'0 
164 64'3 o 6 5'3 
165 64'0 z 30 6 5.2 
166 62.8 3 3 6 5.2 
167 61.8 3 51 6 5'1 

Total - 1545.3 

n o d  a t  the advanced-end of set No. 167. 

4 a 

3 4 a 
185s-54 4 8 M W ~  time of 3.: c .- a 3 en&lg $ 2 g 

a 2 8 g .gJ d w 

JL. m. feet. 
28th Dec. 78 51.8 ro 10 AZ. 6 - 10.4 

79 57'7 '0 5' 6 10.3 
80 66.9 o o P.M. 6 10.2 

81 i0.0 I I ~  6 10.2 

82 i1.9 2 10 6 9'9 
83 71.7 3 5 t5 9'9 
84 70'9 3 50 6 9.6 

29th ,, 85 31.6 8 3 A.M. 6 9.7 
86 43'3 9 3 6 9'5 
87 50'0 9 55 6 9.6 
88 55'2 10 35 6 9'1 
89 60.0 11 10 6 8.9 
go 65.9 o 40 P.M. 6 8.8 
gr 68.9 I 4 6 8.8 
92 70-2 I 31 6 8.7 
93 70'9 2 6 6 8.5 

, 94 71'3 2 35 6 8.5 
95 71'2 3 8 6 
96 70.8 3 45 6 8'4 

30th ,, 97 28'4 7 54 A.M. 6 8.2 
98 35'8 8 29 6 8.2 
99 43'4 9 10 6 8.0 

rod 50'4 g 50 6 7'9 
101 54'7 10 33 6 8 - 0 3  
102 59'6 11 14 6 8.0 
103 66'3 o 35 P.X. 6 7.5 
104 67'7 1 3 6 7.5 
105 69.7 I 40 6 7'5 
106 i0.6 a 15 6 7'3 
107 71.0 2 55 6 7'0 
108 70.8 3 35 6 6.9 
109 49'1 4 7 6 6.8 

31st ,, J 10 28.3 7 41 A.X. 6 6.8 
1 x 1  34'3 8 23 6 6.7 
112 41.8 g 3 6 6 . 7 3  
1'3 47'5 9 35- 6 6.7 
114 53.6 J O  g 6 6.7 
"5 57'8 10 57 6 6.6 
116 62'1 o 10 P.M. 6 6.6 
117 65.1 o 50 6 6.6 
118 66.6 I 30 6 6.6 
119 67'9 I 58 6 6'6 
120 69. I z 46 6 6.6 
121 69'4 3 26 6 6.5 
122 67.7 4 15 6 6.5 

2nd Jan. 123 25.1 7 39 A.M. 6 6.6 

The dot denoting Station A was fixed 
Height of sei No. 167 above Station A 

Numeral 
shewing 
arrange 

6 
F 9 3  
-- 

3 
3 
3 
3 
3 
3 
3 
3 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

5 6 3  
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

- 
Of 

j 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

Numeral 
rhewing 

6 
P\ 

3 
3 
3 
3 
3 
3 
3 
-3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

8 . 4 3  
3 
3 
3 
3 
3 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

exactly 

arrange- 
of 

E 
g 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

in the 
= 1.9 feet. 
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Eztracts from the R e M  Book-(Continued.) 

Numeral 
shewing 
arrange- 

Mean time of ment of 

4 Q 

G 

d '.d 
Y 4 3 Mean time of 3 &a 

1854 % . ending t % 'g 
2 s" k O & .- 

k 6! 

A. m. fcct. 
14 thJan  309 6l.5 o 447 P.M. 6 - .7 

310 62.9 r 8 6 
311 6j.9 I 29 6 

'7 

6 
'7 

3x2 64'9 1 54 
6 

'5 
313 64'4 2 1.5 

6 
'6 

3x4 649  2 43 
6 

'5 
315 66.0 3 3 
316 64.8 3 25 6 

'4 

6 
'4 

Q17 64'7 3 42 
318 62.2 4 13 6 

'4 

16th 9, 319 30.1 7 55 A.= 6 
'a 

6 
'0 

320 35.0 8 27 'O 

321 41'6 9 3 6 + - I  

322 47'7 9 35 6 
323 50.0 ro 6 6 

'I 

6 
" 

324 52'9 I0 39 6 
'3 

325 57'4 11 20 

326 60'8 rr 45 6 
'4 
'1 

327 65'0 I 4 P.M. 6 
328 66.1 r 32 6 

'4 

6 
'3 

329 67'8 1 57 
330 68.3 2 23 

'3 

331 67'8 2 50 6 
'4 

332 68.2 3 18 6 
'4 
'4 

333 68'3 3 45 
334 68.2 4 rr 6 '5 

17th 9 1  335 3.3'1 7 51 A.M. 6 
336 36'2 8 28 6 

'5 

6 
'6 

337 41.7 9 3 
6 

'7 
338 45'3 9 29 

6 
'8 

339 49'8 10 3 '7 
34O 53'9 10 43 
341 61.1 o 15 P.M. 6 

'7 
'8 

Total - 395'4 - 
normal a t  the advanced-end of set No. 341. 

A. m. feet. 
12th Jan. a74 65y7 I 3 P.M. 6 - 1.5 

275 67.0 I 32 6 1.6 
276 67-6 2 o 6 1'5 

6 1.6 277 68.6 2 aa 
6 278 68.9 a 50 

279 69'6 3 14 6 1'5 
280 68.7 3 37 6 1'5 

6 281 67'4 4 3 
13th ,, 28s 30'4 74ZA.X. 6 6.5 

283 33'9 8 14 6 "5 
6 1.3 a84 40.5 8 52 

285 44'9 9 19 6 1'2 
6 1.1 286 49'0 g 50 

287 52.4 ro 18 6 '9 
288 55.8 ro 47 6 

6 289 58.9 rr  14 '8 
290 62.6 o 11 P.M. 6 '8 

6 291 64'3 o 42 '8 
6 29% 65'7 I I I  '8 
6 293 67'3 1 39 '9 
6 1.0 294 67'9 2 9 
6 1.0 295 68'2 z 34 
6 296 68.4 3 I '9 
6 297 68.6 3 27 '7 
6 298 67'9 3 5' '8 
6 '9 299 67'3 4 24 

14th ,, 300 31.8 7 51 A.M. 6 1.0 
6 1.1 301 36.6 8 21  
6 1.1 302 42'9 8 53 
6 1.1 303 46.5 9 19 
6 304 48.8 9 48 '9 
6 305 52'3 I0 I2  '9 
6 306 55'8 10 39 '6 

307 58.0 rr  r r  6 '5 
308 62.3 o 23 P.M. 6 '5 

The dot denoting Station B was fixed 
Height of set No. 341 above Station B = 2.4 feet. 
The terminal point of set No. 341 was the point of origin for set No. 342. 

Numeral 
shewing 

3 
3 
3 
3 

1 ' 6 3  
3 
3 

1 . 6 3  
3 
3 
3 
3 
3 
3 

' 9 3  
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

exactly in 

ment 

2 
PI 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

' 5 3  
3 
3 
3 
3 
3 
3 
3 
3 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

the 

24th Jan. 342 50.4 8 40 A.M. 6 + -8 
343 51'2 9 1.5 6 '9 
344 51'9 9 55 6 1.1 
345 52'7 10 all 6 1.2 
346 54'3 " 3 6 7.3 
347 54'4 " 30 6 1.3 
348 54-4 o 30 P.M. 6 1.5 
349 54'6 0 5 2  6 1'5 
350 54'7 1 2 0  6 1.6 
351 54'7 1 45 6 1.6 
352 54'9 2 1 2  6 1'7 
353 55'1 2 34 6 1.8 
354 54'5 3 0 6 1'7 

arrange- 
of 

8 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

(298) to (341) Cloudy. January 24th Rainy night and cloudy throughout this day's measurement, with occa- 
biond rain in the forenoon. January 25th Rainy night and cloudy throughout this day's mcaaurement. 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

24th Jan. 355 54.3 3 $6 P.M. 6 + 1'7 1 3 4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

356 54'1 3 53 6 
25th ,, 357 50'3 7 50 A.M. 6 1.9 

358 51'3 8 25 6 2.0 
359 52'4 8 5 0  6 
360 53'0 9 II 6 "7 
361 54'3 9 35 6 1'7 
362 55'1 10 o 6 1.7 
363 58.2 10 26 6 1'7 

364 61.0 rr o 

1 8 3  
3 
3 

1 . 8 3  
3 
3 
3 
3 

365 62.9 o  P.M. 
366 62.4 o 23 6 1.2 

367 586  0 52 6 1.0 

4 
3 4 
3 4 
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Extracts from the Field Book-(Continued.) 

I 3 Numeral 
u shewing 
$ "0 arrange- 

h. m. 
!5th Jan. 368 58; I 21 P.X. 

369 57'6 1 5 0  
370 57'5 2 '5 
37" 57'5 2 40 
372 57.3 3 2 
373 56.8 3 2 7  
374 56'7 3 58 

10th ,, 375 57'6 9 30 A.Af- 
376 59'3 '0 0 
377 62.2 10 52 
378 63'0 o o P.M. 
379 63'8 0 36 
380 62.9 I 7 
381 62.8 I 40 
382 63'0 2 7 
38.3 63.7 2 43 
384 60.6 3 36 

llst ,, 385 42'8 7 47 A.m. 
,386 43'7 8 '9 
387 46.0 9 8 
388 47'8 9 36 
389 49'3 10 10 

390 50'4 '0 4' 
391 51.9 11 20 

392 54'1 0 29 P.Y. 
393 54'9 1 10 

394 55'0 1 38 
395 54.8 2 7 
396 55" 2 40 
397 54'9 3 23 
398 55'O 3 54 

1st Feb. 399 38'5 7 31 A.M. 
400 40.6 8 2 

40' 42'9 8 45 
402 44.9 .9  16 
403 46'7 9 54 
404 48.5 '0 27 

405 49'6 10 56 
406 50'7 11 a2 
407 52'8 0 25 P.M. 
408 53'9 0 50 
409 54'7 "4 
410 55'4 1 39 
4'' 55'5 2 2 

41% 5.5'6 2 25 
413 56.0 a 50 
414 55'6 3 '3 
4'5 55'3 3 40 
4'6 55" 4 2 
4'7 54'6 4 3 2  

2nd ,, 418 34'4 7 22 A.M. 

419 38'1 1 55 
420 41.0 30 
431 42'5 9 0 

i 42% 44'4 9 34 

Mean time of 
ending 

i; 

feet. 
6 +  '9 
6 '8 
6 '4 
6 '3 
6 - ' 0  
6 '2 

6 '3 
6 '4 
6 '5 
6 '5 
6 '4 
6 -8 
6 1.1 
6 1.2 

6 1.2 
6 1'4 
6 2 . 0 3  
6 2.3 
6 2.7 
6 2-8 
6 2 . 9 3  
6 2.5 
6 2.1 

6 2'2 
6 1.8 
6 2'7 

6 3'3 
6 3'3 
6 3'3 
6 2'9 
6 2.9 
6 3.0 
6 2 ' 7 3  
6 2'1 

6 1 - 8 3  
6 1'7 
6 1'6 
6 1'4 
6 
6 1.0 

6 
6 '6 
6 '4 
6 '2 

6 
6 + ' 1  
6 '4 
6 '6 
6 '9 
6 1.2 
6 1'5' 
6 2-0 
6 2.1 

6 a.2 
6 2.4 

h. m. 
2nd Feb. 423 47.0 lo  4 A.M. 

424 48.9 '0 35 
425 51'0 1 1  5 
426 54'4 o o P.M. 

427 5.5'2 0 32 
428 56.1 o 56 
429 56.6 I 17  

430 57'0 1 38 
43' 57'0 2 5 
432 57'" 2 29 
433 57'8 2 52 
434 57'6 3 15 
435 57'7 3 39 
436 56.9 4 17 

3rd ,, 437 40'6 7 53 A.M. 
438 41.9 8 21 

439 43'6 9 0 

440 45'8 9 28 
441 46.8 ro 3 
442 47'5 '0 30 
443 48.1 11 ro 
444 49'0 11 4' 
445 50.3 o 38 P.M. 
446 51'0 0 5 7  
447 51'7 1 19 
448 52'9 ' 39 
449 53'0 1 5 8  
450 52.1 2 14 
451 51'9 2 3 4  
452 53'2 2 51 
453 53'6 3 9 
454 52'7 3 28 
455 51.6 3 5' 
456 51'4 4 9 
457 50'9 4 32 

4th ,, 458 45'0 7 34 A.M. 

459 46'1 8 0 
460 47.6 8 31 
461 49'3 8 55 
462 51.0 g 28 
463 52'2 9 53 
464 53'9 10 23 
465 56.5 10 45 
466 54.2 11 15 
467 54.1 11 42 
468 56.4 o 29 P.M. 
469 59'" 0 47 
470 58.1 I 6 
471 60-7 r 23 
472 62.3 I 42 
473 64'4 2 2 

474 63'0 2 25 
475 60.8 2 45 
476 60.8 3 4 
477 60.4 3 25 

3 
3 
3 

' 3  
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

3 
3 
3 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

3 

3 
3 
3 

1 . 2 3  
3 

1 . 0 3  
3 
3 
3 

' 0 3  
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

- 

(375) to (384) High wind. (385) to (398) Hazy. (437) to (457) Cloudy. (458) to (479) Cloudy with occa- 
sional sunshine. 

o 

3 l 
Y 

$ . 
P C 'i: 
C O o  
O 2 

$ 9  
feet. 

6 + 2'7 

6 2'9 
6 3'0 
6 2.9 
6 2 . 7 3  
6 2.4 
6 3 - 2 3  
6 3'4 
6 3'7 
6 4'2 
6 4 ' 6 3  
6 4'9 

5.2 
6 5'4 
6 5'7 
6 5'9 
6 6.1 
6 6.4 
6 6.6 
6 6'8 
6 7'0 
6 6'8 
6 6.8 
6 7'0 
6 7'3 
6 7'6 
6 7'7 
6 7'6 
6 7'8 
6 7.8 
6 7 ' 8 3  
6 . 8.0 
6 8.1 
6 8.1 
'6  8.5 
6 8.5 
6 8.6 
6 8.7 
6 9.0 
6 9'2 
6 9'3 
6 9'5 
6 9'5 
6 9-8 
6 9'6 
6 9'6 
6 9'6 
6 9'3 
6 9'3 
6 9" 
6 9.0 
6 
6 8.8 
6 9" 
6 9 . 0 3  

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4. 
4 
4 

h'umeral 
shewing 
arrange- 
ment 

s 
Fg 

3 
3 
3 
3 

3 

3 
3 
3 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

8 ' 7 3  
3 
3 

of 

i 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 





DETAILS OF THE MEASUREMENT 

Extracts from the Fiehi Book-(Continued.) 

The ndvnnced-end of set No. 657, fell in excess ( i .e.  North-East) of the dot a t  North-&st-End 4.0065 feet, t~ 
measured on Cary's b m s  scale with a pair of conlpysses. 

Height of aei No. 657, above North-Enat-End = 1.4 feet. 

* 

2 Q 

1 8  $ s u 8 Mean time of 3 d .g 
c .9 

3 fh 2 b 
i i ?  g 3 .- 

k G 

h. m. fed. 
11th Feb. 573 56°7 rr 49 A.M. 6 + 9.7 

574 57.5 O I I P . M .  6 10.0 
575 59'0 0 3.5 6 10.0 
576 59'5 0 56 6 10.1 
577 60.4 1 1 7  6 10.2 
578 60.4 I 36 6 10.2 

579 61.1 1 57 6 10.1 

580 62.0 2 19 6 10.3 
581 62.2 2 38 6 10.6 
582 62.4 2 57 6 11.0 
583 62.8 3 17  6 11-I 

584 63'3 3 32 6 11.1 

58.5 63'0 3 53 6 11.9 
586 61.9 4 1 7  6 12.3 

13th ,, 587 40.7 7 27 A,M. 6 13.1 
588 44'0 7 53 6 13.2 
589 4i.3 8 25 6 13'3 
590 49'0 8 50 6 13.2 
591 51.2 g 20 6 13.4 
592 53'0 9 43 6 ~ 3 . 8  
593 55'1 10 '5 . 6 13'8 
594 57'0 1 0  42 6 13'6 
595 58'4 11 4 6 13'4 
596 59.1 I I  26 6 I3.4 
597 62.6 o 18 P.M. 6 13.1 
598 6.3'5 0 32 6 12.7 
599 64.0 0 48 6 12.6 
600 64.6 1 3 6 12'9 
601 64.7 I 19 6 12.8 
602 65.0 I 35 6 12.9 
603 65'3 1 52 6 13.2 
604 65.6 2 g 6 13.3 
605 66.0 z 27  6 13'5 
606 66'3 z 44 6 13'8 
607 66.0 3 8 6 14.0 
608 66.6 3 23 6 14.2 
'-509 66'7 3 43 6 14'; 
610 66.4 4 7 6 J5'5 
611 6j.7 4 32 6 15'8 

14th ,, 612 41.0 7 10 A.M. 6 16.2 
613 43'0 7 34 6 16.8 
614 46.3 8 12 6 17'.? 
615 49'5 8 35 6 1;.8 
616 52.9 g o 6 17'9 
617 54'8 9 23 6 18.5 

Numeral 
shewing 3 $ 3 8 s 

3 ~ l e m  time of 3 g.$, 
18% ; ending 2 . g  

g .F w" 

h. m. 

O 

feet  
14th Feb. 618 5 t 7  9 45 A.X. 6 6 18.7 

619 57'0 10 5 6 19.0 
Czo ,59'0 10 29 6 '89 
621 59.9 10 50 6 19.4 
622 60.2 I I 37 6 19'9 
623 61.0 J I  55 6 I99  
624 61'9 0 15 P.X 6 19.5 
625 63.2 0 31 6 l9.5 
626 64'0 0 52 6 19'8 
627 64'7 1 11 6 .  19'9 
628 64.9 1 3 '  6 20.4 
629 65'0 1 54 6 20.8 
630 6.5'0 2 6 21'4 
631 6.5'7 2 2 7  6 21.7 
632 66.0 2 46 6 22.1 
633 66.5 3 4 6 22.6 
634 64.6 3 23 6 22.9 
63.5 66'2 3 41 6 22.9 
636 6.5'8 4 6 6 23.7 
63 7 65'3 4 3I 6 22.8 

15th ,, 638 39.4 7 7r.n. 6 22.8 
6jg 40'7 7 34 6 23'1 
640 43.3 6 23'3 
641 46.2 8 28 6 23'3 
642 49.8 8 54 6 23'3 
643 52.8 9 15 6 23'3 
644 53'7 9 43 6 23'3 
6+5 5.5'5 I0 O 6 22.9 
646 56.7 10 29 6 22.6 
647 56.2 10 58 6 22'5 
648 57.3 fl 6 22.2 
649 60'9 0 17 P.M. 6 22.0 
650 63'3 0 34 6 21.7 
65 I 6+.9 0 S2 6 21.8 
652 6.5'8 I '0 6 22'3 
65.3 65.4 1 45 6 23'4 
654 65.1 2 36 6 26.4 
65.5, 62.8 3 '5 3 28'5 
6 5 . ~ ~  61.1 3 54 3 30-3 
656, 60.1 4 ~6 3 32'2 
6.562 59'4 4 53 3 3.3'9 
657, 56.2 5 30 2 34'6 

Total + 2362-9 

G 
F9 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 . 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

Numeral 
shewir~g 
s r m g e -  
ment of 

F 9 A  $ I e  
3 4 
3 4 
3 4 
3 4 
3 4 
3 4 
3 4 
3 4 
3 4 
3 4 
3 4 
3 4 
3 4 
3 4 
3 4 
3 4 
3 4 
3 4 
3 4 
3 4 
3 4 
3 4 
3 4 
3 4 
3 4 
3 4 
3 4 
3 4 
3 4 
3 4 
3 4 
3 4 
3 4 
3 4 
3 4 
3 4 
3 4 
1 5 
2 6 
1 5 
2 6 
4 7 

I 

nrrnnge- 
of 

g 
g 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
.+ 
4 
4 
4 
4 
4 
4 
4 
4 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 



Redaction to Mean Sea Level. 

Let the sections into which this base-line is divided be denoted as follows; 

South-West-End to Station A by Section I 
Station A to 99 B 99 II 

,, J3to ,, C 33 ~n 
,, C to North-East-End 3y IV 

Then in the notation of (7) page L2, we have 

H =  1015 ; A = 34'7; 6h = + 1-5 ; Log. R = 7.32042, and n = 656. 

+ - - 
Section 1 ... -1545 + 3 3  167 0'4 -1478 10522 +'0045 '5 107 '5062 

39 11 ... - 395 o 174 0.4 - 290 10963 +'ooog '5321 '531% 
39 I11 ... + 525 o 153 0.3 + 67'1 9640 -.OOZI '4679 -4700 
39 IV ... +2363 - 86 162 0.4 +2488 10224 -*0075 '4962 ,5037 

Find length of the ~ a e e - ~ i h e  and of its parts in feet of Standard A. 

Section 

d i e a s u r e d  w i t h  

S. W. End to Sta  A ... 
Stn .At0Stn .B  ... 
Stn. B to Stn. C ... 
Stn. C to N.E. End . . . 
S. W.End to N.E. End . .. 

I 
I I 

I 1 Beam I Reduction 

Compensated Compensated compw to 8ea level 
microscopes Me' as above ?EI6 1 vJ-lo V1-22 to 

VI- 
2; 



CHACH OR ATTOK BASELINE; 

Xm.-Each ride of a triangle i given in the Mune horizontal line with the angle whioh it rrubtands. . 

The angles of the verificatory triangulation were measured with a 3-foot Theodolite by 
Barrow read by 5 rnicrorneter micrc)scopes. At all t l ~?  stitti~~ns 3 measures were made on each 
of 10 zeros. The statious on the line are South-West-End, A, B, C and North-East-End. 
The auxiliary stations are a, b, y and 6. 

1 

2 

3 

4 

6 

6 

7 

Nmne of Station 

South-West-End of Base, 
or K61u Station } 

Station A, ... . . . ... 
,, a ... ... 

... 

... 

... 

Station a ... ... 
,t A , . .  . ... 
,I P . . . ... 

Station A, . . . ... ... 
,, B - , .  . . . ... 
,J B, .-a .. . ... 

Station /3 . . . . . . .. . 
,, B,... . . . ... 
1, Y .-. . . . ... 

Station B, . . . ... ... 
91 Y -.- . . . ... 
,, CJ ... ... ... 

Station y ... ... ... 
,, c ,  ... ... . . . 
,, S ... ... . . . 

Station C, .. . . . . ... 
8 ... ... 

NoGh-~aet-~lld o f  Baae, 
or Agzar Station } 

Log. Distance 

4.02103j80a 

4.org608810 

4'067053921 
4.130152666 

4'022061379 

4.021 033802 

3'9433 14187 
4'03989,5462 
~ ' 0 6 7 0 5 j 9 ~ 1  

4'0434i9177 
3.849936899 
3.943314187 

4'069452882 
3.98+038631 
4'0434i91 j 7  

4'og.5428097 
3.9979.+1808 
4.069452882 

4'1r9383.5.57 
4'009583580 

4'095428097 

Sum 

I Distance in 
Corrected Angle 

6 I I 

59 42 19'23.5 

-- 
180 o 0.023 -- 
56 33 48.734 
74 47 40'729 

60 15 55.569 

48 38 30'565 -- 
180 o 0.028 -- 
45 30 3'049 
62 jg 12.239 
71 10 44'734 --- 

180 0 0.022 --- 
87 42 43'O03 
39 47 3'407 
52 30 13'605 

.--- 
180 o ~ ~ o r ~  --- 
68 42 12.614 
49 56 21.837 
61 25'5i2 --- 

180 o 0.023 --- 
69 33 45'2.59 
48 28 24.616 
--- 61 57 50'1.5' 
180 o 0.026 --- 
7 0  10 5.510 
46 55 55.97 I 

62 53 58.547 -- 
180 o 0.028 

10962.1430 

9639'1476 

' .  

10223.1229 

--- 
41345'5191 

Log. Sine 

9.937658453 

9'9362.33461 

9'921424960 
9'984.p.?i0.5 

9.938686030 

g.8754~+84~ 

9.8.53248348 
9.949829623 
9.976988082 

9'99965,3616 
9.8061 r r 3 18 
9-899488626 

9.9692823.54 
9.883868 10.3 
9.943308649 

9'971764652 
9.874278363 
9.945;89437 

9'973447721 
g 863647744 

9'949192a61 

2.076 

1'826 

1.936 

7'831 

+ 0.097 

t 0'352 

+0'508 

+ r ,225 

+ 1-46? 

- 0'296 

+0'3oa 



TI- CHACH ox ATTCJX BASE-LIKE 
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Comparison in feet between ths valuea computed by means of the verificatory triangulaticn 
and the measured value. 

- 

Of the entire Jim. 

Sonth-West-End to North-Enst-End by tlle mensuremeilt, X O ~ .  

page VI, 41345'4219 4.616 427 428 
28 

,, computed in terms of Sotlt11-West-End to 
Station A, page V I, 

--- 
Log. computed ~ i l l ~ ~  - Log. measul.ed value = + 0.000 oo I 02 I 

IIZ tc~*nzs of the entire lirzc h j  mcasuremeni. 

Computcd 
Con1yuted - 

Mensuredo 

Soutll-West-Enc to Stntion A . 1o521~0809 --0347 

( x )  ((IS)~ KOTE-Since Log,(x + dx) = Log$ + + -- - - 
2s 

+ kc. 
I 

Solath-West-End 
to Station A 

M e e s u d  leagtl~s* .. I Q ~ I ' I O , ~ ~  

Computed on base 
S.W. Eiid to Station A > .. . . 

1 x h g l a  ( X  + h ) - Loglo X I  - - ncnrly, by which expression t h  rcquired 
llodlllua 

~atkti6ns in the foregdng natl!al numbex% h h ~ c  bcen atl~t~lnted.  

Stntion C to Computed 
N.E. End .- 

Measured 

10223'0995 I . -  - *  10223'1229 + '0234 

Stntion A to Computed 1 Ststinn n to Computed 

9639.1165 +-0073 

Station U - 
3 f e ~ ~ r r c l  

Computed on base 
Station h to Statiod B I- . a  

. . I .. _ .  10223~0899 

1 *tion C - 
Mcusurcd 

10962~10 76 

10cj62'1430 

. . . .  --0096 

. a .  . . . .  
I 

9639.1092 

96j9.1476 

. . . .  

+ ,0354 

. . . .  

+'0384 

. . . .  
-- 

Complited on bnse . . Stntion I3 to Station C '. 
. . 

. . . . 



CHACIT OR ATTOK E.\SE-LIXE 

D e s c r i p t i o n  o f  S b a t i o n s .  

SOUTH-WEST-EYD OF CIIACH BASE OR KALU STATION, Lat. 33" 5 3 ,  Long. 79" 
25', is situated on the sol~tli end of a mound to tlic S. of tile village of tlint name, in  the Cliacll 
v:illey ; thalin Huzro, pnrgnna Attok, ttippa Haveli, tahsil 13assau A4bdirl, atid dist1.ic.t ltawul 
Yindi. 

The pillar is solid, nnd 4.5 feet high. Tt contains three mark-stones, one a t  top, another nt bottom 
and the third 2 feet below the former. Of these nlarks, the one uppermost wirs used in the Incnsnrernent of the 
base-line. The dot in question is on a piece of silver let into a strip of b r a s ,  which latter is fixed in the sto~le. The 
pillnr and mark-stones are protected by a hemisphericnl donic of ruasoury, on the kc1 etox~e of nliich a mark for or- 
dinary reference will be foillid ; the height of this l ~ l ~ k  above the base-line dot is 3.54 feet. The pillar is enclosed in a 
platform of earth-work some 1 4  feet square. 

The South-West-End was connected in 1860, by :I double line of spisit levels with the 
mean sea level : ~ t  Iias&chi, when it mas found that tho  height of the ~nlrrkatune otl the dome of 
masonry was 101 5.15 feet above this daturo. 

NORTH-EAST-ESD OF CH-4CH BASE OR AGZAR STAITIOY. Lnt. 33" 5 i t ,  Long-. 
79" :E, is situ;tted on tlie soutliern end of a mound in the Clinch viilley ; nloux:i Agzar, t l l a ~ a  
n:lzl.o, tappa Silrkani, p:vgana, ,4ttok, tahsil H:issnn Abdal, and district 1t:ln~ul Pirlili. 

l'hc pillar is solid, and 5.8 feet high. I t  contains thrce mt~rk-stones, one nt top, another nt bottom, and 
8 third 2.8 feet hclow the former. Of these marks the uppertnost one was used in the mctLsrlrctnent of the I,;ae-line. 
'rhc dot  ill qllcstion, c~nd the means employed for its protection, nre similnr to  those adopted for thc S o ~ ~ t l i - W e s t - E ~ d  of 
tlliv bi,se. The Ilcigllt of , the mark on the d o l l l ~  of lnasoiiry is 3 41 feet above the bue-line dot. 'rhc pillar is enclosoci 
in a platform of earth-work some 11 feet square. 

SYATION A. I s  on the straight liue from I<i111 Station to ,4gzar Station, mci distant 
1.99 miles froin the former. 

The mcl-rlc consists of n dot on a brnss pin fixed in the head of a eto11t wooden picket, driven about 5 feet, 
into the grou~ici and projecting 1 1  inches nhove the surfnoe. This picket is ill the celitre of nri ecjl~iltrteral triangle form- 
ed by 3 other pickets of c q u d  hcight on whicli the feet of the  theodolite stand rest and the spaces hetween the pickets 
nre filled ul, wittr miisonry so aa to  form a triangular pillar ; the  latter is isolated from tho platform of earth-work, some 
14 feet squnrc, in wliicli i t  is enclosed. 

STATION 13. I s  on the straight line from Kiilu Station to Apar  Station, and distant 
4.07 niiles from t l ~ e  former. 

The mark and platform nt this Btnt,ioll are similnr t o  those nt Station A .  

STATIOY C. 1s on tlie stmiglit line from I%lu Station to Agzar Station, and distant 
1.94 miles from the latter. 

Tile mark and platform a t  this stntioll are similar t o  those nt Station A. 

AUST1,lARY STATIOXS a, P,y,  and 8, are situated on suitable swells of land lying 
to tile S.E. of tlie base-line. 

The stations arc! marked hy a central isolnted pillar of mnson!.;r., snrroundecl I)y rt platform of stones and 
earth, ahout 1 1  feet. sqllnrc. Tlierc are mark-stones nt top ant1 bottom of the pillar. 

J. 8. N. HLNNESSEY. 
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KARACHI BASELINE 

The middle point of this ba~e-line is in Latitude N. 24" 56', Longitude E. 67" 13'; 
the Azimuth of North-End at South-End is 205" 24', and the line is 7-32 Miles in length. 

The measurelnent was effected under the supervision of Lieut.-Colonel* & S. Waugh, R.E. 
by Majort A. Strange assisted by the following : 

Lieut. J. F. Tennant, R.E. 
,, D. J. Nasmyth, R.E. 
,, T. G. Montgomerie, R.E. 

Mr. C.  Lane 
,, 11. Keelan 
,, N. A. Belletty 
,, C. H. Bnrt 
,, C. J. Carty 
,, J. H. Smith 
,, J. AlcGill 

Mir Siud Mohsim 

Now General Sir A. 9. Waugh. 
t Eow Colonel A. Stmnge. 



KARACHI BASELINE 

INTRODUCTION. 

This base-line was measured East of the town of Karachi in the province of Sind, the 
South-End of the line being at an azimuth of about 255" from Karachi church and distant from 
thence 8.2 miles. The line was selected by Mr. W. C. Rossenrode and the preliminary arrange- 
ments made by Major A. Strange. 

The measurement was commenced at South-End, bar-tongues pointing West, and carried 
on continuously to North-End, so t,hat every succeeding set originated at the point marking the 
terminus of its predecessor. The line mas divided into 4 sections by the sub-dividing points 
A, B and C, to admit of verification by minor triangulation ; and in addition four points, called 
Posterity-marks a, e, f, andg, were laid down in the ineasurement. Of these, a was at 10 sets or 
about 630 feet, e at 21  sets or nearly t mile, f at 42 sets or some mile and g at 8 4  sets or 1 
mile, all reckoned from the South-End. I t  is also to be noticed that the extremities of the line 
were connected by means of the triangulation with the tide-gauge set up at Manora point in 
Karachi harbour, where the mean sea level was determined by Lieutenant J. F. Tennant, RE. 

The compensated bars were compared with the standard A on three occasions, i.e. before 
, the measurement near South-End, after set No. 306 near Section Station B and after the mea- 
surement near North-End. On all these occasions the comparing piers were set up parallel to 
the line and within a few feet of it, while the bar-tongues pointed West as they did during the 
measurement. The ~ e r i e s  of comparisons at South-End comprised 109 sets, that at B consisted 
of 93 sets and 85  eets were taken at North-End. 

One of the comparing microscopes employed in the preceding bar comparisons was fitted 
with a micrometer, while the other had its wires (or lines) fixed. 

The compensated microscopes were compared with their scales on 6 occasions, including 
the comparisons taken prior and subsequent to the measurement. 

I n  respect to time, the first set of bar comparisons was taken on the 30th November 1854, 
the last on the 29th of the following January. 

The stations of the verificatory triangulation were 9 in number, forming a single series 
of triangles. Of these etations, 5 were in the alignment, viz. South-End, A, H, C and North- 
End, while the auxiliary stations a, P, y and 6 were placed on suitable sites West of tho line. 
The angles were measured by Lieut. J. F. Tennant, R.E., with Troughton's 3-foot theodolite on 
10 equidistant zeros ; three measures were made on each zero, so that 30 measures in all were 
made of each angle. 
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Comparisons between the Standard Bar A and the Compensated Bar8 A, B, C, D, E, H, ma& 
at the South-End of the base-line, before the measurement. 

< < 
c MICBOMETEB R E A D I ~ Q B  rn DIVIBIOKS 

1 
1 Didon  = m0 W a  Inch [7.81, = 1%&1 m.8. of I( 

rS 
% 

IS64 c, 

-a 
& * S 3 

B ~ l v r s n s  

+ 

Dec. B ." 
9 s 

!2 
8 

h. m. 0 0 
30th 7 I A.M. 1 64.6 63-50 

7 24 65.3 63-50 
7 42 3 65.9 63'63 
7 58 4 66.5 63.83 

. 8  15 5 66.9 64'13 
t3 30 6 67-2 64-45 

7 68.1 64'80 
45 8 69.3 65-20 9 0 

9 l6 9 69.7 65.65 
9 3 1  1069 .466~20 

11 4 11 72-3 68'25 
11 21 1% 73.5 68-80 
11 32 13 74.2 69.35 
11 +6 14 74.0 69.90 
o 3 P.M. 15 74.1 70.43 
0 1 8  1674'4 70.85 
0 3 2  1774.9 71-23 
o 46 18 75.4 71.68 
0 5 9  1975.8 72.00 

I 13 20 76.1 72.33 
I 26 21 76.4 72.78 
I 50 22 76.0 73'43 
2 4 23 75'7 73.78 
2 20 24 75.3 74.08 
2 36 25 75'1 74.20 
2 51 26 75.2 74.28 
3 8 27 74.8 74.28 
3 23 28 74'4 74'35 

1st 6 39 A.M. 29 56'1 56-78 
7 24 30 59.8 56.63 
8 o 3164.7 57.43 
8 25 32 68.4 58.78 
8 44 33 71.2 60-30 
9 1 4  3474.1 62.68 
9 34 35 76.1 64'65 
g 56 36 77.6 66.43 
II 35 37 79.0 73.65 
rr  55 38 78.1 74'58 
o 16 P.M. 39 77'0 75-13 
0 3 6  4077'7 75'55 
o 56 41 78.9 75'93 
I 16 4% 79.1 76.33 

A A B C D E 

+ + + + + + + + 
959.5 1089.2 1070'6 1094'5 1125.0 1084.0 1090'1 1092'2 
963.2 1092.5 1075.0 1097-o 1128.5 1088.9 1089.2 1095.2 
968.4 1098.0 107.3'5 rogg*o 1128.7 1088'5 1og+~9 1097.1 

M ~ C S  Stnnm at 

","","g7rg! 
hnat thep'LLnd-  

974.5 1097.5 1076.0 I 104.1 1130'5 1096'2 1094.6 1 0 9 ~ 8  
980.9 1102.5 1077'9 1104.4 1134.2 1097.2 1096'2 1102-I 

986.0 1101.7 10;8.o 1102.7 1134.2 1097.0 1095.2 1x01'5 
991.9 1102.6 1079.5 11or.8 1133.2 1099.8 1og7.3 1102.4 
998.8 1103.0 IOj9.3 1104.6 1133.9 1098.5 1098.3 1 1 0 ~ 9  

1008.6 1104'2 1081.0 1107.5 1138.5 1103.4 1099.0 1105.6 
1018.4 1106.5 1084.5 1107.5 1137.6 1103.0 1102.5 1106.9 
1o51.o 1104.3 1078.8 1114.0 1146.0 1102.9 1~98.8 1107.5 
1062.8 1104.2 1080.5 1118.5 1141.6 I I O O * ~  1094'6 1106.7 
1071.1 1107.0 1079.0 1115.6 .1143'5 1101.9 1096-1 1107.2 

1080.1 11052 1081.0 1118.4 1143'7 I 102-9 1097.3 1108.1 
1089-2 1108.0 1081.5 1119.5 1145.2 1104.4 1098.4 I 109.5 
1096.6 111o.o 1083.8 1114.3 1144.9 1104.0 1097'0 1109'0 
1104.3 1108.9 1083.0 1117.3 1143.6 1104.2 1098.0 1109.2 
1111.4 11og.8 1085.8 1 119.6 1148.0 1105.8 r1oo.o 1111-5 
1116.9 1109.5 1084.2 1115.6 11449 1106-0 1099.7 1110.0 

1123.9 1108.0 1083.0 1115.0 1146.5 1107.4 1103'3 1110.0 

1130'5 I I I I ' O  1084.7 1116.2 1146.6 1107'9 1101.9 1111.4 
1139-3 1113.1 1087.1 1120.7 1149.6 q ~ ~ 0 7 * 6  1103.8 1113.7 
1144.7 III2.5 1089.1 1122'5 1152'0 IIII.5 1104'0 1115.3 
1148.5 1113.7 108i.8 rrzq'o 1152'7 1111'7 1105.4 1115.9 
II50.5 1114.7 1091'0 1126.9 1152.0 1113.4 1103.0 1116.8 
r15a.o 1113.0 1089.6 1122.6 1151.8 1108.2 1100.6 1114.3 
1155.2 1112.8 1090.5 1124.7 1149'2 1108.8 1103.2 1114.9 
1156.1 1109.2 1089.0 1120.2 1149.z 1107.7 1102.6 1113-0 

866.3 1114'0 1090.8 1109'7 1139.2 1099'2 1112.8 J I  11.0 

867.4 11 14'5 1088.0 1108.6 I 137.8 1099.9 1107-7 1109'4 
885.4 1110.6 1083.6 1108.8 1138.0 1102.9 rroI.9 1107.6 
908.5 1106.4 1081.2 1108.4 1138.0 1099.4 1099.9 1105.6 
938.3 11o4.o 1075.1 1106.8 1135.6 1100.2 1099.8 1103.6 
981.5 1108.7 1076'7 1110.8 1138.3 ~~~~~~~~~~~6 1106.5 

1016.6 110.5'1 1080.4 11x0-a 1141.8 11o4'4 1101.1 1107'2 

1048.0 1104.6 1oig.4 11 12.9 I 143.2 1104'0 1100.4 1107.4 
1170.1 1115.2 1092.0 1156.7 1164.0 I 117.0 1100.8 11243 
1186.4 1116.9 1094.6 1158.6 1169.0 11zz.2 1ro5.1 1127.7 
1196.7 1121.2 1098.4 1159.7 1172'0 1127.2 1107'7 1131-0 
1202'5 1127.8 1103'7 1157'2.1175'0 I1299 1116.9 113.5'1 
120g-2 1124.7 1107.0 1154.6 1176.2 1131.8 I I ~ I ' I  1135'9 
1220.8 1135.1 1113.8 1158.6 1178.2 1136-8 1130.2 1142.1 

sky m b  

:yzd$.E.rp 
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mlhine,,,th oe- 
c.atdclondr 



BAR COMPARISONS 

B e e  the measurement-(Continued.) 

BEXABICE 

tb'dob&m~;~ 
-p; Kes 
I m a t a e W m l -  

~ m ; ~ ; W ~  h 

< 
M MIOBOIIPTBB R E A D I R Q B  I X  D I V I B I O R E  

.B . 1 
1 Mrlslon = ~IM)I.LO C q ' a  Inch [7.81. - 1.%61 my. of A 

Mean 
A A B C D E ." 0 

# S 

h. m. 
1st I 3 9 p . ~ .  43 7996 76'& 

I 59 44 79.4 77.35 
2 19 45 79.3 77-80 
z 46 46 78.8 78-18 
3 6 47 78-2 78-28 
3 2 6  4877.9 78.30 

2nd 6 40a.x. 49 58.7 59-73 
6 55 50 59.8 59-50 
7 8 51 61.0 59-48 
7 19 52 62'3 59.50 
7 30 53 63.4 59-60 
7 4 2  5464.659.85 
7 58 55 66.5 60.33 
8 10 56 67.9 60'75 
8 23 57 69.9 61-38 
8 3; 58 71.6 62-03 
8 46 59 72.8 62-80 
8 5 9  bo74-3 63-80 
9 I0 61 75-6 64-78 
9 62 76.6 65.65 
9 32 63 77-5 66-50 
9 42 64 78.2 67-33 
9 52 65 78.6 68-18 

11 15 66 79.7 74-08 
11 25 67 79'8 74-63 
11 35 68 79.8 75-05 
11 45 69 79.8 75.48 
J I  56 70 79.8 75.90 
o 6 P.M. 71 79.9 76.25 
o 15 72 79-13 76.63 
0 26 73 79 8 76.98 
0 37 74 79'9 77-28 
0 49 75 80.0 77-55 
I o 76 80.6 77.83 
I 15 77 80.4 78.18 
I 25 78 80.8 78.48 
1 35 7980.9 78.70 
I 44 80 81.0 78.90 
I 53 81 81.0 79.08 
a 3 82 81.0 79.23 
z 13 83 81.1 79.43 
2 22 84 81.0 79.58 

2 8 

+ + + + + + + + .  
1231'7 1144.6 1116'4 1157'2 I 178.6 1139.8 1134.9 114.5'3 
1242.0 1142'1 1122.6 1160.3 1182-2 1147.4 1138.2 1148.8 
1248'9 1146'2 1121.2 1158.8 1180.2 1143.2 1135.8 1147.6 
1256'3 1144.9 1122.6 1163.4 1189'2 1145.0 1136.7 1150.3 
1261.1 1145.7 1128.1 1163.0 1192'7 1149.0 1141.3 115.3'3 
1260.2 1151.6 1124.7 1159.0 1186.1 1150.9 1140.8 1152.2 

932.7 1129.4 11068 1132-1 1149.8 1116'7 1130.5 1127.6 
930.1 1133.1 I 106.0 1116'0 J 153.6 1119.8 1127.4 1127.; 
928.0 1131.0 1104'9 1129.5 1150'9 1118.9 1126'9 1127.0 
929.1 1132'0 1105.0 1126'9 1152.8 1120.6 1126.7 1127.3 
932'4 1128.9 1105'1 1116.8 1154.1 1117.9 1125.1 1126.3 
937'7 "25'2 1101.0 1126.1 rr5j.o 1116.4 1120.2 1123.7 
947.8 1125'5 1101.7 1123'8 1149.0 1117.3 1120.5 1123.0 
958.6 1124.1 1097'8 1123.6 1148.5 1115.7 1120.4 1121.7 

970'7 1122'5 1096'4 1121'7 1149.8 1118.5 1118.8 1121.3 
983.6 1124'0 1096.9 112a-o 1155.2 1117.6 1119.6 1122.6 
997.3 1121'9 1097.0 1124'1 1154.5 1115.8 1117.5 1121.8 

1015.3 1122.2 109.5'9 11~2.3 1154.7 1116.8 1115.1 1121.2 

1033.2 1122'5 1094.5 1123.5 1154.0 1119.2 1115.8 1121.6 
1050'4 1119'5 1094.9 1124.1 1157.0 1120'1 1116'9 1122.1 

1067.3 1121.0 1096.1 1125'3 1154.8 1120'7 1119.0 1122.8 
1063.1 1121'8 1097.1 1130.5 1160'9 1124.8 1120.3 1125.9 
1098.8 1123.5 1095'0 1128.0 1157'9 1124'9 1120.6 11a5.o 
1207.4 "44.0 1120.3 1176.2 1185.8 "35.9 1128.9 I 1 ~ 8 . 5  
1217.7 1146.0 1124'5 1179'5 1183.7 1140'5 1132.0 1151.0 
1225.9 1145'9 1125.6 1179.2 1186.3 1144'7 1133'0 1152.5 
1234'1 1149'5 1126.4 1178.0 1191.4 1150.5 1136.1 1155-3 
1243-4 1156.9 1130'4 1179.4 1191.8 1148.8 1140'1 1157.9 
1249.6 1157'3 1133'3 1183.6 1193-5 1153-5 I I N O  1160.9 
12.55'4 "59.4 1137'2 1181.1 1196'5 1156.1 1147.0 1162.9 
1262.0 1161.4 1138.8 1180.1 1198.2 1160'4 1151.3 1165.0 
1267.4 1162.7 1140.5 1181'8 1199.9 1160.0 I 153'8 1166'5 
1272.4 1169.0 1141.8 1185'4 1198 9 1163.0 1156.5 1169-1 
1276.4 1168.5 11.39'9 1x82'1 1203.6 1164.6 1159.6 1169.7 
1287.6 1167.6 1145.7 1186.1 1209.2 1168.0 1162'3 1173.2 
1291.5 1172'5 1146.8 1187.2 1207'0 1171.1 11612 1174'3 
1a94.7 1171'9 1147.0 1185.4 1212.0 1170'0 1162.a '1174.8 
1297.4 1172.6 1149.1 1186'2 1209.8 1172'5 1164'5 1175.8 
1302.1 1174.8 1150'1 1187.0 1213.7 1173'5 1164.6 1177.3 
1306.2 1176.6 1153.7 1190.5 1213.0 1175'0 1166.5 11 j9.2 
1309.5 "79.1 I 154.2 I 191.5 1216.3 1176.2 1167.4 1180.8 
1311'4 1179'2 1152'1 1191.1 1217.0 1177.8 1170.2 1181.2 



Tl I- 6 KARACHI BASELINE 

&$ore the measurement-(Continued.) 

< 
M 

< 
c .a 

t s" C 9 3  3 
C -2 Cd 

1864 8 B a " 8  3 
.a 5 Decr. - : 1 ,- B 6 
C 
0 g ,  g 
B E s 6 

h. m. 
2nd 2 32p.x. 85 8E.9 $68 

2 41 86 80.9 79.j8 
2 50 87 80.8 79'8.3 
3 o 88 80.6 79'88 
3 X I  89 80-5 79'93 
3 21 go 80'3 79-98 

4th 6 3 4 ~ ~ .  gr 58.0 58-55 
7 4 92 60.2 58.48 
7 29 93 63.7 58.68 
7 53 94 66'3 59.68 
8 1 7  9569'2 61.23 
8 45 96 71'5 63-05 
9 5 97 72.9 64'33 
g 24 98 74-4 65.63 
9 4 5  9975'467.05 

I r  a4 IOO 79.1 72'45 
o 0p.M. IOI  79.8 73.63 
o 33 roz 80.0 7478 
0 5 6  10380-4 75.78 
I 44 104 80.1 7;-38 
a 4 105 80.1 77-93 
2 26 106 80.1 78.23 
2 49 107 79.8 78-45 
3 10 108 79'3 78'68 
3 31 109 78'5 78.85 

Meane 70'41 

MIOBOMETEB R P A D I R Q B  I N  D I V I B I O N S  
I 

1 M~idm = - Cuy's Inch [7.8], = 1%61 m.v. 01 A 
11604'10 

e-0 

Ire.. E 4 
A A B C D E % G 5 

H E & a  

J B 

+ + + + + + + + 
1313'4 1180'7 1156.8 11ga.8 1216.8 1178.9 1173.4 1183.2 
1317'1 1182'5 1154.2 1191'8 1221.3 1180.3 I I ~ I - P  1183.5 
1319'2 1182.1 1159.0 1195'2 12~1.5 I 183'3 1172.0 1185.5 
1319.8 1180.5 1157.0 1x91'3 1222.1 ~180.7 11741 1184.3 
1320.9 1184.8 1160.8 1193.5 1221'5 1184-0 1177.0 r 186.9 
1331.1 1183" 1160.0 ~~~~~a 1220'9 1x82-a 1175.3 1186.5 

958'0 1169.9 1146.6 1167.8 Y 199.0 1164.7 1172.9- 1170.2 

957'5 "75'0 1149.8 1172.8 1195.9 1162.9 1167.1 1170.6 
965.3 1171.6 1145'7 1x71~9 1196'1 1157.8 1165.4 1x68'1 
98.3'0 1170.6 1143.1 ' 1169.7 11g4'.? 1160.0 I 163'6 1166.9 

1006.9 1166'5 1140.3 1165'4 1193.8 1158.6 1157-7 1163.7 
1043.8 1163'1 1139.3 Y 169'2 1195.6 1163'3 1159-1 1164'9 
1066'4 1161'4 1136'4 1168'0 1189.9 1x592 1156.4 1161'9 
1088'0 1164'4 1133'6 1168.2 1194.3 1160.8 1158'6 1163'3 
1110'7 1163.8 1134'9 1171.7 1196.4 1162.3 1155.6 1164'1 
1204.7 1178'4 1148.5 1191.7 1210.6 1175.1 1167'8 1178'7 
1228.3 1177'8 1149.1 1193'7 1210.6 IIi9'3 1170.6 118o.a 
1252'3 1178.1 1153.6 1197.3 1213.6 1178.8 1171.2 118a.I 
1269'4 1181.0 1155.2 1195.8 1217.0 1180-6 1172'7 1183'9 
1295-3 1189.0. 1165.3 1204.0 1225.5 1190.3 1178.8 1192'1 
1303'8 1188.a 1166.5 1203.8 1225.4 1192-0 1183.0 1193'2 
1310'6 Irg5.o 1170.8 1207.6 1229.6 1196'4 1189.8 1198'2 
1315'1 I 196'4 1173.0 1208.3 1235.8 1199.6 1190.0 1200'5 
1317.9 1200'2 1177.4 1212.8 1234'4 1201'0 1196.4 1233'7 
1318.8 12043 1180.8 1214'1 1242'9 1202'3 1196.9 1206.9 

1127'96 I 139.35 1~14'79 I 149.50 1174.25 1136.20 1131.88 I 141.00 

R B M A B X B  
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BAR COMPARISONS 

Before the measorremsnt-(Continued.) 

Let the mean length of the compensated bars minus the Standard A at 62" F be denoted 
by x, and the observed excess of the compensated bars by 6 when the temperature of A is to. 
Then, the expansion of A for lo being (E, - dfi,), we have 

x - (t" - 62") (E, - dE,) - 8 = 0 ;  

Treating the preceding bar comparisons as shewn in this equation, we obtain the follow- 
ing series of results :- 



KARACHI BASELINE 

Before the measurement-(Continued.) 

d d 
x-  0.80 fEa - dEa) - 124.5 = o 3-17.68 (E,  - dEa) + 130'2 = o 



BAR COMPARISONS 

BEfore the measurement-(Continued.) 

And from the mean of these results, 

adopting the approximate value of the expansion of A given at page (g), 

where L denotes the mean length of the compensated bars obtained from all the comparisons, 
d 

as represented by the mean micrometer reading I 141-00, page V I L 6 .  

Comparing this reading with the mean reading of each compensated bar given on the 
same page we obtain the following :- 

Also combining the values in this table with the equivalent of L-A above determined, 

In terms of 

Micrometer divisions. 

Millionths of a yard. 

there result, 
d "'9 

A - A = 159-75 - 8.41 dE, = 205.30 - 8.41 dEa 
B - A = 135.19 - = I73.74 - 1) 

C - A = 169.90 - ,, = 218.34 - >J 

D - A = 194'65 - ,, =250'15- J >  

E - A = 156.60 - ,, = 201.25 - 
H - A = 152.28 - >a = 195'70 - ~3 

- 
A - L  B - L  C - L  D-L E - L  H - L  

-1.65 -26.21 + 8.50 +33'25 -4.80 - 9-12 

- 2 . 1 ~  -33.68 +IO-92 +42'73 -6.17 -11'72 

r.9 
and 6 x = I 244.5 - 50'5 dE',. 



V I L l  KARACHI BASELIKE 

Ompardsons between tha Standard Bar A and the Compensated Bars A, B, C, D, E, H, made on 
a sale selected at the centre of t h  base-line, after act No. 306. 

Janr~nry 2nd. Rained this evening. 

I 

E 

< < 
c 

8 
Jmy. .§ .. 

3 
C 0 

B 

A. m. 
2nd 7 1 2 A . X .  1.559~ 5445 

7 42 z 58.2 54.55 a 9 3 61.0 55.18 
8 34 4 64.5 56.28 
9 7 5 69.3 58.45 
9 32 6 71'7 60.48 
9 54 7 73.6 62-40 

11 3 8 78.3 68-60 
I I  2 1  9 79.0 ;O.IO 

I r  41 10 79.9 71.43 
o ~P .x .  II 80.6 72-83 
o 29 I 2  81.1 74'23 
o 51 13 81.6 75.33 
I I3 I4 82.1 76'23 
I 42 15 82.4 77-30 
2 4 16 82.2 78.13 
2 30 1 7  81.7 ;8 83 
z 57 18 81.4 79.28 
3 24 19 80.4 79'53 

3rd 7 5 A.M. 20 56.0 58-20 
7 2 4  2156.457.831 

o 42 35 75'3 69-10 
o 58 36 75.7 69.98 
I 34 37 76.6 71'4.3 

38 77.0 72-10 *; 39 77.2 72.70 
z 19 40 77.3 73.2.5 
2 33 41 77.5 ,73'68 
2 48 42 77.4 74.18 
3 3 43 77.2 74'68 
3 2 0  44 77'2 74'9.5 
3 37 45 77'1 75-28 

M I C B O M P T P B  READINQE I N  D r v ~ a ~ o x s  

1 D i ~ o n =  ,Iw, 2- Gary's Inch [7.81, = 1'4819 =.Y. of A 

Mean C 

1117'2 1135.5 1113.0 1147.6 1169.0 1139.9 1131.2 1139.4 
113o'g 1138.9 rrr4.1 1147'3 "70.5 1141.9 1131.7 1140'7 
115.5'3 1141.0 1r1g.5 1153.3 1175-5 1x44'0 "36'4 1144'3 
J 168.5 1142.9 r116.o 1156.4 rri8.o 1144.8 Ir3j.2 1145'9 
1178.9 11449 1119.8 11597 1180.9 1152.1 1138.0 1149.a 
I 186.7 1147.4 1120.3 r 159.7 1182.5 1149.6 1142.0 I 150.3 
1195.5 1151-a 1125':5 1161.8 1186.6 1152.8 1145'8 1154'0 
1204-9 1152.0 1129'0 1164'8 1189.6 1155'0 1147.1 1156'3 
1212.3 1155.y I 130.1 1166.9 1191.4 1156.7. 1149.3 1158.3 
1218.1 1159.3 1128.5 1169.1 1193.5 1160.7 1150'7 1160.3 
1223.9 1160.0 1132'8 1171.9 1195.8 1159.0 1153'0 1162.1 

A A B C D E 

+ + + + + + + + 
862.1 rr5r.z 1122.4 1140.0 1171.0 1132.3 1143'9 1143.5 
863.8 1148.4 1121.3 1141.2 1169'7 1133.4 1144'8 1143.1 
873.5 1139'6 1x~z.5 1132.8 1160.5 1125.8 1136.0 11.34'5 
895.2 I 139.3 I I 10.8 1135.3 I 166'2 I 127.7 1133.6 I 135'5 
935.7 1133.8 1105.8 1135.8 1164.0 1129.7 1128.2 1132.9 
971.8 1132.9 1104.6 1134.6 11633 1125.0 1128'3 1131.5 

1004.5 113z.8 1099.0 1134.8 1164.8 1131.7 1127.3 1131'7 
1roo..3 rrrg..? 1087.2 1135.3 1157.7 1122 3 1110.1 1121.0 
1126.1 1rr l . r  1082.7 1136'3 1158.7 1125.0 1111.6 1120'9 
~ 5 1 . 0  1114.7 1087.1 1137.6 1163.8 1125.7 1114.4 1123.9 
1176.3 111.3'4 1087.7 1140'3 1164.2 1125.6 1118.0 1124-9 
1200.0 1124'4 1oyj.g IIW'O 1167.7 1131.7 1124.4 "31'4 
1218.8 1127.7 1105.7 1149.6 1169.6 1137'2 1126.9 1136.1 
1235'5 1130.4 1108.6 1155.7 1177.1 1139.4 1130'8 1140'0 
12.54'9 I 142.0 I I 16.8 1159.5 118.3.6 r 145.9 1138.0 I 147.6 
1268.~5 I 147-3 I 118.4 1162.3 1188.4 1147.4 1140.0 1150.6 
1278.8 1148.9 1123.5 1162-2 1191.0 1154.1 1143.9 I 153-g 
1286.0 1154.6 1126.7 1169.4 rr91.7 "55.4 "50.9 11.58-1 
1289.9 1157.3 1134'6 1171.8 1197.7 1160.0 1150.9 1162.1 

915'5 1136.2 1117.6 1133.2 1166.1 1131.5 1141'3 1137.7 
908.7 1144.8 1118.8 1137.0 1163.6 1~28.9 1138.9 1138.7 

~ ~ s o t . ~ e n n m t a t  
the mlcrometar mi- 
cmseops:xr.l.ne 
&?plainmien*- 

ufi;;~;&~xN. 

~ i u h t c ~ r m & ~  
the-oon. 

cmcop:lr.l.ne 
a t & W a - -  
*pO' 

7 40 22 57.0 57-58 
7 5 6  2358.057'48 
8 1 4  2459.3 57-45 
8 40 25 61.3 57.73 
g 3 26 63.1 58.30 
9 2 3  2764.5 58'9.5 
9 40 28 65.5 59.68 
9 5 6  2966'560.30 

11 16 30 70.7 64-25 
r I 34 31 71'9 65-28 
11 55 32 j j .0  66-35 
0 12 P.M. 3 J 73.9 67-20 
o 30 34 74.8 68-15 

906'2 1143.2 1115.3 1134.1 1164.1 1130.7 1142.4 1138'3 
906.7 1140.7 1117.8 11g4.o 1163.8 1129.6 1139.9 1137.6 
907.4 1142.4 1116'5 1133.1 1164.8 1130'0 1137.2 1137'3 
915.4 1141.3 1114.1 1134.6 1161.8 11zg.o 1135.0 1136.0 
926.5 1144'4 r r l r ' g  1135-4 1163.3 1131.0 1135'9 rrJ7.o 
938.5 113y.8 1111-5  11.34'8 1162.6 1133'7 1134.9 1136'4 
9.51.~ 1138.0 1110.7 1137.5 1164-a I 133.8 1134'5 I 1.36'5 
961.4 1136.8 1110.3 1137.0 1161.8 1131'0 1133.0 113s'o 

1028.5 1132.0 1103.3 1143.8 1162.6 1128.3 1124.6 1132.4 
1048.5 1133.0 1105.4 114.1'5 1166.0 1130'5 1126'0 1134'2 
1068.5 1133.5 I I I O ' O  1144.4 1167.9 1133'7 1127.3 1136.1 
1084.3 I 135.9 11 10.4 1145.4 1167.7 1134.5 1130.8 11.37'5 
1101.3 1134.8 1110'9 1144.3 1167.5 1138.0 1130.8 1137.7 



BAR COJIPARISOXS 
I 

After set No. 306-(Continued.) 

January 8th Rained heavily this morning. 

< < i 

M c M I ~ B O H X T E B  R ~ A D I N Q E  I N  DIVIEIONE 
1 

1 Dlrislm = - ,law.ao WI Inch [7.81, = 1'1859 m.y. 01 A 

1865 % 

43 R L Y A B ~ I I  

4 A A B C D E 
C 

h. m. 
6th 7 21 A.M. 46 56'2 57PCj 

7 51 47 58.3 57-15 
8 15 48 61'1 57.28 
8 40 49 64.8 57.95 
9 7 5068.359'38 
9 2 7  5 1  70'3 60.73 
9 47 52 71'8 62.13 

11 6 53 75-8 67.93 
I J  26 54 76.9 69'20 
11 43 55 77'4 70'25 
o 4 P.M. 56 78.1 71.30 
o a8 57 78'6 72-23 
o 50 58 78.9 73-13 
I 8 5979'1 73-95 
1 37 60 79'0 74.93 
2 o 61 78.7 75-48 
z 20 62 78.3 75'38 
a 40 63 77.6 76-40 
2 58 64 76.8 76.55 
3 16 65 77'0 76.65 

9th 7 I I  A.M. 66 56.7 58.88 
7 28 67 56.9 58-58 
7 42 68 57.3 58.43 
7 57 69 57.9 58.28 
8 12 70 58'7 58.23 
8 28 71 59.6 58.28 
8 50 72 60.6 58.3.5 
g 7 73 61.3 58-58 
9 21 74 61.9 58.90 
9 36 75 62.6 39-23 
9 5 2  76 63.3 59.68 

11 22 77 65.6 62.13 
11 3.5 78 65.6 62.43 
r r  48 79 65.9 62.63 
o I P.M. 80 661 62.95 
0 I4 81 66'3 63.25 
o 25 82 66.6 63.53 
o 40 83 66'9 6.3'80 
o 56 84 66.9 64.08 
I 12 85 67'0 64-38 
I 41 86 6ja,5 64-9; 
I 55 8 7  67.8 6.5.2.5 
2 9 88 67.9 65.53 
2 23 89 67'8 65.70 
2 3 8  9067.865.88 
z 53 91 67.9 66-15 
3 1 2  9268.1 66.43 
3 30 93 68'1 66.60 

bkan8 65.88 1 1068.53 I 115.67 1127-38 I 158.51 1183.29 I 148.1 I I 148.06 I 151'8+ / 

+ + + + + + + + 
919.8 1139.1 1134.0 1146.4 117.3'7 1139.4 1152.3 1147.5 
915.6 1136.7 1127.4 1142.8 1170.8 1138.1 1147'7 1143.9 
921.7 1136.5 1127.3 114r.z 1 1 6 ~ ~ 3  1134.3 1146.5 1142'5 
936.6 1135.8 rrz5.r 1141.9 rr j r .4  1137.3 114.5.6 1142.9 
961.9 1131.7 1121.5 1142.3 1169.0 1133.6 1143'0 1~40'2 
986.9 I 131.0 1119.4 11qa.o 1169.7 1135 c 1140.6 I 139.6 

1011.5 1128.1 1119.9 1744.8 1168.9 1139.1 1138.1 1139.8 
rrrz.5 1132.6 1120.1 I 161.4 1181.4 1145.2 1136.7 I 146.2 
1131.8 1137.7 I 122.4 1161.6 118.5.6 1146.1 1139.0 1148.7 
1150.7 I 138.7 11~4.1 1164.1 118.j.6 I 149'7 1143.2 I 1.50.9 
1170.6 1139'9 1128.3 1169.; 1187'4 1156.6 11.50'7 1155.4 
1188.7 1145.9 1132.3 1171.9 1~91 '8  1160'5 1152.4 11.59.1 
lao5-4 1152.8 1136.9 1178.6 1198.0 1163.4 1156.2 1164.3 
1219.7 1157.2 1142.1 1181.5 1198.3 1167.9 11.59'8 1167.8 
1235.6 1162.4 I 147.8 1186.2 1203.5 1172.6 1164.7 I 172.9 
124.5'7 1159.8 i 149.8 I 189'7 1209.2 1170.9 1168.2 1174'6 
1253.7 1165.1 rIg1.0 1192.2 1210.5 1177.3 116g.l 1177.5 
1258.8 1171.4 11.58'2 1194.2 1214.9 1179.6 1175.5 1182.3 
1262'3 1174.4 1161.8 1199.3 1217.0 I I ~ O . . ?  1175.2 1184'7 
1259.9 IIj7.0 1161.3 I 190.0 1209.7 1171.7 1165.4 I I  79.2 

956.9 1153.2 1146.3 1163.1 1185.8 1153.2 1164.0 1160.9 
951.9 1150'9 1146.5 1160.3 I 189'0 1151.8 116.3 8 I 160.4 
948.0 1151.8 11,3.6 1160.4 i 189'0 1152.3 116q.o 1160.0 
945.1 ~151.1 1144.8 1163.6 11E8.3 rx51.1 1164.0 1160.5 
944.0 1152.2 1142.9 1163.5 1191'2 1154.0 1162.9 1161.1 
946.0 1152.3 1144.8 I 165'5 I 191.6 I 150.6 I 163'2 I 161.3 
950.5 "49.5 I 142.6 I 163.2 I 190.7 I I$j'O I 161.0 I 160.0 
955'5 "51.8 1142.3 1164.4 1188.8 115o.r 1161.9 1159.9 
961.8 1148.5 1140.8 1164.0 1192.0 1151.8 1162.8 1160.0 
968.8 1151.1 I 144.6 1167.2 1193.0 1155.3 1161.2 1162.1 
975.7 1151.6 1143.6 1166.1 1189.6 1156.0 1160.2 1161.2 

1015.7 1148'5 1138.0 I 1;o.o I 194.2 I 155.3 1158.7 1160.8 
1021.5 1148.8 I I ~ I - I  1167.9 1196.9 1154.9 1162.0 1161.9 
1025.1 1151.0 1136'3 1171.8 119.5'0 1156.4 1159.7 1161.7 
1030.6 1144'9 1140..? 1148.0 1197.9 1159.2 1162.8 1162.5 
1036.0 1147.2 1138.9 1169.7 1196.0 1157.3 116.3'4 1162.1 
1041'3 1151m.5 1140.8 I I  70.1 1195.2 11j8.9 1163.1 1163.3 
1045.8 r151.8 1142.2 1171.7 1196.2 1162.0 1164.8 1164.8 
1051.5 1150.0 I 141.6 I 172.0 1196.5 11640 1164.6 1164.8 
1057'1 I 155.7 I 143.5 I 1744 1197'2 116q5 I 165.8 I 166.9 
1064.0 1156.3 1148.6 1177.1 1201'6 1163.5 1169.8 1169.5 
1068.6 1157.7 1147.7 1178..5 1203.6 I 168.2 1169.2 1170.8 
1073.2 1158.5 1146.7 1179.8 1205.2 1167.3 1168.2 1171.0 
1078.0 1163.7 1149.8 1181.0 1209'0 1169.9 1171.2 1174.1 
1084.1 1163.0 1152.6 1183.8 1205.5 1171.3 1170.7 1174-5 
1087'4 1162.3 115.3'3 1182.8 1207.9 1172'7 1173.2 117.5'4 
1090'7 1167.0 II! ,~ 'I  1184'7 1209'5 1172.5 1173.2 1177.0 
1095.6 1170.9 "545 1186.8 1211.7 1172.7 1174-6 1178.5 

the ~ h t . ~ m n ~ r t n t  m~crometsr ml- 
cmsape: xr .me  
n t a e p a m l -  

&%f&f,"m~$mt! 
, -mops; & . b e  
a t t h e p u n  micro- 
Mp' 

I 



V I L , ,  KARACHI BASE-LINE 

After set No. 306-(Continued.) 

Aa on page V I L  we have 7 
x - (to - 62") (Ea - dEa) - S = 0 ;  

and from the preceding bar comparisons we obtain the following series of results :- 



EAR COMPARISONS 

After set No. 306-(Continued.) 

d 
x+ 3-42 (E, - dE,) - 208.5 = o 

"f 3'57 ,J -212'0 = 0 

x+ 3'72 ,, -215'4-0 

x+ 3'77 ,, -217.1 = o 

$+ 3'72 -215.3 = 0 

x+ 3-65 ,, -209'5=0 

5-k 3'42 ,, -204'4=0 

X +  3.10 J J  -198.2 = o 

X +  2-77 JJ - 193'3 = 0 

X +  2'32 JJ -185.5 = o 
x- 0.13 ,, -145.1 = o 
2- 0'4.3 ,, -140'4=0 

x- 0-63 ,, -136.6 = o 

X- 0.95 J S  -131.9 = 0 

rind from the mean of these results, 

adopting the original value of the expansion of A given at page (9), 

d "d 
and 2: = 151.71 - 3.88 d%, = 195-08 - 3-88 dE, = L - A. 

Proceeding as on page V I T  we obtain :- 
9 

Also the following, 

In terms of 

Micrometer divisions. 

Millionths of a yard. 

".Y 
and 6 x = I I 70.5 - 23*3 dl&. 

A - L  B - L  C - L  D - L  E-L H - L  

-6.17 -24'46 +6.67 i-31.45 -3.73 -3'78 

-7'93 -31'45 +8.58 +40'44 -4'80 -4'86 

- 



KARACHI BASE-LINE 

Comparisons between the Standard Bar A and the Compensated Bars  A, B, C, D, E, H, made 
at the North-End of the base-line, afier the measurement. 

% 

B l x l s n s  

Ydor Shanm e t  

the emnpe; mlemmetar Nr,l(ee- mi- 
I a n a t t h c p U m l -  
c m o p e .  

~(, , , , t .~ennlnt . t  

,",","~;~~;~\m~ 
h. . t thsp l iom~-  
CroICOp' 

< < MIOBOYPTPB READIXQI I X  DIVIBIOXIJ 
I 

1 MTinlon = -- 11610.18 WI Inch [t.Bl, = 1'¶841 m.v, d A 

A A B C D 
'8 

E 

Sl 

h. m. 0 0 

25th ; 39b.x. 1 54'7 54.45 
8 6 2 57.2 54.45 
8 30 3 60.7 54.98 

4 63-4 55.78 
49 5 C5.7 56.80 9 7 

9 26 6 68.1 58.18 
9 49 7 70.9 59-93 

I1 9 8 74.3 66.40 
11 19 9 75.0 67-15 
11 31 10 75.6 67-90 
11 46 11 j6.2 68.68 
11 58 1 2  76.6 69.35 
o gp.xm 13 76.7 69'93 
o % I  14 76.9 70.55 
o 33 15 76.9 71-15 
o 46 16 77'2 71-73 

17 77.5 72.33 
18 77.8 72.88 

I 34 19 77.9 73.78 
I 49 20 78.4 74.35 
a 4 ax 78.9 74.90 
a 16 22 78.8 75.38 
2 29 23 78.5 75'73 
a 40 24 78.4 76.08 
2 52 2.5 78'7 76.45 
3 8 26 79.0 76'73 
3 a8 27 79'1 77.08 

26th 6 SSLx. a8 53'4 54'70 
7 15 29 53-6 54.48 
7 30 jo 54.7 54.38 
7 4 2  3156.1 54'35 
7 55 32 57'8 54-45 
8 9 33 59'6 54.78 
8 25 34 61'7 55'33 
8 46 35 64.3 56.35 
8 59 36 65-5 57'10 
9 11 37 66.4 57-85 
Y a4 38 67'2 58.70 
9 37 39 68.2 59.65 
9 51 40 69.4 60.50 

10 47 41 73'; 6 4 . ~ 0  
I I  o 42 74.4 65'45 

+ + + + + + + + 
867.6 1135'5 I I ~ O ' O  1154.6 1177'4 1135'3 1152'0 
873.2 1142.2 1129'9 1155.8 1175.0 1141.2 1151.1 I 1149.2 147'5 
885.5 1139.1 1127'9 1152'5 I 173.0 1139'5 1145'5 1146.3 
898.5 1135.1 1123'9 1151.0 1170'0 1135.2 1144'2 IIJQ.P 
918-6 1119.8 III ;*I  1119.5 1169.0 1133.+ 1136.7 1139.3 
944.1 1rz6.g 1114.5 1148.3 1167.0 1133.0 1131.8 1136.9 
974'3 I 126.2 1109.0 1147.0 1164.6 1131'9 1127.5 1134.4 

1078-g 1113.8 1103.~5 1152'9 1167.8 1133'2 1118-I 1131.6 
1092.9 1x11'1 "02.8 1154.8 1168.0 1135.1 1121.8 1132.3 
1106.8 11r2.2 1105.3 1154'7 1169'6 1135'1 1121'0 1133.0 
1rrg.8 1114.9 1x07'7 1158'7 1170.9 1138-0 1125.2 1135.9 
1130.1 1118.0 1107'0 1158'9 1172.8 1139.3 1125.5 1136.9 
1139.6 1192.1 11x0'5 1159'0 1171.8 1139.4 1126.6 1138'2 
1150~8 1126.6 1111.9 1160.5 1178.3 1141.9 1131.1 1141.7 
1161.1 1128.2 1114.8 1164'6 1177.8 1145.5 1134.0 1144.2 
1x71'3 1130.0 1117.8 1165.9 1179.5 1147'5 1135'5 1146.0 
1181.5 1134.0 1120'1 r ~68.7 1182.0 1149-o 1139.4 1148-9 
1190'7 1138.2 1123.5 1170.0 1186.0 1154.5 1144.8 1152.8 
1208.z 1 142.1 1124.8 1173.0 1187.8 1156.1 1148.6 1155.4 
1219'1 1146.1 1130.8 1177.4 1193.5 1162.6 1150.3 1160'1 
1229.8 1148.0 1133.0 1178'2 1195 8 1162*0 1152'7 1161.6 
1237.1 1150.4 113;'g 1180'2 1195'9 1166.8 1155'9 1164'5 
1244.0 1154.0 1140'9 1180.2 1199.0 1 164'0 "57'5 1165'9 
1250.7 1158.2 1143.6 118.5'5 1zo1.2 1167.3 1162'5 1169.7 
1956.0 1160.5 1146.5 1187.1 1205.5 I 17z'o 1163.9 1172.6 
1260.7 1160.5 1152.0 1191.4 1205.7 I 174'8 116:.9 1175.4 
1267.3 1161.1 1151.3 1191.3 1209.0 1174'8 1169.7 1176.4 

870.8 1136'3 1125.9 1140.2 1169.1 1135'6 1152.1 1143.1 
867.4 1136.3 1125.6 1143.6 1167'1 1132.4 1151'2 1142.7 
865.0 1136.4 1123.3 1142.2 1171.6 1130.4 1149.9 1142'3 
866.0 1134.9 1124'6 1142'2 1170'1 1129.9 1149.3 1141.8 
869.3 1133'9 1118.3 1140'3 1166.8 1135'4 II4j.I 1140'0 
876.2 I 129'6 11 18.9 1136.8 I 166.2 1135.a I 140.2 I 137'8 
888.6 11z;-3 1113'2 1142.7 1163.4 1131.7 1139.7 1136'3 
907.4 1122'3 1108.4 1137.4 1159.4 1128.0 1133.6 1131.5 
917.9 I I I ~ ' ~  1107.7 1137.0 1158.3 1127.8 1131.7 1130'4 
931.1 1117'9 1106.9 1137.3 1157.1 1127.8 1128.7 1129'3 
947'7 1116.7 I 104.1 1136.4 1155.4 1125'4 1125-0 111;'z 
964.0 1116.4 1103'8 1134.2 1156.1 1129.3 1125.3 1127-5 
9;i.g 1114'2 11048 1134.4 1159.6 1130.0 1125'4 I 128.1 

1046.6 1110.3 1103.2 1140.9 1161'1 1129.0 1117.4 1127.0 

1063 '~ 1109'3 110o.o 1144.9 1162.0 1127.2 I I I  7.8 1126.9 



BAR COWARISONS 

After the measurement-(Continued.) 

< < 
M 

.El '8 
L 5 

rr 8 "1' 1856 Ld 
B 

Ja"s. .$ rr i "  
9 

% 
H 

F 
1 " a 8 

8. m. 
26th 11 13kY.43  7G8 6665 

" 2 5  4 7 . 5 ' 3  67.18 
11 37 45 75.9 68.00 
11 50 46 76.a 68.70 
o 3P.M. 47 76.6 69.43 
0 15 48 77'0 70.25 
0 2 9  4977.5 71'00 
0 42 50 78.2 71-70 
I ro 51 79'2 73'1.5 
I 22 52 79.5 73.83 
1 36 53 79'2 74'53 
1 51 54 79'1 75'10 
2 6 5.5 79'3 7.5'70 
a 21 56 79.8 76.25 
2 36 57 80.0 76.70 
a 49 58 80.0 77-13 
3 2 59 80.1 ;7'45 
3 15 60 80.2 77.73 
3 26 61 80.1 78.00 

29th 7 38a.x. 62 61.8 58.45 
8 5 6.3 64.6 59-08 
8 27 64 66.7 60.00 
8 51 65 69.4 61.25 
9 11 66 72.0 62.45 
9 25  67 73-5 63-45 
9 38 68 74'2 64.40 
9 5 1  6974.965'35 

11 8 70 79'2 70'75 
11 22 71  79'3 71.63 
H 36 72 79'7 72'45 
H 49 73 79'9 73.20 
o  P.M. 74 80.0 74-13 
o 30 75 80.6 75'13 
o 48 76 80.7 75.73 
r I 77 80.4 76'18 
I 35 7881.0 77.23 
I 49 79 81.2 77-58 
z I 8081.1 77.93 
a 17 81 80'9 78.23 
2 37 82 80.5 78.50 
a 57 83 80.3 78 73 
3 12 84 80.1 78.80 
3 24 85 79.8 78.85 

Means 68.27 

MIOBOXETEB READINGS I N  DIVISIOBS 
I 

1 Mrfalon = -Cy'sInch[7.8], a 1'9841m.y. of A 
SlG10'18 

Yean 
A A B C D E :L 

1 

+ + + + + + + + 
1077.9 1106.3 1098.0 1114.3 1159.9 1132.a 1118.4 1126.5 
1091.8 1109'4 1101.5 I I + + . ~  1163.2 1133.3 1118.6 1128.4 
1105'4 1111.5 11o1.4 1144.1 1161.8 1133.9 1118.7 1128.6 
1118'6 111.3'7 1103'4 1148.0 1164.5 1132.0 1119.3 1130.1 
1133.0 1113.6 110.3.4 1148.1 1163.8 1136.7 1124'3 1131.7 
114.5'8 1115.1 1105.6 1150.8 1167.9 1136.1 1125.8 1133.6 
1156.8 1119.4 1103.8 1rqg.r 1166.0 1135.6 1127.8 1133.6 
1169.4 1117'7 1108.3 1151.4 1170.1 1139.2 1130.1 1136.1 
1201.9 1135.0 1123.0 1163.0 118z.7 1152'7 1140.6 1149.5 
1214.1 1135'5 1122.7 1169.5 1183.6 1154'6 I I ~ I . I  1151.2 
1225.7 1137.3 1125.2 1172.0 1186'2 1156'5 1144.5 1153.6 
1235'5 1139.9 1130.0 1175.8 1191.6 1159.6 1149.3 1157.7 
1245.9 1146'4 1133.9 1181.0 1195.0 1161.7 1153.7 1162.0 
1256.5 1152.8 1139.9 118z.o 1203.3 1167.7 11.59'1 1167.5 
1266.1 1157'4 1145.6 1184.3 1208.5 I 174.3 1162.7 1172.1 
1273'2 1160-7 1149.4 1188.q 1206.2 1175.7 1165.3 1174.3 
1278.7 1163.3 1150.5 1191'6 1 2 0 ~ 3  1175.0 1169.2 1176.5 
1284.0 1164.0 1151.8 1191-5 1212.4 1177'4 1170'1 1177'9 
1288.9 1168.8 1156'3 1192.6 1209'2 11 78'4 11 70.1 1179.2 

951'5 "50.6 1r3Ci.o 1157.1 1186.0 1148.0 1161.3 1156.5 
962-8 1151.4 1139.5 1157.0 I 182'9 1147'7 I 158.6 1156.2 
978.9 "50.8 1133.5 1155.0 1180.1 114g.o 1153.1 1153.6 

1002.9 1147.5 1133.0 1155-1 1181.7 1146.8 1153.0 1152'9 
1026.2 1146.6 1130.9 1154.9 1184.0 1148.0 11$0'o 1152'4 
1046'8 1143'1 1130.3 1157.1 1185.8 1150'0 1148.1 1152'4 
1064.3 1143'9 113r.6 1156.0 1185.0 1149.8 1150.6 1152.8 
1080'0 1147'1 1129.5 1161.8 1183.8 1151.3 1151.0 1154'1 
117.3'9 1157.3 1139'9 1184'9 1203.5 1167'9 1158'3 1168.6 
I 188.7 1157.5 1142.1 1186.1 120.5'1 1170'8 1160.3 1170.3 
1201.6 1159'.5 I 143.0 1190.0 1206.5 "75.3 1 162'4 I 173'1 
1213.8 1162.8 1146.3 1191.0 12~0.3 1174'2 1165.4 1175'0 
1229.9 1167.8 II$O-5 1196.0 1213.8 1180.0 1169.0 1179.5 
1247'5 1171.3 1155.0 1197.9 1216.3 1184'1 1173.8 1183'1 
1259.3 1172'4 1158.0 1201.2 1218.4 1186.8 1173.0 1185.0 
1266.8 1173'1 11.57'5 1200'0 1217.7 I 184.6 1174.0 1184.5 
1283'6 1172.8 1161.6 1206.8 1222.3 1186.3 1178.8 1188.1 
1290'7 1174.0 1161.1 1ao5.0 1224.1 1187.4 1176.8 1188.1 
1296.0 1174.5 1163.9 1208.1 1222.9 1186.7 1177.9 1189'0 
1301.0 1178.6 1167.0 1208'2 1225.0 1192.0 1180.1 1191.8 
1307'6 I 182'3 I I  70.0 1208.6 1226.8 I 193.0 1184.0 1194.1 
1312.2 1182.5 1171.7 1212'8 1230.8 1195.0 1186.7 1196.6 
1312.8 1182.2 1172.9 1215.0 1232.4 1197.8 1184.8 1197'5 
1312.6 1185.6 1177.2 1215.8 1231.1 1198.5 1186'3 1199.1 

11 17-63 1141.52 112920 I 167'25 I 186'36 I 153'26 1148.22 1154'30 

R r x ~ s n s  

YJor Stnnlte at 
themicmmetsrml- 
croscops ; Mr. Kee. 
1 an .t the PI& IUI- 
c m p s  

Wlnd rtmag bat 

"$,?.ldk6 
Glow. 



KARACHI BASELINE 

After the measurement-(Continued.) 

As on page VII, me have 
7 

x - (to - 62") (E, - dE,) - 6 = o 

and from the preceding bar comparisons we obtain the following series of result,s :- 

d 
x + 7-55 (E, - dE,J - 270'7 = 0 

X +  7'22 J J  -261.6 = o 

c+ 6'67 . J J  -247'7 = 0 

x+ 5'65 J ,  -224'1 = 0 

X+ 4-90 J J  -212'5 = 0 

a+ 4-15 ,J -198.2 = o 

x +  3-30 J ,  -179.5 = 0 

*+ 2'35 J J  -163.5 = o 
x +  1-50 ,Y -150.2 = o 
x- 2-50 J J  - 80.4 = o 

X- 3'45 Y Y  - 63.4 = o 
x- 4-33 J J  - 48.6 = o 
x- 5'18 ,, - 36-6 = o 
x-  6.00 ,, - 23-2 = o 
x- 6-70 j J  - 11.5 = o 

X -  7'43 ,J + 1'3 = 0 

x - 8 . 2 5  + I ~ . Z = O  



BAR COMPARISONS 

After the measurement-(Continued.) 

d 
X-13-13 (E, - dEa)+ 64'4 = o 

"-'3'73 JJ + 74'3 = O 

x-14-18 ,, + 82-3 = o 

0-15.23 ,J + 95'5 = 0 

x-15-58 , +xoz-6 = o 
2-15'93 , +107'0 = 0 

5-16'23 7 ,> + 109.2 = o 

X- 16'50 : ,, + 113'5 = 0 

x-16-73 J +115.6=0 
+-16-80 ,, +115.3 = 0 

2-16.85 J, +I13'5 = 0 

And from the mean of these results, 

adopting the original value of the expansion of A given at page (9), 

d "'.Y 
and z = 147.36 - 6.27 dE, = 189.22 - 6.27 dEa = L - A. 

Proceeding as on page VII, we obtain ; 
9 

Also the following ; 

I n  terms of 

Micrometer divisions. 

Millionths of a 

'n.Y 
and 6 z = 1135.3 - 37.6 dE,. 

A - L  B - L  C - L  D - L  E - L  H - L  

-12.78 -25.10 + 12.95 +32*06 -1.04 -6.08 

-16.41 -32'23 +16.63 +41'17 -1'34 -7-81 



KARACHI BASE-LINE 

Final deduction of the total length measured with the compensated bare. 

Prom page VII- the excess of the 6 compensated bars above 6 times A "'9 
9 ) = 1244.5 - 50.5 dEa 

bqfore the measurement 
,, VII- >B after set No. 306 

13 " = 1170'5 - 23'3 dE, 
- 

,, VII- I 7  " ,J after the measurement = I 135'3 - 37.6 dE, 

Therefore the mean excess ,, applicable to sets Nos. I to 306 = 1~07.5 - 36.9 dE, 
and I J  ,, .applicable to sets Nos. 307 to 613 = 1152'9 - 30.5 dE, 
Also the mean leng.th of a set of 6 compensated bars in feet of the standard, A corrected for error* in the thermometer read- =60-00339~+0 - - 33.5 dE,  

ings, applicable to sets Nos. I to 306 10 

and ,I applicable to sets Nos. 307 to 613 A =60'0032302 - 27'1 dE, 

Hence the total lengths measured with the compensated bars 

feet Of A 
insets Nos. I to 156.. ................. = 9360'5295 - 5225 dE, 

- ................ )I 157 to 306.. - 9000'5091 - 5025 dE, .................. II 307 to 457 = 9060'4878 - 4092 dE, 
,, 458 to 613.. ................ = 9360.5039 - 4228 dE, 

Now the mean temperature of A during the bar comparisons before the measurement and after set 

33"'s No. 306 was 62' + 7 = 67'6, for which temperature the corresponding expansion of A from page (19) 

= 21.683 m.y. Also the mean temperature of A during the bar comparisons after set No. 306 and after 
2 7 O . 1  

the measurement was 62' + 7 = 66O.5, for which temperature tbe corresponding expansion of A from 

page (19) = 21.676 m.y. Comparing these values of expansion with the original value = 22.67 my, used in 
the foregoing; i t  is found that dE, = + 0.987 m.y, for sets Nos. I to 306, and = + 0.994 m.9, for sets 

Nos. 307 to 613. Substituting for dE, respectively these numerical values, there result, 

Total lengths measured with the compensated bars 
pet d A 

in sets Nos. I to 156 or S. End, to Stn. A = ( 9360.5295 - '0155) = 9360.5140 
,J 157 to 306 or Stn. A, to Stn. B = ( 9000~5091 - -0149) = 9000~4942 
,I 307 to 457 or Stn. B, to Stn. C = ( 9060.4878 - '0122) = 9060.4756 
,, 458 to 613 or Stn. C, to N. End = ( 9360.5039 - -0126) = 9360.4913 

I, I to 613 or S. End, to N. End = (36782.0303 - '0552) = 36781.9751 

It is l e w n  in Appendix No. 8 of this vulumc, that a correction of - 0°.56 in due to the mean thermometer readings of the 
r : Bt.ndard bar A at the Karachi beee-line. The linear value of thia correction for s mt of 6 barn = - 6 x 0.56 (E, - dE& 

= - .oooza85 $, + 3'4 d B ,  



KARACHI BASELINE 

Comparisons between the Compensated -~Iicroacopes and their 6-inch brass scales dziring the 
measurement, and provisionul determination cf -Jlicroscope erro~s zuitih respect to the &inch 

brass scale A, expressed in milliontl~s of an inch (mi.) 

Them microowper were wmpsrod a wwnd time, beceuao they worn adjusted after the 6mt wmpprison. 

Microscope Micros : - Scale A, 
at 62' Fah. 

When compahed 

- t e m a  of 

1854-55 

December 5th 

,, 6th 
9, 4th 
,, 5th 

,, 15th 

,, 21et 

,, 30th 

January 16th 

T 
Af 
0 

R . 
P 
J' 

T 

0 
N 
R 
Y 
S 

T 
Y 
0 
N 
R 
P 
S 

T 
M 
0 
N 
R 
P 
8 

T 
Jf 
0 
N 
N* 
R 
P 
P* 
S 

Before the measure- 
ment. 

13et1~cen sets No. 
84 and 85. 

Between sets No. 
156 and 157. 

Between set8 No. 
306 and 307. 

Between #eta No. 
465 and 466. 

LU 
U 
lv 

R 
P 
S 

T 
3f 
u 
N 
R 
P 
8 

T 
111 

U 
N 
R 
P 
S 

T 
M 
U 
N 
R 
P 
S 

T 

U 
h7 
N 
R 
P 
P 
S 

6;08 
66-79 
81.48 
54'85 
78'78 
80.16 
77'34 

74-25 
73'96 
77.20 
76.42 
75.81 
76.42 
75'7' 

79-05 
80.33 
i9fi.5 
80.05 
79.11 
79.19 
79.37 

79'88 
8o'rg 
79.65 
79.42 
i9.91 
80.29 
80.17 

77'35 
77-30 
76.10 
77.42 
77.42 
76.38 
76.44 
77'19 
76.91 

+ 2.60 
0 . ~ 5  

- 1'25 
+ 9'63 - 2'6; 

0.00 
+ 2-37 

- 2.27 

0.00 + 1'20 

0.00 
0.00 
1.67 
1-47 

- 5'zo 
2.67 
0.00 
3-27 
0.00 
0'00 

0.00 

- 4-00 
4.15 
0.00 
3.63 
1-70 
0'00 

0.00 

0.00 
- 2.18 
+1 .28  

0.00 

0'00 

4.00 
4'93 
4'80 
3'07 

+ 193 
299 

1217 
- 447 
+10.+9 

113.5 
959 

+ 76.5 
748 
950 
goI 
863 
901 
857 

+106.5 
1146 
"03 
1128 
1069 
1074 
1086 

+ I 118 
1137 
I 103 
1088 
1119 
1143 
1136 

+ 959 
9.56 
881 
963 
963 
899 
902 
949 
932 

+ 260 
6~ 

- 12.5 

+ 963 - 26; 
0 

+ 237 

- 227 
o + I20 

o 
o 

167 
'47 

- 5ao 
267 

o 
327 

o 
0 

o 

- 400 
415 

o 
363 
170 

0 

o 

o - 218 
+ 1 2 8  

o 
0 

400 
493 
480 
307 

- 97 
2 1 

+ 283 
36.3 
93 

350 
- 75 

- 97 
2 1 

+ 283 
363 
93 

350 - 75 

- 97 
2 I 

+ 283 
363 
93 

350 
- 75 

- 97 
2 I 

+ 283 
363 
93 

3.P - 75 

- 97 
P I 

+283  
363 
363 
93 

- 

+ 356 
343 

1375 
8i9 
875 

1485 
"2' 

+ 441 
7 2 7  

1353 
1264 
9.56 

1418 
929 

+ 448 
858 

1386 
1164 
1162 
1424 
1011 

+ 621 
701 

1386 
1088 
roqa 
'493 
1061 

+ 862 
717 

1292 
~ 3 2 6  
1326 
1392 

I 

2 

3 
4 

7 

8 
9 

10 

11 

1% 

13 
14 

15 
16 
17 
18 
19 
20 

21 

2a 
23 
24 
25 
26 
27 
a8 

29 
30 
31 
32 
33 
31 
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KARACHI BASELINE 

Microscope Comparisons-(Continued.) 

The required combinations of individual microscope errors taken from pages V I T  and 
VII, are expressed as follows ; = 9 

20' 

BeJwencs num6ers. m.i. man temp : 

+ 7 - + 5696 at (6: + 10'2 I) before the measurement. e l =  2 +  3 +  4 +  5 +  6 + 7 -  

'+ I4 - + 6403 at (62 + 13-80) 5 between Beta 84 & 85 c p =  ~ + I O + I I + I Z + I ~ + Z -  

15+21 a 
q, = 16 + 17 + 18 + 19 + 20 + = + 6724 at (62 -I-17'59) 2 79 1.56 & I57 

22 + ~8 P 
.A 

e, = 23 + 24 + 25 + 26 + q 7 + --;- + 6551 at (62 +17_92) & ,, 306 '$307 
a 
0 29+37 = + 7485 at (62 + 14-80) 0 es = 30 + 31 + 32 + 34 + 35 + 7 $9 4% '% 466 

q, = 30 + 31 + 33 + 34 + 36 + +7 = + 7519 a t (61  +14.92) & ,, do. 

Mi- : - W e  A, 
at 62' Fah. 

When compared 

- 
1864-65 

38f = + 661 2 at  (62 + 15-20) a h r  the measurement. 9 = 3 9 + 4 0 + 4 1  + 4 2 + 4 3  + 

And from the foregoing we obtain the following equations for the microscope errors 
per set (or m.e.) ; where d~ expresses the error in the adopted value of the expansion for the 
6-inch scales. 

mi. 
(arc), = 4 +4 + 6050 - 6 x 1x01 dE applicable tc sets Nos. I to 84 

2 

,, 23rd 

mi. 

+ 633 
.755 

1322 
1383 

Microsoope 

I 
$4 

Obsemed calm in cak 

t m s  of 

J a ~ m q  22nd 
,, 24th 

38 
39 
40 
41 

T 
M 
0 
N 

After the measure- 
ment. 

22 
P 

T 
3 
U 
i'? 
R 
P 

,, 24th S 

72(14s 
76.66 
76.65 
78.32 

( s 

77'45 
79.79 
76.17 

+ 653 
916 
916 

1020 

965 
1112 

886 

+ 0.77 - 1'40 + 1-23 
0.00 

- 0.90 - go 
0 

93 968 42 

0.00 OmoO / o 

+ 77 - 140 
+ 123 

0 

- 75 44 

- 97 
2 I + 283 

363 



KARACHI RASE-LIl'i.('E 

Microscope Comparisons-(Continued.) . 
Hence the total microscope errors are as follows :- 

a.i. f e d  o f  A 

In sets Noa. I to 156 = C 84 (me), = 508200 - 6053 dE ="o.oi2q - 6053 dB 
7% (m.e), = 472608 - 6782 dE = 0.0394 - 6782 dE 

Sum = 0.081 8 - 12835 dE 

-- 

Sum = 0.0918 - 14158 dE 

Final dednotion of the total lengths measured with the compensated microscopes. 

Hitherto the microscope errore have been determined only provisionally; i .e. in terms 
A of the 6-inch brase ucale A. But from page (31), we ]lave 2 A = I ' O O O O I ~ Z  =. value in  

18'35. A l ~ o  the co-efficiet~t of e~pallsion for b~.;iss, has been taken at .ooo,o1o,q17 in the fore- 
going reductiona, whereas it appears from page ( 17) that .ooo.oog.855 is a more probable value. 
Accepting the latter, it may be foutld that dl!:  = 3.372 (mi.). Hence, rememberii~a that the 

P 
length measured with a set of microscopes is equal to 3 feet of A + the corresponding (me), 
we have, 

Total lengths measured with the compensated microscopes 

feet In sets Nos. - 12835 d E  = ( 468.ogo8-'oo36)= d 468-0872 A or S. End, to stn. A 

99 

or Stn. B, to Stn. C - 14822 dE = ( 453-og70-~0o.p)= 453-0938 

or Stn. c to'k. E ~ I  4j8 to 613 } . , , , ,. , = - 14158 dE = ( ~68~1008- .0o~o)=  468.0968 



KARACHI BASELINE 

DETAILS OF THE MEABUREMENT. 

Disposition of the bars and microacopea dun'ng the meaaurmunt. 

Each set in the base-line was invariably measured with 6 bars and 7 microscopes, whom 
order of succession was as follows :- 

Bars. ~ i c r o s c o ~ e a .  

Extracts from the Field Book of the measurement, and caiculated heights of set8 above the origin. 
Adopted heights above mean Rea level. 
South-End (origin) = 46-4 feet. 
North-End (terminus) = 204.4 feet. 

NoTE.-T~~ rear-end of set No. 1 stood exactly over the dot at  South-End. 
The dote denoting " Posterity-marks" a, e, f and g were fixed exr~otly in the normal at the advanoed+nda mpect- 

ively of seta Nos. 10, 21, 42 and 81. 
(29) Violent wind from N.E, bringing dense cloude of dust. 
( 4 3  22 heavy clouda and thiok dust. 

3 t 
2 2 4 

'". 3 8 X- time d 2.s 
ending '8 .% 1854 $ B 2 a 

Li 

R 3 
W 

A. m. f&. 
13th 57 8,3.0 o 39 P.M. + 12.2 

58 85'9 I 7 I 2.6 
59 87'2 1 34 I 2.9 
60 87.2 I 59 13.1 
61 87.1 2 31 I3.5 
62 85'8 3 o 13.8 

14th 63 60.2 6 20 A.M. 13.9 
64 63'0 7 5 14'3 
6.5 66.8 7 35 14'4 
66 69.8 8 a 14.8 
67 72.4 8 30 '5'0 
68 75'1 9 4 15.3 
69 76.0 9 38 
70 80.4 11 o 

'5'5 
15.6 

71 82.1 I I  35 15'9 
7a 83.4 0 19 P.M. 16'3 
73 83'2 0 48 I 6.8 
74 8+.1 I 26 17.1 
75 81.9 2 2 17'3 
76 81.1 2 32 '7'4 
77  78'9 2 58 I 7'8 

.!I 
4 

f 

3 2 4 
D 2 5 M- time of $:, 
1864 2 3 ending 2 

& 3 a' 
.!?' 

l3 ti 

h. m. feet 
7th I: 6$4 6 40 A.M. + 1.2 

2 7.5'1 7 50 1.5 
3 84.8 10 4.5 I .8 
4 85.0 I I  58 2' I 

5 86.0 o 35 P.M. 2'0 

6 85.9 I 24 1 '9 
7 8t.3 2 6 1 '9 
8 80.6 2 48 I '9 

8th g 59.8 6 18 A.M. 1.9 
ro 72.0 7 16 2.2 

11 78.1 8 40 2'3 
12 81.7 9 35 2'4 
13 84'7 11 5 2'5 

2.8 14 82.3 r I 53 
15 82.6 o 36 P.Y. 2'9 
16 81.0 I 36 3'1 
17  81.8 2 20 3'3 
18 79.1 3 5 3 '4 

9th 19 57.7 6 18 A.X. 3 '.5 
20 67'0 7 13 3.8 
21 76.0 8 11 4'1 

.,.. 3 i? 

4 2 4 Y rn 
f! ~ e r m  time of jm.9 M 

1 8 5 4  i ending 2% 
$ i? .n 

M ." 
k G 

h. m. feet 
11th 29 72.0 7 gg A.M. + 5.6 

30 7.5'3 8 39 5'8 
31 81.2 11 r5 5 '9 
32 81.0 11 57 6.3 
33 80.8 0 52 P.Y.  6.5 
34 80'9 1 43 6.4 
35 80.4 2 2 7  6..5 
36 i8.9 3 1 2  6' 5 

12th 37 68.3 6 25 A.M. 6.8 
38 70.2 7 25 7'3 
39 72.2 8 7 -.- / / 
40 74 0 8 50 7'8 
41 77.2 lo 57 8. r 
42 79'0 1 1  3.3 8.3 
43 80.8 o 16 P.M. 8'7 
44 81.0 I 8 8 9  
15 81'4 1 47 9'0 
46 80 8 2 23 9'2 
47 78.8 2 53 9 5 

13th 48 66.9 6 24 A.M. 10-1 

-19 70.1 7 5 0  10.4 
22 79.2 g 23 4'4 
23 83'2 11 5 4'5 
24 85.0 o 7 P.M. 4'6 
25 85.5 I 15 4'7 
26 84'0 2 13 5.1 
27 81.3 3 o 5'' 

11th 28 65'1 6 20 A.M. 5'5 

So 72.7 i '9 10.8 15th 78 54'7 6 3 0 " ~ .  18.1 
5 ' 7 5 ' 0  5.5 79 568 7 3 I 8.6 
52 77.2 9 26 ro 8 1 80 60.4 7 37 I 8.8 
53 80.4 10 43 I I '0 

54 81.7 1 '  9 11.4 
55 82'3 I r  43 I 1.7 
56 82.0 o 13 P.M. 12.0 

81 6.3'9 19.0 
82 670 4z 19.1 
83 70.2 9 10 19'3 
84 76.8 g 42 '9'5 

1 



DETAILS OF T H E  MEASUREMENT 

Extracts from t h  Field Book-(Coutinued.) 

December 19th. A heavy fog till near 7 o'clouk A.X, (157) to (199) Strong and cold N.E wind. 

* 

3 
3 $ u 

36-n time of 4.9 V )  

1854 $ ending b .- b 
8, & s B .- 
R w" 

h. m. feet. 
16th 85 54% 6 25 A.M. + 19.8 

86 61.9 7 26 20.3 
87 67'8 8 16 20'.5 

88 7 J . 7  8 55 20.8 
89 74'2 9 23 21.1 
90 77'3 9 54 21.2 
91 79'4 1 1  7 21.4 
92 81.1 11 31 21.8 
93 82'5 11 57 21.8 
94 82.1 o 25 P.M. 22.1 
95 8.3'4 0 4 8  22.2 
96 85.1 r 26 22.7 
97 8.5'0 1 50 23.0 
98 82.4 2 16 2.3 '.? 
99 81.3 2 42 23'4 

100 79'2 3 7 23'7 
18th lor 50.r~ 6 25 A.M. 23.8 

10% 5.5 3 7 11 24.2 
103 60.8 7 39 
104 64.7 8 10 24Y 24's 
105 69.1 8 39 24'9 
106 72.5 g 8 . 25.1 
107 75'0 9 35 25'3 
108 77'4 10 45 

.b 
Y 4 

P 

4 % 4 * Dec. Q Mean time of m . ~  a 
ending ' 5  1854 % 

s" .- B 
l i  

h. m. feet. 
l 8 t h l ro  80.2 i r  40 A.M. + 2.58 

11 I 80.2 o 5 P.M. 26.0 
112 80.9 0 3 4  26.4 
113  81.0 I 3 26.6 
1x4 80.7 1 3 2  2 7'0 
11.5 81.2 2 2 27.1 
116 81.2 a 30 27.6 
1 x 7  80.3 2 56 27.8 

19th I 18 60.2 6 5.5 A.X. 27.9 
119 629 7 25 28.3 
120 66.6 7 .59 28..5 
I Z I  69.2 8 2.5 28-9 
122  73.2 . 8  .+g 29' 1 

1x3 76.0 9 15 29'3 
'24 78 9 9 43 29 4 
I Z ~  81.0 lo 45 29.8 
126 82.3 I r  11 30.0 
1 2 7  83-8 11 30 30'3 
128 84-4 11 gr 30.6 
129 88 o o I 2 P.M. 30.9 
130 894 OS0 31'1 
1.3 I 90.0 1 16 31.4 
1.32 89.2 I 42 5 I ,6 

3 1'9 

3 
3 $ * 

Dee. 2 % Mean time of $.I 
1854 )d ending *.y 

0 k 

G .- 
& 3 

G I3 

A. m. feet. 
19th1.35 87.2 3 3 P.M. + 32.4 
20th 136 55.0 6 35 A.M. 32'7 

'37 59'7 7 7 32'9 
1 3 ~  6.3'2 7 43 33'2 
139 66.8 8 7 33'3 
140 69.0 8 31 33.6 
141 74.1 8 52 33'7 
142 77 '0  9 23 34'1 
143 81.3 g 46 34'3 
144 82.4 10 58 34'4 
145 8.5'1 r r 19 34'8 
146 86'4 I r  42 35'0 
147 87.8 o 5 P.M. 35.3 
148 89.0 o 28 35'6 
149 88 8 o 48 
150 889 I 7 36.0 

35'7 

151 89'7 I 22 36.3 
152 89.6 I 45 36.6 
1.53 88'3 2 5 36.9 
154 88'5 a 25 37'' 
'5.5 85'7 !2 39 3 7'4 
156 83.5 3 0 3 7'6 - 

Total + 2841 -0 

109 ;g'O 11 12 2S' 7 134 88.j 2 4 0  32'1 - 
The advanced-end of ~ e t  No. 156 fell in excess (i.e. North) of the dot denoting Station A 0.0669 feet, as 

measured on Cary's b~xss scale with a pair of conlpsisses. 
Height of sei No. I56 above Station A = 1.2 feet. 
The terminal point of set No. 156 was the point of origin for set NO. 157. 

22nd 157 61.8 6 45 A.M. + 38 o 
158 63-2 7 24 38.3 
1.59 6.5'7 7 50 38.4 
160 67.2 8 16 38'7 
161 70.1 8 37 
162 71.8 g 3 39'1 
163 73.0 g 26 39.2 
164 76.0 g 50 39'5 39 8 
165 77.1 I I  16 
166 77'1 11 41 39.9 40 4 
167 786 o  P.M. 40.6 
168 78.4 0 3 0  40' 7 
169 79'' 0 53 41'0 
170 79.0 I 16 41'1 
1 7 1  79'5 1 3 6  41.4 
172 80.0 1 58 41.6 
173 i9'9 2 so 41.9 
174 79'4 2 41 42' I 
'75 79.O 3 O 42'4 
176 78.3 3 20 42'7 

23rd r 77  60.0 7 o A.M. + 43.0 
I 78 62.0 7 25 4.3 2 

'79 64'3 7 45 4 3 
180 66.3 8 7 43.8 
181 68.3 8 26 44' 1 

182 69.2 8 45 44'3 
183 70..5 g 5 44'5 
184 719 g 27 44'6 

23rd rg7 78.1 a 38 P.M. + 48.0 
198 77.8 3 3 48.1 
'99 77'1 3 19 48.4 

26th zoo 48.4 6 55 A.M. 48 8 
201 53'2 7 23 49'3 
2 0 2  57.2 7 50 49'5 
203 61.7 8 17 49 7 
204 6.5'0 8 38 50'0 

185 73'7 9 48 205 68.3 8 57 50..7 
186 744 10 ,so 45 1 50'5 
187 76.3 11 12 45'1 
188 78 o 11 33 45 '6 
189 79.0 ll 57 4; 8 
190 79.4 o 24 P.M. 46.0 
191 80.0 0 4 5  46.4 
I92 79'9 I 5 46.5 
'93 79.8 I 23 
194 i9'7 1 39 4 7'4 

46'9 

195 79'4 2 0 4 7.7 
196 78.9 2 20 48.0 

207 7.5'6 9 45 s0'9 
208 79'3 o 51'3 
209 79'0 11 2.5 5I.7 
2 1 0  80.2 11 50 52.0 
21 r 79.9 o 7 P.M. 52'.? 
zrz 80.0 o 26 52.6 
213 81.0 0 43 53'1 

53' 214 79.9 1 1 

215 79'9 1 19 53'9 
216 80.0 I 37 51'0 
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Extracts from the Field Book-(Continued.) 

(276) to  (300) Light olouds. (328) to (348) Cloudy. 

I 

3 0 

I)". 3 2 1664 

$ M z E o f  % 2 .O .4 
J m .  ; O ' 
lS5= a % .- 

R 6 

A m. fed. 
26th 21; 81.4 2 o P.M. + 54'1 

zlb 80.0 20 54'5 
219 Eo.9 2 37 54.8 
220 80.2 2 57 55.0 
221 80.4 3 12 5.5'2 

27th 222 55.9 6 40 A.M. 55.4 
223 58.9 7 10 5.5'8 
224 61.6 7 3% 56. I 
225 648 7 52 56'3 
226 66.4 8 15 56.6 
2 2 7  68.2 8 30 56'9 
a28 70'4 8 47 56.9 
229 73'4 9 2 57" 
230 75'2 9 22 5 7'5 
231 78.2 g 38 5 7'6 
232 80.5 10 30 5 7'9 
233 81.0 10 52 58'1 
234 82.7 I I ro 58.3 
235 82'4 11 a5 58.7 
a36 84.4 11 41 58.9 
237 85.0 I I 58 58.9 
238 85.4 o 14 P.M. 58'9 
239 8.5'9 0 29 58.7 
240 86.1 o ++ 58.9 
241 85'4 0 59 59' 
242 85.2 I 15 59'5 
243 85'4 I 28 ~ 9 ' ~  

60.0 244 87.0 1 4s 
245 86.2 a o 60' 3 
246 86.1 2 17 60.5 
247 86.4 2 31 60.7 
The advanced-end of set No. 306 

312 62.9 9 4 5  f8.9 
313 67'1 10 45 79'0 
314 68.1 11 6 79.3 
315 70'9 11 27 
316 73'7 11 46 796 79'9 
317 74'0 o 5 P.Y. 80.2 
318 75.0 o 25 80 5 
319 75'2 0 46 80.7 
320 74'9 1 7 81.1 

9 0 

e .  a 4 
1854 g a 4 5 Mean time of ir. .- 

ending b.2 0 o 
Jan. 
1866 d . s 

B 
H m" 

A. m. feet. 
27th 248 85.2 2 48 P.M. 4- 61.0 

249 83.6 3 4 61.4 
250 81.8 3 20 61.7 

28th 2 j r 5 1 9 6 45 A.M. 62.0 
25z 54'4 7 1 1  62.3 
2.53 .57" 7 29 62.5 
254 60 0 7 55 62.8 
25.5 63'8 8 13 63.1 

63.2 256 670 8 3 5  
257 69'6 8 53 63'6 

64'0 2.58 71'3 9 18 
64' I 259 74'' 9 37 

260 77'9 10 35 64'4 
261 788 ro 51 64'4 
262 80 .? 11 15 64 8 
26.3 80.2 J 1 33 64'9 
264 91.6 I 1 55 6.5 3 
26.5 82'4 o 15 P.M. 6:;6 
266 82'9 0 .?3 6.5' i 
267 83'1 0 49 66.0 
168 83'1 I 12 64.5 
269 83.9 1 36 66. b 
270 83.0 2 4 6 7-2 
2 71 8.3'0 2 23 67'4 
2 7 2  827 2 4 2  6 7'8 
273 81.8 3 0 68 2 

274 81.8 .3 16 68.5 
29th 27.5 54.8 6 34 A.M. 68.9 

276 560 7 2 69' 3 
277 .59'5 7 20 69 Ci 
2 78 62'4 7 4.5 ;o.o 

fell in defect (t.e. South) of the dot denoting 

3 e 
hc. - c 
1854 f 4 

5 $ M- time of 3 . 4  
c ending 

Jan. O 
2.g 

1855 $ # 3 
.b 

K 6 

h. m. feet. 
23th 279 63.9 8 4 A.M. + 70.3 

280 65'8 : 25 
70'7 

281 67'3 45 71.1 
282 709 9 5 
283 72.6 9 24 71'9 

71.5 

284 7.3'8 9 43 72'2 
285 j6.2 10 43 . 7 2.6 
286 77.8 11 2 

287 78.2 11 20 
72'9 
73'1 

288 79.9 11 40 73'5 
289 793 11 59 
290 79.3 o 23 P.M. 

7.3'6 
73'8 

291 80.4 0 3 7  
292 806  o 58 

73'8 

293 8d.6 I 16 
73'9 
73 '9 

294 79.8 1 36 74'2 
29.5 79'9 2 0 74'4 
296 80.0 a 2 0  

297 78.9 2 4 0  
74.6 
75'0 

298 78..3 3 0 75'3 
30th 29y 61.2 6 45 A.M. 75.5 

300 63.0 7 11 7.5'9 
301 65'0 7 35 76. I 
gal 66-4 8 o 76.3 
303 68.8 8 20 76.6 
304 70'8 8 45 76.8 
305 72'3 9 6 7 7.0 
306 75'0 g 30 7 7'5 - 

Total + 8615.2 - 
station B 0.1403 feet, ae measured 

on Cary'e brass d e  with a pair of compasses. 
Height of set No. 306 above Station B = 1.2 feet 
The terminal point of eet No. 306 waa the point of origin for set No. 307. 

326 75'3 3 1 0  82 8 
327 7.5'7 3 .3.5 8.3. I 

11th 328 48.2 6 36 A.M. 8.3'3 
329 49'1 7 6 
330 52.3 7 28 83.5 
331 53'9 7 50 84.0 8 3 7  

332 5.5'2 8 14 84.3 
333 57'3 8 35 84'.5 
334 58'2 8 55 84'8 

10th 307 48.0 6 30 A.X. + 77'6 
308 51.4 8 3 7 7'9 
309 55'4 8 29 78.2 
310 58.2 9 2 78'5 
311 60.9 g 23 78.7 

340 71.8 11 49 86.3 
341 71'9 0 g P.M. 
342 71.1 o 29 :Si 
343 71'4 0 47 87'1 
34470.9 7 8 7'4 
345 71.5 1 24 87-6 
346 71 '0  1 4 5  87.8 
347 71'7 2 0 8 7'9 
348 71.0 2 17 88.0 

loth 321 7.5'8 r 28 P..M + 81.4 
322 76.2 I 47 81.7 
323 76.5 2 8 81.9 
314 77.0 2 30 82.3 
325 76.2 2 ,;o 82.5 

l l t h  3.35 61.1 g 14 A.X. + 85.0 
336 62.8 9 33 85'3 
337 66.0 9 54 
338 69.1 11 6 85'8 

85'5 

339 71 .1  " 2.5 86.1 



DETAILS OF THE MEASUREIIENT 

Extracts from the Pield Book-(Continued.) 

(349) and (350) Cloudy. 

7 : C 

2 "0 4 
Jan. 4 5 f 3 . g  
1855 'i; 3 *.F' 

0 0  

$ f 2 
.Is 

R w" 

h. m. feet. 
15th 423 6z.8 g 6 A.M. + 106.7 

424 68.1 9 25 106.9 
42.5 70'4 9 42 I 07.0 
426 72.4 10 o 1oj.a 
427 76'5 10 49 107'4 
428 74.8 I 1 lo  10 7.4 
429 74'6 11 25 107.8 
430 75'5 II 42 107'9 
431 7.5'9 11 57 108.1 
4.32 7-13 o 14 P.M. 108.3 
433 74'7 0 30 108.6 
434 73'8 0 4 7  r 08.8 
435 74'3 1 6 109.0 
436 75'3 1 31 I 09' I 
437 75.6 I 3 5  109'4 
438 76'8 I 52 1oy.8 
439 75'9 2 9 109'9 
440 75'3 2 27 1°9'9 
441 i5'3 2 44 I 10.2 

442 74'6 3 3 110.5 
443 74'8 3 2 0  I 10.8 
444 74'1 3 37 I 11.0 

16th 44.5 51.6 6 45 A.M. 111.1 

446 52'8 7 8 I 11-3 
447 54'2 7 2 7  I I 1.6 
4-18 56.1 7 50 I I 1.6 
449 58'7 8 6 I r 1.7 

450 61.2 8 24 I I 1'7 
451 63'6 8 41 I I 1.7 
452 65'9 9 2 I I 1.8 
453 68.2 9 18 I I 1.9 
454 69'9 9 35 111.8 
455 71'7 9 51 11 2.0 
456 72.6 ro 9 I 12'2 

457 74'4 10 27 I 12.9 

7 w 

u 4 
42 

m e  o 4 . l  
U4-t .c 

1855 o 
ending o 

B 

8 R 

h. m. feet. 
11th 349 72% 2 31 P.M. + 88.1 

350 70.6 2 46 88.4 
351 71'0 3 I 88.5 
352 69.9 3 19 88.6 

13th 3.53 50.9 6 40 A.M. 88-8 
354 51.2 7 5 89.2 
35551 '9  7 2 1  89.2 
356 53'6 i 38 89'4 
3.57 54.8 7 55 89'5 
358 55'7 8 '3 . 89'7 
359 56'9 8 29 89'6 
360 57'8 8 48 89.8 
361 58'9 9 3 89.9 
362 60.0 g 17 go. I 
363 60.8 9 30 90'5 
364 61.8 9 45 90'9 
36.5 64'6 10 33 91.2 
366 6.5'2 10 47 9''s 
367 66.0 11 a 9 1 '5  

368 66.6 11 2 0  g 1.8 
369 67'2 11 36 92.0 
3 70 680 11 53 9 2'4 
371 69.1 o 9 P.M. 92'6 
372 69'9 0 33 92.8 
373 70'7 0 51 93'3 
374 70.9 1 8 93.4 
375 70'5 1 23 9 3'9 
376 71'6 1 3 9  94'3 
377 71'3 1 53 94'4 
378 72.6 2 9 9.4.8 
379 72.8 z 24 95'4 
380 73'3 2 40 9.5' 7 
381 72'7 2 55 96.0 
382 72'9 3 9 96.4 
383 72'9 3 23 96.6 

.a m 

u q  4 d 'i; * Jan. d Mean time of r n . ~  
C '- 

1855 endh'g 
O 8 

b i fi % .- 
i; 6 

h. m. fpet. 

13th 386 4.5.8 7 23 A.M. + 97.7 
387 48.3 7 39 98.0 
388 50'4 7 57. 98.2 
389' 53.2 8 12 98.5 
390 55'0 8 3 1  98.6 
39' 56.7 8 45 98'9 
392 59'8 9 2 99' 1 
393 61.8 g 17 Y 9'3 
394 64.0 9 33 99' 5 
395 66.1 9 +9 99'8 
396 68.7 10 35 99'9 
397 69.4 10 50 100 2 

398 71.4 11 6 100.4 
399 72'1 11 24 100.6 
400 73'2 I I  41 root? 
401 74.0 11 58 100.9 
402 74.5 o 1 5  P.M. 101.1 

403 75'4 0 29 101.3 
404 75'9 0 46 101.5 
405 76'5 I 2 101.7 

406 75-6 I 18 101.9 
4O7 7.5'8 1 3 3  102.1 
408 76.0 I 52 102.2 

409 76.7 2 8 IOZ. .~ 
410 76.; z 23 102.8 
411 77.0 2 4 0  I 03. I 
412 76.8 z 55 103.4 
413 76.9 3 10 104.0 
414 76.2 3 25 I 04' I 

15th 4x5 51'3 6 40 A.M. 104.4 
416 52'3 7 4 104.8 
417 53'7 7 " 105.2 
418 5.5'1 7 38 '05'4 
4'9 56.8 7 53 '0.5'9 
420 59'2 8 12 106.0 

13th 384 42.8 6 35 A.M. 96.9 

I 385 44'0 7 3 9 7'3 

The ndvancedend of set No. 457 

I 421 61.9 8 30 r 06.2 - 
422 63.9 8 48 I c6.2 Total + 14502.6 - 

fell in defect (i.e. South) of the dot denoting Station C 0.1083 feet, ati mea- 
sured on Cary's brass s d e  with u pair of compasses. 

Height of set No. 457 above Station C = 1.1 feet. 
The terminal point of set NO. 457 was the point of origin for set NO. 468. 

16th 458 76.8 rr  27 A.M. + I 12.9 
459 75'8 I1 51 I 12.8 
460 75-8 o 19 P.M. I 13.0 
461 78.0 o 34 113.0 
462 79.1 o 50 113'2 
463 79'4 1 7 113'3 
464 79'8 1 32 113'7 
465 81.0 I 50 114'3 

17th 466 51.0 6 46 ,A.M. 4 114.6 
467 52'7 7 13 114.7 
468 54'4 7 32 I 14.8 

.469 56.0 7 49 115.1 
4i0 57.9 8 5 115.3 
471 60.0 8 so 115.6 
472 62.2 8 37 I 15.8 
473 64'5 8 51 I 16.0 

17th 474 66.2 9 6 A.M. + I  16.2 
475 68'1 9 2 1  I I 6'3 
476 69-9 9 37 I 16'3 
477 71'6 9.54 I I 6.9 
4i8 75.3 10 54 1 17.4 
479 T6.4 11 14 I I 7.6 
480 77'8 11 34 II 7'7 
481 79'1 11 52 118.a 
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KARACl i l  BASE-LIKEl TIT, 
7 

Ijledaction ta Mean Sea Level, 

Let the sections into which this base-line is divided be denoted as follows ; 

South-End to Station A by Section I ; Station I3 to Station C by Section 111 ; 
Station A to ,, 13 by ,, 11; ,, C t o h ' o r t h - E n d b y  ,, IV, 

Then in the notation of (7) page I- we have 
22 

f l = 4 6 ;  A =  158.0; 8 h =  + o y ;  Log. Ir'= 7'31894; a d s =  613, 

[hl: a n dii P A c2 cl c 
+ + + - i 

0 - 
Section I ... 2841 o 156 0.2 2857 9829 ,0086 '0217 -303 

9 )  11 . 8615 o 150 0.2 8660 9451 '0262 '0209 '0471 
9) 111 ... 14503 o 1 5 1  0'2 14579 9514 '0441 . '0210 -0651 
,, IV .. . 21022 o 156 0.3 21139 9829 00639 -0217 00856 

Final length of the BasedLine and of its parts in feet of Standard A. 

Lengths in feet of Standard A, between South-End and the Posterity-iVitrk8, at the levels 
of measurement. 

I Ncas . r ; r cd  w i t h  I I B I Micros : I Total. 

Section 

Reductio~i 
to sea level 

ns above 

d i e a s u r e d  w i t h  

South-End to Posterity-Hark a 
7 7  77 c 
79 7 9 f 
JI  J I  g 

Tatnl Length 
Compensated 

hrs 
pago VII-18 

I 

Log. 

9828.5a40 

9450'6745 

9.513'6116 

8. End to Stn. A ... 
S t n . A t o S t a B  ... 
Stn. B to Stn. C ... 

600.03 a9 
I 260'0692 
2510.~383 
5040'2;68 

3'99248 7419 

3'97546 2805 

3'97831 54x7 

Compensated 
microacopes 

page V11, 
2 1 

- 0.0669 

+ 0'1 403 

+ 0'1083 

3.99262 --- 

Beam 
compass 

VII- to  
23 

V11-26 

-.ojoj 

-'04 j I 

--0651 

9360.5140 / 468'08;2 

30'00.51 
63.01 11 

126.0227 
252.0455 

Stn. C to N. End ... 

9000.4942 

9060'4756 

630.0388 
13:3'0806 
2646.1610 
5292'3223 

+ 3.0289 ----- 

450.08; I 

453'0928 

-.0856 1 9831.53 14 
----- 

S. End to h. End ... 
9360.4913 -- + 3.2106 

468.0968 --- 
--,2281 / 38624.3215 1 C58686 0863 

.r 

36;8xa9j51 1839.3639 



KARACHI BASE-LINE 

Verijicatory Minor Triangulation; 

XOTB.-EBC~ side of a triangle is given in the name horizontal line with the angle which it subten&. 

The angles of the verificatory triangulation were measured with Troughton's 3-foot 
Theodolite, read by 5 micrometer microscopes. At all the stations 3 measures were made on 
each of 10 zeros. The stations on the line are South-End, A, B, C and North-End. The 
auxiliary stations are a, /3, y and 8. 

*= 
0 - 
$.!J 

1 

2 

3 

4 

5 

6 

7 

Name of Station 

South-End of Base, ... 
Station A, ... . . . . . . .  

,, a ... ... ... 

Station a ... , ... ... 
... ,, A, ... ... 
... ,, B ... ... 

Station A, ... ... ... 
... ,, P ... ... 
... a B, . - a  ... 

Station /3 ... ... ... 
, , B  ,... ... ... 

... 9 ,  Y ... 

... Station B, ... ... 
$9 Y me. .., ... 
,, 4 ... ... ... 

... Station y ... . 
,, c,... ... ... 
,, 6 ... ... . 

Station C, ... ... ... 
6 ... ... 

... ~ o z h - ~ n d  of ~aae; ' 

I 

Corrected Angle 

0 I 

61 34 3 $ ~ 5 2  
621914.134 
56 6 7.73.5 -- 

180 0 0 .021  -- 
63 35 30'712 
54 30 24.012 
61 54 5'297 -- 

180 o 0.021 -- 
63 10 23.889 
53 12 13'3 1.5 
63 3 7 22.817 

180 o 0 . 0 ~ 1  - 
63 gr 15.220 
56 48 21.661 
59 40 23'142 -- 

180 o 0.023 

59 34 15-63 1 
53 21 2.708 
67 4 41'652 --- 

180 o 0 .0~1  

66 40 10.142 
50 34 35'298 
62 45 14.580 --- 

180 o 0 .0~0  

62 20 41.797 
55 26 49'9.51 
62 12 28'278 -- 

I 180 o 0.022 

I 
Log. Sine 

9'9442TS9;O 
9'947218297 
9'919095454 

9'9521.3 765% 
9.910722081 
9'945536996 

9.950547695 
9'903507804 
9.952254785 

9m95r8;o~03 
9.9zz63zg82 
9.936090561 

9'935636976 
9,904339326 
9,964277349 

9*96z9++111 
9'88 7883219 
9.948925937 

9*9473~.506~ 
9 91 <;r8+17 
9.946768974 

"d 

W~ -- 

It + 0'509 

f 0.189 

-0.211 

-0.60. 

-0.561 

+ I -460 

-rm372 

in 

. Miles 

1.861 

I'i90 

1'802 

1.E62 

7'315 I 

Log. Dintance 

4.017607935 
4~020610262 
3'992+87419 

4 m o ~ 4 z 0 8 ~ ~ 9 ~  
3.982793020 
4'01760i935 

4 ~ 0 2 2 ~ 0 1 ~ 0 1  
3 975461610 
4.024208591 

4.038281043 
4.0090439~2 
~o22501501 

4~009640670 
3.978343020 
q038281043 

4'02366884.4 
3'948597952 
4'00g640670 

4'0~4214911 
3'992618287 
4.02366884 

Sum 

I Distanse 

Feet 

9828'5040 

9450'6485 

9513'5.591 

9831'4661 

--- 
38624'17 77 



EARACHI BASE-LINE V I r  
29 

Comparison in feet between the values computed by means of the verifloatorg triangulation 
and the measured value. 

Of' the entire line. 

South-End to North-End by the measurement, page VII, f ed  Jh- 38624.3215 4'586 860 863 

in terms of South-End to Station 
138624.1777 4.586 859 a46 A, page VII,, a ( 

Log. computed value - Log. measured value - o-ooo oor 6 17 

In terms of the entire line by measurement. 

Camputad 
Computed - 

M e ~ u r e d *  

, South-End to Station A . . . . . . 9828.5406 +-0366 

Station A to Station B . . . . . . 945 0'683 7 +.oogz 

, , B t o  ,, C . . . . . .  95 13'5945 --or 71 

,, C to ,, North-End . . . 983 1 '5027 --~0287 

Of each section in terms of  the others. 

South-West-End 
to Ststion A 

Measured lengths* . . 9828.5040 

Computed on base 
South-End to Station A 

. . 

Computed r n base . . 
Station A to Station B 

Computed on base . . 
Station B to Station C 

Station A to 
Station B 

9450'6745 

9450'6485 

. . . . 

. . . . 

Computed 
- 

Measured 

.. ., 

- -0260 
* ' 

.. .. 

.. .. 
- 

(h) ( c I x ) ~  NOTE.-Since Log,(x + dz) = Log,c: + - - - 
x 2 9  

+ bo. 

Station B to Computed 
Station 0 

Measured 

Rtation C to Computed 
North-End - 

YeuurfJd 

? 
d x c J = [ ~ ~ O ( z + d x ) - L % ~ x J M ~ B  nearly, by which expression th required 

variationn in the foregoing natural numbera have been caloulated. 



KARACHI BASELINE 

D e s c r i p t i o n  o f  S b a t i o n s .  

SOUTH-END or KARACHI BASE, Lat. 24" 53' Long. 67" 12' is situated in the dis- 
trict of Karachi, and within a few yards of the road from 1Carachi to Tattah. I t  is about 2 
miles from the 11alti11g grourld c;~lled Jiinlxdi~r-ka-L.~ndi, and some 9 miles E.S.E. from Karachi. 

The station is marked hg a toaer 22.9 feet high. An arched passage a t  the level of the ground, and 
parallel to the Lase-line, runs through the tower. On this arch and in the centre of the tower is an isolated and per- 
forated pillar rising to the level of the top of the tower. The contin~~ation of this pillar into the basement of the 
tower, contains the mark-stones. These nre three in number, the first being a t  the level of the passage-floor, the second 
and third 1.8 feet and 3 feet respectively lower down, and all in the asme uormal. The uppermost mark consists of a 
dot on silver let into n brass plug, the latter being enlbedded in a slab of stone. This dot was used in the measurement 
of the base-line. I t  is protected by a smltll bmss plate and a masollry dome of some 6 inch% internal radius : the 
entrances to the passage are closed with brick work. 

The South-End was connected in 1860, by a double line of spirit levels with the mean 
nea level at KaricLi, when it was found that the height of the surface of pillar containing the 
ground-level mark-stone was 46.98 feet above this datum. 

NORTH-END OF KARACHI BASE, Lat. 24" 50', Long. 67' 15', is situated in the 
Karichi district, and stands on an open plain entirely devoid of habitations. 

The station is marked and protected similarly to the South-End of this base-line, the only difference 
being that the tower here is 18.4 feet high. 

Tlie North-End was connected ~imilarly to the South-End with the mean sea level a t  
Karlchi and it was found that the height of the surface of pillar containing the ground-level 
mark-stone was 204.40 feet above this datum. 

STATIONS A, B, C. Are on the straight line from South-End to North-End of the 
base-line, and distant respectively 1.86, 3.65, 5-45 and 7.32 miles from the former. 

The stations are marked by a dot on a silver pin let into a brass bar about 7 inches long embedded in 
atone, and covered over with a plate of braas ; the stone is enclosed in an isolated pillar of masonry surrounded by a 
platform of stones and earth and has an earthen mound 12 or 15 feet in height raised over it. 

POSTERITY-MARKS a, e, f, g. Are on the straight line from South-End to Station 
A, and distant respectively about 630 feet, 4, 4 and 1 mile from the former. 

These points are marked in the same manner as Stations A, B, C, with the difference that there ia no plat 
form here mrrounding the pillar of masonry. 

AUXILIARY STATIONS a, /3, y, 8. Are situated on suitable sites to the W. of the 
base-line. 

The stations are marked by a central isolated pillar of masonry, surrounded by a platform of stones and 
earth about 14 feet square. 

J .  B. N. HENNESSEY. 
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VIZAGAPATAM BASELINE 

The middle point of this baee-line is in Latitude N. 17" 58', Longitude E. 83" 15'; 
the Azimuth of North-End at South-End is 199" 38, and the line is 6-59 Miles in length. 

The measurement was effected under the directions of Major J. T. Walker R.E. with the 
assistance of the following : 

Captain J. P. Basevi, R.E. 
Mr. J. 13. N. Hennessey 
Captain B. H. Branfill 
Lieut. W. M. Campbell, R.E. 
Mr. H. H. Taylor 
,, R Clarkson 
,, F. Ryall 
,, J. Wood 
,, J. W. Mitchell 
,, J. R. L. O'Neill 



VIZSGAPATAM BASE-LINE 

INTRODUCTION. 

This base-line was measured on the plain between Waltair (near 'Vizagapatam) and 
Vizianagram in the Madras Presidency, the South-End of the line being some 17 Miles N.W. 
by North from the former place. The line was selected by Captain J. P. Basevi, R.E. assisted 
by Captain B.R. Branfill and the ground prepared under their supervision. 

The measurement was commenced at South-End, bar-tonpies pointing West, and was 
carried on continuousTy to the North-End, so t,hat every succeedinw set originated at the point 

a. 
marking the terminus of its predecessor. The line was divided into 3 sections by the sub- 
dividing points A and B to admit of verification by minor triangulation; and in addition four 
points called Posterity-marks, No. 1, No. 2. No. 3 and M mere laid down in the measurement. 
Of these, the first named was fixed at the end of 6 sets or about 378 feet, the second at 12 sets 
or about 756 feet, and the third at  18 sets or about 1134 feet, all reckoned from the South-End. 
The point M was laid down at the end of h e  173rd set from the same origin, near a site about 
the middle of the line suited for bar comparisons. I t  is also to be noticed that the South-Eud 
was connected by a single line of spirit levels, executed by Captain B. It. Branfill, with the 
tide gauge set up in the back water at Vizagapatam. The tidal observations for determining 
the mean sea level on'the gauge were taken by Mr. R. Clarkson in November and December 
1860. 

The compensated bars were compared with the standard A on three occasions, i.e. before 
the measurement near South-End, after set 173 near the Posterity-mark M and after the mea- 
surement near North-End. On all these occasions the comparing piers were set up parallel to 
the line and within a few feet of it, while the bar-tongues pointed West as they did during the 
measurement. The series of comparisons at South-End comprised 66 sets, that at  M consisted 
of 80 sets and 90 ~ e t s  were taken at North-End. 

One of the comparing microscopes employed in the preceding bar comparisons was fitted 
with a micrometer, while the other had its wires (or lines) fixed. 

The compensated microscopes were compared with their scales on 5 occasiom including 
the comparisons taken prior and subsequent to the measurement 

I n  respect to time, the first set of bar comparisons was taken on the 8th December 1562, 
the last on the 4th of the following February. 

The verificatory triangulation was made to consist for the first time of a double series 
of triangles, d.e. a series was projected on either flank of the line. forming in all a com- 
plete figure of 10 triangles. Of the stations involved, S. End, A, B and N. End were in the 
alignment, and the remainder were selected on suitable sites, 3 to the West and as many East of 
the line. The angles were measured by Captain B. R. Branfill with Troughton and Simm's 
24-inch theodolite No. 1 on 10 equidistant zeros ; two measures wero taken on each zero, so that 
20 measures in all were made of each angle. 
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Comparisons between the Standard B a r  A and the Compensated Bars A, B, C, D, E, H ,  made at 
the South-End of the base-dine, before the measurement. 

December 8th, 9th, 10th. (1) to (42). Wind N.E. sky dear. 

a ' a 
w C 0 

.Et 5 

1862 % 
8 

Dm. .$ 
B 
k 

9 s4 8 

h. m. 
0 0 

8th 9 28a.x. I 72.3 67-92 
10 7 2 73'6 69'67 
10 40 3 75'5 71-17 
0 11 P.M. 4 77'9 75'37 
0 42 5 78.3 76.57 
7 6 79'5 77'55 
1 38 7 80.5 78.45 
2 9 8 80.1 79.27 
2 39 g 80.6 79'82 
3 9 10 80.8 80.15 
3 36 11 79.8 80.30 

' 3 5 9  1278'7 80'15 

9th 6 57a.x. 13 62'4 63-55 
7 37 14 63.9 63.07 
8 12 15 66.1 63-37 
8 44 16 68'5 64.15 
g 24 17 71.2 65.67 
9 58 18 72.9 67-35 

10 27 19 74.6 68.97 
l o  56 zo 76.3 70.62 
0 25 P.M. 21 78.8 75.65 
o 57 22 79-6 76.97 
1 28 23 79'9 78.07 
I 52 24 80.0 78.72 
2 ar 25 80.6 78.95 
a 49 26 80.6 79.50 
3 13 27 80.2 79-77 
3 35 28 79.5 79.77 
3 56 29 78.1 79.72 
4 17  30 76.1 79.75 

10th 6 48a.11. 31 58.1 61.42 
7 13 32 59.8 60.77 
7 33 33 61.3 60-45 
7 55 34 62.3 60.40 
8 22 35 64.6 60.35 
8 42 36 66.6 60.91 
9 I 37 68.1 61.52 
9 18 38 6ya4 62'2.5 

11 5 39 75.2 68 82 
I I 27 40 76.1 70'05 
11 46 41 76.7 71'05 
o ~ P . H .  42 77.4 72.10 

MIOBOMITPB R E A D I N G S  I N  D IVIBIOXB 
1 

1 Mllldon = - Csrg'a Inch [1.8], = 1'9870 m.y. of A 

RIXABKS 

Mean 
A A B C D E 

+ + + + + + + + 
1109'9 1146.8 1141.4 1166'7 1177.4 1148.4 1150.3 1155'2 
1144.0 1144.4 1138'3 1163'0 118r.o 1153.2 1155.9 1156.0 
1169.1 II42.5 JI29.3 1161.8 1177.3 1155.1 1159'5 1154.3 
1240'2 1140.7 1130'7 1164'8 1187.0 I 174'7 1169.0 1161.2 
1263.0 1142'3 1134.0 1168.5 1192.3 118o.r 1168'5 1164'3 
1280.7 1148.0 1135'7 I 164'6 1194.5 1177.6 1170.9 1165.2 
1301'5 1152.3 1139.8 1178.0 1201.1 1182.0 1181.0 1172.4 
1317.5 "59.2 1150.8 r 186.9 1203.2 1195.0 1188.0 r 180.5 
1329.1 1169.7 1155.0 1185.6 1211.7 1186.7 1184.6 1182.2 
1336.6 1179'0 1163.5 1201.2 1zzr.z 1197'2 1195.8 11930 
1339.2 1187.7 "71'7 1207.0 1227.2 1202.6 rzoz.1 11g9-7 
1336.2 1188.8 1180.0 1212-1 1228.9 121r.o 1199.2 12~3.3 

1051'7 1203.8 r 180'3 1219.7 1226.1 1188.3 1210.2 1204.7 
1054.8 I 199.8 I 187.4 12 19.2 12.33'3 1zo4-) r r95'.5 1206'7 
1063.7 1192.8 I 172.5 121z.o 1225'3 1190.9 1201.8 1199'2 
1080.7 1186.3 1179'0 1204.0 1~15.1 1187.5 IIgi'o 1194.8 
1111.8 1187'5 I 169'5 1209.5 121,?.3 1184.5 1187.5 1192'0 
1135'5 1176.7 1162.6 1183.6 1207.9 1188.8 1189.7 1184'9 
1170'0 Iriz'o 1160.8 1191.2 1204.2 1183.8 1188.5 118.3'4 
1200.8 1177.5 1171.8 119.5'8 1212.4 1190'2 1188.0 1189.3 - 
1292.8 I 180'6 I 181'3 1226.1 1245.2 1207.8 1206.9 1208.0 
1320.2 1192.0 1187.1 1229.8 1247.4 1215.6 1209'9 12i3.6 
1342.4 1200.7 119.3'2 1233.7 I25I.2 1227.6 1218.8 I220.9 
1356.3 1212'6 1196.7 1241.9 1263'5 1237'1 12.32'1 1230.7 
1366'2 1218.2 1201.2 124,3'6 1263.7 1236.8 1231.5 1232'5 
1377.5 1214.1 1207.8 1248.0 1265.8 1240.1 1241'0 1236'1 
1381.9 1224.8 1214'2 1249.1 1272'2 1246.0 1240.9 1241'2 
1384-1 1234'7 1218.9 1258.0 1279'9 1257'3 1244.8 1248.9 
1383.8 1237'7 1223'1 1265.0 1277'9 1257.1 1348.4 1251.5 
1375.9 1258.6 1229.2 1265.3 1290-1 1262.7 1255.4 1256.9 

1070.3 1250'5 1231.3 1257.6 1286-8 1247.1 1256.2 1254'9 
1061.4 1250.9 1229.0 125;-8 1280.7 1248.9 1252.9 1253.4 
1062.0 1251'4 1230.4 1251.2 1282'8 1242.8 1253.7 1252'1 

1062-2 1246.0 1228.8 1252.3 1278.2 1241.3 1246'1 1248.8 
1068.8 1244.7 1224'9 1248.0 1273.5 1240.1 1249.9 1246.9 
1081.2 1238.3 1222.1 1250.2 1272.6 1241.2 1248-0 1245.4 
1096.5 1237.3 I22I.5 1250.0 1272'7 1240'0 1243.3 1244'1 
1111.6 1236.2 1216.0 1248.4 1265.2 1236'0 1241.8 1240 6 
1222.0 1221.0 1213.0 1255.0 1 ~ 7 1 . 1  1239.9 1229.0 1238.2 
1245.4 1225'2 rzrz'z 1255.0 1265.1 1243.3 1231.8 12~8.8  
1260.7 1229.0 1208.1 1248'7 1274.3 1245'1 1238.7 1240.7 
127;-8 1229.3 1213.8 1253-3 1272.9 1247'1 1250.9 1244.6 

M u m  ~ d k e r  at 
the micrometer ml- 
.-,: CapWn 
B n n f l l l a t t h e p b  
micmaeopc. 

Obser~ers chang- 
BdPh. 

CaptaInBnmdllat 

$&",k-iFTri: 
lorattheplaiu IDI- 
C-p' 

obser~ars chmg- 
&phW. 

Mr. Hennessey at 

~ " , " , " ~ & * m ~ ; ~ ~  
Bnaevl at theplain 
microaeope. 

Otnwnerschang- 
edPLaees. 

e a O F z . m  c w -  

M d o r  Walker at 

crawope ; Captain 
Basefiat the plain 
IDIcroarop' 

otmemm -- 
edp-. 

C s p ~  Branall 
a t  the micrometer 
microa-opa; Yr 
Clnrkson at 
P l a i n I D I c ~ p e .  



December 10th aud l l th .  (43) t o  (60) Wind N.E. Sky clear. 

a 
M 

a 
c 

.B 0 c 
rS 

Po 
C P E's 3 

8 2  1 Decr. * 
3 % )  a 
h $ &  3 

P B E x S 

ib. m. 
0 0 

loth o 27 P.M. 43 78.0 73.10 
o 47 44 78-9 73.90 
r x i  45 80.1 74.70 
I 33 46 80.6 75.55 
I 55 47 80.6 76..+0 
2 r5 48 80.6 77.07 
a 34 49 80.6 77.52 
2 53 50 80.2 77-95 
3 13 51 80.0 78.37 
3 32 52 80.1 78.65 
3 55 53 79-6 78.95 
4 18 54 77.6 79'02 

11th 6 38 A.M. 55 58.4 62'47 
56 58.9 62-12 

55 5; 59.8 61.75 ' " 58 61.2 61.37 7 28 
7 45 59 62.8 61.17 
8 5 60 64.5 61-62 
8 23 61 66.1 61-92 
8 42 62 67.5 62.42 
9 3 63 68.9 63.12 
9 23 64 70.0 63.95 
9 42 65 71.1 64-77 

10 0 66 72'7 65.27 

M r o a o n a r x ~  R x ~ n r a e s  I N  D I V I S I O X ~  
L 

1 MvLslon = - 11571.76 Caryb Inch 17.81. = 1'5870 m.y. of A 

2 z  - - - 
Moan .,. S rn 

A A B C D E H z g j  
t s z Ei 

+ + + + + + + + 
1295.5 1224.3 1218.2 1256.5 1272'2 1260.8 1251'2 1247.2 
1311'3 1233.0 1~20 .4  1257.1 12 79 8 1252'7 1257'0 1250.0 
13.30'9 1239.3 1ago.8 1267.5 1289.2 1265.6 1260.5 1258.8 
1348.0 1249.0 1236.0 1271'3 1289.0 1267.0 1266.5 1263.1 
1364.3 ia5I.o 1243.2 1278.9 1295.0 1074.9 1273.5 1269.4 
1377.1 1257.1 1245.4 1282.2 1294.8 1276.8 1277.8 1272.0 
1384.1 1260.0 1243.1 1278.3 1299'5 1276.0 1275.9 1272'1 

1393.6 i25q6 ,1244'3 1286.2 1305.3 1280.9 1283.3 1276.6 
1405.8 1266.9 1248.5 1294.7 1309.9 1293.4 1282.7 1282.2 
1411.4 1272'0 12.51'2 1294.4 1312.0 1288.2 1285'0 1283.8 
rqro.9 1269.9 rz.55'1 1297-5 1314" 1290'7 1285.0 1285.4 
1409.0 1272'1 1263.5 1293.3 1321'; 1296.3 1~87.5 1289.1 

I 147'0 1284'9 1278'5 1299'3 1324'7 1296.2 1302'2 1297:6 
1136.8 1292'0 1279'0 1303'0 r322-8 1302.7 1302'5 13003 
1128.5 1296.7 1276.1 130.3- 1324.5 1300~0 1292.5 1298.9 
1126.6 1295.8 1276.6 1301.8 132j.I 1297.8 1299.1 12.990 
I 128.0 1291.4 1268'3 1302.2 1320.6 1293.4 130.3'7 1a96.6 
1131.0 1287'7 1267.2 1301.0 1318.0 1293.2 129tj.9 1294.0 
1136.0 1284.1 1271.7 1302'0 rjr3.1 izyz'q 1294.7 12~3.8 
1145.9 1281'5 1264.4 1294'4 1319.7 12S9.4 1291.8 1 2 ~ 0 . 2  

1157.7 1zj6.4 126z.r 1289.8 1309.2 1279.7 1287.2 1284.1 
1171.5 1276.1 1258.6 1286.1 1308.7 1279 o 1285.8 1282'4 
1187.3 1z;r.r 1256'3 1287.1 1 3 0 ~ 2  1285.6 1285.4 1281.6 
1202.4 1269.7 1256.8 1286.4 1301.6 1284.0 1280.6 1279.9 

BE HA EX^ 

okwerschmg- 
*p'"w. 

otmmenchw 
*p'llce8. 

Captain B r a d  at  
themicmeMrm,- 
rmope; CaplPin 
B m n f l n ~ Y U 1 1  
mlcrarope. 

oasewrn-- 
e d p l ~ a .  

O m e n  ehmg- 
ed places. 

Means 70.81 1234.51 I 225.35 xzr 1.68 1245.42 1264.71 1239.35 I 238.81 1237.56 



Before the measurement-(Continued.) 

Let the mean length of the compensated bars minus tlie Standard A at 62" F be denoted 
by x, and the observed excess of the compensated bars by 6 when the temperature of A is tu. 
Then, the expansion of A for lo being (4 - dfia),  we have 

Treating the preceding bar comparisons as shewn in this equation, we obtain the follow- 
ing series of results :- 



BAR COMPBRISOKS 

Be fore the measuremen t-(Coutinued.) 

d d 
x+ 0.83 (E,  - dEa) - 168.6 = o E- 1-12 (E,  - dE,) -126.4 = o 

x+  0.38 11 -163.0 = o x -  1.9j  ;I - 110.9 = o 

x+ 0.08 II - 157.8 = o x- 2-77 I ]  - 94'3 = o 

s- 0.42 I> -144'3 = o z -  3-27 II - 77.5 = o 

And from the mean of these results, 

adopting the original value of the expansion of A given at page (9), 

where L denotes the mean length of the compensated bars obtained from all the comparisons, 
d 

as represented by the mean micrometer reading I 237.56, page VIII, 
5' 

Comparing this reading with the mean reading of each compensated bar given on the 
same page me obtain the following :- 

Also combining the values in this table with the equivalent of L-A above determined, 
there result, 

In terms of 

Micrometer divisions. 

Millionths of a yard. 

m.9 
and 6 x = 1221.9 + 52.9 dEa, 

A - L  B - L  C - L  D - L  E - L  H - L  

-12.21 -25'88 + 7-86 +27'15 + 1-79 +1'28 

-15'71 -33'31 + 10.12 i-34'94 +2-30 + r 6 5  



Comparisons between the Stanhrd Bar A and the Compensated Bars A, B, C ,  D, E, H, made on 
a site selected at the centre of the Base-line, after set No. 266. 

-- - 

a a MICBOXXTEB R E A D I ~ O B  I n  D r v r e ~ o n e  
I 

1 M ~ o n  = - n,J,a.eo C W a  Inch [1.81, = 1.9869 m.y. of A 

1868 'il 

B x n ~ n x s  

tzkfg;ey;! 
croscow; apWo 
2y2;yW 

melonay. 
oassrrsn chnp- 

*pb. 

obwrvench.nn- 
edplres. 

M ~ O ~ W . , ~ ~ . ~ '  
the mlcromeler ml- 
,,w; Llent. 
k p b e l l  at a e  
plhmleme0pe. 

Wd-. 

Captain B - I I ~  
the micmmeter ml- 
emops;Mr.Hen- 
n- at ttmplain 
l l l r e r ~ e .  

obmvm ehng- 
edpl- 

Jany. .fi 
B 
.r o & g  2 
3 i a 8 - 

i m. 0 

7th 11 #A.M. I 82.6 8d)ro 
037p.M. 2 84'8 8z'a5 
0 5 6  384 '3  82.80 
9 4 84.5 83'15 
I 21 5 84.0 83-35 
1 39 6 82'7 83'65 
1 54 7 82-2 83.80 
a 7 882 '0  83.87 
2 21 982.7 83-92 
2 35 1082.4 83.85 
1 5 0  11 81.1 83-72 
3 5 12 80.1 83.65 
3 18 13 79'9 83'45 
3 33 1480'9 82'97 
3 47 15 80.1 82.60 
4 3 1678.8 82-15 

8th 7 I".'. 1 7  66.1 66.87 
8 20 18 72'3 66.82 
8 5 0  19 74.1 67.82 
9 16 zo 75.6 68.97 
9 4 1  21 76.7 70'32 

11 29 2 2  83.0 76.05 
11 43 23 83.6 76'7.5 
11 56 24 83.1 77-35 
o   P.M. 25 82'9 77'97 
0 20 26 82'9 78'45 
0 3 1  2782'8 78'80 
0 4 3  28 82.7 79-75 
O 54 29 83-0 j9'.55 
I 4 3083.8 79-82 
I 15 31 84.5 80'07 
1 31 32 84.7 80.55 
I 40 33 84.7 80.77 
I 49 34 84'3 80.90 
1 5 8  3584.4 81.05 
2 7 36 8+2 81-27 
2 17 37 83'8 81.47 
2 28 38 83'4 81'57 
2 3 9  39 83.3 81-65 
2 48 40 83'4 81.67 
2 5 8  41 83.3 81.70 
3 8 4283.4 81.75 

f 

$ 

A A B C D E 
8 

+ + + + + + + + 
703-4 536.0 522.0 577.5 583.1 557.8 538.3 552.5 
743'5 536'8 526.2 580.2 592.1 561.2 553'1 558.3 
754'4 551'9 5278 581.1 595.2 574'6 557.2 5646 
759'8 552'4 542'4 589.1 599.8 585'3 565'2 572'4 
768.8 562.1 544.8 594'1 6 ~ 1 . 8  587.8 571'3 578.7 
768.6 566.8 562'5 597'3 603.0 ,583'7 569'0 580.4 
769.9 563.8 562.4 597.5 608.0 588.1 570.7 581.8 
775.3 564'5 549.8 607.0 621.8 582'8 567.9 582.3 
174.9 557.5 551-a 601.1 612.3 590.7 569.5 580.4 
770'5 563.6 552.6 601.8 605'0 586.1 572'7 580.3 
766.2 569'3 548'5 594'8 600'1 575.1 561.9 575.0 
765'2 560.2 549'5 593.8 601.9 572.0 566'5 574.0 
764'3 564'6 549'7 596.0 605.8 578'3 560.7 575'9 
754'1 563'3 554'9 599'2 595'8 578.8 561.0 575'5 
743.6 576.2 546.8 588.7 594-1 573'9 557.9 572.9 
747.4 570.4 559.8 588.4 600.0 575.6 558'8 575.5 

490'1 576.0 547.8 579.2 606'4 566-6 572'6 574.8 
478'0 547'8 536'5 554'5 577'6 5.53'1 , 554'0 553'9 
499'6 540.8 531'5 557.0 57.3'0 549'0 549'0 550'1 
52 1'2 540'5 525.0 548.0 567.5 549.7 550.4 546.9 
5.F2.5 540'3 522'0 544'3 560.8 550'5 551.0 544.8 
629'8 519'7 504'0 553'5 567'2 546.0 5 17'1 534.6 
648 6 534'0 5m.3 553'2 571'9 541.8 521.2 538'9 
654'1 531.8 504'5 552.8 565'8 548.0 530'7 538.9 
658.6 527.0 500.6 554'9 561.1 544-1 525.6 535-6 
670'4 533'0 506.7 550'7 557'8 536'5 529.6 535'7 
677'0 527.8 516.5 548.6 565.8 539.3 525'8 537-3 
662'6 532.7 518.1 561.3 561.8 547-8 536'3 543.2 
693'1 534.8 51 1.2 557.1 572.1 548'8 540.6 544.1 
709.6 545'2 518.1 566.8 569.2 558.5 549.9 551.3 
715'0 542'1 5 s . a  5i0.7 573.8 550.7 551.0 551.8 
712'6 544.2 518.8 567'4 571.7 562.4 544'4 551'5 
715.8 540.9 521.8 564.0 571.2 560.6 545.4 550.7 
719.0 541.2 532'4 572.7 586.3 559.8 544.8 556.2 
724.2 551'0 525'7 564'4 582.8 565.6 553.7 557.2 
729.0 536.8 533.7 570.3 582.2 558-4 548.6 55.5'0 
733'6 547'3 525'7 574'1 585.6 562.4 553'8 558.1 
734" 545.1 529'9 575'9 587'8 565'0 550'7 559'' 
734'9 554'6 529'0 569'7 584.6 566.2 548'7 558'8 
733'7 550'8 528'3 571'6 579'4 558'4 546'2 5.55'8 
727.5 556-4 528.8 576.3 592.0 556.6 5.59'0 561'5 
729.3 554'6 532'0 571'3 582.4 571.4 563'6 562.6 



BAR COMPARISONS 

After set No. 266-(Continued.) 



y I I L I o  VIZAGAPATAM BASE-LINE 

Aftcr set ATo. 266-(Continued.) 

As on page M I L 6  we have 

and from the preceding bar comparisons, we obtain the following series of results :- 
d d 

x- 18-10 (E ,  - dEa)  + 150.9 = o 2-18.90 (E,  - dE,) + 162.8 = o 



BAR COMPARISONS V I L ,  , 
After the set No. 266-(Continued.) 

d d 
a-20*03 (E,  - dE,) + I 81.8 = o x- 0.17 (E, - dE,) - 158.4 = o 

And from the mean of these results, 

adopting the original value of the expansion of A given at page (9), 

d "'.Y 
and x = 164.76 - 13-67 dEa = 212.03 - 13-67 dEa = L - A. 

Proceeding as on page VIIL we ob~ain :- 7 - 

Millionths of a yard. I -12.02 -32.47 + 14-50 +30'05 +4'59 -4.68 

I n  terms of 

Micrometer divisions. 

Also the following, 

A - L  B - L  C - L  D - L  E - L  H - L  

- 9'34 -25'23 + r1.27 + 23.35 +3.57 -3.64 

"B 
and 6 x = 1272.2 - 82.0 dE,, 













VIZAGI~PATAM BASELINE VIII, 
'7 

Comparisons between the Compensated ~Uicroscopes and their 6-inch brass scales during the 
measurement, and provisional determination cf 1Xcroscope errors with respect to the 

6-inch brass &cab A, expressed in millionth of an inch (mi.) 

When compared 

- 
1862-63 

% 

\ 
5i 

at 62' 

- 97 
2 I 

+ 350 
363 
93 

350 - 75 

+ 283 

+ 93 - 97 - 21  

+ 363 
350 
283 

- 75 

+ 93 
- 9 7  

2 I 

+ 363 
3.50 
283 

- 75 

- 97 

+ 363 

+ 93 - 97 
21 

+ 350 
283 - 75 

Fah. 

+lo84 
512 
727 
296 
g 6 ~  
g20 

1930 

+ I I I O  

+1181 
1229 
1090 
213 
65.5 

1018 
1734 

+ 970 
1036 
862 

- 298 
+ 233 

1027 
1516 

+1512 

+ 410 

+ 76.5 
1086 
1032 
296 
839 

1398 

- 66 

+1226 
631 
919 

- gg + 45 
865 

1580 

I 
2 

3 
1 
5 
6 
7 
8 

9 
10 
I I  

12 

I3 
14 
15 

16 
17 
18 
19 
20 

21 

22 

23 

24 

25 
26 
27 
28 
29 
30 

31 

32 
33 
34 
35 
36 
37 
38 

o 
- 613 

777 
1177 
320 
580 + 827 

0 

- 210 

0 

477 
1407 
970 
613 + 557 

+ 138 
295 
150 

- 1 O i O  

870 
0 

+ 703 

i-1400 

-1287 

+ 167 
610 
$60 

- 597 
o + 870 

December 12th 

,, 17th 

,, 30th 

January 7th 

,, 10th 

,, 16th 

,, 17th 

2 3 a; 

&: 
="$I 
S % ,  
c c r q  2.: r 

Microwope - 
Microscope Scale. 
- 

0 6 , e m d v l J u i n  
tmnr of 

Divilrions 
.,.,,. .is 

4 
'2 
3 
& 
!I 

Micros : - Scale A, 
d 
I 
0 %  al* 

m %  
a. w 

ga 
i 

1 
S '  

3 B  
mi. 

9 ,  19th 

30th 

7 

1 1% 1 a 

-17001+363 

a 13s 
+ I 18 I 

1146 
1154 
1110 

1189 
1150 
1178 

+ 827 

+1298 
1326 
1588 
1257 
1275. 
1348 
1252 

+ 739 
838 
733 
409 
753 
744 
888 

+ 209 

+I334 

+ 505 
573 
493 

- 543 
556 
603 

8Ggo 
80.33 
80.47 
79.76 
81.03 
80.40 
80.85 

75.23 

82'77 
83.21 
87.41 
82-11 
82.40 
83.56 
82.03 

73.82 
75.+I 
73'73 
68.54 
74'04 
73'90 
76.20 

65-35 

83-35 

70 .~8  
71'17 
69.88 
70.68 
70.89 
71-65 

+ 770 
0 

360 
-1ooo 

867 
o 

+ 887 

0.00 - 6-13 
7'77 

11-77 
3'20 
5.80 

+ 8.27 

0.00 

- 2.10 

0.00 

4.77 
14-07 
9-70 
6-13 

+ 5'57 

+ 1-38 
2'95 
1-50 

-10.70 
8 70 
0.00 

+ 7.03 

+14.00 

-12.87 

+ 1-67 + 6-10 
5.60 

- 5'97 
0.00 + 8-70 

T 
M 
P 
1V 
R 
2' 
S 

0 

R 
T 
X 
I? 
P 
U 
8 

R 
T 
Af 
N 
p 
77 
S 

T 

N 

R 
T 
AU 
p 
U 
S 

Before the measure- T 
ment. 1 '  Jf 

- 97 
+ 93 - 21 

+ 363 
3.50 
283 

- 75 

+1271  

+ 5 5 3  
538 
580 
538 
563 
583 

83-34 

70'85 
70-60 
71-28 
70.61 
70'99 
71.31 

~ s - ~ t r  NO. 24 m d ~ .  

Between seta No. 
173 and 174. 

Between sete No. 
266 and 267. 

9,  

B e t w e t n s s t r N o . ~ m d ~ .  

91 

-17.00 

+ 7-70 
0.00 

3-60 
-~o .oo  

8.67 
0.00 

I? 

T 
R 
M 
B 
p 
U 

0 
N 
R 
P 
J' 

u 
R 
T 
Jf 
N 
0 
u 
8 

R 
17 
2 
N 
0 

S 

T 

.LY 

R 
T 
M 
0 
U 
S 

$ 9  

Ilfterthemeaaure- 
ment.. 

+ 8.87 

fl 

T 
R 
Jf 

8 

N 
0 
U 

8 74'29 768 



Tllc reqnircd coniLinntions of individual microscope errors tzrkcn from page VIII, 
are exl,rcsscd :IS follo\vs ; 

= 7 
Nefere1lce nunrters. m.i. mean temp : 

+ = + 4935 s t  (:2 +r8.4i) e , =  I +  2 +  3 +  4 +  6 + -  bcfore the mcasuremcnt. 
a 2 

e , =  I + z +  3 +  4 +  8 + f i = + 5 1 ; 3  rtt(62+1;.61) b e t r c c n s o t s z ~ &  zj,auddo. 
2 

I + ;  
e ; , =  2 + 3 +  4 +  5 +  8 +  - ; - = + 5 1 1 4  at(62+17'62)  9, do. do. 

9+15  
e, = 10 + 11 + 12 + 13 + 6 + -y-- = + 5565 at (62 Szo'gy) 

' 
~2 

9 +  1.5 = 
c, = ro + 11 + 12 + 13 + 14 + 7 + 5663 at (62 +2re52) 77 

'O+', '  = + 5639 at (62 +21.48) 
f, -- 9 + 11 + 12 + 1.3 f I4 + 7 27 

al 

16+22 -a 
c , =  1 7  + 18 + 19 + 20 4- 21 + - = +  4103 R ~ ( ~ L + I I ' # )  ,, 

2 m 
16+22 !a 

r, = 18 + 19 + 20 + 21 + 23 + - = + 45i9 at  (62 + 9.76) ,, 
2 

16+22 
eg = 23 + -7- & = + 2755 a t  (62 + 8-18) ~j ,, 

0 0 

16+2a 
e l ,=  19 + 20 + 21 + -- = + 2205 at (62 + 10.8;) a ,, 

2 .  e 
2 r + - 0  k 

ell = 24 + 26 + 2 7  + 28 + 29 + - = + 4745 at (6a +10.81) 
2 .  

2, 

21;+30 
c,, = 24 + 28 + 29 + 2. = + 262; at  (62 + 1 1'9.5) 7) 

2 f + ? 0  
c,,= I(i + 27 + 28 + 29 + 31 + k- = + 4269 at (62 +10.64) ~7 

2 

173 Jt I 74, and do. 

do. 

do. 

266 S; 267 

do. 

do. 

do. 

3 jS 5: 359, and 3 jg 8" 360 

do. do. 

do. 

26+,3o 
el,.= 2 5  + 2; + 28 + 29 + 31 .+ - = + 4108 a t  (62+10'55) 17 do. 

2 

25 + 30 el:= 16 + - = + 2168 at (62 + 9.02) 
2 

,, 359 R; 360, and after menst : 

PI,,= 32 + 34 + 35 + 36 + 3; + 7- at (62 + 9.25) aftcr t l ~ c  mcasurcmeut. 

32+;8 
e,, = 33 + 34 + 3.5 + 36 + 3 7  -t L,- = + 3i6-I at  (62 + 9'23) do. 

Ancl fi-0111 tllc fi,~-cg,.oi~lg, we obt;~iri tllc follo\vil~g ecl~intions for the njicroscope errors 
per set (or nz.e.1; 1v1lcl.e tlE cspleesscs the ci.lSor ill tlle iido1)ted vuluc of tlic esprtnsioll for tlm 
C;-;IICI, scirlc8. 

P + P  m.i. 
= '--I, = + 5575 - 6 x 19.73 dE applicallc to scts Nos. I to 24 

L 

= 3 = + 53;; - 6 x 19.55 dE ,, sct KO. 25 
2 

e. + f, 
(m.?.), = -- = + 5-119 - 6  x 19.57dh' ,, scta Nos. 26 to 17.3 

1 

' + "11 - ( ~ l . ~ . ) ~  = - + 4662 - 6 x r o ~ g  rlE ,, sets Kos. { 26; to 310 and 
2 312 to 3.59 

(m.e.), = -= + - 6 7 9.95dx ,, 
2 ,I . 360 to 484 



VIZAGAPATAM BASE-LIKE 

Hence the total microscope errors are as follows, 

m.i feet qf A 
f 24 (m.e), = + 126600 - '  2841 dE = + -0106 - 2841 dE . . . -  

I n  sets NOS. I to 173 = I (m.e)e ='+ 5377 - 1x7 d~ = + -0004 - 117 d~ 
148 (mat) ,  = + 802012 - 17378 dE = + .0668 - 17378 dE 

-- 
sum = + -0778 - 20336 d E  

93 (m.e), = + 453003 - 9185 dE = + -0378 - 9185 dE 
I ( m . ~ ) ,  = + 2462 - 17 dE = + .0002 - In  sets Nos. 174 to 359 = 17 dE 
I . + 2416 - 46 dE = + .ooo2 - 46 dE 

sum = $ -0739 - 14928 dE 

I n  sets Nos. 360 to 552 = C 125 (m.e), = + 520750 - 7463 dE = + -0434 - 3463 dE 
68 (m.c), = + 267648'- 4035 d E  = + -0223 - 403 j dE 

P 

sum = + -0657 - 11498 dE 
- .  

Final deduction of the  total  lengths measured with t h e  compensated microscopes. 

Hitlierto the microscope errors have been determined only provisionally ; i.e in terms 
A of the 6-inch brass scale A. But from page (31), we have 2 A = r .oooo~gz ,-,, value in 

1835. Also the cocRcient of expiinsio~~ for bl-ass, llas been taken at .ooo,oro,,.+17 in the fore- 
going retluctions, wl~erens it appears from page (17) that .ooo,oog,855 is a more probable value. 
Accepting the Iirtter, it n ~ a y  be f u n d  that dE = 3.372 (n2.i). Hence, rememberiug that the 
length measured with a set of microscopes is equal to 3 feet of A + the corresponding ( m e )  
we have, 

Total lengths measured with the compensated microscopes 

feet of A feet of A 
Jn sets Nos. 
or S. End to Stn. A . . . . . . = x 3+-0778} - 20336 dE = ( 519-0878 - -0057) = 519-0821 

- 
1, Nos. I74 to 359 

or Stn. A. to Stu. B. . . . . . . = 186x3+-0739 - 14928 dE =. ( 558,0846 - '0042) = 558-0804 C 
,, Nos. 360 to 552 

or Stn. 13. to N. End . . . . . .-  - {;93 x 3+-0657} - 11i98 dE = ( 579-0768 - '0032) = 579-0736 
- Nos. I to 552 

or S): End to N. End . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . = (1656.2492 - -0131) = 1656.2361 



VIZAGAPATAM BASELINE 

DETAILS OF THE MEABUBEMENT. 

Disposition of the 6ars and microscopes during the measurement. 

The followin t ical illustrations show the permutations and combinations of 'the bars 5 yp 
and microscopes d u r ~ n g  the measurement. The instruments are here named in the succession 
that actually occurred, commencing from the rear-end of a set ; and the numbers assigned to 
the illustrations, will be found employed in the tables of " Extracts from the Field Book &c." 

Bar Illustration. I Microscope Illustration. 

No. 1 No. 2 No. 3 I No. 1 No. 2 No. 3 No. 4 No. 5 

Statement. I Statement. 

No. 1 occurs in sets Nos. I to 3x0, 312 to 316 and 
317 to 552- 

No. 2 ,, set No. 31  I,. 
No. 3 ,, No. 31 1%. 

No. 1 occurs in seta Nos. I to 24. 
No. 2 ,, Nos. 26 to 310, 31% to 316 & 

3 1 7 to 484. 
No. 3 ,, Noe. 25 and 485 to 552. 
No. 4 ,, setNo.311~. 
NO. 5 ,, N 0 . 3 1 1 ~  

Extracts from the EeM Book of the measurement, a d  calculated heights of sets above the migin. 
Adopted heights above mean sea level. 
South-End (origin) = 310.6 feet. 
North-End (terminis) = I 80.8 feet. 

NOT%-The rear-end of set No. 1 stood m t l y  over the dot at South-End. 

3 Numeral 
hewing 5 %  arrange- 

% M- time of ment of 
1868 a ending 

g # .  
K 

A. m. h. m. feet 
13th Dec. I 8545 o 35 P.M. I o P.M. 6 - 10.9 1 I 

2 87.5 I 56 10 86.5 I 52 6 11.4 I I 

3 85.8 2 56 6 1:4 
4 85.6 3 45 6 2.5 

15th ,, 5 60'7 6 50 A.M. 6 3'6 
6 66.3 7 54 6 4.8 

I 
I 
I 

I 
7 76.0 10 o 6 7'1 I 

8 81.3 o 15 P.M. 6 9.0 1 I . 

I 

1 

I 

I 

I 
I 

I I 82.3 2 35 6 13.9 
16th ,, 12 62.3 ~ ~ o A . M .  6 '  148 

'3 69.5 8 15 6 15'9 
14 73'5 9 3 6 17.4 
'5 77'3 9 45 6 18'3 
16 81.7 11 40 6 19'4 

I 

I 
I 
I 

I 
I 

I 

I 

I 
I 

I 

I 



DETAILS OF THE MFASUREMENT. 

Extracts from the Fieetd Book-(Continued.) 

December 20th. Driahg rain the whole day. 

4 f 3 4 4 s 
5 Meantimeof a z: ,  1862 

s 3 ending * 0 
0 Y o  

i 2 
n 

g .!? R w" 

Numeral 
ehewing 
arrsnge- 

. k ~  f 
4 3 4 2 .S Y ,, 5 ~ e a n  time of $ 2.2 

2 ending * 'E: 

d b  O 2  g .a 
& w 

ment 

# 
f4 

of 

[ 
3  

I 

I 
I 

I 
I 

I 

I 

I 

2 

2 
2 

2 

2 

2 

2 

2 

2 
2 

2 

2 

h. rn. 
16th Dec. 17 83'7 o zo P.M. 6 - 1 

Numeral 
shewing 
arrange - 
merit 

, 

18 84.6 I o 6 23.2 
I9 84.5 2 5 1  6 24.2 
20 84.1 3 28 6 25.2 

17th ,, 21 64.3 6 40 A.M. 6 26.7 
6 28.1 22  68.2 7 16 

28.9 23 70.5 7 4  
24 73'7 8 20 6 30.1 
25 7.5.8 8 49 6 31.0 
26 78.7 9 4 5  6 32.2 
27 79'8 " 15 6 33'9 
28 81.8 11 46 6 34'9 
29 84-6 0 16 P.M. 6 35.9 
30 86.1 0 4 8  6 36.5 
31 86.2 I 27 6 38.2 
32 86.0 I 56 6 39'4 
33 86.1 2 3 2  6 39'7 
34 85.1 3 8 6 41'3 
35 84'3 3 37 6 41.9 

18th ,, 36 63.7 6 25 A.M. 6 42 8 
37 668 7 6 6 44'4 
38 69'7 7 45 6 45.4 
39 73'1 '2 6 46.2 
40 74.2 8 4 6  6 47'7 

6 48.1 

2 

3 
2 

2 . 
z 
2 
z 
a 
2 

2 

2 
2 

2 
2 
2 

2 

2 
2 

z 
z 
a 
z 
2 

2 

2 

a 
2 
2 

2 
1 2  

2 

2 

2 
2 

2 

2 
2 

a 
a 
2 

2 

2 
a 
2 
2 

!2 

2 

A. rn. feet. 
20th Dec. 67 73-3 X I  49 A.M. 6 - 58.8 

69 73'8 0 54 
68 75.5 o 21 P.M. 6 58.5 

6 58.8 
70 75'1 1 25 6 58.8 
71 73'8 I 5 7  6 59'7 
72 73'8 Z 33 6 59.1 
73 73'3 3 6 6 59.0 

22nd ,, 74 66.4 6 37 A.M. 6 58-7 
75 7O.7 7 1.5 6 59.2 
76 69'7 7 44 6 58.9 
77 72'3 8 I4 6 59'2 
78 73'3 8 41 6 58.8 
79 7 8 ' ~  9 1% 6 58.6 
80 79'2 9 38 6 58.1 
81 80'3 10 7 6 58'5 
82 82'4 11 30 6 59.8 
83 83'7 o 5 P.M. 6 61.2 
84 85'2 0 35 6 62.1 
85 85'7 I 8 6 62.2 
86 88.0 I 40 6 61.6 
87 86.5 z 14 6 60.1 
88 85'3 2 43 6 58.8 
89 85'2 3 I3 6 58.4 

23rd ,, 90 63'4 6 39 A.M. 6 58.6 
91 67'6 7 20 6 59'9 
92 69'3 7 45 6 60.5 
93 71'4 8 11 6 61.1 
94 73.9 8 39 6 61.1 
95 75'4 9 9 6 61.6 
96 76.7 9 34 6 6a.8 
97 78'4 10 52 6 63'3 
98 81'9 11 24 6 63.8 
99 82'4 11 53 6 63'7 

IOO 83.8 o 20 P.M. 6 63'7 
IOI  85.3 0 47 6 6a.1 
10% 87'4 I 25 6 62.8 
103 86.5 1 55 6 64.6 
104 86.0 z 25 6 648 
105 86'3 3 I 6 64'7 

26th ,, I I 6 5 0 ~ ~ .  6 66.0 
107 73'5 7 2 5  
108 74'2 7 53 2 67'3 69.1 
109 75'3 8 26 6 71.9 
110 75'9 8 5% 6 72.5 
I I I  76.3 9 17 6 73'5 
11% 76'6 9 40 6 74'1 
113 75'3 11 a 6 74'2 
114 77'1 11 32 6 74-2 

, 1 1 5  77'7 0 2 p . x  6 74'4 
116 78.7 o 37 6 74'7 

5 
f 4 3  

I 

1 

I 
1 

I 

I 

r . 
3 
I 

i 
I 
1 

I 

I 

1 

1 
1 

I 

t 
I 

1 

I 
I 
I 

I 

I 

I 
I 

I 
I 

I 
I 
r 
I 
I 
1 

I 

I 

1 
I 

I 
I 

I 

I 

1 
I 

I 

I 

I 
I 

I 
I 

1 

I 
I 
I 

I 

I 

1 

I 

I 
I 
I 
1 

I 

I 
I 

I 

1 

42 78-1 11 10 

43 81.6 11 43 6 50'1 
44 81.6 0 1 6 p . ~ .  6 52.4 
45 83'7 O54  6 54.1 
46 85-3 1 28 6 54'6 
47 86'7 I 54 6 55'6 

19th ,, 48 65'7 45 A.M. 6 55.9 
49 67.6 7 18 6 56.8 
50 70'7 8 20 6 58.0 
51 7.9'0 52 6 58.9 
52 76.0 9 50 6 60.1 
53 76.1 11 30 6 61.9 
54 78.4 O 3 P.M. 6 62.2 

6 62.5 55 78'8 
0 3 '  6 63.2 56 79'3 '2 

57 81.3 ' 4 7  6 61.2 
58 80.5 2 16 6 61.8 
59 79'7 = 55 6 60'3 

20th ,, 60 68.6 6 51 A.M. 6 60'3 
61 69.8 7 24 6 58'3 
62 71.3 14 6 58'2 
63 72-6 6 58.4 
64 72.3 9 18 6 59.2 
65 71.7 9 5% 6 580 
66 70'7 11 9 6 58.6 

e 

1 2  

1 
1 

1 

: 
1 

1 

1 
1 
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I 

I 

I 

1 

I 
I 

I 

I 

I 

I 
I 
1 
I 
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2 

2 

2 

2 
2 

2 
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2 
2 
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z 
2 
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a 
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z 
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VIZACAPATAM BASE-LINE 

Extracts from th Field Book-(Contieued.) 

4 0 

3j !i 3 
Y d t i  $.a 
c .i: x362-68 % 3 e n d h l  +, 0  0 

I g a O  B & .? a 
k w 

h. na. feet. 
26th Dec. 117 7893 I 8 p.rr. 6 - 74.2 

118 78.0 I 35 6 74'9 
"9 T8.3 1 57 6 765 
120 77'9 a 27 6 76.2 
131 77'6 a 58 6 73'9 
122 77'3 3 33 6 74.2 

27th ,, 123 69.2 6 40 A.X. 6 74'3 
124 69'6 7 19 6 73'7 
'25 71'3 7 50 6 72.6 
126 72.0 8 15 6 71.8 
127 74'8 8 4 2  6 69.7 
128 77.7 9 10 6 66.3 
'29 79'6 9 35 6 67.5 
130 84'3 11 ro 6 66.6 
131 84.5 11 40 6 5 6 6 1  
132 87'2 o 10 P.M. 6 68.3 
133 88.2 o 35 6 70.0 

134 87'0 I 50 6 71'3 
135 85.2 2 28 6 72.2 

136 83-8 z 59 6 72.3 
137 83'2 3 3 2  6 71.5 

29th ,, 138 59.8 6 30 A.Y. 6 70 8 
139 61.3 7 I 6 71.1 
140 64'2 7 31 6 72'9 
141 66.4 6 3 6 72.4 
142 69.6 8 3 0  6 73.1 

- 

3 3 jj d % 
3 g ~ - * d  J I.& 

1862-69 $ en* c .C 
$ O o  

g $ 3 g .? K w 

h. m. 
29th Dec. 147 k06 11 52 A.M. 6 - 71.1 

148 81.8 016p . r .  6 71.0 
~ 4 9  83.5 0 43 

jed 

6 71.6 
1.55 84.3 1 7 6 71'2 
151 85.3 r 29 6 71'9 
15% 86.1 I 54 6 72.5 
153 86'7 2 20 6 72.3 
154 87'4 2 41 6 73'0 
15.5 876  3 8 6 72.9 
1.56 82.4 3 29 6 73.4 

30th ,, 757 58.2 6 28 A.# 6 73.9 
158 57.8 6 56 6 74.6 
159 59'5 7 2 5  6 74'5 
160 61-7 7 47 6 75'1 
161 63.7 8 10 6 74.8 
162 65.3 8 3 r 6 75'4 
163 67'7 8 53 6 75'7 
164 69'9 9 14 6 76.7 
16.5 71'7 9 39 6 76.0 
166 77'5 11 5 6 77'0 
167 79'8 11 29 6 76.9 
168 81.7 11 51 6 77.2 
169 83'3 o I.? P.M. 6 77'7 
170 84.4 0 4 1  6 I 

1 7 1  85.4 I 5 6 78.4 
I ;z 86.0 I a5 6 79'4 

143 72'3 8 59 6 74.1 
144 73'5 9 25 6 72'6 
14.5 77'5 10 54 6 72'3 
146 78.5 sr ar 6 71'1 

The dot denoting Station B. was fixed 

Numeral 
shewing 
arrange- 
ment 

t 
~7 

r 
1 
r 
I 

1 
r 
I 

1 
r 
r 
I 

r 
r 
I 

I 
I 

r 
1 

I 
r 
I 

I 

I 
I 
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Numeral 
.hewing 
ammge- 
ment of of 

g 

a 
2 
2 

z 
2 

z 
2 

3 
z 
a 
a 
2 

2 

a 
z 
2 

a 
a 
2 

2 

a 
a 
2 

z 
a 

F 9 5 i  

I 

I 

I 

I 

exactly in 

$ i  

Height of aei No. 173 above Station A = 1.7 feet. 
The terminal point of set No. 173 was the point of origin for set Wo. 174. 
Tbe dots denoting Posterity-Marlre Ma, 1, 2 and 3 were fixed exactly in the normal a t  the admoed-ends respect- 

ively of aete Nor. 6, 12 and 18. 

173 87'3 1 47 6 79'8 : I - 
2 Total - 9826.9 
2 - 

the normal a t  the rdvancedend of eet Xo. 17 3. 

1 a 

I 1 

31st Dec. 174 81.6 rr  45 A.Y. 6 - 80.0 
175 84.5 o 23 P.M. 6 81.1 
176 85'3 0 49 6 8r.1 
177 86.0 r ro 6 81.8 
178 86.8 r 32 6 81.9 
179 88.2 r 53 6 82.5 
180 88.8 2 17 6 82.5 
181 89.6 a 43 6 83-4 
182 88-2 3 6 6 83'5 
183 88.7 3 27 6 8+-o 

1st Jan. 184 61.4 6 34 A.X. 6 84'5 
185 66.3 7 I 6 84.1 
186 66.7 7 2 6  6 84'9 
187 67'7 7 51 6 85.8 
188 686 8 lo 6 86.3 

r 

I 
I 

I 

r 
r 
1 

I 

r 
I 
1 

I 
r 
I 
I 

x , 

a 

2 
2 

2 

2 

2 

2 

a 
2 

2 
a 
z 
a 
z 
z 
a 

r 
I 
I 

r 
I 

I 
1 
I 

1 
I 
r 
I 
1 

1 
I 

Jan. 189 69.8 8 31 AJC, 6 - 87.2 
190 71.4 8 5% 6 88.1 
191 72.4 9 I I  6 87.8 
192 77'3 10 32 6 88.6 
19.3 78.5 10 52 6 89.4 
194 79.7 11 12 6 B9'9 
195 81.2 J I  31 6 90.6 
196 81'4 r r  qS 6 91'6 
197 B2.7 o 14 P.M. 6 91'6 
198 B3.3 0 39 6 91'7 
199 84'9 I I 6 91.6 
a00 85.3 1 24 6 92.6 
201 83'6 r 46 6 93'9 
202 01.7 2 6 6 95'3 
203 81.2 a 34 6 96'2 
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a 
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'vIILy VIZAGAPATAM BASELINE 

Extracts from the Field Book-(Continued.) 

9 f 1 4  a 3 Mean time of 3 3 . g  
1868 $ ending 2': 

& 8 g B .B 
& w 

h. m. feet. 
14th Jan. 304 61.7 6 34 A.M. 6 -139.4 

305 62'0 7 I 6 139'4 
306 63.1 7 2 7  6 140.1 
307 64'4 7 54 6 139.7 
308 66'4 8 18 6 139'6 
309 68.0 8 43 6 140.4 
310 70.0 9 4 6 140'9 
3x11 74'2 9 34 2 141.5 
312 78-7 10 46 6 141.5 
313 80.5 11 11 6 141.8 
314 80.6 11 32 6 141.9 
315 82-7 I I  52 6 143.0 
316 84.2 o 14 P.M. 6 143.1 
311~85.1 0 3 6  4 143.1 
317 85.7 I I I  6 144.0 
318 87.7 I 48 6 144.1 
319 89'7 2 '7 6 145.0 

6 145.4 320 89.3 2 37 
321 88'4 2 5 9  6 145'9 
322 87.3 3 20 6 145.5 

16th ,, 323 62.2 6 35 A.Y. 6 145.4 
324 62.2 7 10 6 146.0 
325 64'2 7 34 6 146.1 
326 65.6 7 56 6 146.7 
327 67'3 8 15 6 146'3 
328 69.2 8 42 6 145.9 
329 70.6 8 59 6 146.6 
330 73'2 9 24 6 146.8 
331 80.0 10 55 6 147.1 
332 80.7 11 14 6 147-6 

The dot denoting Station B was fixed 

9 Q 

3 4 3 s 
~ e m t i m o f  E 3.5 lass % ending $. 

0 

g [ g .Y 
K 6 

h. m. feet. 
15th Jan. 333 82.4 11 35a .x  6 147.5 

334 83'3 11 59 6 119.3 
335 .84'5 o 27 P.Y. 6 150.8 
336 85.6 o 51 6 151.0 
337 87'5 1 14 6 149.9 
338 88.1 I 37 6 150.0 
339 89'7 2 4 6 149'7 
340 90'2 2 34 6 150.0 
341 88.3 2 55 6 151.5 
342 85'6 3 22  6 153.6 

16th ,, 343 62.2 6 37 A.M. 6 155.0 
344 62'3 7 5 6 155.6 
345 64.1 7 3 1  6 154'4 
346 67.0 7 56 6 152.5 
347 68.7 8 25 6 150'7 
348 71'3 8 52 6 150.3 

6 150.4 349 73'5 9 I1 

150,3 350 74'8 9 32 
351 79'7 10 50 6 150'5 
352 81.5 11 9 6 151.5 
353 81.7 11 31 6 151.0 
354 82.3 11 52 6 150.7 
355 84.2 o 11 P.M. 6 150'7 
356 85.6 o 32 6 150.7 
357 86.3 0 54 6 150'0 
358 87-3 I 18 6 150.9 

17th ,, 359 63'3 6 55a.M. 6 149'8 

Total - 23199.8 - 
normal at the advanced-end of eet No. 359. 

Numeral 
shewing 
arrange- 
ment of 

Height of set No. 359 above Station B = 1.2 feet. 
The terminal point of set No. 359 was the point of origin for set No. 360. 

Numeral 
shewing 
arrnnge- 
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I 
I 

I 

I 
I 

I 
I 

I 
I 
I 
I 

I 
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2 

a 
2 

2 
2 
2 

4 
2 

2 

2 

2 
2 

5 
2 

2 
2 

2 

2 

z 
2 

2 

2 

2 

2 
2 

2 
2 

2 

2 

the 

19thJan.360 63.6 6 3 4 ~ ~ .  6-149'5 
361 64'6 7 5 6 149'4 
362 66.6 7 29 G 149.2 
363 68.1 7 52 6 150.1 
364 69'2 8 14 6 149.9 
365 71.6 8 38 6 150.6 
366 73.6 8 58 6 150.7 
367 76'3 9 26 6 150.6 
368 82.4 11 23 6 150.2 
369 83.2 1147  . 6 151.2 
370 84.2 o 10 P.M. 6 151.1 
371 85.1 o 30 6 151.0 
372 86.2 o 50 6 150.8 

* 

of 
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a 
a 
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2 

2 

2 
2 

2 
2 

2 

2 

2 

2 

19thJan.373 86.8 I I . .  6-151'1 
374 87'0 I 29 6 151-3 
375 88.2 1 49 ' 6 152.4 
376 88.2 a 13 6 152'0 
377 89'3 2 36 6 152.1 
378 89'7 2 55 6 152.2 
379 88'3 3 I7  6 152.6 

20th ,, 380 65.8 6 35 A.X. 6 152.7 
381 66'4 7 13 6 153.8 
382 67'5 7 37 6 153'6 
383 68.6 8 o 6 153.8 
384 69.5 8 22 6 155.3 
385 71'5 8 45 6 156.6 



DETATLS OF THE MEASUREMENT. 

Extracts from the Pieid Book-(Continued.) 

3 o 

a g 4 d a 
a 

Mean time of 5 d.3, 
lseS % 3 ending % 'C 

C 

b2 E " 4 
g i is 

A. m. feet. 
20th Jan. 386 7298 9 14 A.M. 6 -158.6 

387 77'7 10 40 6 1.59'5 
388 79'3 " 4 6 159.9 
389 80-7 11 24 6 159.6 
390 82.3 11 46 6 159.6 
391 84.1 o 9 P.M. 6 160.7 
392 84.6 o 29 6 160.6 
393 85'7 0 50 6 160.8 
394 86'3 1 17  6 161.3 
395 88.3 1 40 6 161.8 
396 88.4 2 o 6 162.3 
397 88.0 2 22 6 162.0 
398 88.3 a 42 6 162.2 
399 88.8 3 I 6 162.7 
400 88.4 3 21 6 163.7 
401 88.4 3 50 6 163.7 

21st ,, 402 64.8 6 37 A.M. 6 162.2 
403 64'7 7 9 6 162.3 
404 66.2 7 40 6 163.7 
405 67'7 8 5 6 163.7 
406 68.8 8 2 j  6 163.8 
407 ;la8 8 46 6 164'3 
408 73.8 9 10 G 164.0 
409 76.6 9 32 6 165.2 
410 81.5 10 46 6 165'3 
4" 82.1 11 9 6 165.9 
412 82.8 11 28 6 166.0 
413 84.3 11 49 6 166.7 
414 85.2 o  P.M. 6 166'8 
415 85.6 0 2 9  6 166'5 
416 85'3 0 49 6 167'4 
417 86.1 r 14 6 168'5 
418 86.5 I 33 6 168.2 
419 87'7 1 55 6 169.4 
420 88.4 a 15 6 169'8 
421 88.3 a 38 6 169'3 
422 86.2 3 2 6 168'8 
423 85.2 3 25 6 167'8 

22nd ,, 424 66.7 6 37 A.M. 6 167.8 
425 67'4 7 3 6 166.9 
426 68.6 7 27 6 166.6 
427 69'0 7 46 6 166.1 
428 70'7 8 9 6 165.7 
429 71'7 8 32 6 166'0 
430 73'5 8 53 6 166.3 
431 75'5 9 14 6 167.1 
432 81'4 10 35 6 166.0 
433 83'0 10 59 6 163.8 
434 83'2 11 30 6 163.2 

3 

Numeral 
shewing 

B 3 
Y % 4 d ", 

Y 

. 5  can time of $ d .& 
", 1 ending ", .C 

0 O 

g 3 i 4 a k 

h. m. feet. 
22nd Jan. 435 8g0 o o P.M. 6 -162.8 

436 88.0 o 23 6 162.9 
4.37 91'5 0 46 6 162.4 
438 89'7 1 5 6 163.1 
439 88.4 I 26 6 162.4 
440 88.3 I 50 6 162.4 
441 89.8 z 13 6 162.2 
441 90'1 . 2 34 6 162.0 
443 89'9 2 5.5 6 162.9 
444 88.7 3 20 6 162.2 

23rd ,, 445 66.0 6 42 LY. 6 162.2 
446 66.6 7 7 6 162.5 
447 67'4 7 28 6 162.7 
448 67 '6 6 162.3 
449 69.4 I 4Q 6 162.5 
450 71.2 8 27 6 163.2 
4.51 72'3 8 4 7  6 162.1 
452 74'7 9 1 6  6 161.4 
453 81.6 10 39 6 161.5 
454 83'3 11 2 6 162.4 
455 83'3 11 26 6 163.1 
456 84.6 11 44 6 163.2 
457 85.6 o 5 P.M. 6 163.9 

6 163.5 458 85'7 
0 25 163.8 459 86'4 0 45 

460 86-4 I 7 6 163.6 
461 87'0 I 29 6 163.7 
462 87'3 1 5.5 6 165.2 
463 86.7 a 18 6 164.7 
464 87'7 2 38 6 166.6 
465 87'7 3 3 6 166.9 
466 87'6 3 22 6 167.2 

26th ,, 467 66.2 6 40 A.M. 6 168.8 
468 67.1 7 12 6 168.9 
469 69'5 7 40 6 169.1 
4i0 71:7 8 a 6 169'3 
471 74.6 8 26 6 170-2 

472 77'2 8 51 6 169.6 
473 79.z 9 1 7  6 168.7 
474 83'4 10 35 6 169'5 
475 84'0 I0 59 6 171'4 
476 85'5 11 22 6 172.0 

477 87'5 11 43 6 1;2'5 
478 87'7 o  P.M. 6 172.6 
479 88.7 o 26 6 173'1 
480 89'1 o 45 6 173.8 
481 88.7 1 7 6 174'0 
482 87'6 I 1; 6 174.6 
483 87'0 1 57 6 176.2 
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VIZAGAPATAhI BASE-LINE 

Extracts from the Field Book-(Coutinued.) 

Janisry 27th. Sky covered with cloud~ throilgout the dny. 
The advancedcnd of set No. 552 fell in defect (i. e. south) of the dot at North-End 0.6438 feet, ee measured 

on Cnry'a brnss m l o  with a beam compass. 
Height'of aet No. 553 above North-End = 1.5 feet. 

.!a o 

42 4 a 5 a 2 'Z 
0 0 

42 

5 2 Nenn time of $ 2 %  
1863 2 ending - ' C  

c 0 0  

;1, 0 u 
Ei 

- 
g ." 

G 6 .  

h. m. feet. 
26th Jan. 484 8,c7 2 22 P.M. 6 - 176.5 

48.5 86.5 2 47 6 17.5'9 
486 8.74 3 20 6 7 4  

27th ,, 48; 73.0 6 40 A.M. 6 174.2 
488 73'7 7 12 6 I 73.6 
489 74'5 7 39 6 172.4 
490 7.5'7 8 4 6 172.0 

491 76.7 8 30 6 I 72'6 
492 78.0 8 52 6 172.0 

493 79'6 9 1.5 6 171.1 
494 83'6 1 0  33 6 I 70.0 

49.5 8$7 10 52 6 168.4 
496 8.5'3 11 13 6 167'7 
497 87'4 1 1  33 6 166.1 
4y8 87.6 1 1  5s 6 165.5 
499 86.6 o 17 P.M. 6 164.3 
500 87-2 o 39 6 164.1 
501 88.6 o 59 6 163.5 
502 85.6 r 22 6 162.6 
503 8.5'8 1 42 6 161.8 
504 86.0 a q 6 160.9 
505 86.0 2 27 6 160.2 
506 84.8 2 50 6 1.59'1 
507 8+'4 3 13 6 158'5 

28th ,, 508 21.7 6 37 A.M. 6 158.0 
509 71'7 7 2 6 157'3 
510 72'4 7 25 6 156.5 
S K I  73'5 7 54 6 156.0 
512 75'7 8 23 6 155'4 
5'3 78 2 8 47 6 1.54.1 
514 79'2 9 13 6 151.0 
515 83'7 1 0  30 6 152'7 

516 8+'7 10 49 6 153.2 
517 84.4 1 1  12 6 152-1 

518 84.7 1 1  30 6 151.2 
519 85.2 11 50 6 150-4 

.- 

h'unieral 
sllc~\~ilig 
srrangc- 

of 

Q 4 3 I 3 * 
Mean tima at d ox:$ 

1863 " % i d i n g  

2 z 2 B .z 
G El 

h. m. frrt. 
28th Jan. 520 8806 o 12 P.M. 6-149.7 

521 88.8 o 70 6 149'5 
522 89.0 o 54 6 149.6 
523 86.5 I 16 6 147'9 
524 8S.2 I 59 6 14;'~ 
52.5 87'5 2 I 6 46.3 
526 87'3 a a a  6 14.5'2 
527 87'2 247 6 146'0 
S28 8.5'5 3 9 6 14.5'8 
529 84.6 3 35 6 145'2 

29th $ 9  530 67.0 6 31 A.M. 6 144.7 
531 66.4 6 54 6 144'0 
532 68.2 7 1 7  6 143.7 
5.33 69'6 737 6 142.4 
534 72.0 8 3 6 141"3 
53.5 73'7 8 29 6 140'8 
536 7.5.6 8 51 6 140.2 
537 77'6 9 1 1  6 139'7 
538 82.6 io -30 6 138.5 
539 83'6 10 49 6 138.2 
540 84.6 1 1  r r  6 137.6 
541 36.2 11 32 6 137.0 
542 87.5 11 54 6 137.1 
543 88-7 o 20 P.X. 6 135-9 
544 89'5 0 43 6 13.5'4 
545 90.3 I 4 6 134'7 
546 90'7 1 29 6 '34'5 
547 90'6 I 49 6 133.6 
548 90.3 a ra 6 132.7 
549 68.1 3.5 6 133'5 
550 8.5'7 2 56 6 132.9 

30th ,, 551 65-6 6 30 A.M. 6 132.4 
552 65.6 6 56 6 131.2 - 

Totd - 30657.4 - 
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TZAGAPATAM BBSELINE 

Reduction to Mean Sea Level. 

Let the sections into which this base-line is divided be denoted as follows ; 

South-End to Station A by Section I 
Station A to ,, B ,, ' 11 

,, B to Korth-End ,, 1 I1 

Then in the %otation of (7) page L,, we have 

.U= 311 ; Ti =- 129-8; s h e  + 3 ' 9 ;  Log. R =  7.31845, andn=553-  . 

- + - + - 
Section I ... 9827 o 173 1.2 9723 10900 ,0294 '1628 '1334 

,, 11 ... 23200 +142 186 1'3 ' 22713 11719  '0687 '1751 '1064 
,, 111 ... 30657 0 I93 1.4 30038 12160 'ogog 01817 *ogo8 

Final length of the Base-Line and of i t s  parts in feet of Stsndard A. 

Lengths in feet of Standard A, between South-End and the Posterity-Marks, at the level% 
of measurement. 

I Y e a s u r e d  w i t h  I 

Reduct ion 
to sea lcvel 

aa above 

- '1334 

- -1064 

- -0908 

Section Total b g t h  

10899'5295 

I 171 8.5943 

1216o~af40 

South-End to Posterity-Nark No. 1 
9 1  99  No. 2 
2 2  $ 9  No. 3 
n I )  M 

=Jog. 

4a3740 7472 

4'06887 55 19 

4.08494 3360 

d l e a s u r e d  w i t h  

560.0 199 
fzo'o3yB 

1080.0597 
15960.8323 

- -3306 34jj8.3908 I--- 

Compensated 
i m n  

S. End to N. End ... 454130 9483 1656.2361 331a1'8.irg 

page VlII-16 

I 

I 8.0027 
36'00.56 
54'0083 

;98'1226 

+ '6438 

Compensated 
microscopes 

pageVIII- 
' 9  

5~9'0821 

558.0804 

5j9.0736 -- 

* 

8. End to Stn. A ... 
Stn. A to Stn. B ... 
Stn. B to N. End ... 

Beam 
compass 

VIII-22 pn6ee to 

V111-26 

'0000 

-0000 

+ '6438 ---- 

10380'5738 

I I 160.6203 

11580-6474 -- 

'0000 

'0000 

*oooo 
d.6552 

3 j8.02a6 
756'0454 

I 134.0680 
16758'3197 



V I I L , g  VIZAGAPATAM BASE-LINE. 

Ver2,catory Mhor Triangulation. 

-2 
0 M 
6 1 
B$ 

1 

2 

3 

4 

5 

6 

7 

8 

Log. Sine 

9.972460259 
9'910473937 
9'917 18016% 

9'944327989 
9'75.5127086 
9'997380644 

9'953418535 
9992i65959 
9'774325756 

9'889183537 
9'927227675 
9'976866950 

9.998807391 
9'924059321 
9.780957408 

9.933328810 
9.982495074 
9'864838428 

9'902204812 
9'913392450 
9'978255312 

I 

9'903391154 
9.964252253 
9'936413041 

Namo of Station 

South-End of Base, 
Station A, ... . . . ... 
Nandi H.S., . . . ... 

Station A, ... . . . ... 
Naudi H.S., . . . ... 
Ganiwada H.S., ... ... 

Station A, ... . . . ... 
Ganiwada H.S., ... ... 
Station B, .. . . . . ... 

Ganiwada H.S., ... . . . 
Station B, .. . . . . ... 
D&palam T.S., ... 

Station B, . . . ... ... 
Dasalapalam T.S., ... 
North-End of Base, 

South-End of Base, 
station A, ... ... ... 
G w u  H.S., ... ... 

Station A, . . . ... . 
Gumru H.S., . . . ... 
Raipili P.S., ... ... 

Station A, ... ... ... 
Raipili P.S., ... ... 
Station B, . . . ... ... 

Log. Distance 

4.092687569 
4'030701247 
4'037407472 

4'03963.4914 
3'850434011 
4.092687569 

4.029526790 
4'068874205 
3.85043401 I 

3'941843377 
3.979887515 
4029526799 

4.159693360 
4.084945290 
3'941843377 

4'105897854 
4.1550641 18 
4'03i407472 

4.029847354 
4'04ro3499a 
4'105897854 

4.008016105 
4.068874204 
4041034992 

finwted Angle 

6 48 3;1.728 
54 27 38.889 
55 43 43'413 -- 

180 o 0'030 -- 
61 36 16.513 
34 40 51'750 
83 42 48.757 -- 

180 0 0.020 -- 
63 56 5'035 
79 34 16.7 16 
36 29 38'269 

180 0 0.020 - 
5O 47 9 . 3 1 ~  
57 44 57'795 
71 27 52'909 -- 

180 0 0.020 - 
85 45 20.897 
57 5 42'844 
37 8 56.289 

180 o 0.030 

59 3 28.303 
73 50 28'975 
47 6 2.752 

180 o 0'030 - 
52 58 29.416 
55 0 18'957 
72 1 11.657 -- 

180 o 0.030 

53 11 1.172 
67 4 13.504 
59 44 45'344 -- 

180 o o-ozo 

2% 

Ed -- 

I1 

-0.610 

+ 0'550 

+o.020 

-0.560 

+ 2.010 

+ 0.580 

- 1.400 

+oS640 

Diatance 

Feet 

10899.5225 

11718.5588 

12160.3280 

10899'5225 

I I 718'5588 

in 

Milea 

2.064 

2.219 

2'303 

2.064 

2'219 



VIZAGAPATAM BASELINF, VIII, 
29 

Vm$catoy Minor Tkiangulation. 

Nora.-IEsch side of a hiangle in given in the name horizontal line with the angle which it subtends. 

The angles of the verificatory triangulation were measured with Troughton and Simrne' 
2-foot Theodolite No. 1, read b 5 micrometer micro~copes. At all the stations 2 measures were 
taken on each of 12 zeros. $ he stations on the line are S. End, A, H, and N. End.-The 
auxiliary stations are Nandi HS., Ganiwada H.S., Daalapalam T.8, Gurnru H.S., Raipili P.S., 
and Alamanda H.S. 

- 

9 

10 

Name of Station 

Raipili P.S., . . . ... 
Station B, . . . . . . ... 
Alnmrrnde H.S., ... ... 

Station B, . . . ... ... 

Corwoted Angle 

0 I 
48 39 7l.603 
65 58 38.467 
65 22 4.950 -- 

180 o 0~020 

54 16 39'227 

Log. Sine. 

9.875490171 
y.960653681 
9'958565677 

9'909478428 
-0'afio 

Lag. Dietanoe 

3'924940599 
4'010104rog 
~ ' 0 0 8 o 1 6 r o ~  

3'998230387 
Alamaude H.S., 12x60'3279 
North-End of I%&,'' 

180 0 0'020 --I Sum 34778'4093 

-- 

11 - 1.060 

2'303 

6'586 

Diatanee in 

Pwt Milea 



J - 
Comparison in feet between tb nloas cwptted  by mean8 of the verificatory triangulation 

and the measured value. 

Of the entire lilze. 

South-End to North-End by the measurement, page VIII, fed Log. 
"7 3 34778.3908 4.541 309 483 

9,  
computed in terms of South-End to Station 

& page V I I L  34778'4093 4'541 309 714 
29 I - 

Log. computed value - Log. measured value = + o-ooo ooo 23 r --- 

In terms of the entire line by measurement. 

c-lmted 
Computed - 

Meaeured* 

South-End toStat im A . . . . 1oSgg.5167 - 0.005 8 

Station A to Station B . . . . I 171 8.5526 -0.041 7 

,, BtoNorth-End . . . . ~ 2 1 6 0 - 3 2 1 g  +0'0475 

Of each section in terms of the others. 

I x 
&=  L o g , o O + d r ~ - ~ o g ~ o x ~  blodulua - nearly, by which expression the required 

variations in the foregoing natural numbers have been calculated. 

South-End 
to Ststion A 

Measured lengths* . . ~0899'5225 

Computed on base 
South-End to Station A } . . 

Station B to Computed 
North-End - 

Measured 

Computed on base 
Station A to Station B I ' . . . 

1~x60'2740 

12160.3280 

Station A to Computed 
8tation B - 

M e n a d  

. . . . I . . . . 11~1603648~  -top08 

. . . . 
+'0540 

11718'5943 

11718'5588 

(&)9 
NOTE-Sinu, Log.(% + dr) = Log;. + (3 + - 

x 2 2  
+ 'kc. 

. . . . 

-'0355 



VIZAQAPATAX BASELINE 

D e s c r i p t i o n  o f  B t a t i o n e .  

SOUTH-END OF VIZAGAPATAM BASE, Lat. 17" 56', Long. 83" 14', is eituated 
in the Pedagadi tillik of the Vizagapataln district, on the northern slope of the rocky ridge 
running East and West between Gumrukonda and Nandimetta. Tlle village of Bulgottath lies 
about 4 of a mile to the E.N.E., that of Kotevalsa being about 3 miles distant. 

It built in the first instance as a simple platform station, with 3 cimular marketones each 38" in 
diameter, and 6" thick placed vertically over each other, the lowest stone resting on hard clay 3 feet below the surface 
of the ground, with a Cinch lnyer of masonry between the b~htool  and midtlle stone and a 9-inch layer between the 
middle and top stone. Subsequently a wnll of cut stone masonry 14 feet thick and forming an euclosure 5' 10" square, 

built round the markstones to  the depth of 4 feet below thc grolind for the bettcr protection of the miwks and t o  
mrve as a follndation for the dome erected over the station. The mark as uuud is represetited by a dot on silver in a b- 
plug let into the stone. Each of the 3 stones has this mark, the two upper ones being carcfr~lly plumbed over the 
lowest. The uppermost mark is the one to  which the measurement wns referred ; iL is protected by a brass plate about 
1" in diameter carrying a coarser mark for the sib.na!lers to  .plumb over. A pyramidal stone about 20" square by 15" 
high, hollowed out a t  the base, is placed as a cap over the mark and a cut-stone n ~ r r s o n r ~  dome rises to  the height of 
about 12 feet over the station. The dome is without any opening so t o  prevent access to the marks. 

The South-End was connected in 1863, by a single line of spirit levels with the mean 
sea level at  Vizagapatam, when it was found that its height was 310.57 feet above this datum. 

NORTH-END OF VIZAGAPATAM BASE, Lat. 18" l', Long. 83" 16', is situated in 
the Bonengi tilck of the Vizagapatam district, about 1 miles S.E. of the village of &ambuha- 
puram-Agraharum, and nearly 2 miles N.W. from Alamanda H.S. 
- 

The foundation of the  tati ion ie a solid mnse of rubble masonry 9 feet square, and 4 feet, deep helow the 
ground level, resting on a hard bed of gravel. In  the foundtttiou, but isolated fro111 it  by all annulus, there are 3 
circular markstones, 38" in diameter by 6'' thick, the lowermost resting about 3 feet from the b t t o m ,  and tile two 
otLem in order vertically, a t  intervals of 3" apart. Above the ground level there is a platform of cut-stone masonry, 
8' square and 1' high reuchitig to  the edge of the alinulus ; there is also a fourth mnrkstone, resting over the others and 
sepsrated from the nearest by a 6-inch layer of masonry. I n  the lowest markstolie a dot surrounded by a has 
been engraved on the stone, on the others the mark is thc usual dot on silver in a Imss plug 1 " q u a r e  by 2'' deep let i o b  
the  stone. The three upper marks were carefully plumbed over the lowest one. A pyramidal stolle cRp about 2011 
q u a r e  by 15" high protects the uppermost n~ark,  and a cut-stone masonry dome similar to that a t  e r e o ~  
over it. The uppermost mark is the one t o  which the measurement was referred. 

STATION A. This station is on the etraight line from South-End to North-End, and 
2-1 miles from the former. 

It is marked hy a stone 2: inches square a t  base, 15 inches square at  top and 5 feet 3 inches in len@h which 
hss been sunk to n depth of 3 feet 9 inches below the surfhce of the groulid nnd is elnbedded in n block of masollry 8 feet 
square and G a  feet deep. There are two marks on the u p p r  surface of the stoue-slab; the Posterity-Mark (or <) is a dot on 
silver let into a brass plug 6" long and 1" square sunk into the middle of the stone ; thc m w k  mnde a t  the tprrnination 
of the 173rd set (or Station A) is on a brass plug b-" in diameter and lav deep let into the stone and is situated N. of the 
 mar^ p, 4.829 inches. The theodolite was plumbed over A when the angles of the verificatory minor trianguhtion we1.e 

The marks are protected by a cap of stone surmounted by a solid pyramidal pillar of cut.sbne masow 
about 8 feet in height and 6' square a t  base. 

STATION B. This station is on the straight line from South-End to North-End and 
2.3 miles from the latter. 

It is marked and protected in the same manner 88 Station A with tho difference that  there is only one 
b- plug carrying a dot a t  this station : the plug is about 3" N. of the centre of the stone. 

POSTERITY-MARKS Nos. 1, 2, 3, are on the straight line from South-End to Station 
A, and distant respectively about 378, 756, and 1134 feet from the former. 

These points are marked by a dot on a brass plug let into a large granite boulder which is embedded in a 
4 feet deep foundation of rubble masonry, ovor which a p;gramidal block of the same ~uaterialrt has been erected. 



VIZBGAF'ATAM BASELINE 

Desmplion of Bations-(Continued.) 

POSTEKITP-MARK M, is on the straight line from South-End to Station B and 3.2 
miles from the former. 

It is marked on a stone 27" square at  h e ,  15" square at top and 5' 3" in length which has been mnk 
to a depth of 3' 9' below the surface of the ground and is embedded in a block of masonry 8 feet square and 6f 
feet deep. There are two marks on the upper surface of the stone-slab ; the Posterity-Mark (or M) is H dot on silver 
let into a brass plug 6" long and 1" square punk into the midOlc of the stone ; the mark made at the terminatiou of the 
266th set is on a braas plug let into the North edge of the stone and is situated N. of the mark M 7.863 inches. The 
ma& are protected by a cap of stone surmounted by a solid pyramidal pillar of cut-stone masonry about 8' in height 
and 6' square at base. 

GUMRU AUXILIARY HILL STATION, Lat. 17" 56', Long. 83" 17', i~ uituated in 
the Vizagspatam district, on the summit of the highest group of low hills lying between the 
great range and the sea. I t  is about 16 miles to the South-West of the town and cantonment - 
of Vizianagram, and is well known in the neighbourhood by its name of Gumrukonda. T L  
small village of Sonkerpnlam is about 1 mile W. of the station. 

The Btation is marked by an isolated masonry pillar surroanded by a platform of stones and earth. There 
are two mark-stones in the pillar, one embedded in the hill and the other 1 foot 10b inches above, on a level with the 
s u r h e  of the pillar. 

RAIPILI  AUXILIARY PLATFORM STATION, is situated in the Vizagapatam dis- 
trict, on the high ground about 3 of a mile E. of the village of that name, and little less than 
half-way from Alamanda H.S. to Gumru H.S. The village of Katkapili lies about + mile to 
the S. and the hills of Kudipallam about the same distance North. 

The station is marked by an isolated masonry pillar surrounded by a platform of stones and earth. There 
are two mark-stones in the pillar, one embedded in the rock in situ, and the other on a level with the surface of the pillar. 

ALAMANDA AUXILIARY HTLL STATION, is situated in the Vizagapatam district, 
on the summit of the small hill S. of the village of that name and close to that part of 
Vizianagrarn road which runs between Bhimsingi and Kotevalsa travellers' bungalows. 

The station is marked by an isolated masonry pillar surrounded by a platform of stones and earth. 

DASALAPALAM AUXILIARY TOWER STATION, is situated in the Vizagapatarn 
district, close to and E, of the village of that name, and about 3 miles W. of Alamanda H.S. 

The atation is marked by a tower 12 feet in height. 

GANIWADA AUXILIARY HILL STATION, is situated in the Vizagapatam district, 
on the highest part of a small rocky ridge S.W. of the hamlet of the same name. 

The station is denoted by an isolated pillar surrounded by a platform of stones and earth. There are two mwh 
in the pillar ; one on its upper surface and the other on the rock in aitu. 

NAND1 AUXILIARY HILL STATION, is eitnated in the Vizagapatam district, on 
the summit of an isolated hill of that name and about 42 miles in a direct line W. from 
Gumru H.S. The village of Ganga Pude is immediately below the N.E. shoulder of the hill. 

The atation is marked by an isolated masonry pillar surrounded by a platform of stones and earth. Thew are two 
miuke, one engraved in the rock in du, and the other on a stone embedded fluah with the s h  of the pillar. 

J. B. N. HENNESSEY. 



B A N G A L O R E  B A S E m L I N E .  



BANCALOBE BASELINE 

The middle point of this baee-line is in Latitude N. 13" 3', Longitude E. 77" 40'; 
the Azimuth of North-East-End at South-West-End is 224".31t and the'line is 6.83 Niles in 
length. 

The measurement was effected under the directions of Mr. J. 13. N. Hennessey with the 
assistance of the following : 

Lieut. J. Herschel, R.E. 
,, W. M. Campbell, R.E. 
,, M. W. Rogers, B.B. 

Mr. A. W. bohnelfy 
,, G .  Anding 
,, J. W. Mitchell 
39 A. Christie 
,, 0. V. Norris 
,, J. Bond 
,, C. D. Potter 



BAXGALORE RASE LINE 

INTRODUCTION. 

This base line mas measured on the high nndulating land North of the cantonment of 
Bangalore in the province of hlysore, the South-West-End being distant from St. John's Church 
2.5 miles at an azimuth of 125". I t  mas originally intended that this line, measured under the 
orders of Colonel J. T. Walker, R.E., should coincide with Colonel Larubton's base in this 
vicinity; but as a railway now runs across the latter the intention was necessarily relin- 
quished. The South-West-End of Colonel Walker's line is about 5 miles West of the North- 
End of Colonel Lambton's base. The former line, under notice, mas selected by Lieutenant 
TT. 11. Campbell, R.E. 

The measurement mas commenced at South-West-End, bar-tongues pointing North- 
West, and was carried on continuously to the North-East-End, so that every succeeding set 
originated at the point marking the terminus of its predecessor. The line was divided into 3 
sections by the sub-dividing points A and B to admit of verification by minor triangulation; 
and its South-West-End was connected mith the Bench-hiark at the Railway $tation in Ran- 
g$ore by means of a double line of spirit levels executed by Mr. A. W. Dunnelly. This 
Bench-IIark had been connected by the Railway Euginecrs with " Colonel DYHaveland's B.11." 
near Fort St. George Madras, the height of the latter B.M. above mean sea level being known. 

The compensated bars were compared with the standard A on three occasions, i.e. before 
the measurement near South-West-End, after set No. 287 about the middle of the base, and 
after the measurement near North-East-End. On all these occasions the comparing piers were 
set up parallel to the line and within a few feet of it, while the bar-tongues pointed North-West 
as they did during the measurement. The series of comparisons at South-%st-End comprised 
50 sets, that after set No. 287 consisted of 80 sets and 76 sets were taken after the measurement. 

The same comparing microscopes hitherto employed for bar comparisons at base-lines 
mere uscd on this occasion, with the improvement that the eye end of the microscope with 
fixed wires was removed and s micrometer substituted in its place, so that both microscopes 
were now adapted for making micrometrical measurements. 

The compensated microscopes were compared mith their scales on 6 occasions including 
the comparisons taken p i o r  and subsequent to the measurement, 

I n  r e~pec t  to time, the first set of bar comparisons was taken on the 6th January 1568, 
the last on the 10th of the following hiarch. . 

The verificatory t,riangulation mas made to consist of a double series of triangles, i.e. a 
series was projected on either flank of the line, forming in all a complete figure of 10 triangles. 
Of the stations involved, South-West-End, A, B, and NorthaEast-End were in the alignment, 
and the remainder were selected on suitable sites, 3 to the North-West and as many South-East 
of the line. The angles were measured by Lieut. M. w. Rogers, R.E., with Barrow's 34-inch 
theodolite No. 2 on 10 equidistant zeros ; three measures were taken on each zero, so that 30 
measures in all were made of each angle, 
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Cbmparisons between the Standard Bar A and the Compensated Bars A, B, C, D, E, H, 



BAR CO~IPI\RISOSS 

made at thc South-West-Elid of the base-line, 6Efore the n~easurcment. 

I 

R E X A X ~ S  

Mr. Henneuey at rnicmmeter H; 
Lieutanant Cumpbell ,. L. 
Sky completely clouded ; Ibg In the d l r b c s .  

~bsar~emchan@ p b .  

leutauant Hersr:helat dcmmetarX; 

,, ROW ,, L. 

OWmemchmgeapl-. 

Lieu~tEenchelrtmicmmetu.K;  
,, nogem ,, L. 

omerschmgmiplaccs. 

fi. ~umeawy at micnrmeter K ; 
Llauteuant Campbell ,, 1. 

Few U h t c l r r i n w h w .  

~ ~ I Q E O I ~ E T E B  READINCT~ I N  D ~ v r s r o ~ s  

.8 : 
PI 

* 

i 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

I I 

12 

13 

14 

I5 

16 , 

I f  

18 

19 

20 

= 1'27771 m.v. of A = '9901 X I Division o! L 

D 

K + L 
K in terms 
L of K 

+ + + + + + + 
301 '6 536.8 233.3 483.7 279.2 476.0 4g3.8 
232'9 24 7 '9 19.5'9 
229.0 532'0 23 1.4 476.8 330-4 474-7 478.3 
300'0 243 '0 142'9 
242.6 532.6 207.4 479'0 217.9 477'6 .480'3 
287'1 268.9 25 7.1 
278.1 528.1 287'8 4 71'6 225.9 461.0 465.3 
247.5 182.0 232.8 
241.6 532'5 2.37'8 479.4 2.51'8 469"2 471.1 
288.0 239'2 215'2 
237.6 544'4 256.4 491.7 241.7 48a-5 485-0 
303'8 233.0 2 38.4 
258.0 544'8 267.8 494.9 252.7 491'9 490'4 
28s.o 224'9 236.8 
294'3 555'7 231.6 504'4 273'2 499.1 497.1 
258.8 270-1 223'7 
257'2 560.2 191.6 512.9 236.2 503'9 
300'0 318.1 265.0 

504.4 

279.8 555'0 249'7 508.1 243.6 500.6 506.0, 
272'5 255'8 254'5 
268.0 554.6 272.1 497'3 277.8 494.4 501.7 
283.8 223.0 214.5 
271.8 550.6 255'0 491.4 283.6 494.7 496.9 
2 7 6 0  234.1 209.0 
251.4 539'4 200.0 481.9 261.7 482'1 488'3 
285.1 280.1 2 I 8.2 
267'6 535'4 284.5 480'2 253.0 478.2 482.4 
265' I 193'8 223.0 
213.2 529'5 240.2 478'4 zzz'o 474.5 477.5 
214'2 235'8 250'0 
303.2 548'6 294.5 479'1 27.5'8 467.7 475.2 
243'0 I 82.8 191'0 
255'7 552'0 252.9 482.8 218.4 469.7 478.0 
293'4 227.6 247'8 
246.4 553'2 248.6 487'3 254'6 476.0 482.1 
303'8 236..3 219.2 
311.6 555.0 283.8 491.1 275'5 480.8 485.0 
241.0 205.2 203'3 
258'3 559'3 %54'9 4g8'1 283'3 485'1 490.9 
298.0 240.8 199'8 

E 

K + L 
K in terms 
L of K 

I1 

K + L  
6: intern 
L of K 

!22 - 
0 

c gn 
era 
2 8 



BANGALORE BASELIKE 

Bgore the 

< < 
-8' 5.1 

% 4 Z 
5.1 

s 1 ii Jany. -1 a I 
9" 
.rr 

s " s "  a 
0 5.1 8 3  3 
8 o & g  ti x i 2 &  i3 

W. m. 
7th I 31 P.M. 21 771)5 7;06 

1 49 22 79'1 72'64 

2 7 23 79'9 73'27 

2 33 '4 79'0 74'03 

9 53 25 79.1 74-59 

3 I3 26 79'1 75'05 

3 30 27 78'8 75'40 

3 47 28 78-7 75-69 

8th 7 27 A.M. . 29 60.8 62.57 

7 50 30 60'3 62-25 

8 8 31 60.4 62.01 

a 25 3% 61.6 61.86 

8 4% 33 63.1 61-79 

9 4 31 64.5 61.84 

9 21 35 65.8 62.00 

9 36 36 67.3 62.28 

9 5O 37 68.1 62.66 

10 S 38 68.9 63.1 I 

X I  4% 39 75.9 67-21 

o I P.M. 40 76'5 68.1 I 

M I ~ E O Y B T B B  R B A D I N O B  I N  D I V I B I O R B  
I ' 

1 M~Idon of X = , j j  Inch [a.b] cm Steel Fmt = 
- 

+ + + + + + + + 
233.0 512.8 256.6 456.7 244'4 455-6 239'5 ~ O . C ' I  
277.0 198.1 zog.1 262.0 
237.0 526'2 2.33'7 464-0 234.8 462-1 238.4 $12-a 
286.3 228.0 225'0 271.1 

367.3 539'4 260.8 472'1 288.8 464.5 277.8 519-I 
~ ~ 9 . 4  209.2 174'0 238.9 
257.2 554'7 258.3 476.6 221.7 471.0 287.7 520'7 
294.6 2 16-1 246.8 230'7 
209'6 565.3 223-4 486.9 185.0 478'3 178.0 $29'8 
3.52'2 260.9 2 90'4 3 48.3 
233.8 573'5 279.6 489'9 158.1 481.5 269.4 $32'0 
3 3 6'3 208-2 320.2 260'0 
250'4 582'3 264.3 490'9 247.0 485.7 260.5 534'5 
328.6 224'4 2363 271.3 
233.7 587'4 219.0 498.8 212.4 486'2 256.0 53:'O 
350'2 277.0 2 71'1 278.2 

217*0 358.6 186.2 489-8 272.6 479.0 2g;'o 526.6 
I 40.1 300.6 204'4 227'3 
22  1.1 349'9 284'8 493.1 3 I 1.1 476-0 279.6 525-a 
127.5 2 06. 2 163'3 343'2 
212.5 344'3 257.4 493.9 275.0 477'0 2.38'0 523'2 
130'.5 233'2 POO'O 282.4 
207.8 339.7 207.4 491.8 251.6 473.4 270.9 518'1 
130.6 261.6 2 I 9.6 2 44'8 
194.8 337.2 261-4 489.7 320.4 467.5 311.8 516.4 
141.0 226.0 145.6 201.6 
1i6.0 335.1 258.3 486.3 275.3 4 6 ~ 1  270-8 51z.a 
I 5 7'5 225.7 183-0 2.39'0 
197'4 338.6 228.1 479.5 346'4 454'9 287.8 506'0 
139'8 24 8.9 507'4 a I 6.0 
'1g4.g 344'0 286-3 471.6 294.8 455.2 292.4 501'9 
147.6 183'5 158.8 207.4 
170'4 350'2 245.6 469.8 273.0 454'7 280.9 498.1 
178.0 222'0 I799 2 15.0 
171'8 358.9 248.4 470.6 227.0 448'9 230.4 496.0 
I 85.2 2 2 0.0 219.7 263'0 
233.8 436.8 191.8 457-4 1 8 0 . ~  447.3 262.3 498'1 
201.0 263.0 263.8 a 3 3'5 
219.3 qqg-2 270.8 451-7 232.2 447.8 241-8 495'3 
227.6 179.1 2 73'5 25 1.0 

B 
Mean 

A c A 

E + L 
K 1 "terms 
L of K of K 

E + L 
K interms K in terms E + L  I L L of K of K 



1 BAR COMPARISONS 

measurement-(Continued.) 

R E X A P X S  

MICBOV~ETEB READINGS IN DIVISIORB 
= 1~11111 m.y. ot A = '9901 X I Divlaion of L 

: 
rr 

.;i 

D 

E + L  
K in term 
L of K 

otaerveneh.ngeaplreec 

L imten .n t~ptmnatmicromsta~ ;  
Nr. Hennepey at n L. 

O ~ - c h r s g e d ~ ~  

Lientaunt Homhel at d m r  Xi 
n Bosen at  n L. 

21 

22 

23 

24 

25 

26 

27 

a8 

29 

30 

3' 

32 

33 

34 

35 

36 

37 

38 

39 

40 

c a  e3 
a, 5 
a &a 

i %  

E 

K + L  
K ints- 
L of K 

+ + + + + + + 
250.4 560.1 226.6 500.8 222.7 490-4 494-6 
306.6 271'5 265'0 
241.9 565'6 237.2 505.5 249'9 496'3 501.0 
3 18.5 265.6 244'0 
257'4 569'5 244'4 509'8 296'5 500'5 505.9 
3 O9.O 262.8 202'0 
270.4 574'1 269.4 517.2 301.5 507'6 511'2 

30°' 7 245'3 204'1 
257.6 578.9 255'4 522'8 262'2 513'6 518.4 
318.1 264.8 ' 248.9 
254.6 584.6 262.0 526'7 252.8 517.5 522.0 

326.7 262 I 262.1 
252'0 584'0 287.0 524'8 312'6 522'1 523.7 
328.7 235'4 207'4 
232.8 589'2 247.5 529.9 217'6 521.9 527'2 
352'9 279'6 301.3 

268'0 576.7 288.0 516.9 258.6 516'9 517.7 
30.5'6 226.6 255'7 
258.0 573'3 247.0 512.8 242.9 515'3 516.0 
3x2-a 263'2 
224.0 572.8 243.0 513'7 

269.7 
237'5 508'3 5'4'7 

345'3 268.0 268.1 
265'8 569.2 249.0 511.7 242.6 509.4 512.3 
300'4 260' I 264'2 
274'3 564'3 251'0 507'1 234.6 503.7 508.1 
287'1 25.3'6 2 66-4 
292.8 555'5 298'6 495'9 301'7 494'3 ' 500'7 
260'1 195'3 190.7 
281.8 553'4 307.2 495'5 289'8 490.8 496.7 
268.9 1 86-4 199'0 
287'6 547'2 280'4 491.5 279.9 489'0 492.7 
257'0 ~09.0 20;.0 
277'4 5452 271'2 492'3 288.7 486'5 491'1 
a 65' I 2 I 8.9 195'8 
216.7 541'9 242'5 489'0 232.6 486-3 485.8 
321'0 244.1 25 1'2 
260.0 547'9 181.8 489'9 249'9 472'3 485'5 
285.0 305'0 220.2 
230'6 551'8 251'3 490.5 214'6 479.7 486'1 . 
3 I 8.0 236 6 262.5 

H 

E + rl 
intarnu 

L of K 



B.lhTGALORE BASE-LIKE 

Before t he 

< < 
M c 

$ a 2 
% 
C 

5 
3 

Is@ C g z z  $ a .- 3 O Jsny. ; 
" - * " j 2 
C : P 

% fi ii 
2 & &  8 

h. m. 0 0 

8th O Z O P . M .  41 76.9 69.06 

0 38 42 77.3 69.92 

0 57 43 78.2 70.80 

1 I9 ++ 78.8 71.80 

I 5' 45 80.0 73.16 

2 12 46 80.5 73.91 

2 34 47 80.4 74-66 

2 58 48 80.2 75.36 

3 20 49 80.1 75-87 

3 39 50 80.1 76.24 

Means 68.18 

M I C B O Y B T E B  R B A D I N ~ B  I N  DIYISIONS 
I 

1 Dirlsion of ii = Inch [a. b] on Steel Fmt = 
11739'02 

Menn 
A 

K + L  
K in  terms 
L of K 

About the middle of th base-line, 

Feb. h. nt. o o 
11th 9 o A.M. i 72'0 62-11 

11 35 2 78.6 69.11 

11 54 3 79.1 70.15 

I. P.M. 4 79-5 71.02 

I 11 5 82-3 73.99 

I 24 6 82-3 74'59 

+ + + t + + + + 
210'9 469.1 218'3 454'1 203.3 445-5 220.6 505.6 
25.5'6 233.5 2.39'8 282.2 
213'5 488.4 239'1 459.4 202.7 453.8 268'2 508.0 
272.2 218.1 248.6 237'4 
216.5 502'4 183.7 465-9 221.2 456-4 2q0.6 510'3 
28.3.1 279.4 232'9 267.0 
243.4 519.6 220.0 471.1 229.0 461.5 254'4 513-9 
273'5 248.6 230.2 2.56.9 
280.5 550'4 230.4 . 476'9 238-5 470'8 282.1 525.7 
267'2 244'' 230'0 24 1 '2 

278'8 564.7 231'4 485'7 230'5 475.8 245'3 529'3 
283.1 251.8 242'9 281-2 
280.3 580.8 237'5 491.1 252'3 483'6 270.5 536-3 
297'5 2j l . I  229'0 263.2 
298.4 597'4 240'6 497'2 258.2 493'0 a 78.2 547.0 
296.0 254'1 232'5 266.1 
308'3 605.3 250.0 504.7 258.8 497'1 261.1 549-9 
294.1 2.52'2 235'9 285'9 
294.9 612.7 263'1 512.6 234.9 498'5 267.8 $54'1 
314'7 247.0 261.0 283'5 

447'73 471.18 4.59'70 5.10'23 

213.3 345'5 206.8 481.8 242.4 453-4 268.8 504-3 
'3O.9 272'3 209'0 233'2 
214.6 452'0 266.7 449'0 237'9 430.0 282-4 481'0 
23.5'1 I 80.5 190.2 196'7 
222'6 469'7 211'8 447'8 233'4 432'3 284.9 487-2 
244'7 2.30'7 197'0 200'3 
270.6 481'9 228'3 449'2 206.4 428.6 243.1 481'7 
209'2 2 18.8 220.0 236.3 
328.0 564.6 2.37'8 482.7 230.2 464% 259.3 516-3 
234'3 242'5 '31.7 254'5 
300.5 574.6 236.9 481'1 232.2 466.2 306.4 520'3 
271'4 241.8 231.7 . 211.8 

C 

K + L  
K interms 
L of Ii 

A 

K + L  
6 in terms 
L of K 

B 

K + L 
P in terms 
L of 6 



BAR COMPARISONS 

naeasurement-(Continued.) 

M I O Z O ~ ~ E T E B  BEADINGS I R  D 1 ~ 1 8 1 0 ~ 9  
- - 1'2illP m.y. of A = '9901 x 1 Mddon of L 

E 

K + L  
K in terrna 
L '  of K 

ZI 

K + L  
IC in terms 
L of K 

0. a 
8 

.M 

2 

Ba 4 3  

Z g 
2 &a 
5 8 

D 

K + L  
K in terms 
L of K 

41 

42 

43 

44 

45 

46 

47 

4- + ' +  + + + + 
28.3.8 554.7 234.0 496.6 245.3 486'2 490.5 
268.2 260.0 238.5 

I 
251'1 560.2 23.3'0 503-9 222.8 489'7 495.8 
306.0 268'2 a 64'3 
284.8 558.r 257.0 503.9 243'9 492'4 497'8 
270.6 244'5 246.0 
284.2 565'3 242'3 507.4 25.5'5 498'9 503.0 
278.3 262.5 24 I '0 

31.3'2 578.8 278'8 520'4 262'; 513'0 5x4'3 o-mchanged 
263'0 239.2 247'8 
286.5 583.1 2.56'3 524.2 258.9 5x4'5 518.8 
293'7 265.2 253.1 
300.8 589.9 25i.9 529.9 257.8 523.5 525.7 
286.2 269.3 263.1 
276.5 591.5 275'9 538.8 ~ 5 ~ ' ~  531'5 533'2 

48 1 3119 260.3 270'0 

49 

5 O  

Means 

3 15.0 600.0 279'6 545.7 265'8 532.6 538'3 
282.2 263'5 26q2 
294'0 601.1 263'8 542'6 275'2 542.2 541.9 
304.1 276.0 2644 

559'75 502.58 495.71 499.86 1 
1 

after set NO. 287. I Divldon K = - 21734.71 Inch[a.b.l on Steel Foot = 1.27810 m.y of A = 9903 x 1 Divirlon L 

MI. Hcmeawp at micrometar K ; 
Lieutenant Campball , L. 

~ r .  Henn- ,, K; 
Lientenant ~ m c h e l  , L. 

I 

2 . 

4 

6 

312'8 551'3 253'4 498'5 266.1 493'2 497.1 
236'2 242'7 224'9 
324'3 522'0 242.8 463.8 273'9 475'9 470.3 
195'8 2 I 8.9 200.0 
303.6 518.9 259'0 465.8 293.8 4762 471.4 
a132 204.8 180.6 
277'7 523'9 228.6 465.7 261.0 482.7 472.0 
243'8 234'8 919.5 
278.7 557.6 241-8 502.8 232.6 510.1 505.6 
276.2 258'5 2 74.8 
316.6 560.0 251.6 505.1 276.0 510.8 507'3 
a41-o 25 1'0 232'5 



< u 
tm C 

-2 5 P 
Po 

1868 2 
.D 3 3 k 
.I .a $ 2 G 

.s" g ! j  t 
b % " ' E  B 
ZI g g  8 

h. m. 
11th I ~ ~ P . M .  7 82'6 75913 

1 53 8 82.7 75-81 

2 9 9 83.2 76'36 

1 23 10 83'8 76.89 

2 35 11 84'2 77'34 

2# 49 12 83.6 77'80 

3 6 13 83.5 28-30 

3 21  14 84.3 78-75 

3 33 15 83.7 79'11 

12th 7 2 8 a . ~ .  16 63'5 63.88 

7 44 1 7  64.3 63-79 

7 58 18 64.8 ~ ~ . ; 6 *  

8 13 19 65.2 63.76 

8 35 20 66.0 63.88 

8 51 21 67.0 64-05 

9 5 22 68'3 64-25 

11 58 13 79.2 j0.10 

o 15 P.M. 24 79.6 70'90 

0 32 25 80.4 71.76 

0 44 26 81.0 72.41 

t 

M I C E O X E T E B  R E A D I X O B  I N  D ITIS IONB 
I 

21iaz,71 Inch [a.8] on Stcel Foot = 1 Dirision of 6 = -- 

3 - '  
Mean 

A 

K + L 
K in terma 
L of K 

+ + + + + + + + 
294.8' 585.0 208.8 485.5 2460 466.3 303.8 523.2 

' 287'4 2 7 4'0 2 I 8.2 217'3 
318.0 600.6 219.8 485.4 212.9 4;o.o 294.0 529.5 
279'9 263.0 254'6 23.3'2 
326.6 609.8 238.0 486'0 223.2 471.4 303.2 529.6 
280.5 2 4.5 '6 245.8 224.2 
3.i4.9 619.7 256.7 490.0 237.2 4p.8 298.9 530.9 
262.2 23 1'0 231'3 229' 7 
33.5'4 626.9 246'3 494'5 232.8 475.8 297'0 534'2 
283.7 24.5'8 240.6 23 +'9 
292.0 634.3 18.3'2 492.4 263'9 478.0 297'0 533.5 
339'0 .? 06  2 212.0 234'2 
294'9 641.3 z(j0.7 493.3 266'7 483.0 269.0 537.2 
34 3'0 230'3 214'2 26 5.6 
304.0 649.1 233.2 495.5 236'9 494'4 236'2 541.4 
341'8 ' 5 9'8 2 45.1 302'2 
304.6 655.5 249.3 496.3 252.6 482'0 2 78.8 542.2 
3 4 i'5 2-14'6 . 227'2 260.8 

245'9 379'4 279.1 500'1 247.8 472.2 284'0 53v2 
I 32.2 278.3 222.2 243'8 
187.4 378 0 2.5'2'9 505'1 2.51'1 475'7 263'1 532'7 
188 8 249.3 222'4 267.0 
177.9 378.3 240.3 497.8 249.7 476.8 262.2 530.3 
198.5 255'0 224'9 265'5 
186.9 379'3 2.14'8 496.2 273'5 477.0 270.8 531.9 
190.5 2.19'0 20 1.5 258.6 
180.6 375.9 249'0 494'6 Z25'9 475'6 256'0 531'9 
I 96.4 243'2 247'3 2 73.2 
171.5 383.1 261'0 493.8 214'1 47.+*6 247'6 527.0 
209'5 2 30'5 258.0 276.7 
178.6 388-3 228.9 486.6 229.6 4j1.1 265.0 526.9 
207'7 25.5'2 239.2 259'4 
241.2 474.7 209.7 453.5 184.4 441.5 222.2 482-8 
23 1.2 241.4 254.6 26,;. o 
267.5 491'0 208.0 459.6 198.8 441.3 248.0 487.5, 
2 2  1.3 219'2 240'1 2.37'2 

275'8 505.8 225'2 460.5 204'2 q4r.a 247.0 490'7 
227.8 233'0 234'7 241'3 
279'2 515.9 222.0 459.3 209.3 439.6 255'8 489.5 
234'4 2 3 5'0 az 7.6 231'4 

U 

K + L 
K UI tcrlus 
L of K 

A 

K + L  
K in term8 
L of K 

C 

K + L  
IC in  trrxna 
L of I;: 





BANGALORE BASE-LINE 

About the middle of the base-line, 

a u 
M c 

.Ei 
E d Q t C 

1868 8 a 4 3 .I , .- 
Peby. 2 0 

5 
C 

a" 5 
8 , 2 '2 

1 O g E  

5 $ g  6 

h. m. 
12th o 55 P.M. 27 8008 7;93 

1 7  28 80.8 73-47 

1 '9 29 81.2 74'03 

1 31 30 81.7 74'55 

1 56 31 82.8 75'61 

2 6 32 83.3 76.02 

2 1 7  33 83'4 76'45 

2 29 35 83-6 76.88 

2 40 35 83'1 77.26 

2 50 36 82.8 77.60 

3 O 37 83'0 77'94 

3 '3 38 83.0 78.38 

18th 7 58 A.M. 39 66.3 64'96 

8 18 40 67.4 65-01 

8 33 41 68.1 65-15 

8 51 4% 69.3 65'43 

9 6  43 70'5 65-73 

9 '9 44 71'3 66.08 

9 32 45 71'9 66.48 

X I  15 77.4 69.93 

MIOBOXPTPB R Z A D I N Q B  I N  DIVIBIONS 

1 Mvidon of X = ,,,~.,, - Inch [a.bl on Stssl Foot = 
- 

+ + + + + + + + 
281.2 524.9 234'0 458'8 226-8 439.5 272-6 490.9 
241.3 222.6 2 I 0.6 216.2 
272.7 533'3 218.9 462.1 186.1 439'0 234'9 495'7 
258.1 240.8 250'4 258'3 
28.3'9 542.7 215.2 460.0 208.1 442.5 252.0 495.6 
256.3 242'4 232'1 241'2 
300 8 553.3 206.1 461'4 199'9 441.8 248.0 499'7 
250.0 252'8 239'6 249'3 
310.5 562.1 238.8 454'8 219'6 439-7 274'8 494.8 
249'2 %'3'9 2 I 8.0 217'9 
333'3 570.6 213'7 458.7 185'0 440.9 260.9 499.3 
25.5'0 242.6 253'4 236.1 
338'1 577'3 245.1 460.9 206.0 442'3 267'4 498.6 
236.9 213'7 234'0 229'0 
33.5'1 586.9 192'0 460.2 l p . 4  442'0 281'8 500.5 
249'4 265.6 26 7.0 2 I 6.6 
345'0 592.5 226.9 463.2 20+'6 443.3 272.9 498'6 
245'1 234.0 234.4 223'5 
351.7 595.7 232.8 462.2 208'7 442.4 282.3 502.9 
241.6 227 2 2.31'4 2 I 8-5 
9 602.4 226.6 462'6 209'5 443.5 260'3 500.5 
241'1 233'7 231.7 23 7'9 
372'8 605.2 219'6 463.0 213.9 444.6 276.6 505-8 
230'1 241.0 228.5 227.0 

182.2 359' I 243'6 455'8 250'2 40 ' 9  266'1 492.7 
I 75'2 210'1 188.8 224'4 
180.9 362'5 21 1'7 465'4 217'8 438.9 248.1 492.5 
17y.8 251.2 219.0 242.0 
183'0 365.1 223.1 459.8 22.5'7 438.1 246.6 492'3 
I 80'3 234'4 2 ro'g 243'3 
207'0 367.0 225'5 454.7 239'9 431.8 243'6 484.3 
158'4 227.0 190.0 238.4 
220.3 374.2 206.6 453.0 217.4 432.7 228'8 481'5 
1 5 2'4 244.0 a 13'2 250.2 
210.3 382-2 244'2 446.4 239'2 429'2 231 9 482.6 
I 70'2 200.2 188.2 248.3 
200'1 207'2 444.7 225'6 423.5 232'5 476.9 
188.1 390'0 235.2 I 96.0 242'0 
227.5 439.1 178.4 432.7 181'3 414'8 238'0 479.1 
209'5 25 1.8 23 1.2 238.8 

B 
Mean 

A C A 

K 
K + L  

:,"I ""m 
L of K of K 

E i n t e r m  K in E tcrnis + L 1 L 
L of K of K 



BAR COMPARISONS 

after set No. 287-(Continued.) 

R E Y A B K ~  

~bssrsem changed places. 

Lieutenant He& st ~n icmmem It ; 
Xr. Henneszq n L. 

omera changed p h .  

Lieutenant ~ r m p t ~ e ~  a t  micrometer K; 
Lleutcnant Hemhel  ,, L. 

-L 

MIOBOMBTBB R E A D I N G S  I N  D I V I ~  I O N S  

- - l~P7810 m y .  of A = '9903 x I Mvision of L 

- 

Q4 

C 

6 
% 

E 

K + L  
K in tern 
L of K 

D 

K + L  
K interma 
L of K 

27 

28 

29 

30 

31 

32 

3 3 

34 

35 

36 

3 7 

38 

3 9 

40 

41 

42 

43 

44 

45 

46 

H 

9 + TJ 
I; in terms 
L of K 

+ + + + + + + 
318.9 540'5 244.4 479.8 250.0 488'4 483.0 
219'4 233.1 236.1' 
264.8 540.6 191.5 481'7 191.4 485.4 484-1 
273.1 287'4 291.1 
3 544'3 243'9 482-4 256'7 489.8 485.8 
230.9 236.2 230.8 
282.7 543.2 21.5'1 484.9 230'0 489'5 486.8 
258.0 267.2 25 7'0 
302.6 540.9 262'2 486.2 2.10'9 486.3 483.8 
236.0 221.8 24.3'0 
279'9 542'0 235'8 489'3 239'2 4843 485.8 
25y.6 251'0 242'7 
31.5'7 543.9 245'5 489'4 232'8 485'1 486.7 
226.0 241'5 249 9 
312.0 546.9 257.4 491.8 238'4 486.8 488.0 
232'6 236.1 246.0 
335'2 546.2 248.4 491.2 246.4 489.2 488.6 
209'0 240'4 240'4 
343'4 548.4 260.7 488.3 258.0 493.2 489.1 
203.0 225'4 z29'9 
319.0 546.5 252.8 492'1 244.0 493.2 489.7 
225'3 237'0 246 8 
326.6 549.8 257'3 491.9 260.0 491.1 491.0 
221.0 232'3 228.9 

310'2 537.6 264-2 486.2 241.8 478'2 481'9 
22.5'2 219.8 234.I 
268'9 537'4 247'2 485'3 233.2 477'4 482'8 
265'9 2358 241.8 
270.0 533.4 235.8 486.0 226.8 474'4 480.7 
260.8 247'8 245'2 
254'4 530'3 236'7 478'0 230.5 473'1 ,475.4 
273.2 239'0 234.3 
252.4 52Y.5 246'4 474'4 248'4 472'6 474'0 
2 i4'4 225.8 2zz.o 
265'3 529.4 246.8 472.7 227.8 471.2 471-9 
261.5 223'7 241'0 
258.1 525.8 237.6 465.8 244.4 471.8 468.1 
265.1 226.0 225.2 
249.8 510'3 227'5 456.8 223.5 462.8 459'4 

I 258.0 
227'1 %37'O 

- 
wa 
5 3 
%; 5 
Y a 8 



B.4NGIALORE BASELINE 

About tAe middle of the baae-line, 

< 
M ; I NICBOIIETEB READINQB I N  DIVIBIONB 

'E: 1 

5 1 DlvlslrmoiK=- g173a, Inch [ ~ . b l  on Steel Foot = 
8 
2 
C 

Z 
. & 

1868 - -2 g 4 3 .!! Feby. 2 g 
3 2 5  
C 

a 

B 
" d " i! 

3 g b  8 

Menn 
A 

K + L  
K in tema 
L of K 

h. m. 0 0 

1 3 t h 1 1 2 8 ~ ~ ~  47 78'5 70'54 

rr 42 48 i9'5 7I.15 

11 54 49 79'6 71'75 

o 7 P.M. 50 80.2 72-32 

0 38 51 81.6 73.72 

0 5O 52 82.0 74.23 

I I 53 81'8 74-71 

. I 14 54 81.7 75'18 

I 26 55 82.4 15-63 

2 4 56 83'5 77.07 

2 '9 57 83-5 77'52 

2 33 58 83.8 77'95 

a 54 59 84.4 78.56 

3 6 60 84.9 78-88 

3 18 61 84.8 79'24 

14th 7 o A.M. 62 61.8 64.66 

7 10 63 62-3 64-53 

7 2 0  64 62.9 64.40 

7 29 65 €3'6 64.32 

; 38 66 64.0 64-27 

- 

+ + + + + + + + 
232'6 450.7 201.6 435.0 176.9 417'3 240'3 469.9 
216.0 23 1.1 238.1 227.4 
227.6 463'1 210.5 431'5 22.5'4 4x5'4 231'0 469'5 
23.5'2 2 I 8.9 188.2 236.2 
246.0 471'1 208.3 429.6 207'4 413.6 228.6 467.2 
222'9 2 19-2 z0q.z 236.8 
260.2 480'1 217.0 431-3 211'0 412'.? 235.1 465.2 
217.8 2 12.2 199'3 227.9 
242.1 494.9 21.5.0 425.0 213'5 406.8 227.8 464.3 
2.50'3 208.0 191.4 234'2 
250.4 505.2 202.9 425.6 201.0 407'0 239.2 463.4 
2.52'3 2~0 .5  204'0 222'0 
245.1 512'7 212.0 421'3 222.8 408'5 235.2 463'5 
265.0 20 7'3 183'9 22631 
2.50'7 520'3 211.9 424'7 207'7 409'7 22.5'2 464'6 
267'0 2 I 0.7 200.0 23 7'1 
264.0 527.6 20.5'5 423'0 20.5'7 409.5 235.2 467.7 
261'0 2 1.5'4 201.8 230.2 
266'5 545'4 206.0 4Jg.5 202.9 410.7 242.0 460'3 
276.2 211.4 205'8 216.2 
277.3 555'7 219'2 424'0 195'6 413'9 241'5 464'0 
~75 .7  202.8 216'2 220'3 
284'2 565'5 20.5'0 425'9 209.0 416-3 232'4 466.7 
278.6 218.8 20.5'3 232'0 
291'7 574'2 216.2 4263 198.6 413'7 228.9 471.7 
279'8 208.1 213'0 240'4 
2 9 2 ' ~  579'4 216.6 427'4 211.0 416.0 242.1 471'5 
2 84'5 208.8 203.0 2 7.2 
289.2 586'0 2og.z 432'0 201.3 418.5 236.2 472.5 
293'9 220.6 2 r5-I %34'0 

18.5'6 318'0 25.5'4 425'0 246'5 409'1 24+'0 462.0 
13 1.1 168'0 161.0 2 1 5'9 
193'0 318.7 227'2 424'1 219.4 408.3 212'7 462.1 
124'5 1 9.5'0 187.1 247.0 
212'3 317'3 208.8 ,427'3 224'7 408'4 224'2 460.5 
194.0 216'4 181.9 2 3 4- 
200.8 315'8 22.5-4 425.9 230.4 407'1 . 226.8 462.1 
X I  3'9 198'6 175'0 233'0 
170.9 318.3 244.6 428-5 234.9 407.6 2 16.4 462-7 
146.0 182-1 171.0 243'9 

C 

E + L  
K in terms 
L of K 

A 

K + L  
K interms 
L of K 

B 

K + L  
K in terms 
L of K 



BAR COMPARISONS 

after set No. 287- (Continued.) 

0m~Ch.agedplresr 

uetltrmnr c ~ p a s n  at mitmmotor K: 
Ltentaant H d e l  , L. 

~ r .  Eenn- at mknuuster K : 
uu-tcunpben " L 

MICEOHETEB BEADIBQB I R  DIVIBIONS 

a .g 
a 

k 

47 

48 

49 

50 

s1 
52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

6 2 

63 

64 

65 

66 

= 1'41810 m.y. of A = '99M x I Divislon ot L 

m a  
QS 
3 2 8 
a &a 

dl 

+ + + + + + + 
247.1 510'7 231.2 457.4 229'0 464.2 . 459.I 
261.0 224.0 23 2'9 
264.0 I 231.0 456.4 219.1 463.6 458.1 
2 46'0 223'2 23 2'2 

269'0 512.0 226.1 457.0 238.0 464.0 457'2 
240.6 228.7 223.8 
252.0 511.7 223.0 456-6 218.8 460.1 4561 
257'2 2 3 1 '3 239'0 
244.9 511.0 223.8 451'0 236.0 453.1 451.9 
263'5 225'0 215'0 
261.0 510.6 218.7 453.5 233'3 452.1 452'0 
247'2 23 2 . 5  216.7 
253'0 508.5 228 9 447'1 231.2 451'0 450'0 
2.53'0 216.1 217'7 
247'9 508.7 220'2 448'0 235'7 451'8 451'3 
258.3 225.6 2 14.0 
256'3 510.8 229.2 454.0 225'2 452'3 452'9 
252.0 222.6 224'9 
244'0 507'7 216.0 454.0 2 15'7 449.0 450'0 
261.1 235'7 2; 1.0 
252.8 510'1 236.0 456'2 227'4 451'7 453'3 
254'8 z i 8-1 22a.1 
2576 513'6 229.8 454.4 221'5 453.2 455'0 
253'.5 222.4 229'5 
234.8 517-0 221'8 459.1 228'8 456'4 457'4 
259'7 23.5'0 225.4 
255'7 517.2 226.0 457'6 224'8 455.1 457.5 
259'0 229'4 228.1 
259'0 521.0 222'8 458'9 230.4 457.4 459.9 
259'5 233.1 224'8 

261.8 495.1 243.6 447'4 149.6 440.6 w.5 
23 1'0 201.8 I 89' r 
1r1.1 508.2 214.6 450'5 214.4 441'9 449'1 
294'2 233'6 225'3 
219.8 509.6 217.4 446.5 222.2 442'1 149.1 
287.0 226.9 217.6 
231.8 509'7 216.7 447'6 233'8 eC4'2 449'4 
275'2 228.7 208.4 
268.8 505-3 212.2 48.1 222.6 443'5 449.3 
234'9 233'6 218.8 

H 

K + L  
K inhm 
L of K 

D 

K + L  
K in terms 
L of K 

E 

K + L  
K in tarme 
L of K 



BANG.ILORE BASE-LIKE 

About the middle of the base-line, 

a a 
M c 
.5 
i: 5 I E .II 
% -8 p P 

1868 2 E, 
$ 5  3 

Feby. .j 8 
p $ c 

0 

5 d 2 i! 
C 0 

$ 
o 4 F 8 

A. m. 
14th ; 47 A.M. 67 6G8 6G24 

8 21 68 68.8 64'45 

8 32 613 69.4 64.62 

8 43 70 70.1 64.86 

8 53 ;I 71.0 65.14 

9 2 72 71'8 65.47 

9 '3 73 72.7 65.86 

11 33 74 82.3 72'53 

I 
11 48 75 a2-6 73.29 

o I P.M. 26 82.6 73.96 

o 12 7; 82.6 74.55 

0 38 78 84.0 75-78 

I I 79 83'9 76'82 

I 13 30 84.477.30 

Means 7 1'48 

M I C E O Y E T E E  R E A D I N G S  I N  D I V I S I O N S  

1 Dirision of K = - 217~3.7 ,  Inch [a.bl on Steel hoot = 

Menn 
A 

K + L  
E interns 
L of K 

Mar. A. m. 
7th ; 27 A.M. I 68'2 6$73 

7 47 2 69.7 68.53 

183.6 369.6 205'4 407.3 240'3 384.8 216.7 431'0 
184.2 200'0 14.3'1 212'3 
178.7 364'4 20j.o 405'9 210.1 387.7 159'8 433'7 
183.9 '97'O '75'9 231.7 

A 

K + L 
K in toms 
L of K 

i 

+ + + + + + + + 
164.7 3 18.5 210.0 423.9 235.4 406.9 229.9 456.1 
152'3 20 1'9 169.8 224'0 
180.0 327'1 237.6 422'2 236.7 404.6 222.9 460.5 
1.15'7 182.8 I 66.3 23.5'3 
169'4 329.6 215.7 420'5 206.6 403.1 236.0 456.5 
158.6 202.8 19.t.6 2 I 8.4 
171'2 333'7 204'0 418.0 201.8 401.5 231'7 455'3 
160.9 211'9 197.8 221'4 
171.2 338.2 213.4 415.0 197.6 399'1 235.4 452.8 
165'4 '99.6 '99'5 215.3 
17.3'5 343'4 2230 416.8 196.3 396.6 232.8 450'9 
168.3 191'9 158.4 216.0 
180.4 350.1 203.9 410.7 207'6 394'4 235.5 447'4 
168.1 204.8 I 85.0 2 9 . 8  
252.0 44.4'8 217'6 379.7 182.9 362.9 206.8 418.7 
19O 9 I 60'5 r 78.3 209.8 
245.7 461.0 190.0 385.2 I j4.6 365.7 212.9 419.9 
213'2 '93 '3 I 89.2 205'0 
237'4 471.4 191.2 384.3 178.0 370'3 207.7 422.8 
231'7 rg1.2 1 90'4 213.0 
242.2 481.2 199.6 379.7 190.2 372.8 209.2 427.1 

. 236.7 . I 78.4 180.8 215.8 
2+86 502'7 ,186.4 384'3 182.4 373'7 212.9 429.1 
25 I .6 196.0 189'4 z14.1 
259'8 519.4 192.3 390'5 'g"'5 373'8 218'1 430'4 
257'1 196.3 1 i9'5 210.2 
26.t.1 527.8 194-2 389.1 198.3 376'5 210.3 431.9 
261.1 '93'0 J 76-5 2 19'4 

477'73 44 7 '64 430'33 484'93 
I 

B 

K + L 
K in terms 
L of K 

At North-East-End of the base-line, 

C 

K + L  
K UI t a m  
L of K 



BAR COMPARISONS . 
after set No. 287-(Continued.) 

B E H A B X I I  

0ha-m eh.neea p-. 

urnmaat ~mal at mi-* K; 
~ r .  ~fmneuey . " L. 

0- w p l r c a .  

MICBOACETBB R E A D I B O B  I B  DIVIBIONB 
= 127810 m s. of A = 9 0 3  x I DivMon of L 

M a n e  

E 

K + L 
E in terms 
L of K 

d e 
R 
8 
c 

z 

H 

K + L  
K interms 
L of K 

529.17 471'80 473'41 472'88 

D 

K + L  
K interme 
L of K 

6i  

68 

69 

70 

:I 

72 

73 

74 

24 'z a 8 
c %.a 

d l  

+ + + + + + + 
399.4 50i.0 226.6 444'6 224'4 442.3 446.8 
205.6 21.5'9 2 I 5.8 
222.9 503.4 2 16 0 444.5 217'3 445.0 446.7 
277.8 226'3 225'5 
155.6 504'6 216.0 441.2 223.3 442.4 44.1'7 
246.6 223'0 2 I 7.0 
251.0 501.2 223'0 439.0 222.9 441.2 442-7 
247.8 2'3'9 I 6.2 
248.0 501'7 213'0 436.5 23j.o 438'9 440.7 
251.2 221.3 '0.3'9 
248.0 50z.1 216.0 436.9 220'1 441.9 440.9 
25 1.6 2 I 8.8 2 19.6 
258'6 496.2 221'5 436'7 223'0 437.1 437.1 
235'3 213'1 2 12.0 
232.1 461'1 209'9 400.8 193.9 41 1'3 405.8 
226.8 215'3 
232.2 463.7 : 405.9 200.1 414.5 409.2 

after the measurement. I Mlldon K = - I 

I 
,1,16,4 III& [ ~ . b . l  on stsel ~ o o t  = 1'17847 m.v of A = x 1 M a a n  L 

, 

I 

2 

75 1 229.3 215'6 212'3 
76 223.8 468.7 205.2 409.4 203.1 413.8 411.6 

77 

78 

I9 

80 

249.9 488'2 194.8 426.0 ZO?'O 422.1 426'6 
236'0 229'0 2 I 7.0 
244'4 488'7 226.8 416.3 169.5 421.7 427.3 
2j2.0 '97'6 2.194 

242'5 202.2 208.6 
2.34'9 469'1 207'1 407.8 209.0 416'4 412'2 
231.9 198.8 205'4 
226.9 471.9 217'0 415.5 204.6 417.4 415.3 
242.6 I 96.6 210.7 

238'8 476'2 204.8 417.8 204.7 416.8 417.6 
235.1 2 I 0.9 2 10'0 

236'7 475'2 2 O I . I  417'4 Z07'9 417'1 417.9 
236.2 2 I+'Z 207.2 

r r .  amn- at rnl- K; 
UeULsrunt CUDpbdl " L. 



I X - ~ ~  BANGALORE BASELINE 

After the 

I 
1 Division of K = -Inch [a.b] on Steel Foot = 

91796'41 

Moan I I I 



~ieuteaant C~mpbell st mlemmetcr K ; 
kk. Hennesrey ,, L. 

Mr. nennessrp at micrometer K; 
Lientmmt Camplell , L. 

M I C B O M S T E B  R E A D I N G S  I N  D IF IS IOXB 
= 197847 m.y. of A = .%MS X 1 Division of L 

.i s 
2 
8 
C 

2 

I1 $$ 1 k g  

3 

4 

5 

6 

f 

8 

g 

10 

I I 

12 

13 

4 

D 

K + L  
K in terms 
L of K 

K + L  
K in terms 
L of K 

+ + 4- + + + + 
309'9 485'2 293.8 4ag.z 240'2 418.9 4a5.6 
173'6 130'2 1 7 7 ' 0  
251'8 479.0 217.8 424'8 117.6 416.0 423'9 
za.5'0 ~05 .0  29.5'6 . 
'9''' 479'9 '9 3'8 424'2 21 I '9 416.2 421.9 
281'0 228.2 202'4 
198.0 482'5 193.2 422'6 194'0 417.4 421.4 
281.8 227-2 221.3 
20.5'7 481'4 224.3 420'3 231.0 415'.+ 419.7 
2 73'1 '94" I 82.6 
235'4 480.1 222.6 421'2 222'0 414.4 

190.6 
4'8'5 

242.4 196.7 
260'9 478.2 269.1 416.3 261.9 418.7 415.4 
215.2 145.8 1.55'3 
279'6 479'5 273'0 417.2 249'4 418.9 416'3 
198.0 I 42.8 167'9 
271.3 481.9 257.6 418.1 263'9 417.8 416'4 
208.6 1.59'0 1.52'4 
260.6 479.7 266.8 418.5 265'0 417.4 416.3 
217'0 150.3 151~0 
205.6 480.9 206.6 418.6 183'3 419.5 417'7 
272.7 210'0 234'0 
176.1 482'7 201.7 422.4 2x4'0 418.8 418.0 
303'7 218.6 20.2'9 
208.3 469.8 196.7 408.9 223.0 404.6 '  406.0 1 259.0 210'2 I 79'9 

E 

K + L  
K in tnrms 
L of K 

0 ~ 5  
3 ..a 

I 6 

' 7 

18 

'9 

20 

2 I 

2 2 

a3 

L 

207.5 471.8 197'5 407.9 201'8 404.8 406.0 
261.8 208.4 201.1 

272.3 470.3 284'7 410'1 26sP,5 407'7 406.6 
196.1 124.2, I 40.8 
270.8 469.9 266.0 408.4 287-a 407.3 406.0 
197'2 141'0 1 19.0 
194.1 475.1 2x3'0 410.8 226.5 408.3 407'0 
2 78.3 195'9 I 80. I 
21.5'9 476'8 219'1 411'7 212'9 407.6 408.3 
258'4 190.8 192.8 
295'4 473.1 2.14'8 41 1.3 23 2.2 407.9 408.2 
I 76.0 1 ~ 4 . 9  1 74.0 
233'0 421'3 250'7 411'2 213'2 , 407.7 4 ~ 8 . 4  
236.0 159'0 192'7 
228.3 471'2 226.2 411.0 19.1'1 408.8 408.1 
240.6 I 83.0 212.7 



After the 

< < 
C Q 0 

5 8 
% 
C 

Z 
1868 8 

/3 g q  2 .B &. '6 % 5i 
3 
b I "  

k egg r 3 B Ei 
#! 6 , .  8 

h. m. 
7th I 35 P.M. 24 g7:6 7;4~ 

1 42 25 87.8 79.68 

I 49 26 87.9 79-97 

2 '4 27 87.9 80.86 

2 20 28 88.0 81.06 

2 27 19 87.8 81.27 

2 34 30 87'5 81.50 

2 42 31 87.9 81-72 

2 50 32 88.2 81.92 

9th 7 20 A.M. 33 69.8 70'28 

7 33 34 70'5 70'18 

7 45 35 71.2 70.14 

7 57 36 71.9 70.r3 

8 29 37 74'5 70.50 

8 44 38 75.6 70.79 

8 58 39 76.7 71.12 

9 10 40 77.6 71.46 

11  3 4 84.9 76-41 

11 15 4 B4.6 76.g0 

11 24 43 85.2 77.31 

MIOBOMETEB R P A D I N Q B  I N  D IVIBIORB 
I 

21,26.41 Inch [a.b] on Steel Pwt = I Mvlsion of K = - 

Mean 
A 

+ + + + + + + + 
264.2 537.8 253.8 377.1 247.8 363'9 200.4 423.5 
271.0 122.1 I I g-o 221.0 
29.5'8 542.7 198'4 376.1 228.3 362.9 222.1 423.2 
244'6 I 76.0 133'3 199.2 
259'4 547.2 236'4 377'5 278'8 365'7 213.4 425'0 
285.1 139'8 86. I 209.6 
245.1 564.2 253'4 379'6 226.4 369'2 251.2 427.4 
3 I 6'1 I 25'0 141.4 1 74'5 
208'7 568.0 200.4 380.7 201'6 369.9 197.7 428.9 
355'9 I 78'6 I 66'7 229.0 
222.2 571-9 20x2 384-3 225'7 368.6 232.9 427.1 
346'4 180.1 141.5 v 192.4 
235'0 576.1 226.5 382.4 240-5 369.1 240'9 437'7 
33 7'9 I54.4 127'4 18j.o 
246.2 585.0 201'5 384.0 182'1 369.6 214.6 430.0 
332'6 I 80.8 185'7 313'4 
2.c.c.6 586.9 234'6 386.2 163'6 3696 175'9 432.3 
3 39'0 150'2 204'0 %54'O 

226.6 335'1 197'1 346-9 16.3'8 335'0 1.51'5 383'0 
lo  7'5 148'4 I 69.6 229'3 
224'3 335'2 169'8 3++.5 168.7 330.8 192.0 380.1 
109.8 173.0 1C0.6 186.3 

164'6 332'0 177.0 381.8 '919 335'7 169.9 343.9 165-8 
141.4 171.3 202'9 
185.9 335.1 174.6 343.6 164.2 329'0 187.7 378'1 
I 4 j.8 167.4 16.3'2 I 88.6 

194'9 140.6 
336.8 188.9 335.8 178.8 319.4 171.1 372.4 

14.5'5 1.39'3 '99'4 
179.0 341'4 167.4 333'0 1 5 ~ 6  319'3 143'3 S69'7 
160.9 164.0 165.1 224.2 
173'3 347'1 171'3 334'7 164.9 318.0 186'7 370.8 
172'1 161.8 151.6 r 82'3 
194.3 351'8 177'8 334'5 165.9 316.4 182.6 37 1.8 
156.0 '5.5'2 1 49' 1 187'+ 
2o+.o ~ 5 . 0  2zg.a 335.0 167.2 317.8 183'8 374'6 
238.7 108.8 149.2 I 89'0 
193.6 450'1 167.1 335.7 7 322'7 189.6 377'5 
254'2 167'0 1.50'1 189.1 
192'6 459'0 178.8 338.5 173'4 321'0 1 ~ 9 ' ~  37gS8 
263'9 158.2 146. a 189'0 

B 

K + L  
K interma 
L of K 

A C 

II + L 
K i n b r m a  
L of K 

K + L  
K in terma K h k r m a  
L K i L  of K I L of K 

I 



BAR COMPARISONS 

Thia quantity evidently ahodd be 133'7. The mistake was howerer detcded only in c o d i n g  proofs for tho press, too late to 
rectify in the cslculstiona ; the w v n m  correction to the length of the entirc baee-line is hardly ~ppreciable, being only + woo8 Lot. 

- 

& ~ I o x o X E T B E  ~ E A D I R ~ B  I R  DIVIBIORS 
= 1.27847 m y .  of A = '9W6 X 1 Mvlslon of L 

3- - 3  

. p a  13 
g E  

8 

H 

K + L  
K  in terms 
L of K 

E 

K  + L 
X in terms 
-rJ of K 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

a a 
! 

Q., 

i 

+ + + + + + 
260.0 229.0 248'5 

+ I 210-4 472'9 I 412-3 160'7 411.6 410'2 

197.4 476'0 229.4 412'5 232'5 408'5 409'9 
276.0 181.4 174.3 
249'4 472.0 216.6 412.6 242.3 407.4 410'0 
220.5 194.1 163'5 
249'8 477'0 243'4 415.0 209'5 412.1 413'4 
225.0 I 70'0 200.7 
243'2 378'2 214.4 416.3 208'4 412.6 397'8 

"133'7 200'0 202'3 
229'4 476.2 213'2 415.8 220'8 413'1 414'1 
244'5 200.7 190'5 
261.3 475'5 261'3 418'3 225'3 414'9 414'7 
212-2 155'5 187.8 
268.8 479'6 212'3 419.3 230.8 412.5 415'8 
208.8 205'0 r 80.0 
190'8 480.5 239'4 420.1 230'2 413-7 417.1 
286.9 179'0 181.8 

181.3 424'4 192.9 372.3 220.5 362.4 370'7 k~;i""&@@ 3 m i m n e m K ;  
240.8 177'7 I 40.6 

, L. 

207.3 423-1 183.4 371.5 178.8 360.7 368'5 
213.7 I 86'3 I 80'2 
214.9 421.3 189.4 367.9 181.5 362.3 368'2 
204.4 I 76.8 179.1 
219.3 421.6 175'2 369.6 178.8 362.1 367.3 
200.4 192.6 181.6 
218.4 423.0 205'5 364.5 170'4 355'7 361.8 O b a m m ~  pbca. 
202'7 '57.5 183'5 
2oz.z 421.7 158.3 361.0 177'6 356'5 360.2 
217'4 200'8 '77'2 
219.9 419.4 173'9 363'6 179'4 356-3 360'5 
197.6 187'9 17.5'2 

1 196.6 419.7 177'4 362'4 182'8 357'3 360'4 

D 

K  + L 
K  in terms 
-rJ of K 

41 

42 

43 

221'0 I 83-2 172'8 
218.0 423-8 190'4 362.8 182'8 367-4 363'6 
203.8 I 70.8 182'8 
208.7 426.8 186.6 364.4 190'8 368.0 365.3 
z r 6.0 I 76.1 175'5 
213'6 423.9 185.6 361'9 187'6 369.1 366.2 
208.3 17  7'6 I 79'8 



BANGALORE BASE-LINE 

- --- - -- 

b 

. 4 q 
M c 

f i 
C 0 

1868 3 3 k .B Mar. - .I % 8 
B $ 5  8 
44 8 i 9 '8 8 
a 2 G  8 

M : I C B O M E T B B  E E A D I N Q S  I N  DIVIBIOBS 
1 

I Dlvialon of K =-Inch [a.bl on Steal Foot = 

h. m. 0 0 

9th 11 35 A.M. 44 85'5 77'73 

o   P.M. 45 87'5 79-14 

0 I 7  46 87.5 79'60 

o 28 47 88.1 80.08 

O 40 48 88.0 80.56 

I 18 49 89-3 82-04 

. I  29 50 88'9 82.42 

1 40 51 88.6 82.82 

1 52 52 88.8 83-22 

2 20 53 90.6 84.15 

2 30 54 90'4 84'48 

2 48 55 90-8 85'12 

3 5 56 90.1 85.73 

10th 7 38a.aa. 57 71.5 70.32 

7 52 58 72.4 70.29 

8 18 59 73.8 70.40 

8 31 60 74'5 70'50 

8 46 61 75.4 70.71 

a s8 62 76'1 70.93 

9 X I  63 76.8 71.12 

C 

K + L  
K in t e r m  
L of K 

Merm 
A 

K + L  
K in terms 
L of K 

+ -I- + + + + + + 
207.6 467'2 174.8 338'4 159.8 320'3 203.6 3;9.8 
257.1 162.0 159.0 1 i4'5 
236'4 494.6 186.5 342'4 158.8 325'9 182.2 384.5 . 
2.55'7 154'4 165'5 200.4 
253.7 502'4 176'3 341'4 164'9 324.0 187.4 384.8 
246'3 163'5 157.6 I9.5'5 
264-9 512.7 174.2 3~2 .1  151'9 324'2 192.7 388.4 
24.5'4 166.3 170'7 193.8 
266.2 522.2 1;2.8 344'0' 177'1 . 326'3 189.9 391'0 
2.i3.6 I 69'6 147.8 '99'2 
261.4 547.1 197.2 344'6 192'8 332'6 192.2 390.8 
28.3'0 I 46'0 13 8'5 19h'i 
266.4 555'7 191.4 346.8 187'6 334.1 192'5 390.7 
2 86.5 15.1'9 145.1 196.3 
277.4 564'8 196.6 348.6 165'9 335'3 189'5 395'7 
284'7 I 50.6 167.8 204.2 
275.5 572'9 181.1 350.9 187'4 338.8 203'2 399'1 
294'6 I 68.2 150'0 194'1 
284.8 596.7 176.8 361.4 182.8 348'7 201'8 409.0 
308.9 182.8 164'3 205.2 
293.8 606.1 I~.+.-o 364'1 174.8 352.7 209'1 412'5 
3 09'3 I 68.5 176'2 201.5 
303.1 621.8 196.4 371.5 197'8 359'9 179'2 417.8 
315'7 1 7.3'4 160.6 236-3 
322'3 637.6 19.5'8 376.3 192'5 566.6 207'0 425.2 
312.3 178 8 172.4 216'1 

168.3 326.8 18.?.6 333'9 176.8 321.3' 184'7 367'6 
1.57'0 148.9 143.1 181-2 
167.8 326'7 160.9 335-6 165.0 321'7 176.7 368.6 
1.57'4 17.3'0 155.2 190'1 
166.4 330.6 171.9 334'0 160'9 321.4 180.2 367'4 
I 62.6 I 60.6 1.59'0 185'4 
163.6 332.4 I i6-2 333'7 1.54'4 321'5 178'1 368'9 
167.2 156.0 1 6.5'5 189.0 
166.6 341.4 1j8.9 338.4 148'2 324'9 18.5'0 373'0 
I 73. I 158.0 1 7 5'0 I 86.a 
169.5 346'3 169.0 339'1 167'0 326.8 182.1 377.0 
17.5" 168.5 158.3 193.0 
168'3 350.6 184.7 340.2 1.57'2 326.9 177'9 376'8 
I 80.6 154'0 168'1 197'0 

A 

K + L  
K in terms 
L of K 

B 

K + L  
K in terms 
L of K 



BAR COXPABISONS 

measurement-(Continued.) 

M I C B O M E T E B  R E A D I N G S  I N  DIVIBIORS 
= 1'27847 m.y. of A, = '9905 x 1 Mvidialrm of L 

, B r x ~ s s s  

, 

.i 
B 
8 
C 

d 
% 

44 

45 

46 

47 

48 

49 

50 

41 
52 

53 

54 

55 

56 

5 7 

58 

59 

60 

6 I 

62 

63 

E 

K + L  
K , terms 
L of K 

D 

K + L 
K in  terms 
L of K 

I +  + + + + + 
213.4 429-1 177.8 365'3 176'4 370.0 367.2 
213.6 18.5'7 191.8 + 1 ,  
213.6 430'9 189.5 371'4 186.9 371.8 371.2 Umrenllnt Herschel at mlcmmeter K ; 
z 1.5'2 I 80.2 183'1 Mr. Bennesle~ n L. 
226.2 432.1 187.0 375'0 181'4 375'3 372'1 
2039 I 86.2 192.1 
221.5 433.8 184'8 374'8 186'2 377.2 373'4 
2 10'3 I 88.2 I 89.2 
201.2 437-7 189.0 377'6 198'5 374'8 375-2 
234'3 I 86.8 174'6 
222.1 437.8 189.9 381'3 19.5'3 382.3 378.2 0brcmr.m ch.nged p k ~ ~ .  
213.6 r 89.6 I 85.2 
122.3 ++a-2 196.3 380'7 196.8 381.6 379.4 
217.8 182.6 183.0 
210.8 440.8 183.8 383'6 183.3 383.0 381.2 
227.8 '97'9 197'8 
222'8 446'7 188.8 385.7 19.5'6 387'2 384'8 
22i.8 19.5'0 189'8 
222'2 456.0 206.7 397.7 188'2 394'5 394'6 oarena~ ch.n@ 
23 1.6 I 89.a 204'3 
2.33'1 455'6 213.4 397.8 197'7 399'5 397'0 
220'4 I 82.6 '99.9 
210.6 467'7 197'5 405.9 194.0 405'8 404'8 
254'7 206.4 209.8 
229'1 469.7 198.2 411.4 220.2 411'2 410.1 
238'3 211'2 1 89.2 

211'9 413.7 185'6 357'9 174.5 353'1 357'9 ~ ~ n ~ n n n t R e ~ h c l a t m l c m m e t c r ~ ;  

199'9 170.7 
Mr. Hemlumy n L- 

176'9 356.8 359.7 201.2 416.4 179.5 358'9 179.1 
213'2 I77.7 I 76.0 
204.6 417.3 187.9 360'2 i72.1 358.0 359.7 
210'7 170'7 I 84.1 
204.9 417.8 174.8 361.1 172'3 356.8 360.0 
2 10.9 184.5 182.7 
207.0 421.8 175.6 364'1 169.3 362'9 364.2 ~brnench.ngodpi~ee~. 

2 I 2.8 r 86.7 191.8 
206.1 '423.6 178.0 364.4 176.4 3642 365.9 
215.4 r 84.6 I 86.0 
219.9 427.1 188.0 368.4 1fo.o 363.4 367.1 ' 

205.2 I 78'7 191.6 

H 

K + TJ 
in terms 

L of K 

-- 

m a  
83 
h 8 
O g g  ,E &= 



BANGALORE BASELINE 

After th 

Let the mean length of the compensated bars minus the Standard A at 62" F be denoted 
by z, and the observed excess of the compensated bars by 6 when the temperature of A is to- 
Then, the expansion of A for lo being (E, - dBa), we have 

4 < 
M c 

.B 
5 !i 

% 
.., 

.g " 
lsss a f i  g Mar. 4 

5 [ i m 
5 B 
C 
0 f &  1 !I s! 8 

x - (to - 62') (E, - dE,) - 8 = o ; 

Treating the bar comparisons " Before the measurement" as shewn in this equation, me 
obtain the following series of results :- 

MICBOIIETEB B E A D I N Q S  I N  D I V I ~ I O E ~  
I 

lMFiaimofK=- 21 716.,1 Inch [a.bl on Steal Foot = 

Yean 
A 

K + L  
K interma 
L of K 

h. m. 0 0 1  + + + + + + + + 
10th 9 22 A.M. 64 77'3 71-35 

11 43 65 86.6 , 7590 

11 53 66 87.5 76-36 

o 3 P.M. 67 88.1 76.83 

0 23 68 88.0 77-47 

J 23 69 89.1 80'25 

1 33 70 88-3 80.62 

I 43 71 87.7 80-95 

I 54 72 87.7 81-25 

2 34 73 89.0 82-42 

2 43 74 89.0 82-67 

5.5 75 89.1 83-10 

3 6 76 88.8 83-44 

Means 76.46 

A 

K + L  
K interms 
L  of K 

164'9 354'9 163.8 342.5 173'3 316.1 184'5 377'4 
188.2 '77'0 '51.3 191'1 
175.9 422'0 200.6 331.5 175'0 319.3 179'0 37 1'9 
243'8 129'7 142.9 191.1 
187'3 432'4 166.8 336'4 I5j.I 320'0 176'4 372'4 
242'8 I 68.0 165'3 194'1 
210.9 4.42'6 160.0 337'9 160.7 320.9 184.5 371.9 
229'5 I 76.2 158'7 I 85.6 
212.6 454'8 171.1 339.7 170'0 318.5 181.1 376.7 
239'9 167'0 147'1 193'7 
249'8 512'1 179'9 346'2 164.8 331'2 192.8 389.0 
2 59'8 164'7 164.8 194'3 
246'7 518.9 180'1 348-7 194.9 328.1 190'2 386'2 
269'6 167.0 '3 1.9 194.1 
262'0 524.8 175'9 350.1 171'0 330'5 197'0 390'1 
260'3 172'5 158.0 191'3 
267'0 530'4 171'2 349'6 175'5 333.1 191'9 3899 
260.9 176'7 I 56. I 196.1 
274.7 554.3 178.1 353.7 177.8 338.8 192'9 398.7 
2 76.9 1 73'9 '59'5 203.9 
273.6 559'9 181'9 355'8 183.0 342.5 198.3 399'2 
283.6 172.2 158.0 199'0 
278-4 570.0 168.9 365'8 ' 172.0 347'2 198.6 400.8 
288.8 I 89.1 173'5 200.3 
265'5 578.7 162.4 355.0 184.0 344.9 189.4 401.4 
310.2 190.8 '59.4 210'0 

466.14 361.72 345'95 402.70 

B 

K + L 
K in tam 
L of K 

C 

K + L  
I( i q t e m  
L of K 



BAR COJfPrlRISONS 

. naeasurement- (Continued.) 

x+ 1-15 (E, 
rc+ 1.17 

x+ 0.67 

x- 4-23 

x- 5-82 

a- 7.63 
X -  8.88 
x- 9-85 

Before the meaaurement-(Continued.) 

B Z X A B ~ ~  

- 

MIOBOXETEB BEADINGS I N  DIVISIONS 
= Ia!27M7 my. d A = '9905 x I Divlsion of L 

6-10'87 (E, 
x- 0'21 

x+ 0.04 

x+ 0.04 

x- 0.31 

x-  0.88 

x- 1.60 

x- 6.17 

23 - 8 
0 

x 8 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

7 5 

76 

Means 

H 

K + L  
K in tern 
L of K 

+ + + + + + + 
213.3 424.3 199.0 367.9 187.0 363'6 367'0 

I 
209'0 167'3 1 74'9 
190.0 419.2 I 7 I 357": I 76.5 3640 360.5 Lientenant Campball at micmmater K; 

227.0 I 83'6 185'7 Lientenant Hershel ,, L. 

203.1 418.1 193.0 358'4 180.0 365.1 361.7 
213.0 163.8 183'3 
z11.g 420.7 175.7 360.4 I 78-3 366.1 363'0 
206'8 182-9 I 86.0 
203'7 424'4 179'6 360.3 182.3 366'6 364'4 
218'6 1 79'0 182.5 
212.6 434'0 181'2 372.6 186.9 376'8 375'0 oaserren &=wed P-. 
2 '9'3 I 89-6 188.1 
213.7 434'6 18.3'2 373'9 1773 376'8 374'7 
218.8 188.9 197.7 
225'7 433'7 187.2 378.0 183'0 378'9 376'9 
206.0 I 89-0 194'0 
208'8 437'0 183'7 376'5 194-9 377.4 377'3 
226'0 191.0 181.8 
224.8 H0.9 1941 382.9 191.1 383.6 383.1 
zrq'o I 87.0 '9“-7 
214'2 443'9 198'0 383.7 190.7 385'8 $5'2 

I 

22'1'5 183'9 193'2 
217.4 446'8 190-9 388.0 202.8 390.1 389'8 Ob-m-plwa. 
227.2 195" 1 85'5 
221.9 449'7 1957 388.5 192.9 388.0 387'9 
225'6 I 9 1'0 '93'2 

449'72 391.47 389'66 390'43 

s" 
8 
.U 

2 

D 

K + L  
K interme 
L of K 

E 

K + L  
K intern 
L of K 



BANGALORE BASELINE 

Before the measurement-(Continued.) 

d d - dE,)-  12.2 = o x+ 0.16 (E, -dE,) -165.6 = o 
, - 3.0 = o z+ 0.00 , -158.1 = o 

, + 6.4 = 0 z- 0.28 , -148.7 = o 
,, + I I ' O = ~  z- 0.66 3, -140'9 = o 
,, + 18.2 = 0 Z- 1-11 9, -129.9 = 0 
,, + 25.2 = o x- 5-21 9, - 48'7 = o 

9, + 33'5 = 0 x- 6-11 - 36.9 = o 

2, + 43'5 = O 8- 7.06 $9 - 21'4 = 0 

And from the mean of these results, 
d 

z = + 52-13 + 6.18 (E, - dE,) : 
adopting the original value of the expansion of A given at page (9), 

"'*Y d 
E, = 22'67 = 17'743, 

a "'.Y 
and x = 161.78 - 6.18 dEa= 206.71 - 6-18 dEa = L - A ;  

where L denotes the mean length of the compensated bars obtained from all the comparisons, 
d 

as represented by the mean micrometer reading 499.86, page IX- 
9' 

Comparing this reading with the mean reading of each compensated bar given on pages 
l L 8  and IX- we obtain the following :- 

9 
" 

In terms of 

Micrometer divisions. 

Millionths of a yard. 

A - L  B-L C-L D-L E-L H - L  

-28.68 -40.16 + 10'37 +59-89 +2-72 -4.15 

-36.64 -51'31 +13'25 +76.52 +3-48 -5.30 



BAR COMPARISONS 

Befie tAe measurement-(Continued.) 
I 

Alao combining the values in this table with the equivalent of I,--A just determined, 
there result, 

d "i.Y d "i.Y 
A - A = 133.10 - 6-18 dEa = 170.07 - 6-18 dEa D - A = 221.67 - 6-18 dEa = 283'23 - 6-18 dEa 
B - A = 121.62 - , = 155.40 - 21 E - A = 164.50 - ,, = 210'19 - )J 

C - A = 172'15 - ,, =219.96- ~9 H - A = 157.63 - ,, = 201.41 - J J  

ab 
and 6 x = I 240.3 - 3 7-1 dEa. 

About the middle of the base-line. 

Again from the bar comparisons a After set A%. 287", we obtain the following series of 
results :- 

d 
1 ~ -  0.11 (E, - dEJ-151.6 = o 
- ' 1 1  ,, - 18.3 = o 



BANGALORE BASELINE 

About the middle of the base-line, after set No. 287-(Continued.) 

a 
x- 2-27 (E, - dEa) - 131' O= 0 

x- 2-24 ,, -128.3 = o 
5- 2'45 ,J -119.6 = o 
a- 2-62 ), -115.1 = o 
x- 2.86 ,, -109.0 = o 
5- 3.14 JJ -102'5 = 0 

=- 3'47 J, 
- 97'5 = 0 

x- 3-86 >, - 87.0 = o 
s-10.53 ,, + 39-0 = o 
+--II'29 ,, + 51.8 = o 
x-11-96 ,, + 59-8 = o 
X-12'55 ,, + 6 g S o = o  
s-13-78 ,, + 87.4 = o 
8- 14-82 J J  + I O I . ~  = 0 

a-15-30 JJ + 109.9 = o 

And from the mean of these results, 
d 

x =- 4.85 + 9-48 (E, - dEa) : 

adopting the original value of the expansion of A given at page (g), 
"-9 d 

a, = 22-67 = 17,738, 
d m.Y 

and z = 163.31 - 9.48 dEa = 208'72 - 9-48 dEa =L - A. 

Proceeding as on page Mz6 we obtain ; 

Also the following ; 

b 

I n  terms of 

Micrometer divisions. 

Millionth8 of 'a pard. 

m.Y 
and 6 x s 1252'3 - 56.9 dE,. 

R 

A - L  B - L  C - L  D - L  E - L  H - L  

-25'24 -42'55 + 12.05 +56'29 - 1.08 +oa53 

-32.26 -54'38 + 15'40 +71'94 -1.38 +oS68 



BAR COMPARISONS 

After the measurement-(Continued.) 

Also from the bar comparisons " Apta the measurement," we obtain the following series 
of results :- 

d d 
a- 6-73 (E,  - dEJ - 57-0 = o x -  8.14 (E,  - dEJ - 32-5 = o 
x- 6-53 I )  .- 62'9 = o x-  8-13 ,, - 32'2 = 0 

X -  6-51 ,, - 62.8 = o x-  8-50 ,, - 2 5 * 0 = 0  
X-  6-53 ,, - 60.0 = o 5- 8-79 

J J  - 18.8 = o 
x- 6-73 ,, - 56-2 = o x- 9-12 I )  - 13.4 = o 
x-  6.88 ,, - 52.6 = o x- 9-46 

J J  - 8.6 = o 



B ANGALORE BASE-LINE 
- -  

After the measurement-(Contintled.) 

d a 
C- 18.25 (E, - dE,) + 137.1 = 0 2-20'42 (E, -dE, )  +171'2 = 0 

S- 18-62 ,, + I 4 4 2  = 0 Z- 20.67 ,J +I74'7 = 0 

c - I 8.95 ,, + 147'9 = 0 X-21-10 ,, + 180.2 = o 

c - I 9-25 ,, + 153.1 = 0 x-21-44 . ,, + 190.8 = o 

And from the mean of these results, 

adopting the original value of the expansion of A given at page (9). 

d "'.Y 
and z = 180.46 - 14'46 rkE,= 230.72 - 1446 dE,, = L - A ;  

Proceeding as on page I K , ~  we obtain :- 

Alao the following : 

1 

In terms of 
-. -. - 

Micrometer divisions. 

BIillionths of rt yard. 

A - L  B - L  C - L  D - L  E-L H - L  
- - -  -- .- - _ _ 

-28.48 -44.25 + 12'50 +59'52 + 1-27 -0'54 

-36.41 -56.57 +15'98 + 76-10 + 1-62 -0.69 



BAR COXPARTSONS. Ix- 
3 = 

Final deduction of the total length measured with the compensated bars. 

From page 1Lz7  the excess of the 6 compensated bars above 6 times A 3 .y 
= 1240'3 - 37'1 dEa 

before the measurement 
11 ''-28 II ' I J  afler set No. 287 = 1252'3 - 56.9 dEa 

I )  ILqo I )  II  after the measurement = 1384'3 - 86.8 dEa 

Therefore the mzan excess ,, applicable to sets Nos. I, & 3 to 287 = 1246'3 - 47.0 dEa 
and )I ,, applicable to sets Nos. 288 to 572 = 1318.3 - 71.9 dEa 
Also the mean length of a set of 6 compensated bars in feet of the standard, = 60.0037389 - A - 47.0 d ~ a  

applicable to sets Nos. I, & 3 to 287 10 - 

and )I applicable to sets Nos. 288 to = 60.0039549 - 71.9 dE, 
A 

Similarly from pages IX- and IX-28 the mean excess of the 3 compen- m.u 

2 7 sated bars A, C, H above 3 times A = 600.7 - 23'5 dEa 

and the mean length of a set of compensated hars A, C, H in feet of the 
standard, applicable to sets Nos. 2, and z2 

A = 30'001 8021 10 - 23'5 dEa 

Also from pages IX- and I X  the mean excess of the 4 cornpcnsated m.u 
2 7 28 bars A, B, C, D above 4 times A = 832.1 - 31'3 dEa 

the mean length of the set of compensated bars A, B, C, D in feet of A 
tho standard applicable to set *, = 40'0024963 - 31 '3 dEa 

Similarly from pages IX, a n d I X  the mean excess of the 2 compen- m.u 28 3' sated bars A, B above twice A = 349.6 - 23.9 dEa 
and the mean length of the set of compensated bars A, B in feet of the stand- } A 

ard, applicable to set *9 
= 20~0010488 - 23-9 dEa 

~ l s o  from pages IXeZ8 and IX- the mean excess of the 5 compensated m.u 

3' bars A, B, C ,  D, H above 5 times A = 1098.5 - 59.9 dEa 
and the mean length of the set of compensated bars A, B, C, D, H A 

the standard applicable to set ::27:f) = 5°'0032955 Z - 59.9 dEa 

Hence the total lengths measured with the compensated  bar^, 
feet .4 A feet oJ A 

201 (60.0037389 - 47'0 dEa) = . . . 12060.7515 - 9447 dEa 
I n  sets Nos. I to * 2 (30.0018021 - 23'5 dEa) = . . . 60.0036 - 47 dEa 

I (40.00~4963 - 31'3 dE,) = . . . 40.0025 - 31 'Ea 

Sum = . . . 12160.7576 - 9525 dEa 

- I (40.0024963 - 31'3 dE,) = . . . - 40'0025 + 31 dE, 
I n  sets Nos. *, to *# 85 (60.0037389 - 47.0 dE,) = . . . 5100.3178 - 3995 dEa 

or Stn. A to Stn. to B 74 (60.0939549 - 71.9 dEa) = . . . 4440.'2927 - 5321 dE, 
I (20~0010488 - 23.9 dE,) = . . . 20~0010 - 24 dEa 

Sum = . . . 9520.6090 - 9309 dE, 

- r (20woo10488 - 23.9 dEa) = . . . - 20.001 o + 24 dE, 
In sets Nos. *, to 57 31 

or Stn. B to N.E. End 
} = { 211 (60.003y54p - 71.9 dEa) = . . . 12660*83+,fj -15171 dEa 

I (50'0032955 - 59'9 dEa) = . . . 50'0033 - 60 dE, 
- 

Sum = . . . 12690.8368 - 15207 dE, 
-- - 
- In aeta Nos. 1 to 573, or S.W. End to N.E. End . . . . - . . . 34372'2034 -34041 dEa 



IX, BANGALORE BASE-LINE 
3 

Final deduction of the total length measured with the compensated bars-(Continued.) 

Now the mean temperature of A during the bar comparisons before the measurement and after set 
0. 

No. 287 was 62' + = 69'-8, for which temperature the corresponding expansion of A from page (19) 

= 21.696 my .  Again the mean temperature of A during the bar comparisons after set No. 287 and after 
7 "'9 the measurement was 62' + - - - = q4"0, for which temperature the corresponding expansion of A from 6 

page (19) = 21.722 m.y. Comparing these values of expansion respectively with the original value = 22-67 n.y, 
used in the foregoing; it is found that ' the values of dE, = + 0.974 m.y, for sets Nos. I to 287, and 
= + 0.948 my,  for sets Nos. 288 to 573. Substituting for dB, respectively these numerical values, there 
result, 

Total lengths measured with the compensated bars 

feet of A 
in sets Nos. I to  *, or 5. W. End, to StationA = (12160.7576 - .o278) = iz160.7298 

,, *, to *, or Station A, to Station B = ( 9520~6090 - -0268) = 9520'5822 

3 )  
*, to ~ 7 3 ~  or Station B, to N. E. End = (I  2690.8368 - -0432) = I 2690.7936 

,, I to 5731 or 5. W. End, to N. E. End = (34372-2034 - '0978) = 34372-1056 

CompalYisons betwem the Compensated Microscopes and the 6-inch brass scales during the 
nzeasurmaerat, and provisional detemninatio~r of iYicroscope errors with respect to the 

6-inch brass scale A, expressed in millionths of an inch (mi.) 
d 

Microscope Micros : - Scale d, 
at 62' Pah. 

$ 
mi. ' j 

5i 3f i  

v v 7894 + 
T T 79.1 1 7 1  a 
1' 1 74'7 
N iV 75'0 
0 S 77'3 
u i7 76.7 9 1 9  22-2 2220 392 

S S 77'7 + g 8 1  - 6 1  - 6 1 0  + 4 

78.3 + I O I ~  + 1'7 + 170 - 18  

78.3 +1019 - 13'8 - 553 - 133 

. Whcn compared 

- 
1868 

January 10th 

,, 12th 

,, 19th 

,, 20th 

Before the measure- 
ment. 

Do. 

Bfter set NO. 50. 

Do. 



BANGALORE BASELINE 

2llicroscope Comparisons-(Continued.) 

22.; Microscope 
g g 2 - - ro &Iicroscope Scale. zbg 
2 1 Obeerved calue in 
c g q  I ternis of 9 .a II 
u G O  

Divisions 
2 3 1-=1,t m.i. I 

Microa : - Scale A, 
7- I at t iPo Fah. 



Tho required comLinnt,ions of individual microscope errors taken from pages 1 2  end 
are ex~.)ressed as follows ; 32 

IL33 
Reference fi~trnbcrr. mi. mean temp : 

' + = + j48 at (b + I;~I) before tho measurement. C , =  2 +  3 +  4 +  5 +  6 % ~  

1+7. c 2 =  2-4-  4 + 7 -  = + 961 at (62 +15-38) do. 

9 +  16 
d, --' 8 + 13 +p = + 2428 at (62 + 13-43) between sets 50 & 51, and 131 & 132 

9+ 16 
e, = 8 + 12 + 13 9 14 + f.5 + - 2 + 2053 at (62 +14'07) 8 ,  do. do. 

2 

7+8  before the meastnement and be- 
&, = 3 + 4 + 5 + 6 + 9 + , = + '044 at  (62 + 14.67) { t , , ,  . sets jo & 51 

10+16 
t6 = 11 + 12 + I3 + 14 + 15 + - = + 1408 at (62 +13'49) betweensets131&Ijf 

2 

18+ 19 I 9y  

136 (1: 137, 221 & 222, 4 = 17 + 2 1  + 22 + 24 + 25 + 7 = + 5683 at (61 + 7-74) ~ 8 j  Jr. 288 

ro+ 16 
ee = I! =t 12 + 14 + 15 + 17 -t - = + 11d3 at (62 +14'76) 9, 136$ r37,and131 & r j a  

2 

19+2o - + 782 at, (62 + l5'88)f { " do. do. 
tg = J I  + 12  + 14 f 1.5 + 17  + -- P 0 

and221 &a22 

104- 16 m 

el,,= n + 12 + 17 +--- = + 1 3 . 3 8  at(62+14.06) ,, 1j1&132,and136&137 
1 

18+ 19 
e l3=  2 1  -f & a  + a3 +--- = $ 2164 at (62 4- 6.44) ,, do* ad 221 & 222 

2 

a6+27 
rl, = ix i- - = + 1087 at (62 + 11'55) ,, do. 

2 

2R+"4  = + 3304 PL (82 +17'16) 9, do. 30 + 31 + 32 + 33 35 + 7 

36 + 42 
c,, A 37 + 38 + 39 + 40 + 41 + - = + 3344 rd (62 +43,83) after the measurement. 

2 

28+34 el$= 30 t 81 + 32 f 35 + 7 P + 3441 at (Bz +a6'99) between sets 479 8C 480; 



BASc#.4LOP,E BASE-LINT;: 

~itroscope Compariso~-(Continued.) 

~ n d  from the foregoing, we obtain the following equations for the micrdeaope errora 
per sot (or m.e.); where dE expresses the error ih the adopted value of the expansion fLr the 
&inch scales. 

el + e4 ( r n . ~ . ) ~  = - - - + - 6 x t q ' 4  dE &ppliaable t b  ~ e t s  Xdd. I and j to 30 

+ell  (rn.~.)~ = - - 
2 

- + 1945 - 6 x 9-85 dE i, ;, 137 to 202 add 203 tti 22i 

clo + el, (m.c)* = - - 
2 

- + 1751 - 4 x 10.25 dB ,, &t No. 

4- ( h l . ~ . ) ~  = - - - + 2944 - 6 x 15.31 dE n ,, 288 to  361 and 362 td 479 

'14++?' i + 1207 - 2 x i9.) i  d,?j ( a . e . ) ,  i -- 
2 

,, set Hb. *2 

el9 + e2o 
( m e . ) , ,  = - + 3240 - 5 x 2j-16 dE 

2 ,, k tNo .573 ,  

Hence the total rriicroscope errors are as follows :- 
d.i. , p e t  OJ A 

+ 49 (me) ,  = + 63749 - 4245 dE  = '0053 - 4245 k~ + 2 (m.e), = + 3390 - 86 dE  = -0003 - 86 dE  
In sets Nos. I ta = + 81 (m.s), = + 99306 - 6843 dE = '0083 - 6843 d E  

+ 5 (m.e), = + 10230 - 3 1 9 d E =  . O O O ~ -  319dE  
+ 66 (me) ,  = + 128370 - 3901 dE  = '0107 - 3901 d E  

L+ ~ ( m . e ) , =  + 1 7 j 1 -  41 d B  = -0001 - 41 d E  -- - 
Sum = '0256 - 15435 dE 

I (m.e), = - 175i + 41 dE = - 'OOOI + 41 dE  
+ 19 (7n.e), = + 36955 - 1123 dE = + -0031 - 1123 d E  

fn sets Nos. *, td *$ + 66 (m.e)7 = + 113190 - 40jI dE  = + -0094 - 4051 d E  
+ 74 (m.e), = + 217856 - 7064 dE  = + -0182 - 7064 d E  
+ I (m.e), = + 1207 - 40 dE  = +  boa^ - 40 d E  

Sum = + -0307 - 12237 dE  



BANGALORE BASELINE 

Final deduction of the total lengths measured with the compensated microscopes. 

Hitherto the microscope errors have been determined only provisionally : i.e. in terms 
of the 6-inch brass scale A. But from page (31), we have 2 A = 1-oooorg2 !, value in 
1835. Also, the co-efficient of expansion for brass, has been taken at -ooo,o10,417 in the fore- 
going reductions, whereas it appears from page (17) that ~000,009,855 is a more probable value. 
Accepting the latter, it may be found that d B  = 3.372 na.i. Hence, remembering that the 
length measured with a set of microscopes is equal to 3 feet of A + the corresponding (me), 
me have, 

Total length measured with the compensated microscopes 

/set 04 A 
zoz x 3 

o/ 
In sate Nos. I to *1 

A 

- { + 1x2 or S.W. EndtoStn. A } - +.0%56 } -15435 dh' =( 608.0373-.0043)= 608-0330 

1 x 2  In *I f , . , . , = + 159 x 3 +.o307 -12237 dl3 =( .+76.0398--0034) = 416-0364 
or Stn. A to Stn. B {; 1x1 



BANGALORE BASELINE 

DETAIU OF THE MEASUREMENT. 

Disposition of the bars and microscopes during the measurement. 

The following typical illustrations shew the permutations and combinatione of the bars and 
microsc.opes during the measurement. The instruments are here named in the mcceesion that 
actually occurred, commencing from the rear-end of a set, and the numbers assigned to the 
illustrations, mill be found employed in the tables of " Extracts from the Field Book &c," 

Bar Illustration. I Microscope Illustration. 

No. 1 No. 2 No. 3 No. 4 No. 5 - - 
A A 

H 
D D 

E H 
H 

Statement. 

No. I occurs in sets Nos. 1,3 to 202,203 to 361 
and 362 to 572. 

No. 2 ,, Nos. 21 and 2%. 
No. No. 3 ,J 

No. 4 JJ No. **. 
No. 5 ,J No. 5731- 

Statement. 

No. I occurs in sets Nos. I and 3 to 50. 
No.2 ,, Nos. 2, and 2g. 

No. 3 JJ NOS. 51 to 202,203t0 361 
and 362 to 479. 

No. 4 ,, set No. * 
No. *;: No. 5 ,, 

No. 6 ,, sets Nos. 480 to 572. 
No. 7 ,, set No. ~ 7 3 ~ .  

Extracts from the Field Book of the measurement, and calculated heights of sets above the origin. 
Adopted heights above mean sea level. 
South-West-End (origin) = 3 I I 8.3 feet. 
North-East-End (terminus) = 3009'3 feet. 

NOTE.-The rear-end of set No. 1 stood exactly over the dot at South-West-End. 

3 .  0 

.,a 

$ "0 
4 Mean time of $ 3.a ment of 4 i Moantimeof 1 2.g 

1888 "0 3 ending c 'i; 1888 $ ending 
"0 ;" % '8 

i i! & .F g @ O % 
B . I  K t2 E4 w" 

Numeral 
nhewirrg 
arrange- 
ment of 

h. m. feet 
13th Jan. I 64.0 8 40 A.M. 6 + 1-63 

21 70'5 10 5 3-0 .51  
2, 77.5 o 25 P.M. 3 2.31 
3 79'0 2 30 6 4.56 
4 80.0 3 35 6 7'35 

14th ,, 5 64'0 8 25 A.M. 6 9.93 

1 
* 5 l  

I 

I 

I 

I 

I 

I 

I 
I 

g 

I 

I 

I 
I 

I 

r 
I 

- I 

r 
z 
z 
I 

1 

I 

6 68.5 9 30 6 11.79 I 

7 78.0 o 30 P.M. 6 13-66 1 I 

I 

z 
2 

I 

1 

I 

A. m. feet 
14th Jan. 8 z 5 P.M. 6- 15.86 

9 80.0 3 25 6 17.84 
15th ,, 10 60.0 7 45 A.M. 6 19.79 

11 69'0 8 55 6 21-j9 
rz 73.8 ro 15 6 24.04 
13 81.0 o 45 P.M. 6 26.06 

I 

I 
14 83.0 I 40 6 28.06 
15 84.0 z 25 6 30.06 
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Eitracts from tlu Field Book--(Continued.) 

Jan~iary 22nd Cloudy during the day. January 23rd and 24th Sky spread over with clouds throughout the day. 

3 a f 2 -  u " Mean time of 5 r2 
1868 3 ending a y g  

'8 
Rd k? 37 ." 

& fi 

R. na. f ~ t .  
16thJsn. 16 82% 330p .x .  6-32-12 

17 62.0 8  A.M. 6 34.27 
18 71'0 9 25 6 35'62 
19 83.0 I r  45 6 37'43 
2 0  84.5 o 25 P.Y. 6 39-35 
2 1  86.0 I 5 6 41.30 
22 86.5 r 45 6 42.65 
23 87'0 a 2 0  6 44.36 
24 87'3 3 0 6 46.32 
25 86.0 3 45 6 47.61 

17th ,, 26 62-5 7 20 A.M. 6 48.71 
27 64.0 8 o 6 49'92 
28 67.5 8 33 6 50..52 
29 71'2 9 10 6 31.89 
30 74'0 9 4 0  6 52.86 
31 81.8 r1 25 6 53'.?3 
32 80.0 o o P.M. 6 54.06 
33 8 ~ ~ 9  0 30 6 55'.54 
34 85'3 I '0 6 56.82 
35 86.0 I 40 6 58.11 
36 873 2 25 6 58.77 
37 87'0 3 0 6 60.26 
38 8j.o 3 45 6 61-94 

18th ,, gy 61.2 7 15 A.Y. 6 63-13 
40 66.0 8 lo  6 64.77 
41 70.8 8 50 6 66.51 
41 74'8 9 30 6 67.94 
43 83'4 11 30 6 68.81 
44 8+'2 0 15 P.M. 6 70'8.3 
45 85.2 O 50 6 72'31 
46 86.8 I 30 6 7406 
47 84'5 2 0 6 75-64 
48 84.0 2 30 6 76-66 
49 84'7 3 15 6 77.86 
50 84.0 4 o 6 78.55 

20th ,, 51 62.2 7 20 A.M. 6 80'40 
52 68.6 8 6 6 81-63 
53 72.0 8 40 6 82.23 
54 76.0 9 20 6 8.3'65 
55 78.0 10 o 6 85'91 
56 84'7 11 50 6 87'50 
57 84.7 0 2.5 P.M. 6 88.48 
58 84.0 r o 6 91'52 
59 8.3'4 I 35 6 93'11 
60 84.2 a ro 6 94'73 
61 844 2 4 5  6 97.04 
62 82.5 3 30 6 98-71 

218t 9, 63 60.3 7 1.5 A.X. 6 roo..56 
64 62.5 8 o 6 I O Z . ~ E  
65 665 8 30 105.51 

.= 3 3 4 7jl $ *  

arrange- 

I 

1 
I 

1 

I 

I 
I 

I 

I 
I 
1 

I 
I 
1 

1 

I 

1 
1 

I 

I 

I 

I 
r 
1 
I 

I 
I 

I 
I 

I 

1 

I 

r 
I 
I 

I 

I 
1 

r 
I 

I 

1 

1 

1 

1 

1 

r 
I 

I 

shewing 
Numeral 

arrange- 
ment 

% 
F 9 g  

I 

r 
I 

I 

I 
I 

I 

1 
1 

I 
I 

I 
I 

r 
1 

I 

r 
I 
I 

I 

1 
I 

I 

1 

I 

I 
I 

I 
r 
I 

r 
I 
1 

I 
I 

I 
I 

I 

I 

I 

I 
I 

1 

I 

I 

I 

1 

of 

fj 

3 
3 
3 
3 
3 
3 
3 ' 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
q 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

u of 2 i n m e  of 8 2.g 
1868 2 s n h g  %.; 

0 O 

9. I 
0 9. .!? g 

I 
I 
I 

I 

I 

I 
1 

1 

1 

r 
I 

I 
I 

I 
1 

I 

1 
I 

I 
I 

I 
I 

I 

I 

I 

I 
I 

I 

r 
I 

I 

I 

I 
I 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

G w" 

h m. feet 
21etJan. 66 71.4 9  A.M. 6-107.45 

67 77.0 10 50 6 109.58 
68 79'2 X I  25 6 I I I . ~ O  
69 8.3.0 o 0p.M. 6 113.39 
70 8.5'2 o 32 6 rrg.27 
71 80'7 I 3 6 116.69 
72 81'0 r 38 6 117'63 
73 81.0 2 20 6 117.72 
74 81'4 2 55 6 116.29 
7.5 82.0 3 2 5  . 6 114.gi 
76 80'0 4 15 6 113.~9 

2 n d  ,, 77 62.2 7 10 A.Y. 6 11 1.50 
78 6.5'6 8 o 6 10893 
79 68.4 8 33 6 107.04 
So 72'5 9 10 6 ro-b.9-1 
81 760 9 4 5  6 103'16 
82 78.5 11 30 6 102.04 
83 83.7 o 2 P.M. 6 100.38 
84 85'4 0 37 6 98.71 
8,; 8.5'5 I o 6 98.06 
86 85'2 I 53 6 9809 
8 j 85'2 2 2.5 6 97'36 
88 86.0 a 58 6 98'49 
89 83'0 3 40 6 99'13 

23rd ,, 9o 66.3 7 7a.M. 6 99.78 
91 68.0 7 40 6 101.00 

92 68.9 8 5 6 ro1.15 
93 71'2 8 33 6 ror 85 
94 77'0 9 6 6 102.91 
9.5 i8.5 9 4 0  6 104'07 
96 85.6 I I 27 6 10.5'83 
97 87'0 r 1  57 6 107'83 
98 85'6 o 28 P.M. 6 109.07 
99 87'0 0 !,O 6 111.03 

roo 86.4 1 13 6 11282 
I O I  86.0 r 37 6 114.56 
roz 84.0 a 3 6 116.18 
I03 83.6 2 32 6 118.84 
104 81.0 a 5 5  6 121.08 
10.5 79'8 3 32 6 122.78 

24th ,, 106 68.2 7 45 am. 6 124'78 
107 69'8 8 17 6 127-14 
108 72.0 8 50 6 129.02 
109 75'1 9 25 6 131.05 
1x0 80.5 rr 12  6 13.3.00 
I I I  80.9 11 46 6 135'54 
I r n  84.4 o ,5 P.X. 6 137.54 
I 13 82.6 o 58 6 139.31 
114 81.3 r 3 8  
11.5 80.5 z 5 



DETATLS OF THE bfEASUREMENT. 

Extracts from the Field Book-(Continued.) 

IS, 
3 9 

January 25th (I 24) Cloudy throughout the day ; light ahowera in the afternoon. 

,, 27th (132) Rain in the forenoon. 

3 Q 

a p 8 2 %  
2 5 M- time of 3 g.$, 

1868 ., h .c e n h l g  o . 1 
% ;; 2 " 2 ,  g 

& 

h. m. feet. 
24th Jan. 116 7998 2 43 P.M. 6 - 145.58 

"7 79.6 3 ro 6 14793 
118 78.8 3 45 6 1.1971 

25th ,, 119 67.5 7 50 A.M. 6 152.2,; 
120 68.4 tl 2 0  6 1.5481 
121 71.6 8 50 6 156.45 
122  74.0 9 26 6 1.j8.15 
la3  76.5 11 20 6 160.05 
124 75'0 11 55 6 162.,31 
125 74.4 o 22 P.M. 6 164 24 
126 74.5 0 53 6 165 82 
'27  73'5 1 2 5  6 1 6 i ' i j  
128 72.1 I 57 6 167.66 
129 71'; 2 3 0  6 169.21 
130 52'4 3 5 6 171.31 
[31 70'4 3 5' 6 172.06 

27th ,, 132 77.0 r 3 0  P.M. 6 I j2.,38 
133 jj.0 2 o 6 173.31 
134 78.2 z 40 6 I 7.3.62 
135 79'7 3 10 6 174.32 
136 80.8 4 10 6 173.80 

28th , 1.37 66'9 7 15 A.M. 6 173.52 
138 69'4 7 45 6 174.02 
139 70.8 8 25 6 17.5'02 
1-10 73'5 8 55 6 175.21 
141 76'9 g 30 6 174'29 
142 83'5 11 3.5 6 '75'47 
143 85.9 O I O P . M .  6 175'12 
144 8.79 0 +o 6 175'46 
145 89'0 I 2 0  6 17.5'89 
146 87.5 I 50 6 '75'57 
142 85'0 2 10 6 1 7 5 . ~ 8  
148 87'3 2 45 6 17500 
349 84'7 3 30 6 175.80 

29th ,, 155 6.5'5 7 15 A.M. 6 176.43 
1.51 68.4 7 45 6 176.10 
152 71.3 8 15 6 1j6.67 
153 73'4 8 45 6 176.92 
154 75'5 9 95 6 177'3i 
'55 83'3 11 1.5 6 ~ 7 8 0 2  
156 84.0 I r 50 6 1jg.11 
157 83.8 o ao P.M. 6 I j8.54 
158 8.5'0 0 45 6 1 ; 8 ' ~ 5  
159 86'2 I 15 6 179.04 
160 86.5 I j o  6 179.52 

The advanced-end of set No. fell iu 
meamred ou Cary's brass scale with a beam 

Height of set No. above Station A = 2.92 feet. 
The terminal point of net No. 202 was the point of origin for set No. 203. 

3 0 

& 1 5  d % - 5 Mean time of 1 &.& 
1868 % 2 ending C '- 

"0 0 8  

g $ g 3 .Y 
6 d 

h. m. feet. 
29th Jan. 161 8G3 2 20 P.M. 6 -I 78.84 

161 84.4 3 13 6 178.99 
163 8,i.a 3 45 6 178.30 

30th ,, 164 65 3 7 15 A.M. 6 177.02 
16.5 66.3 7 45 6 176'10 
166 52.0 8 4 5  6 17+'66 
'67 75'0 9 '5 6 172.38 
'68 77'4 9 55 6 170'99 
169 8j.o 11 40 6 169.31 
170 84.8 0 1 3 p . x .  6 167'29 
I ~ I  86.3 0 4 3  6 165.49 
1 7 2  87.9 I 14 6 164'05 
173 87'5 1 4 4  6 161.81 
174 87'0 a 9 6 159.69 
17.5 8i.o 2 37 6 158.74 
176 85.8 3 10 6 157'29 

31st ,, 17; 6.5'9 7 5 A.M. 6 155.96 
178 67.8 7 38 6 1.54'72 
179 69.7 8 6 6 152.70 
180 72.0 8 31 6 151.81 
181 I 8 5 7  6 150'.32 
182 78.1 g 30 6 149.63 
183 84-9 11 18 6 148.43 
184 87'5 I I 48 6 147'47 
18.5 84'0 o 18 par. 6 146.54 
186 8.5'3 o 46 6 144'98 
187 88.5 I 16 6 144'02 
188 88'5 1 40 6 143'40 
189 89.8 2 8 6 142.41 
190 85.3 2 37 6 I .+~*Io  

191 85.8 ,? 1.5 6 141.48 
1st Feb. 192 65.3 6 58 A.M. 6 140.27 

193 67'3 7 24 6 140.35 
194 69'7 8 a 6 139.24 
19s 71.6 8 29 6 138.82 
196 75'7 8 50 6 1.38'14 
I97 7 i  8 9 1.5 6 139'0s 
198 8.3'6 I I 18 6 138.57 
'99 85'7 11 48 6 138.32 
200 87.6 o 32 P.M. 6 138.65 

3rd ,, 201 67.6 7 5 A.M. 6 139.24 
202 70'2 7 42 6 139.27 

71.2 9 o 4 140.48 

Numeral 
slicrai~~g 

Numeral 
shewing 

arrange- 
menr 

$ 
F9 

I 

1 
1 

I 

1 
1 

I 

I 

I 
I 

I 

I 
I 

I 
I 

I 

I 
1 
I 

1 
I 

r 
I 

I 
I 

1 

1 

I 

1 
1 

1 

I 

I 

r 
I 

I 
I 

I 

1 

I 

I 
I 

I 

1 

I 

excess 

~rmn;e- 
melit 

$ i  
F9 

I 

I 

I 
I 

I 

r 
I 

I 

1 
I 

I 

I 
I 
1 

1 
1 

I 
I 

I 

I 
I 

I 

1 

1 
I 

1 
1 

r 
1 
I 

I 
I 

1 

1 

I 

r 
1 

I 

I 

I 

I 
I 

3 

Total -235 15-18 -- --- 1 
North-East) of the dot defining Station A 4.8132 

of 

$ 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

(i. e. 

of 

.A 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

' 3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 

feet, as 
conlIJass. 
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Extracts from tire field Book-(Coutinued.) 

- 

3 Numeral o 

3 4 2 2 
0 $ Mean tima of 5 4.4 3 5 M-timaof 4 $.a ment of 

Numeral 
hewing 
arrange- 
ment of 

1868 2 6 ending $'? % 3 ending $ 'g 

k s" 
k 

h. m. feet. 
3rdFeb. 203 71'4 8 12 A.M. 6 -140.47 

204 86.8 11 40 6 140.69 
205 89.5 o 34 P.M. 6 142.00 
206 85.2 I 14 6 142.43 
207 88.0 I 53 6 144.01 
208 88.5 2 23 6 145.12 
209 88.8 2 45 6 14.5'97 
210 87'8 3 30 6 147.62 

4th ,, 911 65.3 6 55 A.M. 6 149.03 
212 67'8 7 27 6 1 4 ~ ~ 8 8  
213 69'7 7 5 9  6 152.13 
214 72'0 8 31 2 15397 215 75'7 9 IS 155'90 
216 83.4 11 22 6 157.63 
217 83'9 11 55 6 159'67 
218 85.3 O J ~ P . M .  6 161.63 
219 86-5 o 47 6 163.45 
220 86.5 2 57 6 16j-40 
221 87'5 3 43 6 167'76 

5th ,, 222 66.5 6 58 A.M. 6 169'34 
223 70.0 7 42 6 171.71 
224 72-4 8 15 6 173'74 
225 75'7 8 47 6 175.71 
226 7i.8 9 15 6 177.89 
227 85.0 I I  26 6 180.24 
228 87.4 11 55 6 182.09 
229 88.1 o 15 P.M. 6 184.52 
230 88.9 0 4 7  6 186.75 
231 89.1 1 22 6 187.68 
232 89.8 I 5 0  6 189'60 
233 88.2 2 24 6 191.55 
234 87.6 2 56 6 193'29 
235 88.7 3 3 1  6 194'79 

6th ,, 236 68.4 7 29 A.M. 6 196.62 
237 70.1 8 o 6 198.04 
238 72.3 8 30 6 198'9.5 
239 75'3 8 55 6 200.38 
240 79.1 9 27 6 201.30 
241 86.4 11 25 6 202.09 
242 87-1 I I  58 6 203.65 
243 83'0 o 36 P.M. 6 205.57 
244 84'9 7 6 207'28 
24.5 86.7 1 42 6 2~8.69 
246 88.7 2 15 6 208.70 
947 86.5 2 43 6 209'66 
248 85.1 3 22 6 211.82 

7th ,, 949 66.4 6 48 A.M. 6 2 I 1-49 
250 67.5 7 22 6 212'13 
251 69'0 7 53 6 212.17 
152 71.7 8 24 6 212'91 
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3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

k w" 

A. m. feet. 
7th h b .  253 7396 8 52 A.M. 6-213.97 

254 77'4 9 2 1  6 214.97 
255 81'4 11 23 6 215'25 
256 84'3 11 55 6 215.71 
257 86.8 0 2 7 p . x .  6 216'37 
958 89'1 I 51 6 216.38 
259 89'5 2 36 6 216.40 
260 85'2 3 17 6 217‘19 

8th ,, 261 65'7 6 53 A.M. 6 217.13 
262 66.5 7 38 6 218'81 
263 68.1 8 8 6 219.07 
264 73'5 8 47 6 218.92 
265 76'5 9 2 0  6 218.51 
266 84.0 I I  12 6 218.85 
267 85.1 o IP.M. 6 217.91 
268 84.8 0 3 7  6 217.62 
269 86.3 I 12 6 217.84 
270 86.3 I 45 6 218.05 
271 87.0 2 18 6 218.54 
272 84'5 3 0 6 220.10 
273 84'2 3 43 6 220.53 

10th ,, 274 53'9 7 1 A.M. 6 220'97 
275 58'5 7 42 6 221.20 

276 63.9 8 1 7  6 221.56 
277 69.5 8 4 8  6 221.18 
278 73'0 9 16 6 222 04 
279 81.3 11 14 6 2 2 2 ~ 2 0  
280 81.2 11 45 6 221.81 
281 82.9 o 17 P.M. 6 221.17 

282 84.3 o 51 6 221.11 

283 83'9 I 20  6 221.44 
284 84'8 I 54 6 221.43 
285 86.0 2 25 6 221'32 
286 86'4 2 57 6 221.21 

287 85'9 3 43 6 921.52 
15th ,, 288 62'7 7 23 A.M. 6 222.07 

289 65.9 8 6 6 212.82 
290 72'2 8 36 6 223.52 
291 74'7 9 11 6 223.75 
292 77'8 9 50 6 222.87 
293 86'9 11 41 6 221.67 
294 88.1 0 15 P.M. 6 221'70 

295 88.9 o 48 6 221.13 
296 89'5 1 19 6 221'44 
297 89'5 1 46 6 221.14 
298 88.4 2 15 6 221.37 
299 83.8 z 46 6 220.87 
300 88.0 3 20 6 227.12 

17th ,, 301 57'0 7 15 A.M. 6 2220.77 
302 61.0 7 46 6 220.95 I 

I 

I 

I 
I 

I 

I 

3 
3 
3 
3 
3 
3 



DETAILS OF THE MEASUREMENT 

Extracts from th Field Book-(Continued.) 

3 * ." m o 
Y 

Mean time of 5 P.2 ment of 

o b  
& O Ti, .- 

i; Ei m g 

4 3 .i; Y 4 M'.- time of E P.% 

Numeral 
shewing 
arrange- 
merit of 

1868 3 ending % 'g 

g 
k 

A. nt. feet. 
17th Feb. 303 66'2 8 20 A.M. 6-220.39 

304 71'0 8 51 6 220.42 
305 74'3 9 2' 6 220.43 
306 83'6 X I  g 6 220.71 
307 85'4 11 37 6 220.07 
308 86.4 o 10 P.M. 6 219.85 
309 87'3 0 41 6 220.26 
310 87.8 I 13 6 220.22 

311 87-9 I 40 6 220.42 
312 87.9 2 13 6 219.87 
313 86.7 2 44 6 219.97 
314 87'0 3 29 6 218'81 

18th ,, 315 57'5 7 13 A.M. 6 217.29 
316 60'4 7 45 6 216'78 
317 64'4 8 13 6 215.80 
318 71'5 8 5 0  6 215.82 
319 77'3 9 24 6 214.40 
320 87.3 TI 26 6 313.58 
321 89'0 I I  56 6 21a.oo 
322 91.2 o 25 P.M. 6 210.30 
323 91'7 1 3 6 208.05 
324 92'5 1 3 7  6 206.18 
325 91'5 2 I3 6 204.30 
326 91.7 a 41 6 203'38 
327 91'0 3 J I  6 202.39 
328 89'8 3 46 6 200.05 

19th ,, 329 58.0 7 o A.M. 6 198 58 
330 59'4 7 32 6 196.91 
331 62.9 8 o 6 195.0r 
332 68'3 8 30 6 193.68 
333 75'0 9 0 6 1g1.78 

3 
3 
3 
3 
3 
3 
3 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
5 

me advrmced-end of set No. *, fell in defect (i.e. South-West) of the dot defining Station B 6.3153 feet, as 
on Uary's bnrss scale with ti beam compaes. 

Height of set No. *% above Station B = 2.43 feet 
The terminal point of set NO. 361 was the point of origin for w t  NO. 362. 

I 

I 

I 
I 

I 

I 
I 

I 
I 

I 

1 

I 

I 

I 

r 
1 

I 
I 

I 

I 

I 

I 
1 

I 
I 

r 
I 

r 
I 
x 
I 

h. m. feet. 
19th Feb. 394 79.0 9 26 A.M. 6 - 1 8 ~ . ~ 0  

335 89.0 11 26 6 18821 
336 90'' II 53 6 186.69 
337 91.0 0 13 P.M. 6 185.21 
338 92'8 0 45 6 183.50 
339 93'0 I 1% 6 181.71 

6 179.88 
340 93'4 I 35 6 1;8.8g 341 93'0 '5 59 
342 92'9 2 25 6 177.28 
343 93'0 2 5 4  6 175'7.3 
344 92'5 3 21 6 174-28 
345 91'4 3 45 6 173.01 

20th ,, 346 59.1 6 58 A.M. 6 171.36 
347 61.9 7 1 7  6 170.23 
348 63'5 7 40 6 169.29 
349 66.7 8 0 2 16797 
350 70.4 8 2 0  167.00 
351 74'5 8 40 6 165.92 
3.52 78.5 9 2 6 165.46 
353 82.0 9 26 6 163.83 
354 91.8 11 22 6 162.91 
355 91'5 XI 47 6 162.53 

. 356 92.0 o I I P.M. 6 161.99 
357 91.8 0 34 6 161.77 
358 93'4 0 53 6 161.08 
3.59 93'5 "3 6 161.04 
360 93'2 1 33 6 160'34 
361 95'4 1 55 6 160.16 

*s 94'5 2 55 a 159'74 

Total - 31465.39 -- 
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3 
3 
3 
3 
3 
3 
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3 
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I 
I 

I 

I 

1 
1 

1 

I 

20th Feb. 362 94.8 2 25 P.M. 6- 159 74 
363 93'1 3 32 6 159 36 

210t ,, 364 61.5 649h .x .  6 1 5 ~ ~ 1 8  
365 63'9 7 21 6 159.42 
366 67'7 7 5' 6 158.41 
367 72.8 8 25 6 158'33 
368 77.0 8 52 6 157'83 
369 80'5 9 19 6 '57'45 
370 91-7 H 16 6 157'87 
371 92'5 11 42 6 158.10 
372 99.6 o 7 P.M. 6 158.15 
373 94'7 0 34 6 157'89 
374 94'9 1 0 6 157.78 
375 95'8 1 26 6 157'89 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

3 
3 
3 
3 
3 
3 
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3 
3 
3 
3 
3 
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I 

1 

I 

1 
r 
I 
1 

1 

1 

I 

I 

1 

I 

1 

21st Feb. 376 96.0 I 54 P.M. 6-157.8~ 
377 95'3 2 2% 6 157'64 
3 78 94'9 2 48 6 157'04 
379 94'7 3 13 6 156.72 
380 93'9 3 39 6 156.72 

22nd ,, 381 6.3'0 7 5 A.M. 6 156.83 
382 65'3 7 33 6 156'20 
383 69'6 7 59 6 '56.57 
384 73'8 8 -32 6 156.09 
385 78.5 9 4 6 156.24 
386 82.6 9 3 4  tS 155.9~ 
387 91.0 I I  26 6 154'94 
368 91'3 11 56 6 154'63 
389 92'9 o 30 P.M. 6 154.02 



Ix, BANGALORE BASE-LINE 
42 

Eztracts from the Field Book--(Continued.) 

February 28th. (479) A strong breeze from the E. which etopped further work for the day. 

9 

3 Q 

Y 1 4  2 a 
0 

em, t h e  of 3 $9 4 5 Maw s.F la68 % 1 '8 

0 ."- 
H 2 2  

A. n. feet. 
22ndFeb. 390 g;7 o 56 rr 6- 1y..52 

39' 93'4 1 28 6 152 88 
393 93'1 1 56 6 152.30 
393 92'9 2 21 6 151'77 

6 151.29 394 92.8 2 45 
395 92'9 3 '7 6 150.32 

24th ,, 396 6.3.9 7 0 ~ l y .  6 149'77 
397 65'3 7 33 6 149.81 
398 67.8 8 o 6 149'43 
399 70.6 8 32 6 148.49 
400 7.5'3 9 4 6 14;';o 
401 78'4 - 9 34 6 147.18 
402 90.6 11 a2 6 147.49 
403 92.8 11 58 6 148.28 
404 92.2 0 24 P.M. 6 147'99 
405 93'2 0 53 6 1~8.15 

' 406 92.2 I 18 6 14888 
407 92'8 1 49 6 149.73 
408 94.7 3 8 6 150.89 
409 94'5 2 46 6 151.88 
4x0 94'2 3 I4 6 151.89 

25th ,, 411 65.4 7 12 A.M. 6 153.21 
413 67'3 7 37 6 154'84 
413 70.0 7 58 6 156'49 
414 71'6 8 18 6 155.86 
415 74'0 8 45 6 155'33 
416 76.7 9 ' 9  6 157'.58 
417 79'7 9 48 6 159.80 
418 88.8 11 19 6 160.60 
419 91.6 11 41 6 161'34 
420 91.7 o 3 P.M. 6 161.75 
421 93.0 o 32 6 162.67 
422 94'3 0 50 6 162.83 
423 95'2 I 17 6 161.87 
414 97'2 1 4 0  6 161.11 

6 160.26 425 97'0 2 3 
426 96.8 z 26 6 1.59'98 
427 96.8 z 46 6 7.59'56 
428 96'5 3 13 6 159.01 
429 96'5 3 41 6 158'3.5 

26th ,, 430 i2..5 8 14 A.M. 6 157'93 
431 75'8 8 3 8  6 157'43 
432 79'6 8 59 6 157.02 
$33 83'" 9 22 6 156.10 

6 155.80 434 
6 155.88 435 91‘6 11 2.5 

436 92.9 11 48 6 155.26 
437 94'8 o 8 P.M. 6 154'62 
438 95'1 0 29 
439 95'9 0 50 

Numeral 
shewing 3 f 

3 -  3 4 
* o j d .& 
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3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

3 
3 

A. m. ftet. 

I26th Feb. 440 $5 I 10 rw. 6- 15z.67 
441 96'1 I 34 6 152.0; . 442 96.0 1 55 6 152.04 
443 96.0 2 19 6 '51.57 
444 95'4 2 43 6 1:0'37 
445 9.1'8 3 8 6 150'56 
44q 9.5'0 3 32 6 149'73 

27th ,, 447 66'1 7 I I A.M. 6 149.48 
448 69'3 7 36 6 148'40 
449 70'5 7 58 6 148.44 
450 73'5 8 22 6 14i.6.3 
45' 77'0 8 4 8  6 147'36 
452 79'8 9 9 6 146'48 
4.53 828  9 3 3  6 146'30 
454 89'6 11 14 6 145'87 
455 YI 'O " 33 6 145'14 

' 4.56 93'0 11 51 6 144'72 
457 93'8 o 10 P.& 6 143'86 
458 9.5'0 0 31 6 143'6.3 
459 94'8 0 53 6 14.3'36 
460 9.5'0 1 15 6 142'5.3 
461 96'0 1 3 5  6 142.41 
462 96.0 r 57 6 1qa.00 
463 95'6 2 I9 6 142'24 
464 96.1 2 43 6 141'62 
46.5 96.0 3 4 6 141.44 
466 94'1 3 36 6 141'71 

28th ,, 467 67'1 7 1 8 1 ~ ~ .  6 141.28 
468 69'5 7 40 6 141'84 
469 71'6 8 4 6 142'00 
470 74'1 8 2 7  6 142'77 
47' , 7 7 "  8 46 6 143'60 
472 798 9 4 6 144.22 
473 82.0 9 25 . 6 145'08 
474 83'6 9 47 6 145'99 
475 89.0 11 40 6 147'23 
476 90.5 0 4 P.X. 6 148.97 
477 90'5 0 27 6 150.02 
478 90'8 0 53 6 150.70 
479 92'0 1 23 6 152.20 

2nd Mar. 480 63'5 7 18 A.M. 6 153.28 
481 67'3 7 43 6 154.69 
482 70.6 8 14 6 156.27 
483 74'8 8 43 6 158.52 
484 79'5 9 6 160.31 
485 83'6 9 42 6 161.90 
486 92.6 1 1  21 6 163.13 
487 92.0 11 47 6 164.35 
488 93.0 o 23 P.M. 6 166.82 
489 94.6 0 5% 



DETATLS OF TRE MEASUREMENT. 

Extradr from the Field Book-(Continued.) 

The advanced-end of 8et No. 573, fell in excess (i. c. North-East) of the dot a t  North-East-End 1.9718 feet, 
meaeured on Cary's brnss scnle with ti beam compsee. 

Height of set No. 573, above North-Eaat-End = 3.61 feet. 

4 Q 

4 I f~ 

"' ~ e a n  time of 3 $ :$ 1868 21 en-h3 . 8 

i P $ ' " 4  .- 
k 6 

A. m. feet. 
2nd Mar. 490 95.8 I 16 P.M. 6 -171.70 

49' 95'3 1 41 6 173.56 
492 96.3 2 6 6  175-42 
493 96'1 2 26 . 6 177.21 

494 95'8 2 44 6 179.73 
495 97.0 3 4 6 180.19 
496 9i.3 3 28 6  181.55 
497 96'0 3 55 6 182.~51 

3rd ,, 498 62.0 6 5 0 a . ~ .  6 182.72 
499 62.6 7 J I  6  182.55 
500 64-5 7 31 6 182.40 
501 67.0 8 o 6 182.09 
502 68.8 8 az 6 180.40 
503 i1 ' l  8 51 6 177.63 
504 74'8 9 10 6 175'90 
50.5 76'8 9 33 6  174'04 
506 86.8 I I 9 6 171.70 
507 89.4 11 36 6 169.03 
508 91.4 X I  57 6 166.98 
509 94.2 o 30 P.M. 6  164.52 
510 93'0 0 54 6 162.58 
511 93.8 I 16 6 160.27 
512 94'3 1 39 6 158.67 
513 94.8 2 3 6 156.10 
514 96'0 2 25 6 153'93 
5'5 95'8 2 46 6 152.21 
516 95'0 3 1.5 6 151-02 

4th ,, 517 62.8 6 51 A.M. 6  149.63 
518 63'5 7 1 9  6 148.58 
519 66.2 7 42 6  147'21 
520 69'4 8 7 6  146.66 
521 71.8 8 24 6 14.5'61 
522 i4'3 8 45 6 144.73 
523 76.8 9 4 6  145.12 
524 78'0 9 2 7  6 144.22 
515 83'2 11 s 6 r.r4-68 
526 8.5'3 I r ar 6 143'63 
527 88'0 11 43 6  142.00 
528 90'2 6 141.15 
529 93'0 6 140'24 
530 91'2 0 51 P.M. 6  140.55 
531 94'0 1 14 6  140.05 
532 93'8 J 33 6 139.82 
533 95'0 1 19 6  139.48 

I 

Numerel 
shewing 

Q 9 
$i a 3 J 

$ Mean time of t 
1868 $ a E:B 

1 
ending 0 6 

4 il .a 
k w 

h. m. feet. 
4th Xar. 534 94.5 2 I I  P.M. 6 -138.73 

53.5 92'8 2 33 6 139.10 
536 94.2 2 55 6 133.91 
537 93'5 3 18 6  138.g~ 
538 92.2 3 41 6 138.22 

6th ,, 539 58.8 6 44 A.M. 6  138.00 
540 60.2 7 8 6 137'78 
541 62'5 7 30 6 137.23 
542 6+'7 7 51 6  137'48 
543 67.6 @ 8 6 13j.13 
544 70'3 8 28 6 137'34 
54.5 72'0 8 43 6 137'44 
546 73'5 8 57 6 136.73 
517 7.5'3 9 13 6  135.56 
548 i8'0 9 39 6 133.92 
549 82'5 1 1  33 6  13233 
5.50 90'0 " 53 6 130.41 
5-51 90'5 o 17 P.M. 6 128 87 
552 94'0 0 35 6  127.60 
553 9.3'5 0 55 6 125.9; 
554 91'8 1 14 6 124.38 
555 93'8 1 35 6 122.33 
556 93'6 1 53 6 120.76 
557 95'0 3 1, 5 119.31 
558 95'5 2 29 6 118.03 
559 94'1 2 47 6 11668 
,560 94.2 3 I4 6 115.68 
561 93'0 3 40 6 114.21 

6th 9 ,  562 65'0 6  55 A.M. 6 1r3.16 
s63 66.3 7 15 6 112.39 
564 68.0 7 33 6 I I I ' ; ~  

565 69'8 7 53 6 I I I . I O  
566 71.0 8 ra 6 110.49 
567 72-0 8 29 6 1ro.05 
568 73'5 8 48 6 109.46 
569 74'3 9 7 6 108.65 
5 i0  77'0 9 28 6 108.58 
571 84'3 11 31 6 108-12 
5 7 ~  85.2 11 58 6 108.68 
57s1 87'0 o 1% r.x. 5 109.68 - 

Total - 3 1642.50 - 
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Rameral 

arrange- 
shewing 

metit of 

z g  m 
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I 6 
I 6 
I 6 
I 6 
I 6 
I 6  
I 6 
I 6 
I 6  
I 6 
I 6  
r 6  
I 6 
I 6 
I 6 
I 6  
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-4.4 
BANGALORE BASELINE 

Reduction to Mean Sea Level. 

Let the sections into which this base-line is divided be denoted as follows ; 

South-West-End to Station A by Section I 
Station A to ,, B ,, 11 

9 y  B to North-East-End ,, 111 

Then in the notation of (7) page L2, we have 

E s 3 1 1 8 ;  A = -  109-0; SA = + 4'3 ; Log. 23 = 7'31936, and n = 572 

- + + - + - - 
Section I ... 23515 48 202 1-5 23315 12764 0'0704 1.9078 1.8374 

99  11 ... 31465 200 159 1.2 30931 10008 0,0934 1'4959 1.4025 
99 111 ... 31643 72 211 1.6 30832 .I3317 0.0931 1'9905 1.8974 

l inal length of the Base-Line-ancof its parts in feet of Standard A. 

Section 

Reduction 
to sea level 
ss above 

d i e a r u r c d  w i t h  

4.10592 2558 

4'00027 5455 

4'12434 6683 --- 
4'55731 0170 

Total Length 
Compensated 

bars 

I 
p q e  IL3 2 L836 

Log. 

39 

Cornpengated 
microeoopes 

608-0330 

476'0364 

634'5599 --- 
1718.6293 

- 4.8132 
+11'1285 

- 8.2871 
- 0'4697 

8. W. End to Sto. A ... 
Stn. A to Stn. B ... 
Stn. B to N.E. End ... 
S.W.Endto N.E. End ... - 

Beam 
compass 
pBgee 

IX- to 

12160'7298 

9520'5822 

12690'7936 -- 
34372'1056 

-1.8374 1 1276r1122 

-1.4025 

-1'8974 

-5'1373 

10006-3446 

13315.1690 
------ 

36083'6258 



BANGALORE BASELINE 

V ~ @ c a t o  y Mileor Triangulation. 

CS 

ii 

1 

2 

3 

4 

6 

6 

7 

8 

Name of Btation 

South-West-End of Baae, 
Ration A, ... ... 
Machalbetta S, . . . ... 

Station A, ... . .. ... 
Machalbetta S, ... ... 
f i n u s ,  ... . . . ... 

Station A, . .. . a .  

Ainur S, ... ... 
Station B, ... ... 

Ainur S, .. . . . . ... 
Station B, ... ... 
Gubi S, ... ... ... 

Station B, ... ... 
Gubi S, ... 
North %Btl'&d ofaBase, 

South-Weat-End of Base, 
Station A, ... ... ... 
Gadalhalli S, . . . ... 

Station A, ... . . . ... 
Gadalhalli S, ... ... 
Baeanguta S, ... ... 

Station A, . . . ... ... 
Baaanguta S, ... ... 
Station B, , . .. 

u. lp 

p= 
WC; 

11 

+ 0'53 7 

- 1'344 

+0'349 

-0'926 

-0.210 

+0'979 

-0.229 

+ o S ~ f 9  

Corrected Angle 

0 ,  

58 23 5%.677 
74 2 2  20.610 
47 13 42'756 -- 

180 0 0'043 

55 46 12.925 
50 9 22'294 
74 4 24.815 -- 

180 0 0'034 - 
49 51 24'976 
545513'239 
75 13 21.806 

180 o 0 .0~1  -- 
63 50 34.567 
72 38 29'787 
43 30 55'67% --. 

180 o 0.026 -- 
32 8 7'904 
82 40 51.760 
65 10 60.356 

180 o 0 .0~0  

60 9 41.726 
38 15 56.240 
81 34 22.055 

180 o o.oaI 

54 24 43'897 
50 53 51.266 
74 41 24'856 

180 o o ' o ~ g  

87 19 21.352 
49 30 2-9;o 
43 10 35'699 -- 

180 o omozr 

Log. Distance 

4-170482202 
4'223827247 
4-105922558 

4'104875.583 
4'0;2725707 
.+-170~8azoz 

3'97067482 I 
4'000274202 
4.072725707 

4.085816642 
4.112495615 
3.970674831 

3'853744675 
4'124342.9 19 
4085816642 

4'048872681 
3'902543906 
4'105922558 

3'974775363 
3'954437586 
4'048872681 

4'118749010 
~oo0274200 
3'954437586 

Log. Sine 

9.930296059 
9'98,3641 104 
9.865736415 

9'917394505 
9'885244629 
9'983001124 

9'883341730 
9'9I294M" 
9.985392616 

9.953077496 
9'979756469 
9'837935675 

9'725849381 
9'99644702.5 
9.957921348 

9'938235482 
9'j91906707 
9.995285359 

9'9r0210514 
9'889872737 
9'984307832 

9.999595654 
9-8810.$08++ 
9'835214230 

Diatanoe 

Feet 

12762'1122 

10006-3157 

133 15'0352 

-- 

12762'1122 

10006.3157 

in 

M 

2-41? 

1.895 

a-522 

- 

2.417 

1.895 







1 X q s  BANGALORE BASELINE 

Desmiption of Stations-(Continued.) 

STATION B, OR RACHINHALLI, Lat. 13" 3', Long. 77" 40', is on the straight line 
from South-We~t-End to North-East-End, being 2.5 miles from the latter, and is situated in 
the Bangalore district, province Mysore, on the rising ground between the villages of Richin- 
halli and Tanisandar. The azimuths and distances of these villages are as follows ;-Richin- 
hall$, 92" ; miles 0.11. Tanbandar, 283" ; miles 0.46. The Scotch Kirk is distant 5.59 miles 
at an azimuth of 16" 6'. 

The point to which the measurement was referred is denoted in precisely the same manner as at the Llouth- 
West-End Station, the pyramidal mark-stone being sunk in a well and surrounded by concrete, but having its top rising 
about 12" above the well in which it is sunk. A circular isolated pillar is built over the mark, the latter being protected 
aa usual by a hollow stone cap. A second mark is engraved on the pillar in the normal of the lower or base-line mark 
and 2' 3" above it. To protect the pillar and ita mark, stone slabs have been placed over the whole, resting on the 
annulus wall, so aa not to touch the pillar at  all. These slabs form a circular platform 6' in diameter, and 9" high ; and 
having two lines cut into it intersecting over the mark. A pyramid of cut-stone surmounts the platfarm. 

MACHALBETTA AUXILIARY STATION, OR MUCHULGUTTA, Tiat. 13" O', Long. 
77" 40', is situated in the Bangalore district on the summit of a rocky eminence 500 or 600 
yards N. of the Madras Railway ; 2 mile S.S.W. from Lingarajapuram, and I t  miles N.E. by 
E. from St. John's Church. 

The station is marked by an isolated circular masonry pillar 1 foot high, surrounded by a platform of 
stoues and earth. The former contains a mark-stone at  top, and another at bottom. 

AINUR AUXILIARY STATION, oa YENNUR, Lat. 13" 2', Long. 77" 411, is situ- 
ated in the Bangalore district on the top of the rocks above a stone quarry about 4 mile E.N.E. 
from the village, and 4 mile N.W. from Agraram. 

The station is denoted by an isolated circular masonry pillar 2 feet high, mounded  by a platform of 
&ones and earth. The former contains a mark-&one at top, and another at  bot,tom. 

GUBI AUXILIARY STATION, Lat. 13" 4', Long. 77" 42', is situated in the Bangalore 
district on rising ground 1 mile S. of Pedda Bubi village, * mile W. of Kalsanhalli village 
and about 8 miles W. by S. from Huekota. 

The station is denoted by an isolated circular masonry pillar 2 feet hlgh, mrrounded by a platform of 
stones and earth. The former contains a mark-atone at top, and another at  bottom. 

GADALHALLI AUXILTARY STATION, OR GETHALHALLI, Lat. 13" 2', Long. 
77" 37', is situated in the Bangalore district, and is distant about 350 yards N. by W. from 
the village and 14 miles N. by W. from the South-West-End of the base-line. 

The station is denoted by an isolated circular masonry pillar 7 feet high, surrounded by a platform of 
&nes and earth. The former contains a mark-stone at top, and another at bottom. 

BASANGUTA AUXILIARY STATION, OR BASWANGUTTA, Lat. 13" 3', Long. 
77" 38', is situated in the Bangalore district on a rocky hillock, 200 yards W. of the Ballari 
road and * mile S. of Badrayanpuram. 

The station is denoted by an isolated circular masonry pillar 1 foot high, surrounded by a platform of 
stones and earth. The former conhim a mark-stone at  top, and another at bottom. 

SAMPANHALLI AUXILTARY TOWER STATION, Lat. 13" 5', Long. 77" 40J, is 
situated in the Bangalore district on top of a bare rock about 500 or 600 yards E. of tho 
village and t mile N.E. of Striramapuram village. 

The pillar is perforated and 12 feet high. It haa a mark engraved on the rock in a'tu. 

J. B. N. HENNESSEY. 
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CAPE COMORIN BASELINE. 

This base-line is situated at the southern extremity of the Peninsula of India, a few milea 
to the north-east of the Cape from which it's name is derived. The middle point is in latitude 
N. 8" 15' and long. E. 77" 45'; the direction is nearly meridional, the azimuth of the north end 
from the south end being 185" 56'; the length is 1.688 miles; the line mas measured four 

, times. 
The line was selected and all the necessary preliminary arrangements were made, by 

Captain B. It. Bradill, in the field season of 1867-68, and in the following field season the 
measurement was effected under the supervision of Captain J. P. Basevi, R.E., with the aid 
of the following Officeru and Assistants- 

Captain J. Herschel, RE. Mr. A. Christie. 
Captain 13. R. Branfill. ,, J. McDougall. 
Lieutenant M. W. Rogers, R.E. ,, 0. V. Norris. 
Mr. Gl. Anding. ,, J. Bond. 
,, J. W. Mitchell. ,, C. D. Potter. 
,, Gl. Belcham. ,, C. Torrens. 

The reductions of the observations and of the measurements were carried on, for the most 
part, under the superintendence of Captain Herechel, but they were completed at the Head 
Quarters of the Trigonometrical Survey, under Colonel Walker's instructions. 



CAPE COMORIN BASE-LINE. 

INTRODUCTION. 

In  order to ascertain the magnitude of the probable errors of base-lines measured with the 
apparatus of compensation bars and microscopes, from the intrinsic evidence of the operations 
themselves, instead of the evidence afforded by triangulation connecting the several sectione 
of the base, the usual procedure was deviated from at Cape Comorin, and, instead of measuring 
a line of the length of 6 to 8 miles-divided into sections to be compared by triangulation--once 
for all, a line of 1.688 miles or about one-fourth the usual length, was measured four times. This 
line was extended in opposite directions to a length of 7.635 miles by triangulation on both 
flanks, thus affording for the contiguous Principal Triangulation a side of verification of similar 
length to the previous base-lines. I n  fact the first intention had been to measure a base-line of 
the usual length in the usual manner, and a line was selected accordingly, and divided into three 
sections, for mutual verification by triangulation on both flanks ; but meanwhile strong repre- 
sentations were made to Colonel Walker by Captain Herschel, who was then engaged in re- 
ducing the measurements of the Bangalore base-line, to the effect that the accuracy of the 
compensation apparatus was very questionable ; he therefore decided to depart from the usual 
procedure of operation, and directed that the central section only should be measured, but that 
the measurements should be repeated four times, and be conducted in such a manner as to indi- 
cate, with all possible certainty, the actual magnitude of the probable errors of baselines measured 
with the apparatus. 

The entire line lies between, and nearly at right angles to, the crests of the low ridges 
or undulations of Kiidankblam and Rith6pGram in the t&luk of NgngunBri. The southern 
station, Kbdankblam, is nearly 4 miles E.N.E. of Colonel Lambton's astronomical station of 
Punnae,the southernmost point of the well known meridional arc which extends from thence 
to the Himalayas. Proceeding northwards from Kiidankblam, the line passes through the 
atatione of ShAngan61-i and ParmBspuram, the distance between which was measured four times 
by the compensation apparatus, and which are therefore the terminal stations of the linear 
measurements.-The entire length was determined by triangulation from the measured section, 
and the stations at the extremities of the entire line are the terminal stations of the Principal 
Triangulation between Bangalore and Cape Comorin. 

The preliminary arrangements and the general programme of the operations have been 
fully described in section 2 of Chapter VIII, which should be referred to for further information 
en the aubject. 



CAPE COMORIN BASELWE. 

The comparisons of the compensation bars with the standard were made with the pair 
of microscopes which had been used at all previous base-lines and are described in Appendix 
No. 1, but with the addition-at Bangalore and at this base-of a micrometer to the microscope 
which originally carried a fixed wire only. This addition was a great improvement, as regards 
the delicscy of the operations, but it added very considerably to the bulk of the record and to  
the labor of the reductions ; thus it is not desirable to print the whole of the original micro- 
meter reading and reductions, as they would occupy about eight times the space which sufficed 
for the record of the micrometer readings at the preceding base-lines ; in this place will be given 
the resulting excess of each bar over the standard, at the temperature of 62", as reduced with the 
old value of the factor of expansion of the standard, which was determined in Calcutta in 1832, 
and which is indicated in the theoretical investigation of the changes in the length of a compensa- 
tion bar and invariably throughout Chapters VII  and VIII, by the symbol E', 

Thus in the follow in^ tables of the results of the comparisons of the compensation bars =' . 
with the standard, the quantities in ccilumn B are the numerical values of x" for bar B in 
equation 10 page (65) ,  and those in the column for the mean are the numerical values of X" in 
equation 15 page (69). They are expressed in divisions of the micrometer K, the value of 
which, determined from runs taken on inch [a.b] of the standard foot, was found to be ,21758 
divisions = 1 inch of standard A ; and thus E',, the preliminary value of the expansion of the 
standard for 1°F, = 17.74 K-divisions. 

The temperatures in the table are the observed temperatures corrected for the calibration 
and index errors of the thermometers which are given in Appendix No. 8. 

All the comparisons of the compensation bars with the standard were made in the vici- 
nity of the Yarm6epGram station-the northern terminus of the measuremendin the base-line 
tents; the comparing microscopes were fixed on stone caps, resting at three points on substan- 
tial pyramidal blocks of stone which were carefully isolated and placed parallel to the direction 
of the base-line ; when the position of the bars were reversed, as described at page (64), the 
stone caps carrying the microscopes were also reversed on their ouppprts. 

As soon as sufficient practice made it possible, the rule was observed of beginning a 
comparison of the set of compensation bars with the standard at every half-hour, and thus 
distributing the operations with equal regularity over the whole of the working hours ; every 
comparison of the set of bars commenced and terminated with an observation of the standard. 

The operations for the memurement of this base-line differ most materially from 
those of all the previous base-lines in the arrangements which were made for measuring 
the thermal inequalities of the components of the compensation bars. I t  has been shown in 
Section 3 of Chapter V I I  that a knowledge of the differences of temperature of the componente 
is essentially necemary for the determination of the normal length of a compensation bar ; there- 
fore one of the bars was fitted with thermometers, and taken as a representative of all the 
others (Section 4, Chapter VII), and the te~nperatures of the components of this bar were 
systematically observed, throughout the whole of the operations. 



BAR COMPARISONS, 
J 

Preliminary respzlts of tfie comparisons of the compmsdion bars A, B, C, D, E, H, with the 
&andard, before and after .the 1st measurement. Brass components West. 

4 s % a ' 
-. 

A. TI&. 

7 37 A.X. 1 7 i 4  7 & ~  
8 36 a 77'7 74.47 $ 9 2 0  3 79.1 75.10 
9 49 4 80.6 7.5'70 

10 23 5 82.3 76-51 
11 o 6 83.6 77-56 

53 I1 37 
UJ 

7 85.0 78.62 
o 8 P.X. 8 85.6 79.58 

A O 55 9 86.0 80.95 
c-i 1 29 10 86.2 81 .~6  

2 I 11 85.8 82-42 
12 8.59 82.94 : 3: 13 85.9 83.36 

3 34 14 85.7 83.73 
4 3 15 85.2 83.98 

6 59 A.M. I 74.4 74.15 
7 33 2 75.9 74.11 
8 r 3 77.1 74-31 
a 29 4 78.4 74.65 

9 1 5 79'5 75-20 
9 33 6 80.6 75.84 

3 9 59 7 81.3 76'44 
11 13 8 84.0 78-18 

5 11 40 9 84.8 78'93 
r( o 10 P.M. 10 85.7 79.82 

o 44 11 86'4 80.75 
& I 10 12 87'1 81'48 

I 43 13 87-4 82'40 
2 20 14 87.9 83.34 
2 47 15 87.9 83'97 
3 13 16 87.9 84.51 

45 17  88.0 8506 
4 15 18 87.3 85'43 

The thermometers on 
January 9th-On Bar B, left end, thermometer on iron No. 7296, on brass No. 7293 ; Right end, thermometer 

on iron No. 4206, on b- NO. 4216. 
,, 11 th-(1) to (7) On Bar B, Left end, thermomctcr iron No. 7296, on brass No. 7293 ; Right end, 

thermometer on iron No. 4206, on bruss No. 4216. 
- 9 ,  

(8) to (15) On Bar B, Left end, thermometer iron No. 7296, on bms No. 7293; W h t  end, 
thermometer on iron No. 7347, on bras8 No. 7349. 

Y S  
(16) to (18) On Bar B, Left end, thermometer iron No. 7348, on braas No. 7293 ; Right end, 

thermometer on iron No. 2406, on b m s  NO. 4216. 
January 9th-(1) Slight clouds nt sunrise ; afterwards clear with strong north breeze ; towards noon cumuli 

formed. 
(1 1) Light clouds, Run oocasiondly obscured. 9 ,  

,, 1 lth-(1) Light clouds a t  sunrise, afterwards clear. 
1, (5) Strong wind from north. 

* The originel m r d  giveu 208.1 wbioh is evidently erroneow lrnd haa been dtertd to 189'1. 

Preliminary eXCtW of b w  O v a  8 h d a r d  at, 62. Fahrenheit 
in diriaions of K. micrometer, 1 dioirioft = 1.277 m.3 of A 

A B C D E H Mean 
(x f l )  ( 1  

152.6 160.1 195.4 246.5 187.8 181.3 187.3 
153.7 1 ~ 2 . 7  2 0 2 ' ~  ~ 4 9 ' ~  191.7 182.9 190'6 
'43'5 r60'.'i zooe6 249'8 191.0 179.7 187.5 
14.5'5 160.8 205.6 252.6 196.1 186.9 191.3 
146.0 169'5 213'0 259.0 20.3'5 189.1 196.7 
1.54'2 173.8 214.9 261.7 206.6 188.6 200.0 

154.2 179'5 223'2 269.0 215.7 197'2 206'5 
156.1 183.3 222.7 272.9 213.2 196.0 207.4 
154'3 179'3 223'9 266.8 208.1 195.6 204'7 
158.6*183'1 225.6 269'2 209'5 198.9 207.5 
158 9 18a.6 221.4 267'7 208.8 194'9 205'7 
164.8 183'4 223.1 266.7 209.9 195'2 207'2 
161.0 183.3 '25.0 266.6 205.9 196.9 206.5 
1607 182.6 323'0 265.6 zog.0 195.9 206.1 
163.1 181.8 224.2 266.8 202'2 193.K 205.2 

145.8 161.7 197.0 239.0 182.4 181.2 184.5 
143.1 1.58'7 197:4 236'7 181.6 181.6 183.2 
142.8 162.0 199'3 239'5 186.9 182.2 185.5 
145-0 161'3 201.8 243'0 189'1 185.8 187.7 
1.52'9 168.9 209'2 255.1 202'0 197.2 197.6 
15 7'1 174'7 211'7 261.1 208.4 200.8 202.3 
160.2 1 77.9 217'0 267.5 207.8 200.6 205.2 
164.4 175.9 221.1 2645 213'3 901'4 206.8 
163'6 183'2 22.5'7 272'9 215.6 202'9 210.7 
160.3 183'2 226'9 274.8 223'3 208.1 212'8 
164.2 179.4 221'3 372.7 213'8 206.9 209.7 
163.2 181'3 222.5 269.4 arg.2 202.6 2090 

162.4 179.8 220.2 265.8 209'5 196.8 205.8 
163'5 182'7 220.1 263.0 208'7 195.6 205.6 
159'9 179'8 217'8 a6o.g 203'5 r94.9 202.8 
158.4 172'7 213.6 252.7 201'3 192.6 198.6 
156.5 172'4 216'0 256.3 198.2 191.4 198.5 
153.3 170'4 204.3 249.2 194'1 186.a 192.9 

Stmdnrd A were NO. 7295 aud 7298. 

R B X A B X I .  

Capt. Bawvi a t  L. 
or S. end ; Capt. 
Branfill a t  K or 
N. end 
Obsemm c h q -  
edplaces. 

col. Walker, a t K .  
or N. end; ueut. 
R " ~ ~ ~ ,  at L. or 
S. end. 
Observers chpng- 
,ed phee. 

col. walker, at R, 
 or^. end; lieut. 
R~~~~ L. or 
S. end. 
0bserPers 
ed places. 

Bra,lfill, 
at K ;  Lt. Hem 
chel at L. 

Observere chang- 
ed 

Tem~ntums 

coz$Opte , 

20+T, 
%emp: 
of b- 

bar. 

-- 
73' 7 
74'25 
75.17 
75.85 
76'85 
78-11 
79-40 
80.47 
82.1 I 
82-90 
8.3'56 
84-06 
84-40 
84.;0 
84-83 

73-63 
73.76 
74.09 
74*6~ 
75'40 
76.36 
;7.12 
79' 4 
80. 4 
81' 4 
8%- 4 
83' 2 
84- I 

85. 0 

85- 5 
86. o 
86' 4 
8 6  5 

t ,  
Dlcorof 
iron over 
bra%. 

+..a 
'04 
-07 
-13 
-24 
.39 
-43 

, .++ 
'39 

. .38 
3 8  
.33 . 
-35 
-33 
-32 
-06 
-1% 

-13 
-15 
-26 
'93 
-37 

3 
4 
4 . 4 
4 
4 . 2 

a . I 

I . o 



CAPE COMORIN BASELINE. 

Prehinaay result8 of the cornparisas of tlre cmpensation Jar8 A, k, C, D, E, H, with tile 
fiandard, bef016 and after the 1st measurement. Braas cornpont?nts wed. 

* Preliminary ex- of barn over Bbndard at 6Ze Fahrenheit, 
in divisions of K miammeter, 1 di&im = 1.277 UI.~ of A 

& 

a 
1 %  A B C D E H Mean 

-8 & (x'? (X") 
)) )) 

T e m p  

"1 

620 + T, 
Temp : 
of brsss 

bar. 

77.14 
77'27 
7 7'69 
78-18 
78'9 
79'7 7 
80'78 
8 I 'go 
83-03 
84-12 
84'97 
8 5-80 
86.66 
87'59 
88-33 
88.93 
89'39 
89.53 
89'3 8 

t, 
exoeas a 
iron ove 

braan. 

L 
'I2 

I '19 
, '25 
I '42 
1 '57 

-67 
'70 

'68 
064 
-56 
'55 
'59 
-58 
'54 
'48 
'4 7 
'4.7 

+.I0 

'09 
'10 

"9 
-23 
-3 1 
*42 
'55 
"54 
'67 
-69 
68 
'65 
'5 7 
'5' 
'5 1 
'43 
-46 
'42 
'3 5 - 

Lt. Herschel at K 
Capt. B w v i  at L 

Col. Walker, and 
Lt. Rogers. 

Capt. M a t  K 
Lt. Herschel at L 

Captain Bnmfill, 
at K. Lieut. Ro 
gers, at L. 

Observers chang 
ed placsa 

Man of d . ~  arm- 80.78 1 @mm 1 
On Bar B, Ltft end thermometer, on iron No. 7291, on braes No. 7287 ; Right end thermometer, on iron NO. 7292 

on brase No. 7290. 
January 25th. (1) Fine morning ; few cumuli, light wind N.E, afternoon rather doudy. 

9 ,  (1 2) Sunshine and a few cirri 
81 (1 5) Wind from S.E. 
91 (1) Fine morning, cirri and strati. Wid light N.E 

162.6 180.1 221.5 266.5 210.4 200.4 206.3 81-80 +.35 I 



BAR COMPARUONS. 
-7 

Preliminary results of the c v 0 8 o n a  of the m p m a t i o n  bars A, B, C, D, E, H, with tirs 
StancEard, befme and after the 2nd measurement. Bra8 cmponente Ahst. 

The thermometere d on Standard A were Nos. 7298 and 7298. 
On Bar B, Left end, thermometer on iron No. 7291, on brssa No. 7287 ; Right end, thermometer on iron No. 

7292, on brass No. 7290. 
January 28th (1 3) A few cloude and little or no wind. 

,, 29th (11) and (12). Alternate cloud and eullshine. 
38 13) (18), (19) and (20). Suwhine. 
18 14) Wind changed to East. 

. 

* 

3 P r e l i i  a- of ban o v a  8tuldud at 6 F  Fahrenheit. Te:~~hrbOf 
B in divkhm of K micrometer, 1 diobba - 1.817 o.y of A of B. 

I - 
h. m. 

0 0 
7 14 A.M. I 76.0 77-64 
7 39 9 77'2 71-50 
8 12 3 77'8 77-57 
8 41 4 79'1 77-74 
9 16 5 82.2 78-29 

6 83.1 78.96 
7 84.5 79.81 

1 1040  8 85'7 80.71 C, I I I Z  9 86'3 81-71 
rr  40 10 87'7 82 .5~~ 

09 o r I  P.M. 11 89.0 83-64 . o 43 12 90'4 84'72 
I 11 13 90'7 85'64 
1 39 14 91'0 86-51 ' I 15 91.0 87-42 
!A 39 16 90-8 88-00 
3 ra 17  91.6 88-65 
3 40 18 91'5 89'16 
4 9 19 91'2 89-60 

6 42 A.M. I 76'5 79-33 
7 '3 9 77'1 79-05 
7 44 3 78.2 78.89 
8 10 4 79.6 78.93 
8 42 5 81.4 79.19 

6 82.6 79 61 
7 83'7 80'20 
8 85.1 80.89 

10 41 9 86'4 81-61 
11 12 ro 88.0 82-55 

m 11 43 I I  89.3 83'61 
09 

o 9 PI. 12 89.7 84-48 
Q 42 13 90.0 85-57 
1 13 14 89.8 86.54 d I 47 15 88.7 87-21 
z 1% 16 88.0 87-44 
2 39 17 87-5 87-58 
3 14 18 87'5 81-65 
3 41 19 87.6 87'67 
4 g 20 87'0 87'64 

148'7 160.9 201.o 242.4 186'2 182.8 187.0 
147.1 160.0 198.6 2.10'4 187.4 179.8 185'6 
147-8 157.4 201.5 241.4 185.4 181-7 185.9 
149.0 161*2 198.6 241.3 190'7 185.9 187'8 
145-7 157'1 198.7 237'4 179.8 177.4 182.7 
144.7 157.6 195.2 238'3 181.0 180.9 183'0 
147.8 156.1 195.6 240-2 183.0 183.8 184.4 
150.1 158'4 194.5 241.0 182'7 1e3.2 184.8 
147.1 157.4 199.3 241'7 188'4 187.1 187.0 
144'4 153.2 198.3 236'4 182.1 184.8 183.2 
140.0 154'3 194.9 a35.8 18qo 184.1 182'2 
142.9 153'5 197.2 230'4 185'5 194'3 184.0 
151.0 160'7 202.3 239.6 192.4 194'5 190'1 
154-a 165.1 214.9 244'0 197'3 198.5 195.7 
161.7 173.9 218.8 260.8 203.0 203.9 203.7 
170*1 179'4 215.5 268.1 206.9 207'9 209.7 
169.0 174'6 220.5 256'8 208.4 205'4 205.8 
173.9 185.8 230.9 269'0 215'8 215'3 215.1 
183.9 197.2 230.7 277'0 224'6 922.6 222.7 

155.4 165.1 aoo.6 249'7 187'2 180.3 189.7 
150.9 164.0 2or.o 250'3 191'5 181.3 189.8 
150.1 158.7 2or-o 248'9 192.7 178.6 188'3 
150.9 160.6 198.2 243'5 180.4 172.7 184.4 
146'5 158.6 199-9 237.7 182'7 178.9 183.9 
142.1 153'7 188.0 231.7 179.0 170.9 177.6 
141'9 152'9 187.0 232.6 180'3 175'8 178'4 
141.7 150'4 198'3 228'9 180.6 175'8 179.3 
142.3 152.8 193.7 234.2 183'6 179.3 181-0 
140.9 157.0 193.1 238.0 187.9 184.0 183.5 
142.5 155.2 196.6 237'3 184'7 184.8 183.5 
147'5 164'0 203.7 238.2 193'3 188.5 189.2 
146.7 164'6 206.7 246-5 190'3 189.1 190.7 
154'5 174'7 220.0 2566 202'6 195-7 200.7 
158.2 176.0 220'9 258.5 205.6 195.8 002.5 
162'4 186-7 224'6 265.2 213.7 a11.0 210.6 
159'5 178-4 220.9 ~58 .1  202.7 201-2 203.5 
174-4 188.4 225'2 262.2 210'9 206.3 211-a 
176'9 189.9 227.4 265'1 211.5 213'0 a14-o 
177": 190's 228.7 965.6 217.6 209.3 214'8 

79'07 
78'81 
78-78 
78.82 
79.27 
80.05 
81.02 
82-02 
83-11 
84-07 
85-21 
86-43 
87-35 
88'16 
89.02 
89-63 
90.16 
90-62 
90.96 

79-83 
79'39 
79'14 
79.13 
;9'49 
80'14 
80.91 
81.79 
82.70 
83-83 
85-10 
86.08 
87.28 
88.18 
88-40 
88-32 
88-14 
87-85 
87.66 
87.47 

+'or 
-'oa 

-08 
'07 
-04 
'07 
'10 

'12 

-17 
-26 
-32 
'32 
'21 
'06 

+.XI 

'18 
'27 
'34 
'43 

+'IS 
'07 
'03 

-'03 
'12 

'19 
'az 
'23 
'22 

'23 
'21 

'17 
-18 
'00 

+.II 

'16 
-18 
"25 
'32 
'40 

Capt.BranfiUatK 
Lt. Herschel at L 

O b a e r v m c m  
plam 

Lt. Hemhe1,atK. 

Capt. BranfUatL 

Ohsewem changed 
p h .  

Capt. Basevi at K. 
Lt. Bogere at L. 

Ohservere changed 
plaoee. 



CAPE COMORIN BASELINE. 

Ptelimimry resdta of the comparisons of the compensation bars A, B, C,  D, E, 11, with the 
Standard, befwe apld after the 2nd mcaeurcment. Brass components ~%8t.  

February 10th (1) Fine morning np to 10 o'clock. 
9s (8) Cumuli occasionally obscuring sun. 
9 ,  (10) Sunshine, genedly, for the remainder of the day. Sea breeze set in about noon, but the 

wind waa gentler than usual. 
,, 11th Fine clear day, no clouds until the afternoon and then a few cumuli ody. 

a . . 
4 , axam of b m  over Standard at 62' Fahrenheit 

m &vlaiona of K micrometer, 1 division = 1277 m.y of A 4 2 1 , , 
F) B ~ x ~ a n s .  

. a  8 
1 %  

h. m. n 0 

6 59 A.M. I 77.1 78.27 
7 21 1 78.3 78-10 

40 3 79'5 78'03 
8 13 4 82.3 78'24 
8 42 5 84.2 78'74 

6 85.1 79'49 ' 
7 86.6 80'22 z 40 
8 88.0 81.01 
9 89.2 82.34 

5 1 I Io 90.5 83-45 
,-I O 39 11 91.1 84'66 

o ro P.M. 12 91'3 85'81 
, ei 41 13 91'5 86'96 

I 9 14 91.6 87'78 +? 
r+ 39 1.5 91'3 88'50 

9 16 90.9 89'05 
, 40 17 90.8 89.52 

3 8 18 90.5 89-80 
3 3 8  rggo.690'07 
4 ro 20 90.7 90.21 

6 50 A.M. I 75.9 77-91 
7 20 2 77.0 77'65 

41 3 78.3 77.54 
8 11 4 80.3 77.63 

4 I 5 82'3 78-07 9 9 9  6 83s9 78.66 
7 86.0 79-50 

39 8 87.6 80.58 2 10 I0 
% 39 9 89.2 81a;o 

11 11 10 91.4 83.05 
5 
H 39 93-0 84.31 

0 10 P.M. a2 94.7 85'83 
41 13 93.4 87.12 

4 1 9 14 93'3 87.89 
37 15 93-7 88.59 

i+ 2 10 16 93.2 89.31 
42 I; 92'3 89.80 

3 17 18 91.5 90.02 
42 19 90'8 90'11 

4 8 20 89-8 90'10 

Mean of 4 dnys corn- } 83.50 
pariaons, 

148.8 160'3 198'2 240'0 I 80.8 I 76.5 184.1 
147'9 160-4 195'2 139'3 177.9 174.3 182'5 
145'4 154.2 190'1 233'7 175'1 172.6 178.5 
135.6 146.0 180.8 224.8 167.2 164'5 169 8 
129'4 142.1 178'5 217'4 161.1 157'9 164.4 
124.7 140'3 178.7 217.8 162'1 156.6 163.4 
116.5 135.5 I 12.6 216.7 1.58'8 1j6.j 139.4 
119'3 133.0 173.3 212.7 162.4 157.9 159.8 
115'9 138.1 178'1 218.3 169.2 163.3 164.2 
128.4 146'5 181.8 225.4 179'3 169'5 171.8 
13.3'4 151.8 187-8 227.8 176.9 173.8 175'3 
138'2 157'0 194'3 230'9 180'9 178.6 180.0 
144'1 162.1 197'9 234'7 184.9 180.6 184-r 
144'4 161.4 196.3 2 4 1 ' ~  192.4 181.6 186.3 
151'2 170'0 209.6 246.4 197.4 189.0 19.3.9 
158.8 178.9 213.8 257'5 202.8 195.3 201.2 
16.3'8 180.4 221'3 263.3 206.2 199.5 205.8 
166.9 186.8 224'7 268'3 212.6 202.7 210.3 
169.8 189.2 230'7 273.8 2x7.; 207.8 214.8 
171'5 191.1 231'7 ajg.0 218'0 209-6 217-0 

'43'7 1.59'2 199.1 24.3'7 185.9 175'9 184.6 
147.5 16.3'3 198.0 2W3 18.3'7 177.2 155.7 
144.4 160.4 195.6 239.8 183.6 176.8 183.4 
13 7'5 151.8 188.2 230.2 172'3 170.3 I 75-I 
137'2 149'3 185.7 22.5'9 172.2 167'1 172.9 
133'7 147.8 181.9 223.6 150'4 165.1 170'4 
1gg.o 149.5 187'7 226'8 175.1 164'6 I 72.8 
128.1 115.2 180.7 125.0 170.5 162.6 168.7 
123'2 140.1 175.9 219'8 170.4 163.0 165.4 
124.9 145.3 182.0 227.2 175.9 167.9 170.5 
125'2 142'5 181.2 220.6 170.1 167.2 167.8 
130'5 146.2 186-2 230'2 174.2 170.5 173'0 
133'3 155.1 196.4 244'0 185.7 181.6 182.7 
137.0 162.7 202.1 249'4 191.7 188.2 1 8 8 . ~  
146.0 165.8 205'9 249'3 194.4 195.1 192.8 
149'4 167.0 210.3 250.0 196 9 196.2 195'3 
161.5 I 79'9. 215.9 262'1 205.5 208.0 205'5 
167.6 186.4 224'3 268'8 212'7 216.9 212.8 
170.8 191.7 228.3 272.2 217.1 221-4 216.9 
174.5 190'0 230.9 ,374'9 217.2 222'0 218.3 

147.9 162.7 201.8 243'4 189.3 185'5 188.5 

79'54 
79.35 
79-31 
79.62 
80.41 
81-45 
82.40 
83.33 
84.80 
85.93 
87.16 
88.26 
89.31 
89.99 
90'5.3 
90.90 
91.21 
91-37 
91-48 
91.48 

78-43 
78.19 
78.13 
78.37 
79'03 
79-83 
80.86 
81-24 
83-55 
85-21 
86-60 
88-07 
89.10 
89-47 
89.87 
50'27 
90.41 
90.41 
90.35 
90.23 

84.80 

+-04 
-*oa 

-06 
-18 
'-35 
'52 
-59 
'64 
-58 
'49 
'49 
-44 
'37 
'30 
-21 

'10 

+'03 
-13 
-24 
-32 

+ . X I  

'03 
-'oq 

-14 
'26 
'35 
'42 
2 8  
-55 
.58 
'60 
'56 
'42 
'25 
'20 

'10 

+'04 
.12 

'21 

'30 

-'12 

Cspt. Branfill at K. 
Lt. Herschel a t  L 

Observers changed 
place8, 

CHpt. B w v i  a t  L. 
~ t .  Rogers a t  K. 

Cspt. Basevi a t  K. 
Lt. Rogers a t  L. 

Ubservera changed 

Lt, Herschel at  K. 
Cap. Branfill a t  L 

Observem c b g e d  



BAR COMPARISONS. 

Pt'cZiniinay rest&% of tire lcomparisona of the compensation bars A, B, C, D, E, H, dith th 
Standard befme and after the 3rd measurement. Brass components Wat. 

The thermometers on Standard A were Nos. 7295 and 7298. 

-. - - 
On Bar B, left end, Thermometer on iron No. 7291, on brass No. 7287 ; right end, Thermometer on iron No. 

7292, on bwee No: 7290. . . . . - .  

February l%h (1) Rather cloudy morning, etrong N.E. wind. 
,, (1 1) Cloudy. ,I 

,, (14) North East wind all day. 
lath (1) Cloudy morning, few drops of n i n  fell during the at. Slight fall of min a t  abmt 4 A.M. 

1, ,, (3) Sunshine. (4) wind North. (5) Clouds. (6) (7) and (8) Sunshine. (12):Suushine. 
(14) Clouds. 

3 
C 

I% 
0 "0 

a 

% a  % % C B !I 0 a 
a 3' 

0 A i g  g 

A. m. 
6 54 A.M. 1' 7fS8 19P5~ 
7 14 a 79'1 79'43 
f 4O 3 8'1.0 79.68 
8 10 4 82.8 80.20 
8 44 5 8'4'9 80.96 $ 9 1 4  6 86.1 81.81 

2 9 41 7 86'7 82-60 
10 11 8 87.6 83-53 
10 40 . 9 87.7 84-42 

fl 11 8 10 88.4 85-19 
3 I 11 89'2 85-93 . o 7 P.M. 12 87.9 86.46 

0 3 8  1389.7 87-00 
I 8 I+  90'0 87.51 
I 40 15 90.9 88.09 
z g 16 91'3 88.63 
2 38 17 91.4 89.14 
3 8 18 90.1 89.50 
3 40 19 90'7 89-73 
4 11 20 90.0 89.87 

6 50 A.M. I 75'4 79-51 
'1 9 z 75'2 79.21 
7 38 3 77'0 78-83 
8 10 4 79.8 78.84 
8 4% 5 79.8 79-17 

6 81.0 79.41 
7 83'5 79'95 $ 10 9 8 84.8 80.69 

10 37 g 84.7 81-45 
3 rr  8 ro 84.8 82-14 
0 .-I 11 40 11 86.7 82.86 

o 11 P.M. 12 88.0 83.60 
0 40 13 89.4 84.38 

14 89.1 83-26 
15 89.1 8.594 

a 8 1688.0 86-48 
17 89'3 86-95 ; 3; 18 89.3 87-37 

3 37 19 88.4 87-71 
4 ro 20 87.2 87.88 

Prelimin y ex- of bur over Btandnnd at 6 P  Fahrenheit 
in.divmionn' of K micromekr, 1 diouioll = 1.277 m.y of A 

A B .  C D r .  El H Mern 
(xff (XI!) 

146.0 166-9 202.4 2a.1 189.7 185.4 189.3 
1.19'3 16.3'9 204.3 249.4 189.2 180.0 189 '~  
148.5 167.5 205.4 252.5 194.3 185.3 192.3 
151'8 168.3 206'0 254.9 199.5 190.0 19.5'1 
154'0 172.1 212.8 2-59..? 206.7 19.3.8 199.8 
152.2 174-1 210'3 263.9 207.3 195'2 200.5 
156.0 176.7 217'2 369.7 209.3 199.0 204.7 
159.1 175.3 2~8.4 269.9 210.8 198.0 205.3 
152.9 176.6 216.5 271.6 208.8 194a 203.5 
155.7 176.9 218.1 268.8 ~ 1 6 . ~  198.2 205.7 
150.1 176-2 215.9 263.7 210.7 191.0 201.3 
150-3 173'7 212.7 259.8 205.0 190.3 198.6 
149.5 171.4 209.0 252'5 200.6 18.3'7 194.5 
141.7 163.9 201'4 z4g'r 192.4 180.5 188.2 
141'0 158.3 199.4 ~48.~3 190.4 181.2 186.9 
142.8 159.8 198'3 246 0 187 .~  183.1 186'3 
142'9 163.5 301.8 246.1 190.8 184.5 188.3 
143'5 162.4 203'0 250.0 193.9 189.0 190.3 
145'4 166.6 203'6 2.54'8 193.3 192.5 192.7 
142.8 161.6 204'0 249.4 191.1 186.7 189'3 

155-o 178.5 2rr.a 258.3 199.4 191.7 199-0 
158.2 173.9 212'5 254-5 195-6 188 .~  197.1 
155'3 169.1 208'3 25.s':j 192'6 186.4 194.5 . 
152-1 168'4 ~ 1 0 ' 9  ~57.8  196.8 186.8 195.5 
150.0 170.1 ao8'1 354.1 197.0 186.8 194.4 
149.5 167.5 205.1 254'4 199.1 189.0 194'1 
149.3 169.6 204.7 25.3'9 $99'5 185.6 193'8 
151.0 169.3 208..3 258.4 aoz.2 191.8 196.8 
146'8 167.7 30.3'8 253.5 196'9 189.1 193.0 
1.~4'0 166.2 200'2 251',3 195'6 ~85.7 190.5 
151.9 168.6 201.9 248.8 192.8 188',; 192.1 
149.4 165.2 201.6 247.3 190.9 186.8 190.2 
145'5 160.3 193.3 241.7 179.9 175.4 182.7 
142-o 152.8 190'4 237'7 181-5 177.1 180'3 
1399 153.1 187.1 236.1 178.1 179.9 179.0 
1.39'1 1.53'3 191.3 242.2 184'1 1767 181'1 
145'5 162.9 199'2 245.5 187.1 180.3 186'8 
147.1 163.9 205.9 253.5 200.6 188.4 193.2 
145.3 165.6 206'6 252.9 198.2 189.1 193.0 
146.1 167.7 209'5 257-9 198.9 187.6 194'6 

R B X ' A E X S .  

Tezz'kzte 
of 

6z0+ Tb 

of brass 
bar. 

B., . 

t, 
Temp:sx-of 

ironover 
b-. 

81-16 
80.88 
80.76 
80.98 
81-56 
82'37 
83'18 
84.10 
85-11 
86.01 
86-91 
87-72 
88'47 
89-19 
90.00 
90.54 
90.98 
91.30 
91-48 
91-39 

80.54 
80.11 
79.56 
79-40 
79.66 
79-90 
80.45 
81-27 
82.08 
82-87 
83.69 
84.52 
85-51 
86.68 
87-53 
88.09 
88.54 
89.04 
89-41 
89-54 

+ . ~ r  
'13 
'12 

'10 

'14 
-17 
'25' 
'20 

'14, 
'06 

-'oz 
'14 
'29 
'33 
'42 
'38 
'37 
'37 

. '37 
'40 

+-a2 
'20 

'I9 
'15 
'11 

. '10 

'08 
'03 

-'03 
'07 
'12 

'33 
'39 
'44 
'41 
'30 
02.7 
'26' 
'23 

L ~ A  Henohalat K. 
,, Rogeraat L. 

Observers chang- 
ed pltum. 

Capt. Basmi s t  K. 
,, BranMaiL. 

'Observm chalig- 
ed p h . .  

, .  

a p t .  Baaeviat L. 
,, BranfillatK:' 

Lt. Rogers 8t 5. 
Capt. B~sevi at K. 
,, BranBllatK. 

Lt. Rogere at L. , 

1 Observers chrmg; 
l ed places. . , 

Lt. Hogem at K. 
Capt. Baseviat L. 

O ~ W ~ ~ I ' E  
ed p h .  

I 



CAPE COMORTN BASELINE 

Preliminmy r~sults of t b  comparisons of tire c o m ~ a t i o n  b a n  A, B, C, DB EB H, t d A  
h d c r r d  befwe and a p  the 3rd measurement. Brass compotrmta Waf.  

February 24th (1) Dull cloudy morning following on a rainy day. No sunshine till near the 7th aet 
w ,, (7) and (9) Still cloudy. (la) Sunehine. (13) Sumhint+ droq N. wind. (18) Wind obang- 

ed to E. eea brew. 
36th (1) Bright morning, wind b m  N.E. 

ea (10) Whd W y ,  day gamdly bright. . 

1 FraIimhaq e r a  of ban n m  b u u d  at 62* F d u d o i t  
in divkion~ of K ' eter, 1 &&ion = 1.277 aj of A 

a A B C D E H Mean 
I 

A m. o o 

6 57 A.M. I 7840 79.71 
7 2% a 78-3 79-58 
7 46 3 78.8 79-52 
8 16 4 79.2 79-55 

5 79.7 79-64 
6 8a.5 79-94 

9 43 7 83-7 80.50 
8 85-5 81-32 
9 86.a 82.33 

11 g 10 86.9 82.94 
o9 11 41 11 88.3 83.86 

o 12 P.M. 12 88.9 84-74 
o 40 13 90.1 85'58 
I 10 14 90'5 86-41 
I ++ 15 90.6 87-28 
a r I 16 90-6 87-81 
a 38 17 90.0 88-21 
3 ro 18 89.5 88-54 
3 41 19 88-8 88-66 
4 xa " 87'9 86-69 

6 5a A.Y. I 76'7 76-26 
7 11 a 77'3 78-19 
7 49 3 78-6 78-20 
8 9 4 79'6 78'39 

5 81.3 78'86 
6 82.4 79-47 

9 41 f 83.3 80.13 

6 :: ;; 8 84.0 80.80 
9 859 81.54 

4 11 lo lo  87'5 82-46 
rq w 11 40 11 88.5 83.46 

o 11 P.Y. ra 89'1 84'49 
4 o 38 13 90.2 85-31 

r 8 14 90'8 86-20 3 I 0 15 90.7 87-07 
a g 16 90'7 87'69 
a 37 17 90'5 88-12 
3 7 18 90'2 88.51 
3 36 rg 90'0 88'74 
4 7 ao 89.7 88'90 

Mean of 4 days oompari- 

BaxABxa. 

. 

Tz&ytrOf 

r5o.I 165.5 aoqo aq:-S 1939 184.1 190.7 
151.8 162.9 200.4 245.5 189-4 181.8 188.6 
146.2 157.7 201.4 246.3 186.7 183'2 186.9 
143.7 155.7 198.4 239.1 1909 181.3 184'9 
143.4 16%-I 196.6 239'4 187'0 182.5 185.2 
143.7 155.2 19.5'4 243.4 189.2 180.2 184'5 
143.3 157.3 196.0 238.6 186.2 181.9 183.9 
139.7 146.4 rga-g 237.6 182.1 r 79'9 179.8 
137.3 148.9 189-7 232-2 179.7 176.3 177.4 
135'9 153.8 194.0 237-8 182.1 184-6 181.4 
131'3 150'3 190.0 237.8 181.9 180'6 178.7 
131.3 149'1 189.6 234'5 18'~'s 182.4 178.2 
130.0 149.4 189.3 232'2 186.5 183.4 178.5 
126.3 149.5 193-0 238.r 184-3 184.7 179'3 
137.6 158.1 199.4 247.4 193.0 192.6 188.0 
129.7 155-8 198.4 a++-a 187'4 187.4 183.8 
135.5 155.7 199.7 144.4 192.0 189.2 186.1 
137.4 150.1 198.2 037.8 190.4 187.0 183.5 
143.5 158-1 196'3 244.7 191.8 xgo'a 187'4 
137'4 15a.g ~00.5 041.3 186'8 186'1 184'4 

149.8 163.7 203.5 147'2 192.8 186.9 190.7 
15a.6 166.9 206.7 251.3 1936 1 8 ~ ~ 6  1 ~ 2 . 6  
148'8 166.8 205.2 245.1 199.7 186'2 190'8 
r5o'.s 165.4 207.4 249.4 195.4 1889 192'8 
152'8 164.a 208.9 149.1 195.1 189'1 193'2 
152-3 163.8 211.8 250.2 1g6-g 193.1 194'7 
r50.3 165.3 207.5 251.8 196.1 1%-I 193'4 
149.6 163.2 208.4 251.1 194.9 185-4 192.1 
143.1 156.0 202.5 240-3 188-5 179.4 185'0 
144'7 152.4 aoi-9 246'5 1886 178.3 185.4 
142.8 151.8 194'0 237.7 186.5 177.4 181'7 
138.7 148.5 196'5 a35 '~  183.8 175.3 179'7 
145.6 151.0 194.9 239.8 188.0 183-6 18.3'8 
143.8 147.4 1go.a 238.6 185.1 181.0 18r'a 
143.1 146.5 193.9 238.8 186.4 183.0 182.0 
146'3 155.0 1999 148'9 191.5 186.5 188'0 
140.8 145'6 195.3 24.4'4 189.5 181'4 183.0 
137.0 1493 r e 1  045.4 191'1 183'3 183'7 
145'5 151.7 197-7 246.1 191.9 183'3 186'0 
136.6 148.7 193.6 237.8 191'8 185'1 181.3 

$om } 83-70 

af 

rn*+T, 

of b m ~  
bu. 

145.4 161.4 r o r a  248.1 192.7 185.7 189.2 

B. 

t, 
T e m p : ~ - o f  

iron over 
brMh 

80.06 
79.95 
79.84 
79'87 
79.9.~ 
80'33 
80.94 
82-02 
83'48 
84-29 
85'24 
86'49 
87.46 
88-47 
89.29 
89.90 
90.31 
90'68 
90.88 
90'91 

78m48 
78'38 
78'35 
78'60 
79.13 
79.90 
80'75 
81-78 
8365 
83'87 
85-08 
86.35 
87-31 
88-31 
89-16 
89-89 
90-38 
90-83 
91.16 
91-40 

+*oq 
'02 

'02 

-'04 
-09 
'21 

'a4 
'38 
'48 
'55 
056 
6 4  
'66 
'65 
-6.3 
'60 
6 3  
6 4  
-70 
6 7  

+*05 
-05 
'05 
-03 

'03 
'01 

-'06 
-21 

-26 
-35 
-44 
.56 
-64 

Lk  erao oh el at K. 
,, Rclgere at L. 

Obeemem ahangc 
ed placee. 

CspL b v i a t  K. 
,, B d a t  L. 

O b a a n a  ohaq- 
ed plaoes 

Capt.HereobelatK. 
,, BrantUatL. 

Obeervem ohang- 
ed p l a  

Capt Baeevi at g. 
Lt. Ile(lere at L. 

64( 
'67 
-70 
'68 
"70 
'67 
'77 
'78 

O h r n s l  &mg- 
ed plaoea 



-BAR COlbPARTBONL x- 
I I 

Preiindnargr r e d 8  o j  tb c w n ' 8 0 a s  of #ha cornpation balr A, B, C, D, E, H, 6 t i  tht~ 
Stan&rd &gore and after tha 4th nraawm. Bras componenk ht. 

The therrnometem on Standard A were Noe. 7295 and 7298. 
On Bar B, left end, Thermometer on iron No. 7291, on brass No. 7287 ; right end, Thermometsr on icon & 

7892, on bnra No* 7890. 
Pebruary 46th (18) Cloudy aky with north wind. 

37th (3) Clear sky, strong northerly wind. 
n ,, (6) Sky pcutially ovenrset. 

I 

b. m. 
6 52 LY. I $51 
f 9 1 78-6 79-45 
f 37 3 79.9 79'37 
8 7 4 80.6 79-51 

5 81~5 79980 
6 82.6 80.q 
7 83.7 80.71 

10 10 8 85.4 81-35 
R 10 37 9 86.3 81'98 
4 rr ro lo 88.1 82-86 

11 40 11 89-3 83'84 
o 9 P.M. 13 90.0 84-93 

2 o 40 13 00.6 85'94 
r 9 14 91-6 86.86 

,+ I @ rg 93.0 87-73 
a 1% 16 93-1 88.56 
3 41 1 7  93.0 89-23 
3 ro 18 92.3 89.78 
3 43 19 91.2 90.16 
4 9 ao 91.2 90'35 

6 52 a. I 7&g 81.00 
a 79'3 80'88 ' 7 3 g 3 80.4 80.75 

8 8 4 81.4 80.79 
8 39 5 82'3 81.03 
9 8 6 83.9 81-38 
9 39 785'4 81-90 4 10 9 8 88.0 82'59 

R 10 40 9 89-0 83-62 
3 11 lo 10 90.2 8460 
L' 1x39 GO rr 91-4 85'69 

o 9 P.Y. I 2  91'4 86'74 
d o 40 13 91'3 87-63 

I f 14 gamr 88-31 
,+ I 39 15 93'4 89'13 

a 9 16 ga'8 89'92 
a 38 17 93.4 90'53 
3 8 18 92.8 91-08 
3 3 8  1992'991'46 
4 9 20 92'0 91.63 

. . ~ e r o s r d b u r o r s r B t . n d . r d a t 6 P F . b n s l h s i  t* 
i n d i ~ o f P ~ , 1 ~ = 1 ' 8 1 1 ~ d A  

A B C D E H Mean 
(x") (X'3 

1.~9.3 158'0 ao3.o 345'3 189'0 187'4 188-7 
156'3 164.6 207-5 2499 193'0 183.1 192'3 
145'4 158.4 198-6 344-1 188.6 180.0 185'9 
1ec.7 158.0 203.1 241.7 188'8 183.6 186'5 
148.3 156.6 197.3 aqo.4 186.5 180'6 184.9 
145.6 r5j.t 194-3 256-9 180.5 181.3 182.0 
150'3 1 ~ 2 . 7  193.6 235.1 183.0 178'7 182'3 
145.3 152.5 189'3 334.8 179.7 176'3 179.7 
150.0 152'3 188'2 335.6 177.7 175.0 179'8 
1 ~ 9  155'6 1g1.1 234.7 183'8 178.3 181-4 
148.0 156'5 193'3 338'3 187.g 181.7 18q5 
150.8 161.9 197'4 243'5 191'0 185.3 188.5 
151.8 165.9 203.4 347'1 197'4 190'4 $92'7 
151'8 170-1 213.6 3547 202-4 196.9 198'3 
158'4 174'0 215'3 358.8 207.0 199-5 202'3 
162'4 178'9 211.6 266.6 215.4 903'0 107.9 
161.1 180.8 326.1 375'3 aaa-5 205'7 a1a'x 
166'0 187.4 119-a a8r.7 125.7 214.7 117.5 
170.9 188.1 234.1 286.8 235'5 217.5 aa3'2 
I~."o 194'1 2348 282'4 232.5 a16.a aaa'o 

158'6 170-I 206'3 ~53'1 198.8 1b.2 196.2 
154'4 166'0 ao.5'9 151'4 195'5 188'7 193'7 
156.4 167.5 206.6 152.1 195.6 188.1 194.4 
ISa'I 161.3 3oa.o 948'5 194'1 186'6 190'8 
153'3 164'7 201.7 a5I'a 1989 187'7 1go.9 
153.6 158.8 202-0 344'9 192*+ 183.4 189:s 
152'1 160.1 200.5 245.1 196'0 184.9 1898 
148'6 I57.a 197'0 2w.4 194.7 181'4 187'3 
148'4 161.a 199'3 245.2 1g6'4 183'1 18qo 
151.1 162.5 305'6 a55.0 201.7 186*3 193.9 
151'9 167.7 aq.1 2.52'3 302'8 187'8 195'3 
154'6 171'3 313'4 259'0 207'4 188'2 199.3 
156.4 1 74'1 220'9 260.1 309*5 195.0 301.7 
160'0 176'5 319.0 364'4 208'9 197'9 2 0 ~ 5  
167'8 181.4 args  267'1 315'4 198'6 208.3 
171'6'181~4 232*3 367'4 230.1 ao+'I a ~ r ' a  
169'1 183.1 334'0 370.7 211'9 209'6 213'1 
176'4 187-1 133.3 178'3 336'8 212.9 319.0 
175'0 191.8 333.5 381.8 219'4 a1+'8 131'1 
178.6 199~0 244'4 a88.a 233'7 331.8 2a7.6 

B I X A P X B ~  

Tmprat-of 
componmtr 

 of^. 

aO+ T, 

Ofb- bu. 

tt 
Temp:-or 

ironor brMh 

80'47 
80'38 
80'16 
80.41 
80.85 
81-47 
82-08 
8a.8+ 
83.69 
84-79 
85'9% 
87-07 
87-96 
88.59 
89'25 
90.00 
90'5% 
90'95 
91-17 
91-33 
81'27 
80'96 
M84 
81'03 
d 1 ' ~  
8 0  
8t.84 
83'9% 
85'10 
86'30 
87-50 
88'67 
89'38 
09-89 
90'63 
91-32 
ga:xr 
92 61 
91'85 
89-85 

+ -01 
'01 

-- '05 
'13 
'13 
.rg 
'ao 
*a+ 
'38 
'30 
'33 
'az 
'17 
'09 
'OK + -06 
'10 

'17 
'24 
-31 - -02 + '02 

ox - '05 
'05 
'05 
-11 

'18 
'17 
-14 
-08 + -01 

-04 
'04 
'03 
'06 
-10 

'I3 
-23 
-37 

Capt at K. 
Lt. Bogemat L. 

0- ohulg- 
d p h  

Capt.HBndrelatL. 
,, h d l l a t K .  

Obsemxn ahang- 
d plBdB& 

Capt.BnanaU atK. 
Lt Roger~at L. 

Obarvam Ehuy- 
dphs. 

Capt.Baaeviat E 
,, HeraobelatL 

Obeenm ohaag- 
ed plaora 



CAPE COMORIN BASELINE. 

Preliminaby results of t?u' copniiarisons of the compmaatidn bars A,'B, C,'D, E, H, ~ ' t h  the 
Baadard befpre and. after. the .air w u t c e t l o g n t : ,  Brass c o ~ ~ ~  , Ihtzt, 

1 , 
4 1 

i 4 a 
23 84 

8 r - l L 3 B  

h. m. 0 0 

6 44 A.M. I 78.9 80.55 
7 16 . 2 80-5 80.37 
7 42 3 82.2 80.39 
8 9 4 84.0 80.65 
8 38 5 85-7 81.20 
9 13 6 87.4 82'03 4 9 3 8  7 88-4 82-75 4 10 8 8 89-8 83-73 

10 37 9 91'5 84-77 
11 ro  10 94.7 86.08 
11 38 11 95.1 87'44 

m' o 10 P.M. 12 95'3 88'91 
o 40 13 92.6 89'99 
1 9 14 92.8 90.55 
I 42 15 92'7 91'00 
$a g 16 92.3 91.30 
a 39 17 91.1 91-49 
3 9 18 90'2 91-53 
3 39 19 89'9 91-41 
4 10 20 89.9 91-26 

6 qrr A.X. I 79.0 80.2~ 
7 8 a 80.0 80.12 
7 38 3 81.4 80.14 
8 7 4 83.3 80.41 
8 3; 5 85.8 80.93 
9 8 6 87'9 81.73 

7 89'3 8 2 ~ 6 ~  
8 89'7 83-76 
9 90'3 84.86 

11 1% l o  91.4 86.07 
" Pr 38 11 93.2 87-10 
6 0 9 P.M. I 2  93'0 88.22 

0 39 13 92'4 89.07 6 I 10 14 92'6 89.60 
I+ I 40 15 92'6 89'97 

Prelimin y ex- of barn over S M d u d  at 68OFahrenheit, 
in divisionof K miammeter, 1 divuios - 1'277 a.y of A 

., I 

Me* 
(4 (rt) 

148.5 166.4 206.7 251~4 I 80'6 I 85.2 189.8 
149.3 160.0 200.1 236.4 I 79.2 181.9 184.5 
152-1 1649 204'5 241.9 178.7 181.1 187-2 
141.7 156'8 189'2 232.7 176.4 171.9 178.1 
134.3 150.4 183'1 227.1 161.5 161'2 169.6 
123.6 138.0 180'8 219.9 165.6 154'1 163.7 
124'4 139.0 177.8 218.9 165.1 164.0 164'9 
1a8.1 134.1 179-7 220.2 167'6 161'6 165.2 
127.3 141'6 176'2 zar.1 167'9 164'1 166'4 
136 .~  146.6 1i9.6 229.9 180.6 167.~5 I 73.5 
137'4 151.6 187'1 228.2 182'7 171'2 176.4 
143.5 164'4 196'0 249.0 296.4 184'3 190.6 
155'3 168.6 207'1 256.2 191'2 190'6 194.8 
158 .~  183.5 217.0 264.3 211.2 195.8 zogSx 
170.7 184.9 228.6 272.7 215.3 204.6 213'1 
171.0 186.0 229.5 269.6 2x0'9 zoo'g 211.3 
182'1 194.5 236.2 280.2 218'6 211'0 220.4 
185.3 201.9 242'7 287'9 226.4 216.6 226'8 
189.2 204.1 243.9 284.3 226'1 211'2 226.5 
188.3 204.9 244.2 291'0 227.9 2x5'1 228.6 

154'0 I 70.0 207-4 249.5 192.3 I 85'2 193.1 
152.4 170.5 206.8 253.5 194.6 189'9 194'6 
150-4 160.5 205.1 243'6 187'8 183'8 188'5 
143.4 152.3 194'3 239-7 183.9 181'4 182'5 
126.7 1qr.a 187.0 229.8 176.8 172'1 172'3 
130'0 140'4 183.7 229 8 175'9 172'4 1 172'0 
120'5 136.1 176'5 225.7 171.3 168'1 166'4 
I 17'8 136'3 175.7 225.9 173.9 168 '~  166'4 
130'4 150'7 188.2 238'2 179.3 175'8 177'1 
135.2 157.8 198.8 241'7 195'8 18e.5 186.2 
140'6 157.4 201'6 246'0 198'7 191.9 18g.4 
142'4 164'0 212'1 252'3 204.3 196'8 195'3 
155.9 175'4 215.2 256'3 207.0 203.5 202'1 

159.3 180'3 221.7 269'5 211.1 207.3 208'2 
164.8 184'0 226.4 268.0 212.8 212.5 211.4 

2 10 16 91'4 90.25 
1 40 17  89'2 90'33 
3 9 18 87'6 90.17 
3 39 19 87'2 89-81 
4 10 20 85'9 89-40 

B B M A X X ~ .  

Cept, Baaevi at K. 
,, Braurn at L. 

Observers charig- 
ed places. 

~ a ~ t . ~ e m o h e l a t ~ .  
Lt. Rogera at L. 

Obsarvem c h G -  
ed places. 

, 
Lt. Roge~s, at K. 
Capt. B w i  at L. 

Ohmera chaw- 
ed plaoee. 

91.76 
91-51 
g1.08 
90.50 
89'92 

87-00 

not.th 

TePgnEzof 

177'3 190.9 235'6 277'9 221'5 222'7 221'0 

172'9 189.0 233'8 276.9 224.6 2a2.6 220.0 
184.8 199.5 243.3 280.7 228.8 228.0 2a7.5 
184'5 203.0 236.6 284'9 232-1 226.5 227.9 
183'9 198.4 238.4 284a.5 231.7 225.9 227.1 

oE3: 

62'+Tb 

of b- 
bar. 

82.33 
81-97 
81.98 
82'32 
83-07 
84-17 
85.11 
86.26 
87 46 
88 81 
90.10 
91'49 
92'51 
91-79 
93-05 
93.18 
93'27 
93-16 
92.92 
92'64 
81-58 
81-36 
81-44 
82-01 
82'97 
84-22 
85'63 

Mean of 4 days compari- 
8om. 85.38 154.3 168.2 208.8 253.4 199.4 191.6 195.8 I 

b h - ~ h  10th (2) x.Uorning oloudy ; afterward8 finer ; many cumuli, alight 

. 

t ,  
l!omp:ex-~f 

ironover 
braes. 

+ .or 
- '05 . 

'11 

'22 

'38 
'53 
'59 
'66 
'64, 
-55 
*44 
'29 
'16 
'09 + '07 
'20 

'32 
' 3 ~  
'47 
'56 

+ -91 
-06 
-04 - '2.5 

-49 
'70 
'83 

86'98 
88'07 
89.22 
90'20 
91'32 
91.91 
91.89 
91.85 

~ 1 6  
-27 
-44 
-54 
-61 

- -08 

Obsenera-ohang- 
ed 

-- 

- 8 

wind. 

~ 8 8  
-68 
-38 
'30 
'24 
-12 

+ -05 
-09 

C1tpt.Bran6UatK. 
,, H-helatJ. 

- 



BAR LENGTHS 

Referring to section 3 of Chapter VII, and adopting the symbols there exployed, it will 
be seen that the normal excess of the length of a compensation bar over that of the standard 
at the temperature of 62' F. as determined from comparisons at any other temperatures, is 

m 
= B' - A' - (eli - deti) t - - 7 Tb + (E', - dE',) T, 

m-n 

For convenience, the relations of the compensation bars to the standard were expressed, in the 
first instance, in divisions of K, one of the two micrometers which were used in making the 
comparisons ; thus E', = eti = 17-74 E-divisions ; and dEta = 0.68 division = de', by assump- 
tion. The value of the quantity m a (m-n) wbich is dependent on the distances of the com- 
pensation points from the bars, was taken as 2.9. Thus if z is put for the normal excess of any 
one of the bars, as B, over the standard. in K-divisions, we have 

The numerical values of the term within the brackets-which term is expressed by the 
symbol x" for bar B and by the symbol X" for the mean of all the bars, in the investigations in 
Chapter VIII-are given for every comparison of. each bar and of the mean of the bars, with 
the standard, in the preceding tables ; the values of t are also given, and those of T, and T, may 
be obtained by subtracting 62" from the given temperatures of the standard and of the brass 
component of bar B ;-thus, with the exception of 7 ,  all the data are forthcoming for obtaining a 
value of z from each of the comparisons. Before proceeding further it was therefore necessary 
to determine the value of 7 from the comparisons of compensation bar B with the standard. 

This has been done in the manner indicated in section 4 of Chapter VIII;  putting zt = 
6' - 5 1.4 t, we get 

z = z' - tl Tb - (T, - 2.9 t) dEfa 

in which form the eight followillg values of z, obtained from the means of the groups of com- 
parisone before and after each measurement of the base, are expressed. 

Comparisons I 1, and I 2, 
9, I 3, and I 4, 
y y  I1 1, and 11 2, 
,, 11 3, and 11 4, 
9, 1i1 1, and 111 2, 
99 Ill 3, and IlI. 4, 
9 ,  IV 1, and IV 2, 
y9 IV 3, and IV 4, 

Eliminating z from each of the primary equations, by it's value for the group to which it 
appertains, and proceeding by the method of minimum squares, the eight normal equations in 
which are given at page (67) were determined, whence finally 7 = 0'75 K-divisions. 

Having determined the value of 7, the next step is to determine the normal excess of the 
mean of all the compensation bars over the standard, treating bar I3 as a representative of all the 
others ; this process has been fully described in section 5 of Chapter VIII, which should be 
referred to for all particulars. 



CAPE COMORm BASE-LINE. 

The numerical values of XIf, X' and X, are given in the following table for every com- 
parison, as expressed in K-divisions. 

B r a a s  C o m p o n e n t s  West .  
Comparison I, 1 Comprimn I, 2 

Comparimn II,1 

B r t r s a  C o m p o n e n t s  E a s t .  
Cornpariaon 11, 2 

X" X' X 

I 

r 
3 
4 I 2 
7 
8 
9 

10 

11 

12 

13 
14 
15 
16 
17 
18 
19 
20 

kt- 

n 

I 
2 

3 
4 

56 
7 
8 
9 

10 

11 
12 

13 
r4 
15 
16 
17 
18 
19 
zo 

-. 

184.5 181.4 164.6 
183.2 177'0 160.1 
185'5 178'8 161.6 
187'7 180.0 162'2 
197.6 184'2 165.6 
202.3 185'3 165.8 
205.2 186'2 165.8 
206.8 191.8 168'3 
a10'7 189'7 165'2 
212.8 191.8 165'9 
209.7 188.7 161.4 
209.0 188.0 159'6 
205'8 184.8 155'1 
205'6 195'6 164'2 
202.8 192.8 160.6 
198.6 193.6 160.5 
198'5 193.5 159'7 
192'9 192'9 158.5 

200.0 187.6 162'5 

I 
2 

3 
4 
5 
6 
7 
8 
9 

10 

11 
12 

13 
r4 
15 
16 
17 
I 8 
19 
20 - 

Means. 

Comparison I, 3 Cmpuinon I ,  4 

x" x1 x 1- X ~ X ' X  

187.0 186'5 163.1 
185.6 186.6 163.5 
185.9 190-o 166.6 
187.8 191.4 168.0 
182.7 184.8 160.6 
183.0 186'6 161.3 
1 8 ~ ~ 4  189'5 162.9 
184.8 191.0 163.1 
187'0 195.7 166.1 
183.2 196'6 165.5 
182-2 198.6 165.9 
184.0 200.4 166.1 
190.1 200.9 165-5 
195.7 198.8 162-3 
203.7 198.0 160.6 
209.7 200.4 162.4 
205.8 191.9 153.0 
215.1 197.6 158'3 
322.7 200.6 160'8 

192.7 194'0 162.9 

187.3 186.3 169.3 
1~0 .6  188.5 170'9 
187.5 183.9 165.2 
191.3 184.6 165.2 
196.7 184.4 163.8 
200.0 180.0 158.1 
206.5 184-4 160.8 
207.4 184.8 159.8 
204.7 184.7 157'5 
207.5 188.0 159'5 
205.7 186.2 156.8 
207.2 rgo.2 160.1 
206.5 188.5 157.8 
206.1 189.1 158.0 
205.2 188.8 157.3 

200.7 186.2 161.3 

185.2 180.1 158.5 
188.9 184'8 163'0 
190.1 183'9 161.6 
194.8 185.0 162'3 
202.0 189.1 165.7 
209.1 187.5 163.2 
216'3 187.0 161.8 
218'1 183.7 157'3 
221'3 185'3 157'4 
222'9 187.9 158'5 
220'9 188.0 157'4 
222'0 193'2 161'3 
220'1 191'8 158.7 
220'8 190.5 156.2 
221'4 191.6 156.3 
zrg.1 191'3 155'0 
216.8 192'1 154'9 

' 217'4 193.2 155.8 
"5.5 193'4 155.9 

211'7 188.4 159.0 

Comparison 11, 3 

X" X' X  

187.4 182.3 160.3 
191-8 187.2 165.4 
192.1 187.0 165.2 
197'6 187.8 165.9 
203.6 191.8 169.3 
206.2 190.3 166.~  
213.0 191.4 167.~ 
218.3 190.0 165.1 
221'9 189'0 163.0 
223.8 189'4 162.1 
224.4 188.9 160'1 
227.0 192.0 161.9 
228.1 194'7 163.3 
224.4 19.5.1 162.6 
224'4 198.2 164.3 
217.1 190-9 156.2 
218'5 196.4 160.7 
218.2 194.6 158-5 
216.6 195.0 158.2 
213.9 195.9 158.8 

213'4 191.4 162.8 

Comparison II,4 

XI1 x1 x 
189.7 182.0 157'1 184'1 182.0 157-9 I 

~1 
1 O G  

2 1 
184.6 178.9 155.9 
185.7 184.2 161.4 
183'4 185.5 162.8 
I 182.3 159.1 
172'9 186.3 162.1 
170.4 188.4 162.9 
172.8 194.4 167.5 
168.7 193.4 164.7 
165.4 193-7 163.0 
170'5 200.3 167.5 
1678 198.6 163.7 
173'0 201.8 164.9 
182.7 204.3 166.1 
188.5 201.4 162.7 
192.8 203'1 163.7 
195.3 200'4 160.4 
205.5 203.4 163.3 
212.8 206.6 166.5 
216.9 206.1 166.1 
218.3 202.9 163.2 

185'2 195.8 163.4 

189.8 186.2 161.6 
188.3. 186.8 162.6 
184.4 185.9 161.5 
183.9 190.1 165.1 
177.6 187.4 161.4 
178.4 189'7 162-7 
179'3 rg1.r 162.8 
181.0 192'3 163.1 
183.5 195'3 164.5 
183.5 194'3 161'9 
189.2 197.9 1642 
190.7 zoo*o 164'6 
200.7 200.7 164.3 
aoa.5 196.8 160'1 
210.6 202.4 165'7 
203.5 1gqa 157'6 
zrr.2 198.3 161.9 
214'0 197.6 161.4 
214'8 194'2 158.5 

192.8 r93s2 162.1 

1 

2 

3 
4 

2 
7 
8 
9 

ro 
11 

12 

13 
14 
15 
16 
17 
18 
19 
a0 - 

182.5 183.5 159'6 
178.5 181.6 157.6 
169.8 179'1 154'5 
164'4 182.4 156.5 
163.4 190.1 162.6 
159'4 189.7 160.8 
159.8 192.7 162.5 
164'2 194.0 162.0 
171.8 197'0 163.5 
175'3 200'5 165.2 
180.0 202.6 165.8 
164.1 203'1 164.9 
186.3 201'7 162.6 
193.9 204'7 164.9 
201.2 206'3 166.0 
205.8 204'3 163.8 
210.3 203'6 162.9 
214'8 202.5 161.8 
217.0 200'6 159'9 

183.3 195.1 161.8 



BAR LENGTHS 

B r a s s  C o m p o n e n t s  W e s t .  

B r a s s  C o m p o n e n t s  E a s t .  

.H 
0 d, 

i B 
I 
2 

3 
4 
5 
6 
7 
8 
9 

10 
11 

12 

13 
14 
15 
16 
17 
18 
19 
20 

&am. 

Comparison 111, 1 

x1 x1 x 
189.3 183'1 157.0 
189'4 182.7 157'0 
192.3 186.1 160.2 
195.1 190'0 163.5 
199.8 192.6 165.3 
200.5 191'8 163.3 
204'7 191.8 162.4 
205.3 195'0 164'2 

. 203'5 196.3 164.1 
205'7 202-6 168.9 
201.3 202.3 167'3 
198.6 205.8 169'5 
194.5 209'4 171'9 
188.2 205.2 166.8 
186.9 208.5 169.0 
186'3 205.8 165.6 
188.3 ao7-3 166'4 
190.3 209.3 167.9 
192-7 211.7 170-1 
189.3 209.9 167.9 

195.1 199'4 165.4 

Comparison 111, 2 

X X ' X  

Cornpariaon ITI, 3 

x XI x 
Comparison III, 4 

xv x1 x 
190-7 188.1 164.7 
192.6 190.0 166.8 
190.8 188.2 165.0 
192.8 191.8 168'1 
193.2 191.7 167.5 
194.7 194.2 168.9 
193.4 196.5 170.0 
192'1 202.9 174.8 
185.0 198.4 169.1 
185.4 203.4 172.4 
181.7 204.3 171'5 
179.7 208.5 173.8 
183.8 216.7 180.6 
181.2 215.6 178.1 
182.0 218.0 179.0 
188.0 223.0 183.3 
183.0 219.0 178-6 
183.7 218.1 177.2 
186.0 225-6 184'0 
182.3 222.4 180.5 

187.1 205.8 173.7 

Comparison IV, 2 
- 

X" X' X 

C 
0 d* 

g 8 
Comparimn IV, 3 

X" X' X 

Comparison IV, 1 

xm x1 x 
I 

a 
3 
4 
5 
6 
7 
8 
9 

10 

11 

12 

13 
14 
15 

~1 d. 

& l 
I 

2 

3 
4 
5 
6 
7 
8 
9 

10 

11 
12 

13 
14 
15 
16 
17 
18 

199-0 187.7 162.3 
I 186.8 161.9 
194.5 184.7 160.5 
195.5 187.8 163.6 
194.4 188'2 163.4 
194.1 189'0 164'0 
199.8 189'7 163.8 
196.8 195'3 168.2 
193.0 194'5 166.0 
190.5 194'1 164.6 
192.1 198'3 167'6 
190'2 200'5 168.5 
182.7 199'7 1662 
180.3 200-3 165.2 
179.0 201.6 165.3 
181.1 202.2 165.1 
186.8 aoz.2 1647 
193.2 207'1 169.0 
193.0 206.4 167.8 
194.6 206-4 167.7 
-- 

Comparieon IV, 4 

X" X' x 

i 

190'7 188.6 163.1 
188-6 187.6 162.1 
186'9 185.9 160.6 
184.9 187.0 161.6 
185.2 189.8, 164.2 
184.5 195.3 169'0 
183.9 196'2 168.9 
179.8 199.3 170'5 
177.4 202'1 171.3 
181'4 209.7 177'7 
178.7 207.3 174.1 
178.2 211.1 176'0 
178'5 212.4 176'0 
179'3 212.7 174.9 
188'0 320.4 181.5 
183'8 214.6 175.0 
186'1 218.5 178.3 
183.5 216.4 175.6 
187.4 223.4 182.1 
184.4 218.8 177.6 

r, 0 d. 

g %  

1 9 b  
20 

191'1 196.1 165.3 1 183.6 204.9 172.0 

189'8 189.3 161.5 
184'5 187.1 159'5 
187.2 192'9 165.2 
178.1 189.4 161.2 
169'6 189'1 159'5 
163.7 190'9 159.6 
164'9 195.2 162.6 
165'2 199'1 164'8 
166.4 199'3 163.4 
173'5 201'8 164.2 
176'4 199.0 159.7 
190.6 ao5.5 164.5 
194'8 203.0 160'8 
205'1 209.7 167.0 
213'1 209.5 166.6 
211'3 201'0 158.1 

143.1 188.5 161.6 
194'6 191-5 164.7 
188.5 190'6 163.6 
182.5 195.4 167-4 
172'3 197'5 167.8 
172.0 208.0 176'5 
166'4 209'1 175.7 
166'4 211.6 176.3 
177'1 212.1 175.6 
186'2 205.7 168-a 
189'4 204.8 165.9 
195'3 207.6 167'3 
2oa.r 208.8 167.7 
208'2 205.6 164.5 
211'4 206.8 165.6 
221'0 212.8 171.5 

188.7 188.2 162.3 
192-3 191.8 166'3 
185.9 188'5 162.9 
186.5 193.2 167.a 
184.9 191.6 165.1 
182.0 191.8 164.4 
182.2 192'5 164.3 
179.7 192.0 162.7 
179.8 194.2 163.7 
i81-4 196.8 164'9 
184.5 200.9 167.6 
188.5 199.8 165.0 
192.7 201.4 165.3 
198.3 202.9 165.8 
202.2 202'7 164.7 
207.9 204.8 165.8 

220'4 204'0 161.0 
226.8 206.8 164.1 
226.5 202.3 160.0 
228.6 199.8 158.0 

191.8 198'7 162.1 

I 
2 

3 
4 
5 
6 
7 
8 
9 

10 

11 

I= 

13 
14 
15 
16 

220'0 266.1 165.3 
227'5 204'9 164.8 
227.9 200.1 160.9 
227.1 195'7 157.4 

196'5 203-a 167.4 

196.2 197.2 169'9 
193.7 192'7 165.5 
194.4 193'9 167.1 
190.8 193.4 166.2 
192'9 195.5 167.9 
189'2 191.8 163.5 
189.8 195'5 166.2 
187'2 196.5 165.7 
189'0 197.7 165.4 
193.9 201'1 167.2 
195'3 199'4 164'0 
199.2 198'7 161.9 
202.7 200.6 162.7 
204'5 202.4 163.7 
208.3 206.8 167.0 
211.2 208.1 167.1 

212.1 207'0 167.3 
217'5 208.8 168.5 
222.2 209.9 169.3 
222.0 206'1 165.4 

cans. 194.6 198.2 165-4 i"! 17 
18 
I9 
20 

213'1 208.0 166'2 
219'0 212.3 169.8 
a21-I 209.3 166.6 
227.6 208.6 166.0 

201.0 200.5 166.0 



CAPE COYORIN BASELINE. 

The relative lengthe of each bar to the mean of all the bars are given in the following 
table :- 

Comparisons I ,  1 4 .  

The only partial set of bars in each measurement occurs s t  the terminal point S, where 
the bars employed were A, B, and H. Since, on an average, A = L - 54'1, B = L - 34'2 
and H = L -- 5-4, we have 

A + B + H = 3 L - (93.7 m.y = .0003 of a foot) 

* 

I n  terms of 

Micrometer divisions. 

Millionths of a yard. 

therefore - * o o o ~  is the correction to be applied to the actual mean lengths of all six bars at 
page (73)  to deduce the corresponding mean length of the three bars in question, see page (76).  

A - L  B - L  C - L  D - L  E - L  H - L  

-43'7 -26.1 + 15.2 +602 +4-I -5'9 

-55.8 -33'3 +19'4 +76'9 +5-2 - 7.5 

Comparisons 11, 1-4. 

Micrometer divisions. 

Millionths of a yard. 

-40.6 -25.8 + 13;3 +54'9 +oe8 - 3.0 

-51.8 -32.9. + 17.0 +70e1 + 1.0 -3.8 

Cmpariaons III, 1 4 .  

Micrometer divisions. 

Millionths of a yard. 

-43.8 -27.8 + 12-8 +58.9 +3-5 -3'5 

-55'9 -35'5 + 16.3 i-75'2 +4'5 -4'5 

Comparisons IV, 1 4 .  

Micrometer divisions. 

Millionths of a yard. 

-41.5 -27-6 +13'o +57'6 +3'6 -4.2 

-53.0 -35-2 + 16.6 +73-6 +4-6 -5-4 

Mean of the four groups of Comparisons. 

Micrometer divisions. 

Millionths of a yard. 

-42'4 -26.8 + 13-6 +57-9 + 3'0 -4'2 

-54-1 -34'2 + 17.3 t 73'9 +3-8 -5'4 



MICROSCOPE COMPARISONS. 

Comparisons between the Compensated Microscopes and the 6-inch brass scales during the 
four measurnnents, and determination of microscope morr  with respect to Ath of 

Standard A, expressed in millionths of an inch (m. i.) 

Note. 1 diviaion of V miorornetor = 40.10 (mi.) 
1 w = 40.29 (mi.) 
slor t& rahmetsn oi) dl thti other acaleq 1 division = 100.00 (mi.) 

Microscope I Ermn of side telescope. 

When compnwd 

- toms of 

1869 

Beforelatmea- 
surement. 

ARersetNo.69 

After ls t  mew 
surement. 

Before Bndmea- 
surement . 

After set No. 75 

-Qfter 2nd ma- 
surement. 
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IV 
M 
T 
T 
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V 
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W 
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T 
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V 

S 
W 
M 
T 
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8G7 
86.9 
85.8 
86.5 
86.9 
87.5 
86.7 
84.3 

86.4 
86.8 
87.6 
84.9 
87.3 
86.6 
88.4 

89.9 
88.5 
89-8 
90.3 
89-8 
90'2 
89.3 

89.7 
85.3 
89.2 
83.1 
82.6 
90-5 
87.7 

89'6 
91'4 
86.8 
87.1 
88.0 
87.6 
88.6 

. 85.8 
84.2 
88.6 
86-0 
87.1 
8 1  
84'9 

+1544 
1513 
1488 
15.3 r 
1556 
1582 
1544 
1394 

+15ag 
J550 
1600 
1431 
1582 
1538 
1650 

+1744 
1656 
1738 
1769 
1738 
1763 
1707 

+ I 731 
1456 
I700 

1319 
1288 
J 782 
1606 

+ 1795 
1838 
I550 
1569 
1625 
1600 
1663 

+ 1488 
1388 
1643 
1500 

3: 

+ 1'1 

-3.7 
6.5 
8.3 
5'8 
0.6 

93'4 
(j.9 

+30-3 - 4.0 
0'0 

-10.5 
8. 6 
2-9 

21.7 

+2gSo 
- 6 - 1  

9'8 
13'5 
15.2 
4'2 

25.6 

- 3.7 
+34'4 
-11.3 

6'3 
8.5 
6' 7 + 6.1 

0.0 

+26.; 
- 9'7 

14.1 
13-0 
3'7 

+12'g 

+ 4-3 
31.7 

-16.2 
10'5 
9'9 
5-3 

1431 +IS'S 

+ ++ 
- 3 7 0  
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830 
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60 

938 
690 

+la21 
- 400 

o 
-1050 

860 
290 
870 

+1169 
- 6 2 0  

980 
1350 
1520 
420 

1026 

- 370 + 1387 
-1130 

630 
850 
670 + 245 

0 

+lo76 
- 970 

1410 
I300 
370 + 517 

+ 430 
1278 

-1620 
J O ~ O  

99O 
530 

+I541 
1265 
820 
683 
958 

1644 
473 
826 

+2699 
1272 
1582 
363 
704 

1.370 
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fa866 
1158 
1880 
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i-148.3 
2796 
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67' 
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1718 
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zB67 

- 47 
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+ I Z Z  
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4-122 

-133 
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+ 1 2 2  
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I 8 
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+1a2 
-133 
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- 18 

I 8 
+ I 2 2  

-133 

+ 4 - 47 
+122 

- 1 8  
18 
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+ 6 2 1  -133 1919 

I ,, 
+o  15 

o o 
o 30 
o 15 
0 55 
o 5 
0 10 

~ r o  
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-3 
2 

- 0 4 %  
+ o 1 6  

~ 3 8  
-3 34 
+ O  40 

0 8 
0 9 
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1 

c; 
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2 ." 

C1 

.k" 
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8 5 1  

' 1 1 4 8  
14 25 
8 47 
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& 

f s 

f Q 46 
- 0 2 6  

0 34 
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o ax 

J 34 

135% 
a047 
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2619 
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1036 
- O 5 

% 

+ O  51 
-3 30 
+ I  12 

-2 o 
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I 24 

0 4 
1 58 

+ o 46 
- o 34 

o o + o 1 7  - o 15 
+ o 43 
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CAPE COYORTS 1:ASE-LINE. 

Comparisons between the Compensated Aficroscopes and the 6-inch brass scalelr-(Continced.) 

The "Error of Collimation" was in all cases determined by Qauas' method, the amount of error being measured by one of the two 

I I 20. ;  Yicroscope u Errors of aide teleslope. 
2 6 Ei - 

8, b $9 ~ i o m w o p e  s a l e  -18 When compared 01 e 01 u a a - I 4 -1s 4 
- d %  11 O b r  1 h 1 7 terms of 

I s !gq 2 b; CC) 

1869 t: s 

theodolite& 
The I' E m r  of Pardlrlisrn" wms found by means of a wale attnched to the horns of the Boning inntrument, whioh was read by tho ride 

taleroope both " ont" and "in", the bar dot8 be~ng intemected in each 11osition by the microscope. 
The reading of the w l e  corwepondinp to ccntre of tt~hsrope of Boning instrument, i.e. the line of tlle dots, waa known, = d suppose ; 

the ) distance Letween the optical axu of side teleecope in both poe~tiona = a, c = effect of error of collimation on d e ,  p = effect of error 
of padelienr, then 

wale reading (telempeC6'' in") = d + a + c + p 
n ( out") d - a - c + p 

gum di reding# = ZcE + 2p 
whence 

p = 4 Bum - 8. 
The angular vdne of p in obtained by dividing by tbe diutanca of the m i c m p e  from Boning indnunent 'esprewcd in ahisions of 

the scab multiplizd by Sin 1". 
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En'ICROSCOPE COMPARISONS. 
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CAPE COMORTN BASE-LINE. 

The equations which determine the microscope errors per set (or m.0) are the following :- 

Measurement I 
R g w ~  fwd*,. 7 + 8 m.'. 

(ad.) = I + a + 4 + 5 + 6 + --;- = 6078 at (6; + 2;m4) applicable to e e t ~  Nos. I to 37 

Measurement I1 
13 + 15 (we.), = 1% + 16 + - = 5084 at (62 $ 25-7) I) 18 I 

2 13 + 15 ( n ~ e . ) ~ =  I O +  11 + 11 + 14 + 16 + - = 7135at(62 + 25.0) 
2 II eete Nos. a to 142 

(m.a),=17+ 18 4- 1 9 + a 0 +  21 + T  " + a3 = 6983 at (62 + 29.3) 1) 99 r to 116 

22 + 24 
(m.6) = 17 + 18 + 19 + ao + 21 + - = 6358 at (62 + 29.1) 

2 91 93 117 to 141 
a2 + 24 

(me.)# = 19 + 20 + 7 = 4243 at (62 + 28'9) I?  net No. 142 

Measurenzent IV 
31 4- 3% 

(nL6)10 = a7 + 28 + 7 = 4548 at (62 + 30.3) IS IS I 

31 + 32 (m.e)U = = P S  + 26 + 17 + 28 + 30 + 7 = 8546 at (62 + 29.3) 9 1  sets Nos, 2 to 97 

31 + 32 
(%6)U = 25 + 27 + 28 + 29 + 30 + - = 8935 at (62 + 29'4) 

2 II 19 98 to 142 

Hence the total microscope errors are as followe, 

Measurement I 
mi. m.i. ?r A 

In Section N X = 35 (m.e), = 212730 - 6 x 35 x 25.4 dE = 21 2730 - 5334 dE = 0-01 77 - 5334 dE 



MICROSCOPE COMPARI80NS. 

Total microscope errors-(Continued.) 

m.i. mi. 
I (me) ,  = 5084 - 3 x I x 25'7 dB = 5084 - 77 dE - In Section S Z = = 256860 - 6 x 36 x 25.0 dE = 256860 - 5400 dE 

Measurement I11 

In Section N X = 35 (m.e), = 244405 - 6 x 35 x 29.3 dE = 244405 - 6153 dE = 0-0204 - 6153 dE 

Measurement IV 

I (me),, = 4548 - 3 x I x 30'3 dE = 4548 - 91 dE In Section S Z = = 307656 - 6 x 36 x 29.3 dE = 307656 - 6329 dE 



CAPE COMORIN BASE-LINE : MICROSCOPE COMPARISONS. 
X-,, 

Final deduction of the total lengths measnred with the compensated microecopes. 

I n  the foregoing reductions, the co-efficient of expansion for brass haa been taken at 
poo,o~0,417;  whereas it appears from page (17) that ~000,009.85~ is a more probable value. 
Accepting the latter, it may be found that dE = 3.372 ( m i ) .  Hence, remembering that the 
length measured with a complete set of microscopes ia equal to 3 feet of A + the correspond- 
ing ( m e )  we have, 

Total lengths measured with the compensated microscopes 

Measurement I 

In section N X fed fl A f e d  d A } = . . . . . . .  (35 x 3 + .0177) - 5334 dB = (105.0ij l  - -0015) E 105.0161 
comprising 35 sets 

In section X V } = . . . . . . .  (35 x 3 + -0181) - 5370 d E  = (rogo181 - -0015) = 105-0166 
comprising 35 sets 

In section V Z } r ....... . ( S S  x 3 + -0185) - 5 3 7 6 d E =  ( ~ 0 5 . 0 1 8 5 -  -0015) = I O S - O I ; O  comprising 35 sets 
In section Z S } = . . . . . . .  (36.5 x 3 + -0194) - 5607 d B  = ( 1 0 9 . 5 ~ 9 4  - -0016) = 109-5178 

comprising 364 set8 
... ... ... ... ... ... ... In NS = (424.5737 - .0061) = 424'5676 

Measurement I1 
In  ~ection N;X 

comprising 35 sets 
In  section X V 

comprising 35 seta 
In section V 2 

comprising 35 sets 
I n  section Z S 

comprising 361 set8 

In NS ... 

1n section N X 
comprising 3 

In section Y?' 
comprising 35 set8 

In  section V 
comprisi~ig 35 sets 

In section Z S 
comprisillg 364 eat8 

In N S ... 

I n  section N X 
compri8iug 3 j fietS 

In section X V 
comprising 35 set8 

111 section y 
con~prbing 35 sets 

In section Z S 
comprjaing 364 sets 

In N S .*. 



CAPE COMORIN BASELINE 

Extracts from th Elidd Book of ~ B B - m N T  I, and caleulatt?d bights of set8 a8ove the origin. 

Adopted heights above mean sea level. 
North-End = 
South-End = 

Y 
P '5 

When 
compared 

f 2 * 3 c 
Height ) 8 Bar B When 2 5 of set mm~ared c ;"3 ahve 95 - O 

$I '5 origin 4: 62-3,s t 1869 2 
% 

Section NX 

h. m. feet 
Jmy. 13th I 7 54 A.Y. 6 + 1.90 (m.e), 73°88 - %a 

2 9 28 6 3'58 ,, 75.01 + -06 
3 I I  48 6 3'75 ,, 80'14 '47 
4 o 44 P.M. 6 3'68 ,, 81.41 -45 
5 I 33 6 3'95 ,, 83.04 '43 
6 a 30 6 3-89 ,, 84.23 'a9 
7 3 30 6 4'84 ,, 85.28 .16 
8 4 2 0  6 5'40 ,, 86'03 '02 

14th 9 7 2 5 ~ . Y .  6 5.21 ,, 75.67 -'oa 
10 8 18 6 5'64 ,, E5'94 + -02 

11 9 9 6 5'73 ,, 46'85 '14 
12 9 5 2  6 5'81 ,, 77.84 '3% 
13 11 53 6 5'44 9, 80.9.1 '43 
14 o 38 P.M. 6 6.00 ,, 82.16 '41 
15 I 30 6 6.50 9, 83.73 '44 
16 a 11 6 7'30 st 84 77 '35 
17 a 44 6 747 8, 85.86 '34 
18 3 15 6 9-44 ,, 86'36 'a9 

1. n. f d  
Jany. 14th 19 3 50 P.M. 6 + 7'78 (me), 86.093 + !a3 
,, 16th ao 11 5a A.M. 6 8.09 ,, 7615 - -03 

21 02ap .u .  6 869 ,, 77.16 + ' 0 3 ,  
aa o 56 6 8.98 ,, 78'39 '17 
23 I 43 6 9.13 ,, 79'86 'aa 
24 a 18 6 9-90 ,, 80.99 'a4 
15 a 47 6 10.26 ,, 81.83 '21 
a6 3 16 6 10'64 ,, 82.35 'a5 
27 3 qq 6 10.99 ,, 82.71 'a6 
28 4 17 6 11.19 ,, 82.88 '21 

,, 16th 29 7 7 A.M. 6 11.55 ,, 13-37 - I 

30 7 38 6 11.92 ,, 73'52 - - I 
31 8 18 6 1a.54 ,, 74.06 - '04 
31 8 43 6 l a y  ,, 74'66 + -03 
33 9 10 6 13-09 9, 75.26 '11 

34 9 44 6 13'3% n 75-98 '20 
35 o lo  P.X. 6 13.9 a 79.03 , -27 

Ahan 19-84 + '191 

The rearend of set No. 1 stood exact1 over the dot at  North-End 
For measurements with wmpases at  i ,  see page x3*. 
Jnnllary 13th and 14th. Weather clear and bright throughout the day with much north wind chiefly about 

noon but more or less all day. 
,, 15th. Three or four hours heavy rain this morning followed by heavily clouded sky; operatiom 

commenced a little before noon. 

Section XV 
Jsny.16th 36 o 42 P.M. 6 + 14.27 (m.eJ, 80.51 + '25 

37 I 18 6 14'51 ,, 81.61 .a4 
38 1 58 6 14.71 (m.eJ, 81.77 -17  
39 2 40 6 14'98 ,, 83'79 '16 
40 3 9  6 15'ra ,, 84.44 'aa 
41 3 qa 6 15.79 ,, 84.85 'ao 
41 4 1 1  6 16.15 ,, 85.07 -20 

,, lSth 43 7 19 A.M. 6 16.52 ,, 74.56 .or 
qq 7 54 6 16.61 (m.eJ, i4.57 - '05 
45 8 26 6 16.91 ,, 74-81 - '04 
46 8 51 6 1 7  ,, 8.36 + .06 
47 9 17 6 17.95 ,r 75'97 "5 
48 9 44 6 18.10 ,, 76.61 'aa 
49 m a3 6 18.08 ,, gg.20 .33 
50 11 51 6 18.23 ,, 80'11 '34 
51 o 15 P.Y. 6 18.73 ,, 81'04 '43 
5a o 38 6 18.89 ,, 81'66 'qq 
53 I 4 6 19- ,, 81.16 '48 

Jany.18th 54 I 36 P.M. 6 +r8'94 (m.eJ, 83'39 + -52 
55 a I 6 1860 ,, 84'24 -51 
56 a a6 6 18-84 ,, 84'77 -47 
57 a 56 6 18'74 ,, 85.18 '47 
58 3 a6 6 18.38 ,, 85.66 -41 
59 3 48 6 17.98 9, 85.76 '39 ,, 19th 60 7 8 A.M. 6 17.44 ,, 7 .34 '01 

61 7 35 6 17'48 ,, 76.~0 '03 
62 8 3 6 17-17 ,, 76.41 -oa 
63 8 a7 6 16'74 ,, 7672 '15 
64 8 52 6 16.52 ,, 77.16 '14 
65 9 16 6 15-91 IS 17-56 '19 
66 9 45 6 15'99 ,, 77-92 '17 
67 11 47 6 15.73 ,, 80'3.3 '25 
68 013p.1. 6 15'41 ,, 81-03 '26 
69 o 44 6 15.04 ,, 81.84 -30 
70 3 a6 6 14.08 ,, 85'34 '30 

]Ldean 8wql + '145 

The terminal point of set No. 35 wna the point of origin for set No. 36. 
For measurements with compasses at  Y, see page X- 

31' 
January 18th. (43) Weather at first cloudy, afterwards bright with much north wind. (50) Clouds commeno- 

ed gathering about noon and by the time work closed for the day a ~ d  for the last 6 or 6 wts the sky 
waa completely clouded ; there was comparatively little wind 

,, 19th. (60) Sunahine and light clouds, little wind. (62) and (63) sky overoaat. (67) Sunehine and 
light clouds. 



CAPE COMORIN BASELINE. 

Extrcts from the Field Book of hfE=iS=hf~NT I-(Continued.) 

NOTP.-In set No. 142, bara A, B, snd H sem employed. 

C a 
F 

When 
" 

-- 
above above 

1869, $ a o 

Section V Z  

h. m. feet 
Jang. 19th 71 4 7 P.X. 6 + 14.56 (in.e), 86110~ + 
,, 20th ja ~ I ~ A . x .  6 14.03 ,, 75.96 '08 

73 7 41 6 14'04 1, 75-94 - '02 
74 8 14 6 14'41 9, 75'95 - '02 
75 8 4.3 6 13'99 76.16 + '03 
76 9 1 2  6 14.94 , 76'68 '12 

77 9 47 6 14'45 , I  77'43 '19 
78 11 38 6 14.22 ,, 80.65 '41 
79 o 57 P.M. 6 14.09 ,, 81.30 '41 
80 o 26 6 14.89 ,, 81.94 'qq 
81 o 50 6 I ,, 82.81 '5 1 
82 I 16 6 15 18 ,, 83'59 '56 
8.3 1 42 6 15.39 9, 84.26 '55 
84 2 7 6 15.86 ,, 84'92 '49 
85 2 37 6 15.84 ,r 85.52 -4 
86 3 o 6 16'05 ,, 86.08 .42 
87 3 24 6 16.26 ,, 8644 -37 
88 3 48 6 16.86 ,, 86.70 '29 

. . 
h. m. feet 

Jmy. Zlrt 89 7 lo A.M. 6 + 16.89 (kc), 1F37 + !03 
90 7 35 6 16.79 ,, 77.33 - .oo 
91 7 58 6 16.97 ,, 77.39 -00 
92 8 21 6 16'84 1, 77.59 -05 
93 8 43 6 7 9  9, 77.89 -15 
94 9 5 6 17.11 ,, 78.23 .z2 
95 9 25 6 17'24 ,, 78.64 2 8  
g6 9 4 9  6 17.13 9, 79'1.3 '30 
97 11 20 6 16.75 ,, 81.19 -39 
98 11 43 6 16.16 ,, 81.67 -38 
99 0 3P.M. 6 15.83 ,, 82.92 ..3g 

100 o 24 6 15'55 ,, 82.89 -47 
101 0 4 5  6 15'31 ,, 8.336 -49 
102 I 5 6 14'92 ,, 83'80 .& 
103 I 2 7  6 14.61 ,, 84.27 -4 
I04 I 58 6 13'92 ,, 84.70 .& 
105 2 50 6 12'87 ,, 85.56 0 ~ 0  -- 

&hU 81.19 + '293 -- 
. The terminnl point of set No. 70 was the point of origin for set No. 71. 

For measurements with compasses a t  2, see page X- 
31' 

January 20th. (74) Sky overcast up to this, afterwards sunshine and light cloudq. 
,, 21st. (89) Sunshine, light clouds and high wind from north. (97) Clouds gathering, sunshine a t  

intervals and high wind from north. 

Section ZS 

Jany. Zlet 106 3 23 PX. 6 + 13-31 86.02 + '38 
107 3 54 6 12'69 ,, , 86.18 .36 ,, ZZnd 108 7 30 A.X. 6 12-53 ,, 76.95 'or 
109 7 58 6 12.16 ,, 76.96 - '02 
1x0 8 2 0  6 11.85 ,, 77.23 + '0: 

1 x 1  8 41 6 11.25 ,, 77'50 '02 

1x2 8 59 6 1078 ,, 77'69 '04 
113 9 18 6 10.37 ,s 77'94 '09 
"4 9 38 6 9.89 9, 78.31 * I  I 
115 10 9 6 9'41 ,, 78'72 '12 

1 1 6 1 1 3 7  6 9.03 ,, 80.4 '04 
1171158  6 8.52 ,, 80.15 '07 
118 o 2 1  P.M. 6 8'50 ,, 81.17 '13 
"9 o 39 6 8.58 ,, 81.58 '17 
120 1 0  6 8.32 ,, 82.04 .ZI  
121 I 21  6 . 8.08 ,, 82.49 .28 
1 2 2  I 42 6 7.66 ,, 83'06 '36 
123 2 6 6 6.77 9, 83'52 '35 
124 2 29 6 5-96 ,, 83'72 '37 

Jany. 22nd 125 2 53 P.M. 6 + 608 (m.c), 83.97 + '35 
126 3 1 7  6 5'39 ,, 84.26 -36 
127 3 41 6 5'41 ,, 84.61 '37 
128 4 3 6 4.93 I, 84.88 .33 ,, 23rd 129 7 15 A.X. 6 430 ,, 77'14 - -01 

130 7 38 6 4'51 ,, 77.10 + .or 
131 8 a 6 3.96 ,. 77'25 - .oa 
132 8 24 6 4'14 9 ,  77'49 + '02 
'33 8 45 6 3'49 ,, 77'9.3 -09 
1-34 9 6 6 2.79 I ,  78.4 '19 
'35 9 32 6 1.92 ,, 79'03 '19 
136 9 58 6 -96 ,, 79'77 '24 
137 11 41 6 - -06 ,, 82.82 .29 
138 o 2 P.X. 6 - '11 ,, 83'52 -29 
139 o 26 6 - -48 ,, 84.18 -26 
140 o 51 6 - 1 . 9  ,, 84.81 -26 
rq1 I 23 6 - 1-60 ,, 85.64 -23 
142 2 f 3 - 1.85 (me), 86.81 -22 -- 

Mean 81'14 + '183 -- 
The terminal point of set No. 105 was the point of origin for set No. 106. 
Height of set No. 142 above dot a t  5outh-End = 1.68 feet. 
For meaaurementa with compaeses a t  South-End, see page Y-3 
January 21st. (107)-Shght rain during this set. 

,, 22nd. (108)-Rain during the night, sky overcast and wind high from north. (115) Sky over-t, 
high wind from north. (1 18) Slight rain. (129) Slight rain. 

,, 23rd. (129)--Sky overcast. (133) Sunshine with light clouds. 



CAPE COMORIN BASELINE. 

Eztrncta from the FieM Book of ~ E a a u m ~ ~ x i ~  n. 

C 3 %  BsrB 
When When 

' 3 Height 
8 8 of& bg- 

1869 g 6 
A 

Section SZ  

h. m. feet 
Jany. 30th I 8 27 A.X. 3 + 1.71 (m.a), 7gfq8 - a 

2 9 34 6 1.89 (m.eJ6 80'83 '39 
3 10 13 6 2.14 ,, 83'oa '38 
4 11 58 6 2.55 ,, 85'45 '06 
5 o 31 P.M. 6 2-96 ,, 86.47 '0: 

6 I 9 6 j.oa ,, 86.98 + 'la 
7 I 48 6 3.90 ,, 87'18 '24 
8 2 a3 6 4'59 ,, 87'28 '25 
9 3 o 6 5-31 ,, 87-55 '32 

10 3 30 6 6.15 ,, 88.05 -46 
Feb. Ist I I 7 40 A.M. 6 6.90 ,, 75.88 - '08 

I 8 15 6 7.29 ,, 76.40 '17 
13 8 ga 6 I ,, 77.a~ '26 
14 9 33 6 7'20 78'53 '33 
15 10 31 6 7.69 79'90 '34 
16 o o P.X. 6 8.45 ,, 84'78 '21 

17 0 j j  6 8.45 1, 85-94 '11 
18 I 4 6 8.57 ,, 87.64 +'07 
19 I 34 6 8.87 ,, 88.86 '16 

A. m. f6et 
Fob. l n t  ao a 8 P.M. 6 + 9.38 (in.s), $.14 + YJ7 

a1 a 4 5  6 10.11 ,, 91-20 .45 
z2 3 15 6 rV94 ,, 91.94 -58 
23 3 55 6 11.22 ,, ga.70 -73 
24 4 2 8  6 11.40 ,, 93'14 -86 

,, 2nd 25 7 ~ A . Y .  6 11-42 ,, 77.99 - .04 
26 7 35 6 11.76 ,, 77.63 .04 
27 8 a 6 11.86 ,, 77'49 '08 
28 8 35 6 12.07 ,, 77.70 -10 
19 9 2 6 12.37 ,, 78.38 -20 

30 9 50 6 13-45 ,, 79.32 '29 
31 11 a7 6 13.60 ,, 84.25 -3a 
31 11 58 6 14.10 ,, 85.22 '27 
33 o a1 P.M. 6 1451 ,, 86.38 -18 
34 0 46 6 15-16 ,, 87.08 -06 
35 I 12 6 15.17 ,. 87.69 + -13 
36 I 42 6 15'6a ,, 88-19 -31 
37 a 42 6 16.06 ,, 88.51 -45 

Mean 86.90 - -011 -- 
For measurements with compaeses a t  South-End and a t  2, see page X, 

3 1' 
January 30th. (1) Cumuli, alternate shade and sunshine, E. wind rather fresh (4) East pardas raised. 

(8) At this set the east pardas were let down on account of the wind. 
February 1st. (11) Fine morning, little or no wind, clear sky except towards east. (20) Fresh easterly wind. 

,, 2nd. (25) Fine clear morning, light N.E. wind. (31)  Strong E. wind, sea breeze, sky olear. 

Section ZY 

Feby. 2nd 38 3 20 P.M. 6 + 16'64 (m.eJ6 88.80 + '55 
39 3 50 6 lt.17 ,, 88'63 '52 

,, 8rd 40 7 9 A.M. 6 17'59 ,, 76.10 - '02 

41 7 34 6 17'89 ,, 76.00 '06 
qa 8 3 6 17.93 ,, 76.14 '13 
43 8 25 6 18.35 ,, 76.39 '17 
44 8 46 6 18.73 ,, 7 7  '21 

45 9 10 6 19'05 9, 77'31 '13 
46 9 28 6 19'56 ,, 78'18 '23 
47 9 55 6 19.46 1, 79'20 '29 
48 11 25 6 20.04 ,, 84'28 '32 
49 11 5% 6 19ya ,, 85.59 '28 
50 o 20p.x. 6 19.71 ,, 86'75 'a0 
51 0 4 5  6 10-05 ,, 87'4% '06 
5" 8 6 19.98 ,, 87.83 + '08 
53 1 33 6 19.17 ,a 88.18 '11 
54 I 58 6 19.46 ,, 88'36 '30 
55 a a3 6 7 88.53 '34 

Feby. 3rd 56 a 45 P.M. 6 + 19.35 (me), 88-67 + -41 
Sf 3 13 6 18.94 ,, 88.80 -46 
58 3 38 6 18.80 ,, 88.85 -5a 
59 4 0 6 18.78 ,, 89.04 -63 

,a 4th 60 7 12 A.Y. 6 18.47 ,, 76.56 '00 
61 7 40 6 17.98 ,, 76.14 - -1% 
62 8 6 6 17-80 ,, 76.05 -17 
63 8 29 6 11-85 ,, 76.36 -27 
64 8 52 6 17-41 ,, 76.88 -36 
65 9 18 6 17.08 ,, 77.68 -45 
66 9 41 6 7.31 ,, 78.81 -54 
67 11 22 6 17'33 ,, 84-45 '78 
68 11 43 6 17.15 ,, 85'84 '81 
69 o 5 P.M. 6 17.35 ,, 86.92 -71 
70 o 32 6 16.89 ,, 87.95 -51 
71 o 53 6 16.78 ,, 88.83 '30 
72 I 25 6 16.36 ,, 89.46 -06 -- 

MOIUI 83-47 - '036 -- 
The terminal point of set No. 37 was the point of origin for wt No. 38. 
For meaaurementa with compasses a t  V, see pege S, 

3 " 
February 3rd. (40)-Hazy morning, no wind, sky throughout the day oovewd with thin clouda. (63) Sea 

breeze set in. 
,, 4th. (60)-Fine morning, horizon hazy. (71) E a t  wind 



x-26 
CAPE COUORTN BASE-LINE. 

Extracts from the Fie?d B o o k  of MEASUREMENT 11-(Continued.) 

f a  4 F P .  aJ BBTB 3 "0ig.t ; ; When " a' 3 -  5 ofsot rg -- " L$ compnred 
o above .s - 4. !' 9 origu t a  62O+T, t 

lsag a g 4% 

- 
t a 2fL B W B  Height 8 8 

When f im 3 o f a t  &g-.- 
- o 

compared Z Z  
above 

s a origin ij ij 620+ T, t 
1869 g a d 

b 4% 

Section VX 

I. m. feet 
Beby. 4th 73 a Ia P.K. 6 + 17.44 (m.eJ6 9o?45 + '29 

74 a 3 4  6 17'63 ,, 90.72 '36 
75 3 3 6 7 9  ,, 90.89 '47 

6th 76 7 18 A.Y. 6 18.44 ,, 77'13 -01 

77 7 40 6 18'49 ,, 76'77 - '11 
78 8 4 6 18'70 ,, 76.76 '14 
79 8 14 6 19.15 ,, 77.01 '2.3 
80 8 44 6 19.31 ,, 77.40 'a8 
81 9 5 6 19'70 ,, 77'97 '33 
82 9 a4 6 19.89 ,, 78.69 '43 
83 9 43 6 2035 ,r 79'59 '47 
84 11 17 6 20.83 ,, 84-54 '65 
8 5 1 1 4 0  6 21.16 ,, 85.69 .66 
86 11 59 6 a1.40 ,, 86.77 '60 
87 o a7 P.M. 6 a1.3a ,, 87.78 '46 
88 o 54 6 21'50 ,, 88 59 '16 
89 I 14 6 21'84 ,, 88.96 + -06 
90 I 40 6 11'79 ,, 89'2a -22 

h. m. feet 
Feby. 6th 91 a 4 P.M. 6 + 2 1.49 (m.eJ, 89?46 + 937 

92 a 24 6 21.26 ,, 89'59 '45 
93 a 4 3  6 a1.38 ,, 89.61 '48 
94 3 7 6 10-98 ,, 89 .v  '50 
95 3 29 6 20'69 ,, 89'34 '53 
96 3 58 6 20.51 ,, 89.24 '60 

,, 6th 97 7 9 A.M. 6 2o.m ,, 77.99 - -02  

98 7 33 6 19'84 ,, 77.66 '05 
99 7 53 6 19'47 ,, 77.59 '06 

loo 8 1 5  6 19'08 ,, 77.61 '06 
IOI 8 36 6 19.11 ,, 77.81 '04 
~ o a  8 57 6 18.86 ,, 78.1 I '02 

103 9 15 6 18.15 ,, 78.58 '02 

104 9 38 6 17.69 ,, 79-21 '03 
105 11 19 6 17.35 ,, 83.86 '22 

106 I I  41 6 I 7.23 ,, 84-97 '29 
107 o 10 P.Y. 6 15.97 ,, 86.23 '34 -- 

Mem 83-08 - '091 -- 
The termi~lal point of set No. 72 was the point of origin for set No. 73. 
For measurements with compasses a t  X, see page X- 

31'  
February 5th. (76) Fine morning, little wind, heavy bank of clouds to east and:~outh. (86) Se&breeze 

commenced, afternoon fiue, cumuli. 
89 (94) Cumuli and stmti. 
,, 6th. (97) Cloudy morning, no wind. (105) Fine, horizon haq, strati and cirro-strati, cumuli 

over hills to west. 

Section XN 
Feby. 6th 108 o 47 P . Z  6 + 16.57 (m.e), 88.01 - - 5  

109 1 1 1  6 16'34 ,, 88.65 .la 
I I O  1 3 0  6 16'14 ,, 8g.d  + ' 06  
H I  I 59 6 15'44 ,, 89'46 '19 
112 z a a  6 15'01 ,, 89'97 '40 
113 a 42 6 14'77 ,, 90.1~ '47 
114 3 3 6 1462 ,, 90'18 '50 
115 3 a3 6 14.02 , 90'19 -53 
116 3 42 6 13'50 ,, 90'17 '55 

8th 117 7 9 A.X. 6 13.25 ,, 79'14 - -01 

118 7 31 6 13'09 ,, 79.01 '06 
119 7 51 6 12'84 ,, I 'I4 
IZO 8 8 6 12.08 ,, 79.40 'ao 
1x1 8 26 6 11.43 ,, 79'79 '27 
122 8 50 6 I 1.14 ,, 80.26 -33 
123 9 9 6 10.79 ,, 81.17 '45 
124 9 28 6 10.23 ,, 81.95 .53 
125 g 49 6 10'18 , 82.81 '59 

Feby. 8th 116 11 41 A.M. 6 + 9'87 (m.eJ6 87-83 - -75 
127 o o pa. 6 9'53 ,, 89'44 '67 
128 o a1 6 9 . ~ 7  8, 90'30 '58 
lag o 45 6 8.68 ,, 91'15 '43 
I jo I 8 6 8.18 ,, 91'80 '24 
131 I a7 6 7'83 ,, 92-20 '03 
132 r 47 6 7-90 ,, 92.37 + 'IS 
133 2 4 6 7'89 9, 92'43 '28 
134 2 7.1 6 7'81 ,, 92-41 '33 
135 a 41 6 7.60 ,, ga'at '42 
136 3 I 6 7.06 ,, 92.14 '46 
137 3 19 6 6 6 3  ,, 92'07 '51 
138 3 4 i  6 6.73 ,, 91.98 '60 , 9th 139 7 4 A.Y. 6 6-34 ,, 81.38 '03 
140 7 24 6 6-01 ,, 81.04 - '03 
141 7 51 6 5-65 ,, 80.91 -07 
Iqa 8 38 6 4'79 ,, 81.06 -05 -- 

Mean 84.39 + '040 -- 
The terminal point of eet No. 107 wns the point of origin for set No. 108. 
Height of set No. 143 above North-End = 2-30 feet. 
For measurements with compnsses at North-End, see page X 

3 1' 
February 6th. (108) Sea-breeze set in. 

,, 8th. (1 17) Fine morning, clouds in horieon, no wind. (120) Cirri. (129) Sea-breeze set in. 
,, 9th. (139) Heavy c loub to X.E., no wind. 



CAPE COMORIN BASELINE. 

Extracts from the Field Book of MEASUREMENT In 

Y C 
P O Bar B 

compnred $ - " nbovo c .g O 

q g  2 o $a S ~ Q + T ~  1869 a !z 4% 

Section NX 

h. a .  fmt 
Fob. 16th I 7 35 A.M. + 2.27 (me) ,  7;z7 + 

1 8 2s 2.93 ,, 76.97 '12 

3 8 5 8  6 3'39 3, 77'40 '19 
4 9 2 7  6 3'72 ,, 78.21 -24 
5 10 r 6 3-88 ,, 79.25 -30 
6 11 32 6 3.70 ,, 82.86 '23 
7 o ]P.M. 6 4.03 ,, 83'62 -21  

8 0 29 6 4.73 ,, 84.59 '09 
9 o 55 6 5.06 ,, 85'61 - -03 

lo I I 6 491 ,, 86'73 '10 

11 I 50 6 5-06 ,, 87.69 '14 
12 2 15 6 5.15 ,, 88'77 'a4 
13 2 45 6 5.26 ,, 89'jo '27 
14 3 9 6 5'43 ,, 90.16 '35 
15 3 36 6 6.01 ,, 90'59 '4a 
16 4 1 2  6 668 ,, 90.93 '52 ,, 16th 17 6 54A.X. 6 7.08 ,, 78.51 + -16 
18 7 21 6 6.94 ,, 78.17 -19 

A. m. feet 
Feb. 16th q 7 4 6 ~ ~ .  6 + 7.36 77%6 + GI 

20 8 16 6 7'48 ,, 77.79 -22 
zr 8 41 6 8.09 ,, 78.10 -24 
22 9 4 6 7'97 ,, 18.62 '2s 
23 9 31 6 8.77 ,, 79.18 '29 
74 9 59 6 9.50 3, 80.00 '34 
25 1 1 3 1  6 9.69 ,, 83.61 '21 
26 o 4 P.M. 6 9.65 ,, 84'71 '10 

27 0 2 9  6 10.48 ,, 85'59 '0.3 
28 o 51 6 10.81 ,, 86.47 - '06 
29 I 15 6 11'01 ,, 87-08 '10 

30 I 40 6 11.38 ,, 87.99 '14 
31 2 5 6 11-76 ,, 88.92 '23 
32 a 3 0  6 12.15 ,, 89.51 -26 
33 2 5 1  6 I ,, 90.06 '32 
34 3 2 2  6 12.83 ,, 90.64 '39 
35 4 o 6 12-54 ,, 91.18 '41 

Mean 8412 - '003 -- 
The rearend of set No. 1 stood exact1 over the dot a t  North-End. Ti For measurements with conipassee at , see page X- 

3 1' 
February 15th. (1) Fine morning up to 10 o'clock. (7) High wind from north. 

,, 16th. (33) Strong wind from N. and N.E. tall the afternoon with clear sky. 

Section XY 

Feb. 17th 36 7 4 AX. 6 + 13-50 (me) ,  77.33 + -14 
37 7 28 6 13-84 ,, 76.98 '15 
38 7 53 6 14'21 ,, 76.96 '16 
39 8 za 6 14-70 ,, 77'.31 '18 
40 8 5 1  6 14.76 ,, 77.85 -23 
41 9 14 6 15'08 ,, 78.42 '29 
42 9 41 6 15'50 ,, 79.36 '36 
43 11 12 6 16.00 ,, 82.79 '26 
44 11 36 6 16.03 ,, 83.66 '23 
45 11 58 6 16.4.3 ,, 84.55 '15 
46 o ar P.Y. 6 1658 ,, 85'53 '08 
47 o 46 6 17.01 ,, 86'47 - '03 
48 I g 6 17.25 ,, 87.25 '09 
49 1 31 6 17'69 ,, 87.96 '14 
50 z I 6 17'66 ,, 88.93 '27 
51 a a6 6 18 .1~  ,, 89'33 '26 
52 a 55 .6 18.12 ,, 89.75 '27 
53 3 aa 6 18.46 ,, 90.11 '30 

Feb. 17th 54 3 54 P.M. 6 + 18.28 (m.e), go.56 - .38 
18th 55 7 f A.X. 6 18.43 ,, 7673 + '11 

56 7 31 6 17.96 ,, 76.60 '13 
57 7 50 6 17'89 9, 78'58 '15 
58 8 12  6 17'78 ,, 7 '78 '15 
59 8 3 6  6 17.74 ,, 7 . 2  '20 
60 g o 6 I ,, 77.73 -25 
61 9 28 6 1686 ,, 78.57 -32 
61 9 50 6 16.27 w 79'45 '33 
63 1114  6 1606 ,, 8z.21 '1 7 
64 11 35 6 1617 ,, 83'16 '11 

65 11759 6 15.61 ,, 84'32 0 1  
66 o 21 P.r. 6 15-19 ,, 85'23 - '07 
67 0'53 6 1480 ,, 86.52 -19 
68 I 6 14.96 ,, 87-46 '27 
69 I 37 6 1455 ,, 88.01 -36 
70 a 20 6 13.39 ,, 88.64 '40 -- 

Mean 82-76 + '035 -- 
The terminal point of set No. 35 was the point of origin for set No. 36. 
For measurements with compasses a t  V, see page X- 

3 I' 
February 17th (53) Strong wind all day from N. and N.E. with clear sky. 

,, 18th (68) do. do. do. 



CAPE COMORIN BASELINE. 

Extracts from tlre 2 i e M  Book of m m m i ~ ~ ~ ~  n~-(Continued.) 

g a a 
3 %  B ~ B  

compared - 0 above 3 ;  0 origin a +  , 1869 & & 4% 

IOI  9 12 l4.57 9, 79'30 '17 
102 9 33 6 13.93 11 79.93 -17 
103 9 56 6 13.94 ,, 80.59 -14 
104 1 1 a 3  6 13'15 ,, 83.94 -10 

103 n 58 6 11.81 ,, 85.05 - -06 -- 
Mean 81.10 + .068 

a 
compamd 

h. m. f-t 
Feb. lSth 71 7 6 A.M. 6 + 13.74 (m.s)l 76P17 + 'o8 

71 7 a8 6 13.5a ,, 76.10 .og 
73 7 49 6 13-44 9, 76.21 '07 
74 8 7 6 13.68 rr 76'49 '09 
75 8 30 6 14.00 9, 76-96 '17 
76 8 54 6 13.96 ,, 7 '15 
77 9 14 6 13.96 3, 18-46 '3.3 
78 9 32 6 13.66 ,, 79'16 '38 
79 10 5 6 14'00 ,, 80.05 '39 
80 1 1 1 7  6 14-46 ,, 83'61 '11 

81 11 qq 6 14'50 ,, 84 14 '08 
82 o a P.M. 6 14.60 ,, 84'74 '05 

The terminal point of set No. 70 wae the point of origin for set No. 71. 
For measurements with compasses at  Z, see page X, 

3" 
Febnrary 19t,h (72) Wind moderate. (78) Wind from the same quarter but more moderate, aky clear. (81) 

Wind becoming unsteady and gusty from N. and N. E with clouds. (88) Wind set in strong with clear aky. 
February 20th (102) N.E. wind with clouds all the morning. 

Sect.ion VZ 

k. m. fast 
Feb. 19th 89 a 22 P.M. 6 + 16.19 (m.s), 8c01 - --17 

90 z 43 6 16.15 ,, 89.43 -21 

91 3 5 6 16.41 ,, 89'86 .15 
92 3 26 6 16.77 ,, 90.~5 '31 
93 3 51 6 16.70 8, 90'47 -3a ,, 20th w 6 57 A.M. 6 16.44 ,, 77.38 + -11 

95 7 16 6 1626 ,, 77.29 -11 

96 7 35 6 16.04 ,, 77.31 -10 

97 7 54 6 1609 ,, 77'50 '08 
98 8 15 6 15'40 ,, 77'85 '11 

99 8 34 . 6 15'03 r, 78.30 -17 
100 8 53 6 14'80 ,, 78'80 .a1 

Section ZS I 

"- 
February 20th. (109) Gusty N.E. wind with clouds. 

,, 22nd. (1 17) Sky completely clouded especially towards the erret. (122) Sky cleared aomewhat to. 
wards the west. 

n ,, (128) Sky again clouded completely and rain fell at  intervale. (130) Slight wind owasionally. 
(134) Still cloudy with wind from N.E. (136) Heavy clouds and rain. (139) Clear &y with 

wind setting in strong from the east. 

Feb. 20th lo6 o Z/P.M. 6 + 11-98 ( m s h  86'37 - '15 
107 o 56 6 11.83 ,, 87.23 '11 
lo8 I 16 6 11.37 ,, 87.60 -19 
109 I 38 6 11.0s ,, 88.00 'a1 
110 1 58 6 10'48 ,, 88.13 '18 
I I I  a 17 6 10.16 ,, 84'48 -17 
rra a 37 6 9'67 ,, 88'68 'ra 
113 3 I 6 9'26 , 88'90 -11 
114 3 a1 6 8.78 ,, 89.10 '11 

11s 3 37 6 8'30 I, 89'42 '17 
116 4 a 6 2.86 ,, 89.80 'a5 

,, 22nd 11 7 7 4 A.M. 6 7.67 (m.@), 78'55 + '04 
I 18 7 14 6 7.42 ,, 78.56 '03 
119 7 41 6 7'59 78'69 - '04 
120 7 59 6 7'38 ,, 78'89 '06 
111 8 16 6 6.65 ,, 79.19 '07 
121  8 35 6 6.4' ,, 79'73 '04 
123 8 55 6 5'68 ,, 8016 + -03 
124 g 14 6 5'13 ,, 80'90 '11 

Feb. 22nd 115 9 31 A.X. 6 + 4-71 ( m . ~ ) ~  81.51 + .a3 
126 9 5 0  6 4-52 ,, 8aSa6 -18 
117 10 4 6 4'34 ,, 81'87 -27 
128 11 a3 6 3'84 ,, 85'10 - -13 
119 11 43 6 3'39 ,, 85.01 -16 
130 o 5 P.M. 6 3.10 ,, 84'86 -17 
131 o a a  6 1.98 ., 84.80 .a1 
131 0 4 3  6 7 5  ,, 84'91 'a4 
133 1 0  6 a.37 ,, 85-31 'a5 
134 I 19 6 1.51 ,, 85'63 '16 
135 I 36 6 .lo ,, 86.01 .- 
136 I 56 6 - -04 ,, 86.31 '01 
137 a 16 6 '91 ,, 86.31 + - 0 1  
138 a 34 6 1.29 ,, 86-13 '07 
139 z 50 6 1.72 ,, 86-18 -07 
140 3 6 6 1.30 ,, 86'39 -05 
141 3 47 6 1'76 ,, 8695 - '06 
141 4 ro 3 1'93 ( m . ~ ) ,  87'19 -10 

Ye~n 84.88 - '065 

The terminal point of aet No. 105 waa the point of origin for w t  No. 106. 
Height of set No. 142 above South-End = 1.49 feet. 
For measurements with compasses at South-End, see page L,,. 



CAPE COMORIN BASE-LINE. 

Eztrncts from the Field Book of M E I I S ~ ~ N T  TV. 

3 % '  ' Bar B 

y;"' $ I  When Q M & -- 8 3  - 0 C 
above P u 

3 8  0 origin E3 a p + ~ ,  t 
, g g 4 %  

* ' Bar B s 2 3 Eekht $ g When 0 

compared 2 of set Q 
- " .a ,,Fe 

O 9 1  =Z ongin 2 &p+q t 1869 2 i 4 %  

Section SZ 

h. m. feet 1. m. fed 
Mu.  Irt I 7 50 AX. 3 + 1-54 (m.e)lo 79329 !oo 

1 8 40 6 1.89 (m.e),, 80.10 - .17 
3 9 2 2  6 1-99 ,, 81'41 '27 
4 9 56 6 a.41 ,, 82.87 '36 
5 I I 38 6 3'34 ,, 86.80 '16 
6 o lo P.M. 6 3'34 ,, 87'95 '14 
7 o 41 6 3'94 ,, 88'85 + '06 
8 I 10 6 4.90 ,, 89'69 '19 
9 I 38 6 5.76 ,, 90.34 '16 

lo  a 13 6 6.63 ,, 90.77 '15 
rn a 43 6 a ,, 91.09 -31 
11 3 15 6 723 ,, 91'78 -56 
13 3 42 6 7-61 ,, 92'39 '80 
14 4 7 6 7.70 ,, 92.67 -82 ,, 2nd 15 7 10 A.M. 6 8.00 ,, 80.90 '04 
16 7 46 6 8.65 ,, 80.87 '03 
17 8 11 6 8.80 ,, 81.11 - -01 

18 8 39 6 9.05 ,, 81-43 '03 
19 9 4 6 8-81 ,, 81'81 + - o r  

Mar. 2nd zo 9 25 A X .  6 + 9.53 (m.eJll ~ $ 2 ~  !oo 
i r  9 5a 6 1o41 ,, 82.87 + '02 
1 2  11 35 6 10'85 ,, 86.52 - '06 
13 11 56 6 I I . I Z  ,, 87'19 + '01 

14 o 18 P.M. 6 I ,, 87.86 -9 
15 o 41 6 11'67 ,, 88'39 '16 
26 I 6 6 11.55 ,, 88.72 -16 
17 1 35 6 11'73 8, 89'55 '47 
18 I 57 6 12.1a ,, 89.98 '43 
29 a 18 6 12.79 9, 90'43 '41 
30 2 39 6 13'3.3 ,, 90.61 '45 
31 3 1 6 1.3'50 ,, 90'50 '46 
32 3 a0 6 13.81 ,, 90.29 -48 
33 3 46 6 14'44 ,r 90'07 '50 ,, 3rd 34 7 5 A.X. 6 14'78 ,, 78'69 - 'or 
35 7 a9 6 15.01 ,, 78'71 -06 
36 7 54 6 15'39 ,, 79'06 '15 
37 8 28 6 15.08 ,, 79'56 '14 

Mean 87'" + -104 -- 
For meaaurementa with cornpaasks at South-End and at  2 ,  see page 9- 

31' 
March 2nd. (15) Cloudy. (16) Slightly overcast. (17) More overoast. (20 and (21) Overcast, gleams of 

sun-shine. (22) Overcast. 
99  (23) East breeze rising. (25) More sun-shine. (30) Sun-shine. (31) Sun-shine and k s h  breeze 

for rest of day. 
,, 3rd. (34) Calm and clew. (36) Slight northerly breeze with cirri. 

Section ZY 

Mar. 3rd 38 9 8 A.X. 6 + 16.13 (me),, 81-02 - -40 
39 9 31 6 16.74 ,, 81-34 '43 
40 9 57 6 17'33 ,, 83.13 '47 
41 11 28 6 17.70 ,, 87'63 '54 
42 11 50 6 I 7'60 ,, 88'61 '41 
43 o la P.M. 6 17-79 ,, 89'44 '26 
44 o 31 6 18.36 ,, 90.33 '14 
45 o 56 6 18.80 ,, 91.00 '05 
46 I 18 6 18.97 ,, 91.50 + '09 
47 1 37 6 19.20 ,, 91'87 '23 
48 1 58 6 19.83 ,, 92.08 '3.3 
49 i 10 6 19.84 ,, 9221 -48 
50 a qq 6 19'68 ,, 92.ao '57 
5 1 3 8  6 19-43 3, 92'07 '65 
5-34 6 19.60 ,, 91.93 '78 
53 3 57 6 19'63 ,, 91'73 '81 ,, 4th 54 6 54 A.M. 6 19.30 9, 78.49 '07 
55 7 ao 6 18.97 ,, 78.41 -01 

Mar. 4th 56 7 4a A.X. 6 + 18.99 (m.e),, 78'47 - '05 
57 8 7 6 18'8.3 ,, 78.80 '15 
58 8 29 6 18.48 ,, 79.43 -13 
59 8 53 6 18.15 9, 80.24 '35 
60 9 15 6 17.71 ,, 81-15 -& 
61 9 36 6 17-96 ,, 82.92 '50 
6a lo o 6 17.53 ,, 83.16 '54 
63 I I 31 6 17-57 ,, 88.00 '56 
64 I I 56 6 16.88 ,, 89.09 -41 
65 o 15 P.X. 6 16.28 ,, 89.81 -18 
66 o 36 6 16.47 ,, 90'71 '17 
67 0 53 6 16-79 9, 91'43 '03 
68 I 15 6 16'59 ,, 92.15 + '18 
69 I 36 6 16.69 ,, 92'47 '36 
70 I 57 6 16a6 ,, 92.66 .41 
71 i 18 6 16.05 ,, 91.85 '45 
7a i 50 6 15'65 ,, 92.90 '46 -- 

Mean 85-51 - '057 -- 
The terminal point of set No. 37 waa the point of origin for aet No. 38. 
For meaaurementa with compmses at  V, see page x-3 I .  

March 3rd. (39) Sun-shine. (42) Fleeting clouds. (44) East breeze rising. (45) Strong bright sun-shine. 
,, 4th. (54) Calm and shghtly overcast. (56) Sun-shine. (57) North breeze rising. (68) East breeze 

freshening. 



CAPE COXORIK BASE-LIKE. 

Extracts from the Pield Book of ~ ~ E A S U R E ~ ~ N T  W-(Continued.) 

a 
5 Ld B a r B  b e i c b b  3 m%en 2 b~ 

mm,, a f 2.5 6 o f ~ t  g g  -- 
shove 5 .: 

0 g" 0%h ,, 620+Tb 1869 d 
!a 4% 

P % z 4, 

Height f Bar B m i e n  3 8 
compamd .d 4- 4 % of wt b o  . 
- 0 above 

2 % ofig;n 2 1869 $ # 2 6Z0+Tb t 
* o  

Section YX 

h. m. feet 
bfm. 6th 73 6 54 A.M. 6 + 16.51 (me),, T90.z4 + G9 

74 7 16 6 16.93 ,, 79.09 '02 

75 7 3 8  6 17.19 ,, 79'10 - '06 
76 7 57 6 17'62 ,, 79'.z8 '18 

6 17..zz ,, 79'85 '30 
6 1;88 ,, 80.44 '44 

79 8 54 6 18'16 ,, 81'24 '59 
80 9 l o  6 18 54 ,, 81.90 '63 
81 9 32 6 18.40 ,, 83'14 '73 
82 9 54 6 18.95 ,, 84'1.z '76 
83 H 10 6 19.26 ,, 8i.98 '74 
84 11 27 6 19.89 ,, 88.65 .62 
85 11 49 6 19.82 ,, 89.51 '47 
86 o 6 P.Y. 6 20.21 ,, 90'15 .36 
87 o 24 6 20'30 ,, 90'77 '24 
88 0 4 3  6 20.63 ,, 91'25 '1.3 
89 I I 6 20'45 ,, 91'48 + '04 
go I 25 6 20.80 ,, 91'63 '24 

h. m. feet 
Mnr. 5th 91 I 43 P.X. 6 + 20.29 (m.e),, 91968 + ?32 

92 2 3 6 20.46 ,, 91.69 '3; 
93 2 25 6 20.17 ,, 91.67 '39 
94 a 46 6 19'82 ,, 91'67 '4.3 
95 3 10 6 19'54 9 1  9 1 . i ~  '57 
96 3 30 6 19.56 ,, 91'7.3 -6.3 
97 .3 52 6 ~ " 5  0 1 . i ~  '7 z ,, 6th 98 6 55 A.M. 6 18'64 81.46 -04 
gc) 7 zo 6 18.27 ,, R I . . ~  '05 

loo 7 40 6 18.19 ,, 8 '04 
lor 8 I 6 17.67 ,, 81.42 '05 
102 8 18 6 I j..31 ,, 81-62 .05 
10.3 8 36 6 16.91 ,, 82.01 -04 
104 9 I 6 16.56 ,, 82.36 '04 
10.; 9 2 0  6 16.25 ,, 82.98 .06 
106 9 3 8  6 15.76 ,, 83.43 -08 
107 10 o 6 14.73 ,, 84'11 -07 -- 

Mean 8;.46 - 'or2 -- 
The terminal point of set No. 72 was the point of origin for set KO. 73. 
For measurements with compasses a t  X, see page X- 

3 I'  
March 5th. (88) Easterly breeze set in. (95) Easterly breeze very fresh. 

,, 6th. (99) Calm and cloudy morning. (1C1) North breeze beginning. (104) Still cloudy. 

Section XN 

Mar. 6th 108 11 2; A.Y. 6 + 14'87 (me),, 86.58 + . IS 
109 11 4; 6 14.94 ,, 87.21 '19 
I I O  o o P.X. 6 14.51 ,, 87'83 '23 
1 x 1  o 2 0  6 14.0.5 ,, 88.26 .as 
112 o 36 6 13'48 ,, 88'57 '30 
11.3 o 51 6 13'08 ,, 88.72 '35 
114 I 7 6 12.93 ,, 88.88 -42 
115 r a4 6 12.57 ,, 89.10 .51 
1x6 1 39 6 12.16 ,, 89.34 '57 
117 1 52 6 11.64 ,, 89'54 '57 
I 18 2 8 6 : 1'42 ,, 89'65 .58 
119 z 27 6 11.20 ,, 89.83 '53 
rzo 2 48 6 10.73 ,, 89'93 '50 
121 3 4 6 10.18 ,, 89'96 '48 
122 3 1 9  6 9.63 ,, 89'77 .48 
123 3 36 6 9.23 ,, 89'58 '47 
124 3 52 6 8'94 ,, 89.50 '50 , 8th 125 6 58A.M. 6 8.69 ,, 81.77 - '02 

Mar. 8th 126 7 zo AM. 6 + 8.07 ( h e ) , ,  81.59 - '01 

127 7 3 7  6 7'97 1, 81.61 .o4 
128 7 52 6 7'54 ,, 81';s '04 
129 8 8 6 7.13 ,, 82.06 -11 

130 8 2 3  6 6.68 ,, 82.31 '1.3 
131 8 38 6 6.27 ,, 82.67 '16 
132 8 57 6 6.24 ., 83'14 '14 
133 9 12 6 6'24 ,, 83'60 '1.3 
134 9 29 6 6.30 ,, 84.22 '12 

1.35 9 46 6 5'93 ,, 84'84 '08 
136 11 16 6 5.38 ,, 88.53 '08 
I37 11 35 6 4'97 ,, 89'12 + '03 
138 11 54 6 5'01 ,, 89.53 '08 
139 o 11 P.M. 6 4'6a ,, 89.88 -10 

140 o 29 6 4'29 ,, 90.26 -17 
141 0 45 6 3'85 9, 90.76 '19 
14a I 20 6 3'00 ,, 92.23 -42 -- 

Mean 86.03 + '146 -- 
The terminal point of set No. 107 was the point of origin for set No. 108. 
Height of set No. 142 above North-End = 2.23 feet. 
For measurements with compasses a t  North-End, see page X, 

3 I' 
March 6th. (109) Calm an4 cloudy. (1 10) Occasional sun-shine. (11 1) Slight shower. (1 12) Sunshine 

and Fmt breeze. 
,, 8th. (137) Southerly wind. (138) Passing clouds. 



CAPE COl1ORTN BASE-141 SE. 

Compass measuretnents of the distances between the terminal points of th swcessitlc measurements, 
and the points dcyfning the section stations and the eztremities of the base, 

Let N, S be the points defining tlie North and Snuth Ends of the base ; and let X, V, 
be points on the brass plates Solclh and West of all the dots, in each case; and let axes of 
coordinates parallel and perpendicular to the base be imagined through these. 

And let all measurements nortllward and eastward be reckoned +, and those in opposite 
directions - 

Then the coordinates-in inches--of the terminal points of the successive measurements 
will be 

I n  respect of length 

And i n  respect of direction 

For Measurement I 
9 9  

I1 
9 9  

111 
99 I V  

If now we write NX. I ,  XV. I ,  kc., NX. 11, XV. 11, kc., kc., to represent the d i ~ t ~ ~ ~ ~ ~  
between the points laid down by the several measurements then 

N 
N - -166 
N 
N + -392 

For Measurement I 
, 9 I1 
,, 111 

Also 

X + -170 
+ '085 + '191 + '475 

NX. I = NX - ,170 
9 ,  I1 = ,, - -251 
,, 1 1  ,, - . I 91  
,, IV = ,, - '083 

NS. I = blS + 31-10 
,, 1 = 9 ,  + 30'934 
,, I = ,, + 30.88 
,, IV = ,, + 31'282 

11 + 1-40 
+ 0.35 + 1-48 

,, N + 0.39 

X + 1-10 + 0.06 
+ 1-86 

The compass measurements shown above were made after the operatione, independently 
by Captain J. P. Basevi, R.E., and Lieutenant J. Herschel, R.E. 

v + -103 
+ '053 
1- ' I 54  + '403 

+ 0'03 + 0.02 

V + 1-50 
+ 0.41 
+ 1-87 

ZS. I = 2s + 31-163 
Y, 11 = ,, $31'203 
9,  III= ,, +3"067 
$9 = ,, 4- 31'243 

Xv. I = XV+.o67 
,, 1 = , +'032 
,, I = ,, +'037 
,, I V  = ,, + ' o p  

Z + '063 
+ -103 + '187 + '353 

VZ. I = VZ +'o40 
,, 11 = ,, - '050 
,, III= ,* -'033 
,, Iv = ,, + '050 

s - 31'10 
31'10 
30.88 
30'89 
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The determination of the mean actual length of the bars during the measurement of 
each section of the base-line is made in the manner which is indicated in Section 6 of Chapter 
VIII. The numerical values of the quantities 

COT* I t o t 1  
r + 62", and - r 

or the mean temperature of the brass component, and the mean excess of temperature of the 
iron over the brass component, are given at the end of the column of temperatures of bar B, in 
the extracts from the field book of each measurement of each section. These values are 
successively inserted in equation (zo), which however has been erroneously printed at page (73), 
and should be 

thue the actual lengths of the bars have been determined ; they are given in the table on page 
(73) and therefore need not be repeated in this place. 

The lengths measured by the bars have been determined in the manner indicated in the 
first para of page (.76) ; the details of the determinations of the lengths measured by the 
microscopes are given in pages X, to X and those of the Iengtlls measured by the beam 

'7 2 2' 
compass at page K,,. The several values of lengths are colleet,ed together in the table a t  

page (75), where it isshown that the mean length of the base, at  the level of the measurement, is  

89 I 2,5904 feet of standard A. 

Reduction to Mean Sea Level. 

This base-line was measured four times ; and as the work commenced alternately at the 
North and South-Ends, the "heights of ~ e t s  above origin" recorded at pages XV2, to 9- 

2 0  

are referred there correspondingly to these termini. Tbe heights, in ~ e a a u r e m e n t s ' i ~  and I?, 
may however be referred to the origin of hleaeurements I and 111, or North-End, by applying 
to each height the difference between the heights of the two termini: the value of this differ- 
ence adopted, is (N.  End - S. End) = 3.1'2 feet.* All the heights of sets being thus referred 
to the N. End as an origin, we have in the notation of page IVpI 

By observations made on four m d r e  days in Jnnuar~ 1870, it waa npprosimately determined that the mean Sea lerd at 
Tuticarin was 603 feet below the G. T. 5. Bench Mark cn a flagstone in the portico of the Protestant Church Tutiwrin. Tho hcighta 
following tue referred to thin datum and were found by spirit leveling opcmtions. 

Cape Comorin Bsse-Line. Height of North-End above mean Sea level 135.07 feet 
(North-End - South-End) 3'la 9 ,  



CAPE COMORIN BASE-LINE x, 
33 

Reduction to Mean Sea Level-Continued.) 

feet [dl a h. 8h cz c, 

Find length of the Base-Line in feet of Standard A. 

From page (75) and the preceding values of C, and C, there result 

Measured Bodudion 
length to sea level 

W h a t  
aes lwel 

North-End to South-End by Measurement I 8912'5926 - -0630 8912-5296 
9  9  9 9  9  Y 11 '5856 626 '5230 
9 Y  Y 9  9 Y  111 '5892 628 '5264 
9 9  99 9 9  IV '5 943 61 9 '5324 

Mean 89 I 2-5 279 



CAPE P0310RTN RASE-LTNE 

PARMESPUBAM TOWER STATION, is s i t u~ ted  about 16 milea N.E. of Cape 
Cornorin, tlie extreme southern point of the Indian Peninsula. and 

SituatJon, about 32 miles south of the town of Tinnevelly ; ' tiiluk' of iU6nghn6ri ; 
suLdivision of Riithipuram. The nearest towns and villages are as follows : NGngiln6ri l6+ 
miles N. by W. ; Rdthaipuram 2 miles N. W. by N. ; Pannagiidi 9f miles N.W. by W. ; Par- 
meshwaripuram a amall village & mile E. by N. 

The station is the North-End of the Cape Cornorin base as measured in January, February and March 1869. 
The position was originally selected rw that of a Section Station of a longer line, but wm 

The Tower. subsequently made the Northern terminris of a short base to be repeatedly measured, and 
the present building was accordingly designed and built by Captain B. R. Branfill, in charge of tho Great Arc Tritmgu- 
lation. I t  consists of a central isolated hollow pprnidal pillar of masonry 26' high, surmounted by a circular slab of 
sandstone 39" in diameter and 6" or 7'' thick. The isolated pillar is s~lrrounded by a hollow conical building lifr' in 
diameter at b w  and 6' at top, round and in contact with which is a tower of sundried bricks 20' square at  base and 
15' square at  top. A ausoury arahmy 5' wide 6nd 7' 6" high rune through the basement, ia the direction of the 
measurement, N. and S. nearly. 

mark w u  m w ~ m e a t s  were eventually referred is a cleanly drilled hole 01'.05 in diamekr in a 
silver core to a substantial brnss plng, which was run in with lead into the markatone. 

! J h M w m o n t  Mkb This done a pymmidal blwk 42" high and 30" square at b, and 21" quam at top. 
It r m  on a bed of -d 6" deep on three course8 of bricb in the bottom of a masonry well sunk into the hard p v e l  
subsoil af the place, 3' below the foundations of the tower. Before and after the pier was placed, enough water was 
poured in to mt-te the sand and aUow of uniform settlement. The remainder of the well was then bricked up flush 
with the m& of the stone. The mark is provided with a b m ~  covering plate having a spurious dot and c h l e  on ite 

upper surf- 

A h  the completioll of the measurement, a massive granite slab 32'' in diameter and 
9" or 10" thick, having a square recess countersunk in its lower side and engraved (as in 
fig.) on its surface, was placed over the mark as a title. In  this stone a deep cylindrical 

hole 1-10th" in diameter was bored rigorously in the normal 
2. The Title-stone Ma&. of the l o ~ e r  or Measurement-mark. I t  may be fitly described 

and known as the Title-atone mark. In  the recess below may be found a parchment record 
of the measurement of the base, stating its length as 8912.5 

Pmhment Reoord. 
feet. The floor of the passage was eventual!y raised to within 

an inch or two of the surface of the stone, aud the archways bricked up throughout their 
length, leaving only a central chamber 5' by 4' corresponding to the hollow base of the 
e n i d  pillar. The surface of the stone is 111"00 above tho Meaeurement-mark. 

TRICONOMETRICAL 

CAPE COMORIN 

The slab of sandstone which copes the central pillar has a keystone in the middle which contains the mark employed 
by the trigonometrical surveyom. The height of this mark above the Measurement-mark 

a. The Trigonornetrid Mark. ie 241,87, 



CAPE COMORIN IIASELINE. 

Description of Stations-icontinued.) 

After the completion of the base-line operations one of the stone comparing piers mas sunk as a Bench-mark for 
future ievolling operations. I t s  position is 104' aouth of the S. Arch of the tower. It i~ a 

Levelling Bench-Mark. 
pyramidal block 5' high 27" squ:~re nt base nrld 14'' square a t  top, and its surf-, marked 

(as in fig.) is flush with the ground-level : and is 0I.47 above the base-liue hleasurcment-murk. 

SHANGANERI TOWER STATION, is situated 1% miles S. 4 IT. of Parmbspuram T.S. 

Situation. 
to the description of which reference is directed for further ~nrticulars. 
The nearest village is that of Shangan61.i Q mile W.S.W. in the 

NdngGnBri ' tjluk '. 
ShanganCri T.S. is the S.  End of the Cape Comorin Ba~e  as mensured in J a n u a ~ ,  February and Jlarch 1869. 

Its position, which is hnlf-way down the slope of an undulation, was originally selected as that of a Section Station of 
the intended bme, but mas subsequently  node the Southern extremity of a shorter distance to be repeatedly measured ; 
and the present building waa designed and built acoordingly by Captain B. R. Branfill, in charge of the Great Am 
Triangulation. 

It consists of a central isolated hollow pyramidal pillar of masonry 22' high surmounted by a circular slab of 
sandstone 39" in diameter and 6" or 7" thick. The isolated ~ i l l a r  is surrounded by a hollow conical building 12' in dh- ' 

meter a t  base and 6 '  a t  top, round and in contact with which is a tower of sundried bricks 20' square a t  base and 15. 
square a t  top. A mallonry archway 5' wide and 7' 6" high runs through the basement in. the directiou of the mea- 
s~lrement ; viz. N. aud S. nearly. 

Vide Parmkspuram T.S. for all particulars with the exception of the following. The Title-stone mark ie 8"40 

Description of MarIra above the Measurement-mark, and the Trigonometrical-mark is 21' 9 v  above the same. 

There is-a Bench-mark at this etation, similar to that at Parmhapuram, about 10' N, of the N. face of the tower. 

J .T .W.8 tJ .B .N .H .  





APPENDICES. 





0 DESCRIPTIONS OF METHOD OF COMPARING AND APPARATULI. 

Of late yeam the camels have become sa much the worse for wear that i t  is difficult to bring the bsre into 
poeition under the plain microscope, with sufficient accuracy, by means of the tangent screws appertaining to the 
aamele ; a micrometer was therefore added to this microscope in 1867, and was employed in the comparisons for the 
baselines a t  Bangalore and Cape Comorin. 

The method of fixing the microscopes on the blocks of stone on which they are set ~ t p  is aa follows ;--each 
microscope is firmly soldered to the end of a gunbarrel about 18 inches in length, below and a t  right angles to 
which a bar of iron, 10 inches long, is soldered, a t  3 inches from the microscope, thus forming a tribrach which is 
attached to the h e n .  of the stone, and adjuted by sets of pulling and pushing screws a t  the extermity of each of 
the three arms. 

Each microscope carries a spirit level and is held in a collar in which it oan be turned round and adjusted 
to  verticality by means of the screws of the tribrach. The microscopes are brought aa nearly as possible into a 
horizontal line, by setting them to fwus on a bar which has beeh carefully leveled on the camel ; afterwards the distance 
of any bar from a microscope is invariably regulated by raising or lowering the bar until it's surface is brought into 
the plane of the external focus of the object glass. 

With ordinary care to bring the image of the object into the plane of the diaphragm, the object may always be 
brought within .01 of an inch of the plane of the external focus of either of these microscopes. This is readily proved 
by examining the runs of the microscopes, as determined by several observers; different persons are liable to make 
different estimates of the fowl adjustment which necessarily affect the determination of the run, and, with these 
microscopes, a chnnge of .01 of an inch in the distance of the object from the object glass will alter the run by less than 
2 per eelkt of its total amount ; but the runs obtained by different observers have been rarely found to differ by aa much 
as 1 per wit, showiug that the several estimates of focal length have not altered the distance of the object from the object 
glass by more than -005 of an inch. Thus a special appliance for bringing the bars in succession to p r e c M ~  the Bame 
distances below the object glasses is unnecessary. 

When the new Standard Bare Is and Is were constructed, a pair of new micrometer microscopes maa dso con- 
structed for the operations of this Survey, by the same makers, Kessrs. Wugh ton  and Simms. They are'similar in 
almost all respects to the Ordnance Survey microscopes which are described by Captain Clarke a t  page 5, and figured 
in platar 111 to VI, of his Cornparisom of Standards of Length. h h  microscope is held, by two collars, in a gun-metal 
holder, which is a hollow cylinder having three arms a t  the middle of its length, with a set of three internal bearings 
a t  the upper and another a t  the lower extremity, for receiving the microscope collm ; the three bearings are segmentary, 
and one of them is pressed by a spring which can be drrt~m back a t  pleasure by a screw for the purpose, to admit the 
microscope, and then relaxed to press the microscope into it's bearings. 

The gun-metal holder is attached by foot-screws, a t  the extremities of it's three arms, to a cast iron plate, which 
rests on three points projecting from it's under surfaoe, on the stone pier. Thus the microscope is held in ita holder, 
and the holder in the iron mating, without any strain ; the microscope can be raised or lowered by the screw attaching 
it to the holder, and, revolving in it's bearings and having an attached level, it can be made vertical. 

Tho illumination is effected with the aid of a glass prism attached to a c o b  a t  the bottom of the tube, and 
having a perforation through it in the direction of the axis of the microscope. 

The length of the tube, from the diaphgram to the object glass, is 13 inches, from the object glass to the ex- 
ternal focus, 64 inches. The value of a division of the micrometer ki about the &th part of an inch. 



D I X .  

No. 2. 

COMPARISONS O F  T H E  LENGTHS O F  10 -FEET STANDARDS A  AND 
8 ,  AND D E T E R M I N A T I O N S  O F  T H E  D I F F E R E N C E  O F  T H E I R  

EXPANSIONS.  

These bars were twioe oompawd under Colonel Everestpa superintendence; in his Office at D e b  Dooq in 
November 1834, and in camp &er the measurement of the neighboring l3aseline, in February 18%. 

The oornparisom were as follows (See E d 4  drc Book of 1847, page# 435, and 436) 



Date, 

1834. 

S T A N D A B D  

Micrometer 
Readin s 

20138 2 Biv. 

Dae, 

l w .  

B T A N D A P D  

Micrometer 
Readings 
~0188% dir. 

A. 

Mean of 
Two Thermo- 
mekm, con" 

,KOV. 14 

15 

f 

. 

Mean... 

8. 

Mean of 
TwoThermo- 
meteq - 

to 1 inch. 

R. D. 
r 78.0 

r 93'5 

a 38'5 

2 48.0 

2 51'8 

' a 67'3 

1 71.1 

2 ,Z'O . 

a 75.8 

o 48'5 

o 45.5 

o 43.0 , 
o 51.1 

o 61.0 

s n . 4  : 

n @ - o  

I 83.9 

a 01.6 

a .a3'0 

2 39'9 

a 55.7 

a 71.4 

a 81.3 

S T A N D A B D  

Micrometer 

201383 
+ 0.0m. 

6 5 P 3 ~ ~  

67'150 

70.100 

70.950 

71.550 

i1.850 

7 2.400 

7a.700 

7a'goo 

57'a50 

56.900 
i 

56.600 : 

56.825 

57-550 

58- r 

6 5 . h  .. 

67.225 

68.350 

69.250 

70'315 

71.300 

71'950 

to 1 mcl~. 

I R .  D. 

-0.2~80. 

6 7 1 ; 5 ~  

68'300 

70.475 

71.100 

71,550 

7%-025 

7%-450 

72'700 , 

72.950 

56'650 

56.400 

56300 

56.650 

57.400 

.@'goo 

64-300 

65.450 

66'700 

67'825 

69'100 

70'300 

71.150 

7a.000 

~ T A N D A E D  

Meonrmetm 
Readings 

20138-2 div. 

B. 

Mean of 

mete- ROThe** corm 
to linch 

R. D. 

2 94.4 

3 03'8 

3 16'9 

0 66.9 

o 62.1 

o 67'6 

0 73'8 

o 82.0 

o 90'5 

I 06.4 

1 17'0 

a ob.5 

a ao'o 

a 34'3 

a 50'1 

2 58'9 , 

1 7 6 . 1  

2 88.9 

3 0 2 . 0  

3 06.0 

3 11.5 

3 16'1 

I 97.758 I 
3 00.5 I 72.600 

' 0 -  ' 3  

14 

d 

A. 

Mean of 
TwoTherm~- 
metew &# 

tolinch. 

R. D. 

3 07.7 

3 18.0 

3 26.0 

0 76.7 

o 73-3 

o 73.0 

0 79'6 

o 8y.a , 

o 98.4 

I 10.1 

I 24-4 

a 15.4 

a 31.7 

P 46.4 
I 

r 6 g o  1 

a t r ' r  . 
a 89.1 

3 00.4 

3 1a.5 

3 y-0 

3 25.5 

3 31.5 

a 07.324 

- o m .  

72%75 

73'350 

73'750 

57'050 

56.675 

56.800 

57'400 

57-850 

58.600 

59'500 

60'400 

65.850 

66.600 

67.500 

68.450 

69.150 

70.400 

~ I * O M )  

71'650 

7 % - a w  

fz.600 

72.850 

66'2161 I 

r 49.9 

r 76.5 

a 36.6 

a 51.5 

a 60.5 

a 70.5 

a 76-9 

n 81.0 

a 84-6 

o 53.9 

o 51.6 

o 47.8 

o 51.4 

o 65.5 > 

o 00.9 

I 92.0 

a 15'5 

a 32'2 

a 47'1 

a 59'0 

a 76.0 

a 91'0 

+ 09454. 

73'400 

73.800 

74'350 

57'950 

57.300 

57.~50 

57'750 

58.250 

5g*ooo 

59.750 

60.750 

-150 

67'150 

67.850 

68.850 

4.700 

70.675 

71.450 

7aea50 

72.650 

fa.950 

73'300 

66.6167 



( 

Dak 

1835. 

-- 

Feb. I I  

fit's 

Feb. 12 

. 3  

M- ... 

B T A N D A B D  A. - 
Mimometer I 2 ~ ~ ' -  

S T R D A ~ D  

Mimometew 

201687 iV. 
to inch. 

R. D. 
- o 95.8 

- o 81.8 

- o 63'1 

- o 35'5 

- o 08.5 

~ T A N D A B D  

limometor I 
Resdvlgs 

90168-7 din 
to 1 inch. 

R D. 

+ 3 51.3 

+ 3 19'9 

+ 3 40'1 

+ 3 52.3 

+ o 09.0 

+ o 09.6 

+ 0 27.5 

+ o 51'0 

+ o  82.0 

+ I 15.5 

+ I 46.0 

+ J 75'4 

+ 3 15.2 

+ 3  44.5 

+ 3 74'0 

+ 4 10.5 

+ 4  17.1 

+ 4 12.0 

+ 4 13'0 

+ 3 98.0 

- I 43.3 

- I 36-3 

- 1  22.3 

- I 00.0 

- 0  71'2 

- 40.1 

- 0  17-0 

1 67.043 

Iteadin 
24ll6&7 &. 
to 

R D. 
- o 82.6 

- o 70-3 

- o 57'8 

- o 26.0 

- o 02.5 1 4- o 3.3'7 4865 

B. a 

M m  of 
TWO Ther- 
"onam* 
Correction 
-02W)O. 

40'i5 

41.30 

42.40 

43.80 

46.25 

+ 0 26.1 

+ o 81.2 

+ I 19'0 

-k 3 4 . 7  

+ 3 25'5 

+ 3 41.0 

+ 3 50'0 

+ 3 55'9 

+ 3 57.9 

+ 3 41'5 

+ 3 17'5 

- o 28.5 

- o 19'2 

- o oa.5 

.+ o 19.4 

+ o  50'0 

+ o 86.0 

+ I 20'0 

+ I 49'5 

+ a 61.9 

+ 2 95'0 

+ 3 13'4 

+ 3 31'0 

+ 3 31.4 

B T A X D A B D  

Micrometer 
R~~~~ 

201687 dir. 
to 1 inch. 

R D. 
+ 3 40.0 

+ 3 39'3 

+ 3 31.0 

+ 3 19-9 

- o 16.1 

- o 02'5 

+ 0 14'3 

+.o 42.0 

+ o  71.0 

+ I 02.6 

+ I 37'1 

f 1 69'7 

+ 2 95'0 

+ 3  26.5 

+ 3 65'5 

+ 3 92.2 

+ 3  98.4 

+ 3 99'0 

+ 3 93'0 

+ 3 84'1 

- I 35'2 

- I 30'9 

- I  16'9 

- 0 97'0 

- o 68'9 

- o 4n.5 

- 0  ~ B ' O  

I 55'957 

A. 

IKw Of 
TWO Ther- 
mOmM.q 

?Fzz ------ 
7 ~ ' 6 ~  

71'55 

71-15 

70'40 

48-70 

48'80 

49-70 

51'20 

53'20 

55-45 

57'60 

59'65 

68-95 

i0.90 

72.90 

74'55 

75.05 

75.15 

74'80 

74-20 

4a-60 

42.85 

43.60 

45'00 

46-65 

48-40 

49-95 

59'1723 

mome%* 
Correct~on 
+0-045L. 

41;~ 

41-80 

42'75 

44'20 

46-23 

' 
48.40 

52'00 

54.60 

67'30 

68.35 

69'50 

;o--so 

71'00 

71.05 

70.45 

69'45 

47.20 

47-35 

48'25 

49.60 

51-55 

53'65 

56-05 

58.10 

66.00 

68'00 

69.20 

70'40 

70.80 

B. 

Ma of 
TWO Ther- 

gz:2 
-o.2280. 

i;.~o 

71.00 

70'65 

j0.00 

47.75 

47'95 

49.15 

50'7.5 

52.75 

55.10 

57'30 

59'35 

68.05 

70-10 

72.45 

74.00 

74'45 

74'50 

74'45 

73'75 

43'35 

43'45 

4.4'10 

45-50 

47-00 

48-50 

49% 

58'7446 

i- o 88.5 , 
+ I 28.0 

+ 3 30'0 

+ 3 43'5 

+ 3 58'8 

+ 3 68.5 

+ 3 70'5 

52-35 

54-85 

68'35 

69.25 

70'40 

71-30 

71.55 

71-65 

i0.90 

69'75 

48-15 

48-10 

48-80 

49-95 

51-95 

54'05 

56-20 

58.50 

66.85 

68-80 

69.90 

71-05 

71-25 

' + 3 71.6 

12 

+ 3 56.5 

+ 3 29'5 

- o 10.4 

- o 03'9 

+ o 09.6 

+ o 28.5 

+ o  58'5 

+ o 94.0 

+ I 27'5 

+ I 61.4 

+ 2 79'3 

+ 3 08'9 

+ 3 27.0 

+ 3 49.8 

+ 3 47.6 



As no direct determinations of the expansions of B have ever been made, the differenoe of the expansions of A 
and B has been coin~uted from these comparisons, in both group8 of which the range of temperature was sufficiently 
great to permit of a fairly approximate determination of this unknown quantity, as well as of the difference of tile 
length of the bnre. 

Putting to and t, for the excess of the temperatures of A and B over 6209 e and e, for the expansions, z for the 
vah~e of B - A at the temperature of 62O, n for a measured value of B - A at  the tempenrtures of observation, R I ~  

y = e, - ea, it follows that the form of each of the primitive equations will be 
x + tb y = n - eo ( tb  - ta). 

111 order to show the degree of precision which has been attained, each of the two groups hrrs been treated sepamtely 
1r.v the method of least squares with the following results, ea being taken a t  22.669 millionths of a yard, as determil~cd 
by Colonel Everest, see section 2 of Chapter 11. 

Firat Group. 
d 

ATormal epcltions. 45 X + 179.465 y = + 67-59; 

4-362 mo'lliontha of a yard 

- linoh) = - 0.575 million& of a yard Y = - O.4'7 - 20138.2 

Second Grmcp. 

56 x - 195'068 y = Normal equations. 25.009 - 195.068 x + ;96;'689 y = - 647.850 
1 inch 

0.17. (a  ==J = 0236 millaim& of a yard 

By bath Group. 

the absolute quantities being exp& in terms of d = of an in&. 
ao138.a 

From these lmt equations the valuea and the weights of z and y have been d&rmined, as follows :- 

and restoring the values of P and Q 

d 
x = 0'900, t?u rerr'&mal weight hing = '0099033 

d 
y = - O'IO$ $9 99 = '-0959 

The errors of the different comprieone resulting from thew valuea of x and y, indicate that the probable error of 
d 

a single comparison iu = zk 2-10 



After these calculations were oompletad the adopted value of the expansion of A was ascertained to be too 
great. The following differential computation waa therefore made to determine the effect of this error on the valuea 
of x and y. 

Putting for the error of the expansion of standard A, & and dy for the corresponding emre  in the p r d -  
ing values of x and y, and expreesing the results in terms of millionth of a yard 

"'-Y 
for the first p u p  x - & = 4'362 - -703 de, 

Y - dy = - 0.575 + '008 dc,, 
for the seoond group x - & = 'a36 - ,750 de,, 

y - d y = -  '109 - '0x5 dc, 

for both groups x - & = 1.241 - -686 dr, 
Y  - dy = - '145 - 'OOgdc, 

m.l  
pntting dc, = 0.872, the excess of the value of the expansion of A which was determined in 1832, over the value 
determined in 1870, we obtain finally from all the observations 

W. R. COLE, 
- .  



COMPARISONS BETWEEN T H E  10 -FEET STANDARDS I, Is AND A. 

These comparisons were made in the comparing room at Dehra Doon in April 1867, with the double object of 
sscertaining whether the relative length of the 10-feet standards A and B had altered since Everest's comparisons of 
183435, and of connecting A with the European standards of length. The observations were taken early in the 
morning and late in the afternoon, commencing a little before and ending a little after the maximum and minimum 
readings of the thermometers suspended in the comparing room had been reached, in order that the momentary varia- 
tions of temperatures might be a minimum, and that the errors aris.ing also from a lcsgying of the thermometers behind 
the temperatures of the bars, might be practimlly cancelled. Illumination of the dota and lines on the b m  was 
obtained by lamps except in the cases where the contrary has been specified. 

The comparisons were made with the pair of micrometer microscopes known aa G and H, recently obtained from 
Messre. Troughton and Simma, which are described at  the end of Appendix No. 1. The runs of these micro8oopes were 
determined a few days previoudy on the inoh [a b] of the new standard steel Foot IF and were as follows :- 

1 division of the microscope G = I .r 5 I r millionths of a yard 
Ditto H = 1.1074 Ditto 

The thennometera employed were for I, 4215, 4221,401 I, for Ig 4228, 4204, 4202 and for A 4227, 4217 ; they 
were compared with the standard No. 4246 immediately after the bar comparisons were completed : this standard was 
one of those compared by Captain Clarke with the standard No. 4142 which he had already carefilly calibrated; eee 
his Conparisone of Standards of Length, Chapter XVI Sectwa 2, and Appendix No. 8 of this volume. Comparieone 
between these tw9 standards were also made at  Dehra during May 1867. 

The factors of expansion for reducing the observed differences to what they would be at 6 2  were, for IB  and I, 
those given by Captain Clarke p. 216, and for A that determined by Colonel Everest viz. : 

Thc comparisons are div into three groups 74" 
25 between I, and lB 
36 ,, I, and A 
28 ,, I, and A 

aud aro given on the threo following on p ~ c s .  



C O M P A R I S O N  O F  B A R S  I, A N D  I, 9 

D m  

22ndApri11867, 

,s 

27th ,, 

28th ,, 

Initiala of observer 
at Mi-pe. peratuwa. 

" 1 1 .  

Observed d u e  of 
I B  - I s  in 

. W . E  J.B.N.H. 101.7 + 106'4 

96'9 + 110.5 

11.4 + 140.5 

78'5 + 133.6 

Mema ... 

7G35 

Correction to 

334'89 

333.91 

337.78 

338'31 

70.18 

o 

5 $ 
2 

7 
. E l  

la?-33 

131'5J 

13a-79 

130.34 

130.70 

129.61 . 

130.51 

1~8.45 

131.39 

138-25 

129.69 

133'93 

131.61 

13453 

133'93 

133'69 

131'74 

131.63 

131'86 

133.53 

135'03 

133.10 

129.97 

131.16 

118'80 

1.31'40 

62' 
in 

I B  

173.54 

373.54 

381.40 

387'30 

atp'a1 

395'81 

319.13 

317-1 I 

313.50 

313-83 

311'31 

309.57 

307.61 

399'99 

404.90 

409'49 

415'06 

41q3a 

433-58 

397'45 

397'78 

399'43 

303.68 

308.59 

312'85 

Q 

T.(3.M. 

L 

JLavrnPn 

dtsmoonobam~atiom 
commencing at 4~ 1Om 
andendingat6A s m .  

Morning obscwstions 
con~mencing at 44 47tn 
and emding 6h 37n- 

Mernoonobeerrations 
commencing st 44 27m 
and ending at 6hllm. 

Morning obaeiwtions 
commencing at 6A 4.bn, 
and endini3ata47m- 

Fahrenheit 
m.y 

1s 

173.08 

174'78 

179'43 

181'18 

184'73 

18726 

105.46 

30x98 

203.13 

301'01 

300-59 

198'90 

198'05 

35634 

258'36 

260'90 

364.70 

a6681 

169'99 

195'94 

196.36 

19'1'63 

199'74 

aoa-07 

~03.34 

I O 

Milnthn. " 1 ? l o f s  
70.35 

70'59 

0 

70'93 

71.03 

71.76 

71.68 

I 

71'58 

71-50 

71'45 

71-39 

74'31 

74'36 

74'50 

74'67 

74'80 

14-93 

71-08 

71-09 

4 

I 

71'41 

71-55 

71"- 

J.T.W.T.(3.M. 

J.T. W. 

7va6 

70'48 

70'61 

70'73 

70'85 

71.71 

71.64 

71'60 

71'50 

71'48 

f 1-40 

71-36 

74'11 

7 4 ' 1  

74'33 

74'51 

74.61 

74-16 

71.36 

71-18 

71-34 

71-44 

71'5s 

71-61 - - - -  
71'95 

J.T.W. 

J.T. W. 

T.Q.Y. 

J.T. W. 

J.B.N.H. 

I16.W.R. 

J.B.N.H.M.W. 

9 0 . ~ + 1 1 1 . z h  

85'4 + 119.a 

136.5 + 80'5 

84'1 + tag-1 

134'2 + 86'0 

81.6 + 139.1 

107'1g + 1qs7h 

89.8 + 114'8 

93.0 + 113.6 

113.5 + 99.7 

111.6 + 101-o 

105'7 + I1o.r 

105'8 + 107.8 

108.3.q + 138'7h 

95.4 + 154'1 

ror'I + 149'8 

115'0 + 135.1 

131.0 + I 30'8 

131.0 + 132-9 

14a.y + 63-7h 

119'3 + 89'5 

T.Q.M. 

T.Q.Y. 

J. T. W. 

T.(3.Y. 

X W . B  

J.B.N.H. 

R. 

yard. 

331.78 

230.31 

a34-76 

335'46 

338'19 

a38'16 

344'78 

341.58 

341.66 

'41'07 

340'31 

343'60 

341'17 

178'17 

380'47 

382.28 

~81-10 

a84'1j 

386'45 

335'04 

336.44 



C O M P A R I S O N  O F  B A R S  I, A N D  A .  

REIUABKS. D A ~  

Initials of obaerver 
st Micromeape. 

'w IS,, 

ZSh 

245th ,a 

27th 

Obaerved value of 
I g - A i n  

Milnths. 
Mimmder / of a 
divisions. yard. 

Corrected tem- 
perntures. 

Id I A  

Correction to 62O 
Fahrenheit in m.y 

I B  1 
- 

* 5 4 g 2  
(3: 
I fix 

2 . 3  

J.T. W. 

T.Q.M.J.T.W. 

J. T. W. 

T. (3. &f. 

J.T.W. 

T. Q. Y. 

J.T.W. 

T. Q. M. 

J.B.N.E. 

M.WX 

J.B.N.H. 

M.W.R. 

J.B.N.H. 

D. Q.I. 

T.Q.M. 

J. T'W, 

T.Q.U. 

J. T.W. 

T. G. M. 

J. T.W. 

&f.W.& 

J.B.N.H. 

M.W.R. 

J.B.N.H. 

M.W.R. 

1 - 0  + 8 1 8 8  69-90 1 70'23 
122.4 + 132.8 

143-5 + 11 1.6 

119-5 +135.1 

143.9 + 109.5 
126.9 +130'9 

138'1g + 147.2h 

127'4 +I55 '9  

133.3 + 148'3 
148.0 + 134.0 
148.8 + 131.2 

143'9 + 140'4 

149.4 + 134.6 
154'8 + 122.2 

162.8 + rI5.a 

139.7 + 140.1 

155.5 + 124'6 

15V7 + 129.3 
145'4 + 128.3 

147'5 + 125'5 
143'1 + 138.2 
151'a + 130'4 

141.69 + 141.91 

145'4 + 139'4 
135.4 + 153.1 

150.1 + 137'4 

148.3 + 140.7 
140'7 + 151.7 

q6.w + 155.51 
158.6 + 1 j y 4  

143.6 + 159.0 

134'4 + 164'2 
134'8 t 1 6 5 - I  

143.5 + 156.3 
132'3 + 163'9 

14.4 + 156.7 

Means ... 

258.80 1 186.56 

b I 

212.65 

216.45 

217.44 

21.5'94 
213.42 

a16.38 

223'48 

221.10 

219.39 

2 19.97 

219.74 
224'21 

225.13 

~16 '55  

219.39 
220.91 

I 

222.69 

216.13 

2 16.1 I 

~ 2 5 . ~ 6  

226.31 

22a.79 
223.48 

225.47 
223'52 

213.35 

225'47 

22'1.14 

222'74 

227.28 

222.66 

223.56 

223.98 

z1s64] 

124'52 

69'94 

69.99 

70'07 
7o.16 

70'23 

71'74 

71'71 

71.65 
71.61 

71-53 

7 4 7  

71-37 

71.34 
71'18 

71.15 

70.95 

iC91 

70.89 

70'87 

7 ~ 8 3  

70'84 

72'75 

72'84 

72.96 

73'13 

73'26 

73-39 

73'45 

73'43 

73'42 

73'42 

73'43 

73'44 

73'48 

73'51 

71'84 

287.95 
288.77 

287.17 

286.91 

291.04 

321'98 

319'30 

317.67 
318.76 

316.58 

321.13 

321.03 

313'51 

314.97 

315.96 

316.99 

316.67 

309.46 
308.7~ 

317'77 

318'45 

320'15 

321.75 

325.40 

324'94 

326'54 

329'97 

341'31 

3.36.94 

341'38 

336'53 

337'99 

338'27 

333'79 

339'75 

260'11 

261.75 

264.37 
287-31 

269.61 

319.07 
318'09 

316.13 

314'82 

322-19 

310.23 

306'95 

305.97 

300.13 

299.75 

293.19 
291.88 

291'23 

290.57 
289.26 

289.59 

352'16 

355.11 

359'04 
364'61 

368.87 

373'13 

375'09 

374'44 

374'11 

374'11 

374'44 

374'76 

376.07 

377.06 ------ 
221'32 

Akemoon ohmati- 
commencing 4d 1 h  
and 5h 9m. 

Day-light or sun-light 
reflected byhcliotropee 
assemployedforficse 
obwrvationa 

Morning commencing ob-ationa 41, 47m 
a n d n n d i n g ~ h 3 h l n .  
Tho firat ten observa- 
tions were taken by 
lamp-l@ht, and the w- 
maindcr by daylight 
or sun-light. The 
intensity of thel igl , t  
wuchanged whenover 
the observers changed 
mirroscopes snd ad- 

' jmkd &% prism8 to 
auit their o m  sight ; it ,, pearsthatthischsnRe 
O ~ ~ ~ ~ ~ C ~ a f f o c t -  
ed the results consi- 
dembly;thoughwhile 
tho c ~ r ~ ~ ~ ~  re- 
mained conatant the 
resultevaried very lit- 
tle. This supposed 
to be due to the dif- 
femnt of tho 
dote on standard A  ac- 
cording aa they wore 
mom or lem highly 
f l u m u d .  

Bfternoonobserwtions 
commencing 3h 4 t h  
,d ending a 3b. 

Morning commencing o k d i o n s  6h 431n 
slld ending 9h 6m. 

Sun-light ass employ- 
for f i ~  two a e r  

enter 

10.32 

70.40 

70'52 

70'55 
70.60 

71.73 

71.70 
71-61 

71'53 

71.50 
7 4  

71.31 
71'22 

71-05 

71.03 
70'81 

70'73 

70.73 

70'73 

70.71 

70'71 

73'24 

73'33 

73.43 

73-61 

73-72 

73-85 

73-51 

73'48 

73'47 

73'48 

73'47 

73'49 

13-51 

73'55 

71'95 

188.61 

190.42 

193.14 
193.82 

194'95 

220'57 

219.89 
217-85 

216.03 

215.35 
213'31 

211.05 

209'01 

aog.15 

204'70 

19971 

197'90 

1g7.90 

197'90 

197'45 

397'45 

254'80 

256.84 

a59.11 
263'19 

265'68 

268'63 

260.91 

260.24 

a60.01 

260'24 

2660.01 

160.47 
260'92 

161.83 



COMPARISON OF BARS I, AND A .  

DATB. 

Correction to 
62' Fahrenheit 

inm.y 

Id I A 

Initials of obsemer 
at Microwope, 

a I ,, 
Corrected 

peraturn. 

Is A 

o 
2 3 
2 5 2  
Cg 
I El; 
2.i 

Observed value of 

7 

RI~IA~E. 

I, - A  in 

Micrometer 
divleiona 

I T. G. M. 

J.T.W. 

T.G. M. 

J. T. W. 

T.G. M. 

M.W.R. 

W.R.~J.B.PJ.H. 

M.W.R. 

J.B.N.H. 

I Srd  April 1867, 

24th ,, 

2iith ,, 

26th ,, 

73.82 

Mlmle, ... 

Milnths. 
. of 

27-19 + 39'9h 

40.9 + 24.7 

32'2 + 33'7 

32.7 + 30'8 

34'5 + 33'2 

31.2 + 39'6 

44'6 +21'5 

36.19 + 36.411 
19'6 + 51'0 

44'5 + 27'2 

41.9 + 34'3 

38'4 + 36'6 

38'8 + 36'8 

51.8 + 22.3 

287g + 26.9h 

33'3 + 20'9 

29.9 + 25'3 

23'9 + 27-8 

27.6 + 25.2 

26'9 + 25.2 

26.6g + 41.d 

28'3 + 37'9 

34'8 + 30'2 

26.0 + 40'3 

33'4 +29'9 

I J. T. W. 

T. Q..M. 

J.T.W. 

T.Cf.M. 

J. T.W. 

J.B.N.H. 

M. 

J.B.N.H. 

M.W.R. 

76.08 

74.45 

74-30 

71-75 

76-41 

79-76 

7j.15 

81.86 

79'04 

81-35 

87-37 

84'72 

85-41 

84'32 

61-83 

61.48 

62-44 

58.30 

59.68 

58'88 

76'03 

74'55 

73'49 

74'56 

71.56 

73'42 

4Rernoon obmrvstionr 
wmmencin 3h l h ,  
ending 4h J h .  

Morning obser~~tions 
commencing 4h 27m, 
ending 6h 6 h .  

Afternoon obeewations 
cammencing 4h Oa, 
ending 61 26m. 

Morning o k s t i o n s  
oommencing 6h 8&R, 
ending 8h 6%. 

72.76 

89.76 . 
09-94 

89'01 

87.64 

88'03 

84.76 

89.74 

93'53 

90'08 

88.29 

84'45 

87'98 

93'44 

90.25 

89-91 

88'96 

94'84 

93'37 

94'34 

90.38 

91.76 

90'46 

93.21 

90.08 

89.35 

90.40 

87'17 

88'59 

88.43 

72-56 

71.64 

71'02 

71.04 

71.04 

71-07 

71-09 

71-12 

71.14 

70.61 

70'54 

70'45 

70'38 

70'32 

70'28 

70.18 

72.24 

72.31 

72.47 

72'59 

72.74 

72.86 

72.63 

72.59 

7 a ' ~ 1  

72.49 

72'49 

72.50 

72.53 

223.44 ------ 

190.86 

r91.28 

191'28 

191'92 

192.34 

192.97 

193.40 

182.18 

180.70 

178.80 

177.32 

176.05 

175.20 

I 73.08 

316.67 

218.15 

221'54 

224.08 

227-25 

229.79 

224.92 

224'08 

222'39 

221.96 

221.96 

I 

nzz'81 

72-56 

71.71 

70.99 

71.02 

71.04 

71.04 

71.07 

71.12 

71-19 

70'32 

70'21 

70'18 

70'09 

70.01 

69.93 

69%4 

72.97 

73.03 

73.18 

73.30 

73.44 

73.53 

72.68 

71.57 

72.51 

72.49 

72.48 

72.47 

7z.5~ 

239.38 

203.79 

204.47 

204.93 

~04.93 

205.61 

206.74 

208'33 

188.61 

186.11 

185'43 

183.39 

181'58 

179'76 

177.72 

. 148.68 

250.04 

253'44 

256.16 

259.33 

261'37 

242.10 

239'61 

238'25 

237'80 

237'57 

237'34 

238.48 



Computing the probable errors on the srceumption that there are no oonatant e m m  in the foregoing results we have 

Of the above mentioned gIY)Up8 the first was intended to shew whether the relative length of the standarb I 
acd Ig had sensibly changed from the value obtained by Captain Clarke vie. 13 1-46 my; see Comparieone of &a&& 
of Length, p. 280 ; the accordance is sufficiently close to warrant the belief that no such change had taken PI-. 
Bubeequent investigations have shewn that the factor adopted for A was fhghtly emneoug and the effect of the error 
on the above determinmtiona haa been coneidered in Appendix No. 7. 

W. H. COLE. 



A F F E N  DIX* 

COMPARISONS OF THE S I X - I N C H  BRASS SCALES OF THE 
COMPENSATED MICROSCOPES.  

Of these males, known an Ji, x7 P, R, 8, I: u7 v, and w, the first seven were constructed by the Mathematical 
Inatrnment Department at  Calcutta, under directions from Colonel Everest; they were made of cast brass and each 
provided with a micrometer screw, aa the microscopes to which they belonged had only fixed wires, and could not them 
fore be made to measure their own differences from their wales. These scales were first brought into use at the 
measurement of the Dehra base-line in 1835 and were then compared under Colonel Everest's superintendence with 
Troughton and Simms' 6-inch standard A. The comparisons and their reduction will be found on pagea 14 and 15. 
The thermometers employed on that o m i o n  were distinguished by the letters of the microscopes to which they 
appertained ; they were compared with two standards named v and a, and index corrections were obtained to reduce 
them to the mean of the two latter. The comparing microscopes are desoribed in Appendix No. 1. The run of the 
micrometer microscope waa determined on the inch [7.8] of Cary's wale and found to be = -000,050,841 of an inch, 
or 1.4123 my.  The f&re of expansion of all the scales were wumed to be .000,010,417 for lo Fahrenheit, the 
mrreepondmg linear expansion being 1.736 m.y. 

In the year 1866 two new microscopes named V and W7 with aoales nttnched, were received from Me- 
Troughton and Simma ; and the following year all the soales, with the exception of P, which was then in England 
undergoing repair, were compared with the space [d.2] on the standard foot IF, by five observere employing the microa- 
mpea G and H, the linw value of one diviaion of G being = 1.1611 my.  and of H = 1.1074 m.y. The thermometem 
made use of were for 

Standard Foot IF . .. ... 42x5 
BIWJ d e ~  hf, R, u, w, A ,  ... 4204 

9 ,  N, 8, T, ... ms. 4011 

These comp8ri8ona are given on pagee 16, 17 and 18. 



COMPARISON OF THE S I X a I N C H  

in millionths of e 

D A T S .  

11th June, U1S6. 

a h  June, w 

Idtb Jmr, 

h k b b  Srnn ... ... & '31 f '19 * '35 

- 
641 
64.5 
65.0 
65.6 
67.0 
68'8 
69'5 
70.5 
70'9 
71.7 
70.9 
69.9 
69.8 
71'7 
64'3 
64'6 
65.2 
65'8 
66'8 
69-0 
70'3 
70'6 
69'8 
f0.4 
72'5 
71.7 
71's 
71'2 
70'7 
70'7 
64'7 
65.7 
67.8 
69'5 
71'4 
72'0 
7'3 
71'1 
75'4 
75'5 
15.8 
75'5 
773 
77'4 
77'2 
78.3 
79'0 
79'8 
80.0 
809 

65.0 
65'0 
66.0 
66.7 
68.0 
69.0 
70.0 

70.1 
71'5 
71.2 
70'0 
69'7 
69-6 
70.3 
65'3 
65-1 
66.0 
66.9 
69'4 
69'0 
70'0 
70'0 
70'0 
70'4 
70'2 

70'8 
70'8 
70-3 
70'4 
71'2 
66'0 
67.3 
68'7 
70.0 
71'3 
7a-6 
i3-0 
74'0 
74.8 
75-0 
75'3 
76'0 
75'9 
77-0 
77.4 
79'9 
78'9 
79'0 
79'3 
80.0 

0 

- 1.4 
d 

3'1 + 1-7 
-I 

;2 
1.0 - 511 

0 
+ 1'4 

2.3 
-3 

4-0 
3'2 
-I - 1.0 
'0 

40 
+ -4 

5.6 
3.1 
1.6 - '3 

+ 1'4 
1-8 
3'1 - -8 

+ 2.3 
9'9 
3'7 
1'0 

5'0 - I 

+ 4'8 - 2.8 

+ :i 
-7 

6.6 
3'0 
4-1 - 4-1 + 2.8 

- ' 1  
+ 9'3 

5'6 
6.1 
7'5 
6y 

- 1-31 
1.07 
1-87 

+ 2-13 
'43 
'13 

5:33 - 87 
5-47 
"" 
1.57 + '63 - 1-37 + '23 
3'53 - -07 
-97 
'67 

4 3  
'97 

+ 3'73 
'73 
'53 - 1-67 

1-97 
I 

+ '53 - 3-77 
+ -43 

9'43 
463 
2-43 
5'23 - -57 

+ 3'23 - 3.17 
+ 'a3 - g7 

7 
+ 1'33 

'73 
3'73 - 7.87 

+ '73 
-1.77 
+ 7-13 

4-03 
3'33 
4'93 
5'03 

+ 0.57 

64.7 
4.5 
65.4 
66y 
67'9 
68.8 
69'7 
69'0 
71'0 

El; 
69'1 
69'2 
70.0 
65.0 
6 5 s  

2:; 
6 ~ 8  
68.8 
69'3 
69.'1 
69'7 
70'3 
70'0 
70'8 
70'3 
70'1 
70.9 
70'8 
65.8 
67.5 
68.8 
70.2 
71'7 
71'8 
73-0 
yco 
74'7 
75.4 
75'7 
75.8 
75'8 
76'8 
77'5 
78-1 
78.4 
78.8 
79'1 
79'9 

- 9'9 
13.4 
7'8 

11.3 
10'6 
8.5 
7'8 
5'7 

13'8 
10'0 
8.5 

10.2 
9.2 
5'5 
6.9 
7'3 

13'1 
ITO 

9'9 
13'0 
9.0 

10'6 
8.5 

10'6 
5'1 
7'9 
7'5 

11.3 
11.4 

::: 
5 '4 
5'0 

1o'5 
5'9 

I 0 

9'9 
81 

12.9 
6'8 
6 3  

11.3 
1'2 

I 

5.1 
7'2 
15'5 
6.8 
6.5 

, - 10.07 
14.47 
8'17 

10.97 
10.07 
9-57 
8.47 
9-37 

14-67 
12'47 
11-67 
11-67 
11.27 
9-57 
6.77 
7.67 

13-17 
1a-57 
9:27 

1447 . 11-77 
13-27 
9-17 

11-87 
10'47 
10.57 
10.67 
14.37 
11'37 
1-37 
5-61 
3-31 
4'37 

10.37 
6.47 

13-47 
loot  
9 7  

15-17 
8.07 

2 
14-77 
6-27 

11-87 
6'37 
9'2 7 
8'27 
9'47 
7'77 

- 10'08 

64'7 
64-8 
65-6 
67.0 
69.0 
69'3 
69.8 
6gy 
7 1'3 
71.0 
69.8 
69.2 
696 
70'2 
65.1 
65'1 
65-6 
66.1 
67'4 
68.8 
69'8 
69'8 
w 7  
70'5 
70'2 
70.8 
70'8 
70'4 
70'7 
70.8 
65'9 
67.6 
69'0 
70'8 
71'8 
 fa^ 
73'1 
14.1 
75'0 
75'6 

iff 
75'7 
77'5 
77'5 
78-1 
79-0 
78'9 
79'3 
79'5 

- 11.3 
15.1 
I 

7'1 
9'2 

I a-7 
6'4 
7-8 

ray 
10'0 

r 0-9 
9'2 

13'4 
7'8 
5'5 
5'9 

14.0 
7'2 

0 - 3  
7'9 
4'4 
6-1 
5'9 

xo'a 
I 1'9 
10'9 
6'5 

10.3 
8'3 

.I 
10.5 

5'4 
4.1 
t" 
4'2 

11.3 
11.3 
7'" 
8'5 
5'4 
5'0 
7 s  

12'4 
6'8 

13'8 
I -8 

3 
6.8 
6'2 

-11'73 
15-93 
12'63 
6-03 
7-03 

13-13 
7'13 

I 1.03 
13'03 
I1'53 
14-13 
11.73 
15-03 
11.73 
5'43 
6'33 

14.63 
8'03 

10.63 
9'53 
6.63 
8.83 
7.43 

11'33 
1f'a3 
13'83 
93"' 

13-03 
9'63 
1'a3 
9'73 
3'43 
3'33 
6.13 
1'83 

12.63 
11-43 
8.53 

10'53 
6-53 
6'13 
8.23 

16'33 
7'93 

14-63 
3-43 
8.83 

10-53 
9'33 
8.43 

- 973 
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COhfPARISONS OF THE SIX-INCH BRASS 8CALEf4 
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C O M P A R I S O N S  OF T H E  S I X - I N C H  B R A S S  S C A L E S  IN  1887. 

Correoted [ql - 7 c q l  - w Corrected 
in milhonthn of a yard [d.tl - A temperature. in *ontho of a temperaturea in milbntha of a yard 

initiela. 
at obd. 

temp. 

+ 0'95 - 1'04 
69-38 70.45 - 1-96 
69.71 70.81 - 0-87 

at 
62' Fah. 

+ 6.69 
+ 5'93 + 4-89 + 6.26 

+ 3'93 + 3-66 + 4'46 + 4-36 

+ 1'24 
f 1-89 + 0'67 + 2-89 

+ 3'09 
+ 5.55 + 3-80 + 2-63 

+ 5-16 
+ 6-44 + 6-16 
+ 5-80 

W. J. H. 

General mean + 4'37 

Probable e m r  & -53 

- 
Mean of 
each obor. Cd.g 

67-60 
68.72 
68.89 
69-43 

67-07 
67-55 
67e97 
68-31 

+ 1-91 I + 5-55 

, * *I3 I f '90 

+ 5'94 

+ 4-60 

, 

y + 1-67 

+ 3-77 

- 0.41 - 0.13 - 1.18 - 1-88 

- 5'13 - 4-90 - 6-06 - 4'14 

- 1.76 + 0.22 - 1-47 - 2-95 

- 0'38 
+ 0'39 + 0.16 
- 0-37 

T. G. M. 

J. B. N. H. 

H. R- T. 

68-43 
69'01 
69'38 
69.71 

67.07 
67.35 
67-97 
68.32 

69'23 
69-46 
69'6 j 
69'84 

66-86 
67-13 
67-37 
67-62 

68.48 
68.81 
69-03 + 5-89 69-20 

69'" 70.08 I 

68-44 
68-66 
69-25 
69'38 

67-00 
67.2~ 
67-97 
68'09 

68'95 
69.08 
69.46 
69'56 

66-50 
66'59 
67-10 
67.22 

68'42 

69-46 
69.63 
69.84 

66-86 
67-13 
67-37 
67-62 

68.48 
68.81 
69-03 
69.20 

68.61 
68.91 
69-01 

70.46 
70.53 
70.83 

67-76 
68-20 
68-31 
68-64 

69-14 
69'64 
69-75 
69'95 

+ 0.68 - 0'06 - 2-41 - 2-63 

- 1-48 - 0.39 - 2';o 
- 1-39 

- 7'97 - 4'49 - 3-59 - 4'03 

- 2-14 + 1-28 
- 2.93 - 3-56 

- 1-33 - 0.23 - 1-42 - 1-02 

+ 5-05 + 4'08 + 2'36 + a'o2 

+ 1-83 
+ 2.78 + 1-34 
+ 2-49 

-3'56 
-0.10 

-0.72 

+ 0.79 

+ 1.53 
+3'82 + 0.24 
+ 0-55 

+ 2'96 
+ 4-04 

+ 3-38 

+ 2-11 

-0.90 

+ 1-54 

+ 3'13 l + 3-52 + 3-41 

66'45 + 2-24 66'53 

67'82 
68.14 
68.18 
68.42 

65-94 
66'53 
66-36 
67.00 

67-37 
67'75 
67.80 
67-97 

66-14 
66-97 
67.04 
67'39 

66'34 
+ 5'39 

-3'40 
-4.11 - 5-25 
-4'03 

+ 6-47 + 6.12 + 6'26 
+ 4'46 

+0'77 + 0.88 
+ ~ 4 5  + 2-69 

+ 4-01 
+ 4'23 + 3.53 + 4'26 

+ 1-21 

68.74 
68.76 
68-74 
68.76 

66'09 
66.35 
66.80 
66'97 

67-50 
67-56 
67-77 
67.82 

66-39 
66.68 
67-21 
67'34 

66-17 

66-70 
66'75 

+ 3'50 + 2-61 

+ 2-14 + 1'12 - 0-09 
+ 0.9' 

+ 9-40 + 8'87 
+ 9-76 
+ 7.79 

+4'42 + 4-44 + 4-32 + 6-47 

+ 7-25 + 7-10 

+ 7'25 + 7-82 

+ 3-85 

66'62 
66'92 I 

+ 1'02 

+8*96 

+4*91 

+7'36. 

- 
+ 6.54 + 6-11 +5'48 



OF THE COIIPENSATED hIICROSCOPE5. 

Collecting the results me have 

by Colonel Everest in 1835. by observations at  Mnssoorie in 1867. 

These results sre fully discussed in Section 8 of Chapter TIT. It only remains to state that the above probable 
errors of the resulta were determined, for the observations of 1835, from the differences between the individual com- 
parisons and the mean of all ; for the observations of 1867 they were determined from the differences between the 
results by each observer and the mean of the results by all the observers. Fifty wmpsrisons with the W d a r d  were 
taken on the first occasion and only twenty on the second, which accountq in some measure for the probable errora of 
the first comparisons being apparently less than thoee of the second. But thia circumstance id more likely to be due 
to more observers having been employed in the second instance than in the first, and consequently to the infiuence of 
the personal equations in increasing the magnitude of the discordancee between the individual results ; eee Section 1 
Chapter 111. On the other hand, where there is a liability to personal equations, the reeult of the mean of the observ- 
ations of eeved observers ia in reality preferable to that of a eingle or a few observers. 

No details are forthcnming aa to the persons by whom the compariwns in 1835 were made; for the eubsequent 
ampariwns the initials of the observers have been given. 

The probable error of observation for eaoh observer, in a single oomparison of any one of the acalea with the 
standard of reference, is- aa follows :- 

J. B. N. H. f 0.69 
W.  6. H. =t 0.69 
T.  G. M. * 0'77 
H. R. T. f 0'92 
M. W. R. f 0.93 

Observers in 1835 f 2'35 

The probable error of observation, for each soale, in a single comparison with either standard by any one of 
the observere ie, 

W. H. COLE. 



t 

DETERMINATION OF THE LENGTH OF THE 'INCH C7.81 ON CARV9S 
3-FOdT BRASS-SCALE. 

The inch [7.8] on thL s a l e  wse, prior to the year 1868, employed at all bsse-line measurements to determine 
the rum of the micrometers of the microscopee ; but it waa not until the recess w o n  of 1869 that a tavourable op 
portunity offered itself for investigating ita relation to the 10-foot standard A. This investigation waa then rendered 
aimple by the possession of the standard foot IF, on which Captain Clarke had carefully determined the linear value 
of the inch [a.b] in terms of the ordnance standard yard Vb5; and as the length of A relatively to that yard had been 
recently determined, we Chapter 3 section 6, it only remained to compare [7.8] with [a.b] to obtain the required 
relation. 

Six obaervera were employed in taking the n e c e w q  observations ; and it having been found that the microempea 
G and H could not be set up at  a less distance apart than five integral incherr, the 5 and 6 inch spaces [b.g] and [a.g] 
on IF were tielected and compared with the corresponding spaces [8.13] and [7.13] on Cary'e scale. Thew wmparisons 
are given in the following tables. The runs of the microeoopee were 

1 division of G = 1.1 5 I I m.y. 1 division of H = 1.1074 m.y. 

The thermometers employed were 4218 on IF and 4217 on C&a scale, the bulb of the former WWJ let into one of 
the wells in the foot and contaot waa tiecured aa usual with olive oil, the latter could only be made to touch the scale 
externally, no hole having been bored for the reception of a thermometer; the mean of the two thermometerg 
after correcting for errors, waa assumed ae the temperature of both bare for the comparison concerned. As both eoalea 
were compared in a room subject to very slight variations of temperature, the error introduced by the aseumption may 
be oonsidered aa insignificant. The factor made uee of for IF was '000,006,347,8, or Captain Clarke'e m u d  faotar 
for I,, and it waa asawned that the faotor for Cary's scale waa of the factor of IF. Them assumptione are d c i e n t l y  
approximate for the result sought and were made in compliance with Colonel WalkeJs dirediona 



+a 

n m 

& *  
r' 

IS: 
9 
.a U 

m.y. 
- 14.5 

16'1 
16.3 

. 15'7 
17.9 

- 20'7 
20.2 

21'4 
20.6 
19'6 

- 19'6 
18'7 
I 7'9 
' 7'7 
17.2 

- 22'9 
22.4 
20'9 
21'" 

20.6 

Data. 

1869. 
Sept. 7th 

9 ,  8th 

,, 8th 

,, 9th 

,, 9th 

,, 10th 

\ 67.4 

1 
3 6 

Ii! 
8 

o 

68.3 
68.3 
68.3 
68'3 
68.3 

67-1 
67.2 
67.3 
67.4 
67-5 

68-2 
68.4 
68.6 
68.7 
68.8 

66.7 
66.8 
66.9 
67.0 
67-1 

67.3 
67.7 
67.5 
67.6 
67.7 

65.1 
65.8 
66.0 
66.1 
66.1 

&I 
s.$ 
gd 

fi 
S 

m.y. 
+ 4.44 

4'44 
4'44 
4'44 
4'44 

+ 3-59 
3'67 
3'74 
3.81 
3.88 

+ 4'37 
4-53 
4-66 
4-72 
4'80 

+ 3-32 
3.38 
3.46 
3-53 
3-59 

+ 3-74 
4-02 
3-88 
3.95 
4-02 

+ zer9 
2.68 
2.82 
2.89 
2.89 

I 

fi .9 
* k 6 
O k E  4% 

- 16.1 

- 20.5 

- 18.2 

-21'6 

0bscrver"s 

J. B. N. H. 
, 

T. G. Id. 

C. L. 

H. R. T. 

H. P;. 

T. T. C. 

RRw*nr;n. 

h. m. ' 
Comxuencing a 45 P.M. 

& d k  3 45 ,, 

Comn~encing o 15 P.M. 
Endiug I 41 ,, 

Commencing z 50 P.M. 
Ending 4 38 ,, 

\ 

Commenoing r r  35 A.M. 
hd iug  o 45 P.M. 

Commencing a 30 P.M. 
Ending 

Commencing I I o A.M. 
Ending I 15 P.M. 

[b.g] - [S.lE] 

- 14.8 I 

observed. 

~n E m m e t e r  
divisions. 

- 
- om8g - 16.3h 

1'9 16.6 
0.3 18.4 

16.6 8 18.3 

- 2-19 - 19'7h 
3'9 18.4 
0.2 22.5 

4- 5'3 27'6 
2'1 23'4 

+ 3'79 - 25'5h 
0-8 21.8 

19.0 - 1.3. 
+ O ' I  20'3 + 2.6 22.6 

- 4-19 - 19-4h 
1'9 21'3 + 0'3 22'3 

+ 3.1 25'4 
- 5'0 16.7 

-+ 1.2g - 18'0h 
2.0 19'3 
2-7 17'3 
0.8 17.6 
0.0 15'2 

+ 1.19 - 2r.3h 
0.5 18.4 
3.3 24.0 

10.0 31.0 

15'1 
12.2 
14.6 
12.8 

- 20.1 

I 7'1 
20.0 

19'9 
18'3 

hm.y. 

-18.97 
20-56 
20'72 

20.10 

22-35 

-24'24 
23-86 
23-14 
24-44 
23.47 

-23'99 
23.23 
22'55 
22-37 
22-04 

-26.r9 
25-77 
24'36 
24.56 
24.23 

-18'55 
19.08 
16.07 
18.58 
16-84 

-22'32 
19.82 
22-77 
22-82 

-13.9 

- 19.1 13.2 32.9 1 21.23 

Menns - 18'2 





From the preceding comparisons it appears that 

[a.g] - [7.13] = - 4.8 
and [a.b] - [ i s  81 = + 13'4 f -98 . . . . . . . . . . . . . . . . . . . . .  1 

The probable error hns been computed from the differences between the valuea of [a.b] - [7.8] obtained by eaoh obeerver 
and the genela1 mean of the same. 

From page (29) of this Volume, 
m. y. 

1 [a.b] =,A - 1'30 f -076 . . . . . . . . . . . . . . . . . . . . . . .  2 
hence by equations 1 and 2 

[7.8] = &, A - 14'7 f '983 

In  forming equation 1 the computers fell into the error of using a table of expansion for six-inches on 
IF for reducing the five-inch spaces to 62' Fahrenheit, and this was not discovered till recently ; the effect however is eo 
slight that it haa not been thought advisable to alter the computations, which would necessitate minute oorreotiou in a 
large amount of work already disposed of. I t  will be seen frem the comparisons of the five-inch spaces that 

the mean temperature of observation being 67O.4. The correction for difference of expansion which was employed was 
'705 m.y. per lo Fahrenheit, whereaa it ought to have been .588 my., and the difference - I  I 7 x 5-4 gives a oorrection 
= - .6 m.y. to be added to the above value of [b.g] - L8.131 which thus becomes - 18.8 m.y. 

1 therefore [7.8] = % -,A - 15.3 m.y. 

As the runs of the micrometers are leas than ,& of an inch to one division and seldom more than 200 or 300 divisions are 
6x300 made use of, the error caused by a difference of .6 m. y. in the value of the inch would be less than -my. in 300 diviaione 
~,c 'c 'o  

of the micrometer, or -009 my., a quantity which is practicslly of no importance. 

The table given on page (22) when wrrected for the above-mentioned error becomes as follows :- 

The changes here made have no appmiable effect on the reeulta deduced on page (23). 

W. H. COLE. 

Observer's Initials. 

T; G .  M. ... 
J. B. N. H. ... 
H. R. T. ... 
C. L. ... 
H. K. ... 
T. T. C. ... 

I - 4.8 - 18.8 I + 14'0 - 

[a.g.I - [7'13I 

- 1.7 
4' I 

9'8 

4'3 

5'5 

3 '1 

Cb.g.1 - [a' 131 

- 21-I 
16.8 

22'1 

19'0 

14'5 

l9.5 

- 
[ad.] - [7.8] 

+ 19'4 
13'7 

I a-3 

14'7 

9'0 

16'3 



No, 6, 

COMPARISONS BETWEEN THE 10-FEET STANDARD BARS I, AND A FOR DETERMINING 
THE EXPANSION OF BAR A. 

These experiments were made a t  Masuri on the Himalaya mountains, in Lat. N. 30°28', Long. E. 78' 7', Height 
above sea level about 6900 feet, during January and ~ a & f  February 1870. Preference was given to this hill site, because 
a lower naturnl temperature could be commanded here than a t  the smaller ele'vation of the plain country b low ; and the 
event proved that the precaution was essential, for the winter was exceedingly mild, so that even a t  the altitude chosen, 
the lowest temperature to which the bars fell was only about 50'. For low temperatures, the uatural cold prevailing 
was accepted. Heat was supplied by means of hot water. 

(2.) The only room available for the purpose, was one built some 4 year before for Pendulum experiments., 
It was 1 4  x 12 x 10 feet in dimensions, and for comparisons of Lars 10-feet in length was much too small. Further, 
standing on the crest of a hill, it was exposed to the influences of the sun and wind. On the other hand, the walls were 
so much as 2 feet thick and the roof wss a solid structure of slates, bricks, gravel and lime. The doors and windows 
also were all double, excepting the window to the west, which during the experiments was adopted as an eutrance ; but 
as the window opened into a small transit room with a suitable outer door, this opening was also well secured. 

(8.) With the exception of the western window, all the other outlets were permanently closed and stout paper 
pasted over the crevices. For purposes of ventilation, a tin tube 6 inches ip diameter was passed through the southen, 
wall. I t s  outer mouth co~ild be partially or completely uncovered as desired : the inner orifice opened upwards, near 
the roof, about the centre of the bar room. Externally, the entire building (the roof as well as the walls) was coated 
with thatch a t  least 9 inches deep. And after theso precautions had been taken, it was found, that the range of tem- 
perature within the closed bar-room, during the 24 hours, did not exceed lo Fahrenheit. Owing however to the small- 
lless of tho room, this range was increased to some 2", during a visit, by the presence of the observers and the heat 
from the lamps, as appears in the tables of comparisons hereafter given. 

( 4 )  The apparatus in the bar-room was copied or ad~p ted  from that used by Captain A. R. Clarke, R.E., C.B. 
Ordi~enco Survey and described a t  length in his volume entitled "Comparisons of the Standards of length 1866." The 
comparing microscopes ~ tood  east and west of one another on slabs of stone, which were placed on solid frustums of 
stone pyramids isolated and sunk into the ground some 22 inches. Symmetrically between the pyrrrmids and about 5 
feet apart two beams ran meridionally across the room and were let into the walls, their continuity to the south being 
broken a t  will by the raising and lowering contrivance (or bar-trap) constructed after Captain Clarke's design. The beama 
carried well planed iron rails on which the bar-carriages worked easily and regularly. For greater rigidity the beams were 
propped UP by uprights directly uuder the line joining the microscopes, and this was all the more necessary that tho 
b a r a m a g e  during observation, as a t  other times, stood on the beams. The bar-carriage was simply a deal plank 7.5 feet 

, x 12 inch x 3.3 inch mounted on well turned brass wheels. The camels stood on the plank and they in turn supported 
the carefully packed caw (or bu-box) containing the bar. 
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(5.) The bar-box was made np as follows. A deal plank 11' x 12" x 2" represented the bottom of the box. 
The upper surface of this plank was covered over with stout country felt. Through this felt, along the middle longi- 
tudinal line, two brass rollers were screwed to the plank, a t  the required points of support; so that when the bar rested 
on them, its mid-height agreed with that of the surrounding water boxes. On both sides of the bar and also around 
its butts there ran the water boxes, which in transverse section were 2.6" x 5.3". The water boxes-were coated externally 
with felt, and a wooden caae fastened down over them to the bottom of the bar-box. Every crack or hole in 
this outer wooden case was carefully stuffed with paste and wool, and finally the whole box was enveloped in a double 
blanket jacket. The bar was thus almost hermetically sealed, at* the same time that it touched nothing but its rollem 
a d  80 was perfectly free to expand and contract. The thermometers let into the bar were read through panes of g h  
fixed in the cover of the box, and the lines (or dots) were viewed through conical tubes similarly fixed, whose smaller 
elldh terminated about f iuch above the bar, and were some 0.2 inch in diameter. 

(6.) The supply and overflow pipes, were placed on a side of the box $bout its mid length as in Captain Clarke's 
construction. The discharge pipes however protruded through the bottom of the bar-box a t  the ends of the water 
boxes. The supply pipe was connected by means of a flexible tube with a tap, fixed in the eastern door. The tap in 
turn was connected with the hot water tank of which further mention is hereafter made. The orerflow and discharge 
pipes (each with a tap) were all connected by flexible tubes with an iron pipe laid down east and west along the floor 
of the room, and it was so m n g e d  that the l ~ t t e r  pipe discharge its water into a tub placed alongside of the hot water 
tank. As the tub filled, the water was returned to the tank, and thus the heat acquired was economised as far as practi- 
cable. A speaking tube admitted of communication between the bar and tank rooms. 

(7.) The water boxes, contrary to requisition, were unfortunately made of thin sheet zinc, so that when the boxea 
were full and water was flowing through them in a contiuuous stream, the sheet zinc bulged a t  various places towards the 
bar, and the interval sides of the water box, next to the bar, no longer presented plane surfaoes. Had time permitted the 
water boxes would have been replaced by others made of more rigid material, but in the absence of such improvement the 
tendeucy to bulge was anticipated snd partially checked by contrivances which need not be enumerated. I t  was however 
agreed that by increasing the space between the bar and the sides of the water box, the irregularities of the latter sur- 
faces would have s d l e r  effect in heating the bar unequally. Accordingly .these spaces were increased to 0.8 inch ; and 
it was found after the experiments, that owing to the yielding of the zinc, they now varied from 0.8 to about 0.6 inch. 
The increased space naturally lead to the difficulty, that intentional changes in the temperature of the water were taken LIP 
very slowly by the bar, and it thus became necessary to maintain the temperature of the tank continuously by day and night. 

(8.) I t  remains to notice an evil in connection with the water boxea, which from want of time could not I)e re- 
medied. It was found that the end pipes did not discharge a t  an equal rate ; and this was traced to the circumstances that 
the orifice of the supply pipe was not the highest point iu the water box. Thus air collected a t  certain higher passage8 
and obstructed the flow. This evil was controlled as far se practicable by careful watching, so that its effect became 
nearly constant in nature. I t  is however to the unequal discharge a t  the end pipes, that the difference in reading be- 
tween the two thermometers of each bar when hot, is to be ohiefly ascribed. 

(9.) The tank and boiler were set up in two little rooms adjoining one another, which were built up  roughly 
mt of the bar-room. These two rooms were separated from the bar-room by an open passage some 8 feet in width, and 
se the boiler stood east of the tank, the fire place was thus removed as far as practicable from the bar-room. 

(10.) In shape the boiler was the frustum of a cone 12"-deep, 9" lower diameter and 12" upper 
diameter. It was made of iron and its upper surface terminated in a bent tube with flanges. The tank for hot 
water was a rectangular box constructed of sheet iron 3' x 2' x 2' in dimensions and enclosed in a wooden 
m e .  A bent iron tube Was p w d  through and rigidly attached to the bottom of the tank: the end which 
opened inside the tank was covered by a perforated plate (or strainer) while the outer extremity terminated 
in flanges. A connecting tube, with flanges a t  both ends, was fixed by bolts and nuta to the tube a t  the top of the 
boiler and to the other tube a t  the bottom of the tank. Thus the boiler was a completely closed reservoir, and 
could be filled only through the t ank  The connecting tube was .4' long and 2" in diameter. The aide of the 
tank furtherest from the boiler was fitted near the bottom of the box with a discharge pipe whose inside orifice wm 
covered with a strainer : this tube fed the water-boxes. The tank was also provided with a cap, which could be removed 
a t  pleasure, and with paddles for miring the water. Its upper surface was pierced a t  three of the corners and fitted with 
ahort tubes. Into two of these tubes funnels with strainers were introdilced. The third tube contained a t h e m e  
meter by which the temperature of the warm water was ascertained. Of the funnels, the larger one served to receive 
the warm water from the tubas it returnedfrom its circuit through the water-boxes (Art 6), while the smaller funnel 
waa fed a t  pleasure from a tap communicating with a cistern of eold water. Thus the temperature could be increased or 
d a r e d  a t  will by regubting the fire under the boiler, and it could be further diminished by resorting to  the cold 
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water tap. It was found however that the latter aid was unnewesary, excepting to restore such aman volumee d water aa 
ran to waste. The large difference between the solid measures of the boiler and tank (about 1 to 14) and the s d  
surface which the former exposed to the fire, secured the result that sensible variations in the intensity of the fire pro- 
duced but little change in the temperature of the tank. Thus a wmmon laborer, uuder occasional directions, could feed 
the fire with euflicient nicety to maintain the hot water'within 0'05 of any required temperature. 

(11.) From what has been stated, the following description of procedure with respect to the water supply will 
be readily apparent. The tank (including boiler) was in the first instance filled with water and a brisk fire lighted and 
maintained. As the water began to heat, the supply and discharge taps in the bar-room were opened arid subsequeutly 
adjusted, so as to secure a  mall but decided discharge from the overflow pipe, as well as an equal discharge a t  the two 
end pipes. After these adjustments had been made, it was ascertained thnt were the supply cut off, the water box 
would empty in about 4 minutes. At the ssme time that the boxes were in c o u m  of filling, additional water was 
poured into tho tank; so thst  in the end, the water boxes were full and discharged nt the regulated rnte ; the discharge 
in the receiving tub near the tank was caught and rtstored back to the tank, and the water level in the latter was 
maiutained, as required, a t  a constant height. It now only remained for the assistant at the thermometer in the 
tank to raise the tcmpeniture of the water and maintain it at the required heat. This was done gradually, the assis- 
tant (an intelligent native) as well w the workmen being relieved a t  intervals. As already mentioned (Art 7) i t  was 
necessary to maintain the heating process by day and night, without intermission, throughout the series or set of obaer- 
tations. Thus for series No. 1 (both bars hot) the heating was maintained continuously from about the eveniug of 4th 
to  13th Jmuaiy.  I n  series No. 2, both bars being cold, the fire was extinguished, the supply and discharge pipes 
stopped, and both water boxea kept full of water which gradudly settled down to the temperature of the room. For 
the remaining series, Noa 3 and 4, the heating was maintained wntinuously from about the eveniug of 20th January to 
the 4th February. 

(12.) Returning now to  the bar-room. The following particulars may be collected together in this place. The 
oounterpoises working the sliding frames in the bar-tmps weighed 641 lbs. The considerable weight of the bar-boxes 
implied by that of the counterpoises, lead to a satisfactory amount of stability iu the barn when under the microscopee. 
Owing to the great width of the bar-boxes, they were moved lougitudiudly on the camels by hand, instead of 
by the slow motion screw, when being brought uuder observation ; a procedure which their weight facilitated. Even 
the transverse motion was obtained chiefly by moving the carriage, lest a liberal use of the screw should distroy the equili- 
brium of the camel. The thermometew were read through reading lenses because the air tubes in the water boxes wcre 
erroneously placed, so that the thermometer reading-tubes could not be employed. The lines (or dots) on the ham were 
illuniinated by means of artificial light ; each observer beiug supplied with a small oil lamp, which he used for this purpose 
sa well as for reading the thermometers. This entailed the re-setting of the lamp to suit the prism of the microscope 
after every thermometer reading, a necessity which in the absence of experieuce a t  first caused sonie delay. It was 
however deemed of irnportaiice that no more lamps should be introduced into the bar-room during work than were 
absolutely necessary, so that the removal of the lamp from the niicroscope to the thermometer and vicG oasa became 
unavoidable. 

(13.) The bars compared were the two 10 feet standards I, (steel) and A (iron). They are described a t  pnges (2) 
and (3) of Section 1 Chapter I. Each bar was supported a t  two points on brass rollers, the points of support for 1, being 

determined by Mr. Airy's formula - where a is the length of the bar and n the n d m h r  of supports. A  as 

supported at 24 feet on either side from its centre, these being the points on which this bar h~ a lwap rested since i ts  
construction. Two thermometers were introduced into each bar, in the existing cavities a t  about 2; feet from its centre, 
and contact between the thermometer bulb and t.he bar wax secured by means of ordinary wlad oil. The ther- 
mometers had bent bulbs so thnt the stems were laid flat on the bar. They were graduated on the glass to every half 
degree from 20' to 100' Fahreuheit. The comparing microscopes employed (G, and H) were the new pair by hlessrs. 
Tmllghton aud Siulms described a t  p q e  z of the Appendices. They were set up so, that the distance between their 
zeros was always k n  t l im the length of either bar, and thue an increment in the reading of thc microscopes denoted an 

in the lenbdh of the bar. Thro~ighout the four series of bar comparisons, the microscopes were never nloved 

*' or disturbed nccideilt~lly or otherwise iu any way : their ndjustment~ needed no alteration arid their s:ability 
excellent. The errors of the thermometers (bee Appendix NO. 8) and the linear values of the micrometer wrews were -r- 
tained directly nfter the conclusion of the 1)ar comparisor.8. A thermometer protected by a glnm case, perforated a t  the 
bottom, was hung wit11i11 the room, and a similar one was suspended outside in the shade north of the buiMing. 

(14.) Owing to certain mechanical defects iu the construction of the bar-boxes, it  was found more convenient 
to adapt the bar-box of I, for lowering into the bar-trap, to make the other bar pass above it, and to co-&ce a 



(16.) The bare were con~pared under four different conditions viz :- 

comparison by always placing bar A first under the microscope. A comparison comprised 4 groupa of obaervationa 
re follows :- 

let Group of observations on Bar A 
2nd SJ 

3rd Giving one oomparison 
9 ,  

4th 99 k 
W Z S T  

l a  1 
Each group of observations comisted of the following readings, the observers being understood by h and c :- 

E A S T  77 

Series No. 1 30 comparisons, both bars hot. 
9 ,  2 30 ,, both bnm cold. 
19 3 30 ,, I ,  hot aud A cold. 
,, 4 . 30 ,, l9 cold and A hot. 

these comparisons are given in the followiug tablee. 

The Bar and Thermometer ccrnperipon~ nnd the Micrometer run1 involved in there experiments were dl taken by the mame obserr. 
rn, ii. by J. B.' N. Hennesseg, Lsq. u d  W. H. Culr, Eq., M.A. 

The above readings in each horizontal line were made simultaneously, and this condition was eeeential in the ease 
of the micrometer readings, because the bar when under observation could not be isolated (Art. 4), as was done during 
Captain Clarke's experiments. I t  will also appear from the foregoing, that in the table of  comparison^ given hereafter, 
each mean temperature is obtained from 16 readings, and each micrometer result from 24 readinga (12 with eaoh mi- 
croscope). Hence the 120 bar comparisons taken, involved 3840 readings of the thermometers and 5760 of the miam- 
meter." 

(15.) The Bar room was visited by the observers daily a t  about 9 A M .  and 2+ M.P. Commencing with the 
former hour; work was begun by reading the outside thermometer. The external door was next opened and closed before 
the observers entered by the western window (Ar t .  2.) The thermometer hanging in the room was read, the lamps lighted 
and bar A brought into position and focus. A bar once brought into good foous would generally remain well adjusted 
in this respect for days, though in the interim it had been wheeled to and fro several times, besides being sunk into the bar- 
trap. After taking a group of observations on A, the bar gave place to I, on which two groups were taken. 1, in turn 
gave place to A, on which a group of observations being taken, one comparison stood completed in some 45 minutes of 
time. In general three oomparisons were taken a t  each visit, at the end of which, the bars, when hot, were wheeled 
away se far aa practicable from the microscopes and left in this position ; after this the inside and outside themametera 
were read and recorded. The temperature of the tank was now generally raised some ) a degree, an increaae of heat 
eufficiently small for the bars to acquire during the short absence of the observers. Remarks similar to the preceding 
apply to the visit a t  24 P.M., with this difference, that on leaving the bar room for the night, the temperature of the 
tunk was decreased by about 24 degrees, a change to which the bars adapted themselves hefore work was resumed next 
morning. In fact no large ch~nges  of temperature were practicable within the intervals of successive visits, for owing 
to  the considerable space (0.8 Inch) between the bar and water box, the former was exceedingly slow in receiving 
changes of temperature. Of the two bars 1, was far the slowest in this respect, as was to be expected. Under an alter- 
ation in the tank of 2 degree4 this bar has been noticed to take so much aa 2 hours in piutiug with the last 4 degree 
of altered temperature. 
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COMPBRISONS between the IO-feet Standard Bars I ,  and A. Seriee No. 3; 1, hot and A cold. w o 

D hen, h n b  generally for the t h e w  between the xenw of the two micromebrr, reckoned am mutant during rwh  cornpariron only. 

i 

z J  

3 * 
f 
tl 
b 

61 
62 
68 
64 
05 
66 

67 
88 
89 
70 
71 
7z 

7t 
74 
75 
% 
72 
78 

79 
80 
81 
82 

84 

86 
86 

88 
88 
90 

Dab 

1870 
B u d  Jan. 

... ... ... ... ... 
24th ,, ... ... ... 

, . 
25th , ... ... ... 

, ,  - 
26th ,, ... . . ... ... 
87ih , ... ... 

. ... 

At observed temperaturea 

I,-Dm A-D" I,-A 

Millionth of a yani 

+ 
1399'59 32871 1070-88 
1399-14 319'23 1069.91 
1398.17 330.q 1067.75 
1399.33 331'3s 1668.03 
r401'7~ 33.3'13 1068'58 
1399-79 3 4 ' 7 0  1065.69 

1 . 2  336.81 103444 
1372'4a 337-65 10.34.77 
1374'oa 338'78 10.35'24 
1375.53 339% 1035'iZ 
1377'zo 345-96 1031'24 
137743 346.46 1030-97 

I .  35558 95.3.22 
1306'44 356'93 949'51 
1.305'70 358 09 947.61 
13oq.51 359-13 945'28 
1303.84 361-91 941.93 
1 3 0 3 ' ~  361.83 941.61 

ia50.64 364'14 886.50 
la51.01 365.07 885'94 
1251.q 364'2a 886.82 

1z5j.Sa 364.90 888.92 
1253'04 365-79 887.34 
1a54.08 366.54 881.54 

xtof"l7 ;3fapr 836'85 
1zog.16 370'53 8.3933 
1210.48 372.34 838.14 
1zzr55 372.31 8.4924 
1221.68 3fa-76 848.92 
laar.y6 373'28 840.48 

36- ... 955'88 

Time Inside - 1 ~~~~~ 1 % 

M 
%a 

.&a - 
Od 

.d I n I 
a" 

Fl w d e  

b. m. A, m. a o e 0 

9 57 A.X. lo A.M. 54'5 ... 36'0 ... 103'0 
lo 48 11 z8 54'5 ..a ... ... ... 
11 34 a 13 P.M. 54-6 ... .. . -.. ... 
0 1 4 P . M . B 4 )  54'9 54'9 ... ... ... 
3 30 64.0 ... 39'1 ... ... 
4 8  t d  . . . 65.0 ... ... ... 
9 A I a AX. 84.5 --. 45-a ... 102.0 

lo 23 11 o 55.0 ... -.. .. . ... 
1 I 2 I t  49 ... . . . ... ... 
1150  033p.x. 55.5 55.7 ... i9.8 ... 
3 30 P.M. 4 la 546 ... ... .. . ... 
4 14 4 51 65-6 fi-0 ... .. . ... 
9 33 LX. 10 17 A.M. 55'4 ... 44.6 ... 98'0 

ro r% ro 57 55% ... ... ... ... 
lo 58 11 46 56.0 ... ... -- ... 
1 ~ 4 8  025r .x .  56'4 56.3 ... a6 ... 
3 17 P.M. 4 a 54'7 55'9 4-5'9 -.. ... 
4 4  4 4  55-9 56'0 ... 6.1 ... 
o 7 e a 55.5 ... 49-5 ..- 92'5 
0 4 6  1 1 9  56.1 ... ... ... ... 
1 3 0  a a 563 565 ... .- ... 
3 16 3 53 55- . 4.a ,. 96.0 
3 5 4  4 4  56.1 .- ... 
4 41 6 I 7  56.3 6 ... 8 ... 
9 .rt  A=. la 13 A.M. 55.3 ... 41-4 ... ww . 

10 14 10 54 56.6 . .. ... 
10 55 11 4s 568 $8 ... $6 ... 
a 50 P.M. 3 38 PY. 55.1 - 1 ... w5 
3 33 

Thermometer madinreading corrected for errom 

A 

1 4 1 4  
... 4 15 4 50 

I 

7345 4217 I- 

0 0 0 

97'431 97'756 91'59 
'378 '710 '54 
-3.78 -559 -45 
'356 544  '45 
'555 '595 '58 
'531 '560 '55 

96.2.30 96.596 96-41 
236 '569 '40 
'324 -658 '49 
'440 -744 '59 
-612 -916 '26 
'605 '838 -72 

93.208 93.575 93'39 
'132 '414 '27 
'JOI '347 '22 

092 -337 '21 

-038 '361 'a0 
'031 '361 'so 

90'927 91.157 91-01 
.gas '103 'or 
'925 '073 '00 

91.079 '259 '17 
.113 '280 -no 
,123 -293 '31 

89-200 89'238 8 9 - 2 2  

243 -269 '26 
- 7 0  3 4  '29 
663 1157 -76 
'700 -846 '77 
-716 '857 '79 

93'59 

4227 4228 ?dm 

0 0 4 

51'406 51.583 51'49 
'426 -640 . 
'472 '694 
'530 '741 -64 
'656 '8- '73 
'678 '820 '75 

52.009 62'134 52.07 
'071 '176 . I Z  

-121 '235 '18 
-286 '24 

'429 '528 '48 
'475 '569 '52 

'999 53'090 53'oi 
53'058 '140 'lo 

' I ~ J  '214 a 1 7  

'185 '270 '23 
'355 '405 '38 
'36a '439 '40 

'600 '615 -6t 
.62o -681 
'635 '7za ::: 
'669 '719 '72 
'693 '799 '75 
'728 '855 '79 

'931 34-038 '98 
'978 '064 54-02 

54.041 '117 '08 
5 '177 '15 
'rao -16 
'114 -a14 -16 

51-98 

... ... 56.4 
566 ig.8 

... ". ... a 
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3 EXPANSION EXPEBIMENTS 

(17). Suppose now, that I, - A = z when both the bar8 I, and A arc nt the tempernture T; also let the ex- 
pansion of 1, for I" Fahrenheit = -$, and its lengths at temperatures T and T respectively = L, and LT. Similarly for A, 

let its expansion be denoted by y, and itslengths at  temperatures r and t respectively by band 1,; then 

(18.) The circumstancw of the cornparisom of aeries No. 2, when both bare were cold, are most fsvomble for 
determining tho difference of length between the bars. The mean results of this series give I, - A = 9 ~ 8  m.g 
when the temperatnre of 1, was 51O.87 and that of A was 51O.84. Adopting Captain Clarke's value for x = 21.159 my, 
i t  is found, that I, - A = z = 89'85 my, when both tho bars are at  the temperature r = 51O.84. 

(19.) Substituting theso values of z and r, there results, from each of the comparisons Nos. 1 to 30 and 
Noe. 60 to 120, an equation in x and y similar to (1). The numerals of these equations may be conveniently tabulated 
as follows ; where, for instance the first horizontal line, under both bars hot," when read as an equation, ia represented 1 

by 44.68 x - 46.54 y = - 65.70 my, and so on of the others. 

Seriea No. 1 ; both bars hot 

Co-efficient of 
% .8 

2 6 

Q x Y 
0 

+ - - 
I 44.68 46-54 65-20 . 
2 '63 67.42 : 

3 '65 ::d 63.2 I 
4 '70 _ '16 53'87 

a '73 -74 53.08 
-65 '01 53.20 

7 38 '0% 53-67 - 
8 -57 . '04 57-11 

9 '60 45'63 46.77 
10 '74 'go 49'88 
I I -75 '78 48'76 
12 '79 , -76 45-76 
13 -88 -66 42-18 
14 '92 '71 41-70 
'5 '93 '67 40.13 
16 45.09 46'1 I 46'40 
'7 '13 '43 51'89 
18 , -16 '65 55-52 
19 I '13 '74 ‘ 60.35 
20 ] -12 -76 60.47 
21 I '09 '76 63.86 
22 1 42'94 44-20 52.38 
23 43.01 , '30 52-47 
24 '12 '43 55'4' 
a5 '29 '54 52-12 

26 '29 '47 51'39 
27 ' '36 .'43 ' 49-89 . 
28 -34 43-56 28'76 . 

19 '3 ' '7' 34'67 
30 '28 44-31 48'09 

I 

Series No. 3 ; 1, hot, A cold 

Coe$cient of 
h 

% '& 6 
z a  x Y 

8 

+ + 
61 45'75 + 0'35 981'03 
62 '70 '31 980'06 
63 -6 I '26 977'90 
64 -6 I '20 978.18 
65 '74 . '11 978'73 
66 '71 '09 975'84 
67 w57 - '23 944'59 
68 as6 '28 944'92 
69 '65 '34 945'39 
70 '75 '40 945.87 
71 '9 2 -64 941'39 
72 '88 '68 941.12 
73 41-55 I-zo 863.37 
74 '43 '26 859.66 
75 -38 '33 857'76 
76 '3 7 '39 855'43 
77 -3 6 '54 852.08 
78 -36 '56 851'76 
79 39-20 '77 796.65 
80 '1 7 '81 79609 
81 -16 '84 79697 

'88 799.07 82 '3 3 
83 '36 '9' 797'49 
84 '3 7 '95 797'69 
85 37-38 2-14 74700 
86 '42 .18 14-38 
87 '45 '24 74!.29 . 

88 '92 '31 759.39 
89 '93 '32 759'07 

'3% 758.63 90 '95 

Series No. 4 ; 1, cold, A hot 

Coefficient of 
'3 .z - 6 " Y 

+ - - 
91 1-03 4633 983-30 
9a -16 -28 980.36 
93 3'78 -88 941'34 
94 '82 '91 940.40 
95 '90 '93 939'10 
96 4'53 44'49 873.10 
97 '55 '49 873.08 
98 '57 '49 874'30 , 
99 '81 45'02 879.43 
100 -85 -03 880.19 
IOL '91 '05 879.72 
102 5-29 41-61 793.49 
103 -31 -60 792.85 
104 '35 '55 293'57 
105 '39 '55 792'34 
106 '57 42.17 798.04 
107 '59 -16 796.04 
108 -60 "6 797'59 
109 '53 38.74 721.90 
I 10 '53 '74 720'90 

. 1 x 1  .53 
I 12 

'77 723.87 
'59 39'35 733'21 

"4 '60 '34 733'39 
1'3 '61 '34 734'37 - 
115 '51 36.05 662.92 
116 -50 -09 664.26 
1 1 7  -50 .IO 664.67 
118 -52 '49 671.26 
119 '51 
120 

'47 670'44 
'5' '46 670'97 



WITH THE BTANDARDS Is AND A 33 

(20) Accepting these 90 equations as all of equal weight, and proceeding by the method of I d  squares, there 
result the normal equations 

in z, or 112355.57 z - 6801457 y = 909603.81 = a - 68014'57 x + I 14634.25 y = 1050578.79 = /3 . . . . . . . . . (a) in y, or 

The eolution of p u p  (2) gives 

or 
"'.Y 

k = 21.2903, with weight reciprocal = -0000138886 
Y = 21'7965, ,, 7, 1 " ' ' ' ' (3) 

(21) Substituting in the equations tabulated, the numerical values of z and y from (3), the following residual 
errors are obtained 

(22) The sum of the squaw of these reaidurrls is 884-32 ; so that the probable error of a single comparison, or 

No. of Series I No. of Series 

and the probable error of z = 2.1382 J~oooo138886 = & -00796 
n y = 2.1381 J . O O O O I ~ ~ I Z ~  a f 000788 

Hence, in the notation of page (12) Seation I Chapter I1 
'".!I 

@ = 3, = 21'2903 f '0080 
= 21.7965 f - 0 0 7 ~ )  . . . . . . .  . . . . Q 

Y = E. 

1 

Baidlul 
E m  a m p .  

I -2.54 
1 - 2.98 
3 +1 ' 03  
4 +0 ' 58  
5 + 0'29 
6 - 0'95 
7 + 0.29 
8 - 2'51 
9 1-74 

10 1-95 
I I 3'65 
12 1-94 
I3 2'46 
14 1-74 
'5 . "25 

which are the adopted valuea (eee page above quoted). 

Comp. 5 L i d 4  Error ki C-P. Error 2 :mid:. Comp. Error 

3 

3. Reaidunl 

Comp. Error 

61 - 0.63 
61 + 0'33 

1.18 63 
64 2-77 
65 2-51 
66 0.70 

67 0.69 
68 2'31 
69 2'19 
7O 1.85 

1.02 71 - 
72 + 0'43 
i 3  4-92 
74 5'00 
75 5'76 

16 - 1-34 
17 0 

18 0.18 
19 4 
20 1'88 
21 4.63 
22 3.18 
23 2.58 
24 5'03 
15 2.96 
26 3'76 
27 4'62 
28 2'02 

29 4.02 
30 3'74 

4 

Baaidus3 

Comp. Error 

91 + 4'60 
92 3'68 
93 0.00 

94 0'75 
95 0.78 
96 0.18 
97 - 0'21 

98 1-87 
99 0'56 

loo 1'9.5 
101 2'33 
101 + 0.83 
103 0.84 
104 - 1-81 
'0.5 1.4 

76 + 4-95 
77 5-08 
78 5-19 
79 0.65 
80 1.60 
81 3'35 
82 a.70 
83 1-13 
84 1'99 
85 - 1-19 
86 ' + 0.22 
87 - I 
88 + 2-41 
89 2'10 
90 1.23 

106 + "53 
107 
108 

3 '89 
a-11 

109 4'76 
I I O  5-76 
11' 3'44 
11% 5'47 
113 4-86 
"4 3'67 
"5 5'54 
116 5-28 
"7 5.08 
118 6-58 
119 7'17 
120 6.42 



(23) The p d i g  values are arrived at by combining together all the 90 equations of seriea Noe. 1, 3 and 4. 
If however the 30 equations of aeries No. 1, when both the bars were hot, be excluded, and the remaining 60 equatione 
of series Nos. 3 and 4 be proceeded with by the method of leaet squares ; using r = 89'85 m.y and r = 5x0.84 as be- 
fore ; there reault the normal equatiom 

in z, or 53333'88 x - 7345.89 y = 978226'08 = 
in y, or - 7345.89 y + 52268.08 y = g;g~+5.zt = ;} ' ' ' ' ' ' (6) 

The solution of group (6) givea 

or 
"'my 

o = 2 I '3369 with weight reciprocal = .oooo I g I rgg 
$9 

. . . . . . . . 
y = 21.7472 = ~oooory~og8 (7) 

(24) Subetituting in the equatiom tabulated, Nos. 60 to 120, the numerical valuea of z and y from (i), the 
following residual errors are obtained 

(26) The sum of the squares of these residuala ie 395.57, no that the probable error of a single oomparison, or 

and the probable error of z = 1.7615 J.oooarg~~gg = -00770 
IS 19 y = 1.7615 J-ooooxgpg8 = & -00777 

Hence, m the notation of page (12) Section I Chapter I1 

No. of Series No. of Seriea 

3 

No. of ~ s k d n a l  
Comp. error 

81 + 1-43 
82 0-77 
83 - 0.79 
84 + 0.07 
&& - 4-03 

1-64 
:Q 2.07 + 0'53 
89 0.21 
go - 0'66 

3 

No. of Raidad  
Camp. error 

61 - 3-14 
6% 1-78 
63 0'93 
64 + 0'65 

0'39 2 -1.43 
6 7 1-40 
68 + 0.24 
69 Oa09 
70 - 0.26 

No. of Seriea 

4 

NO. of =dud 
Comp. error 

I + 1-28 
"3 3'27 
"3 2'66 
1x4 1-47 
1'5 3-50 
116 3 '25 
1x7 3-06 
118 4-53 
"9 5'" 
rzo 4'36 

4 

No. of B e r i d d  
Comp. error 

91 + 2'27 
92 1-35 
93 -2.48 
94 1'7.5 
95 7 
96 2'2.3 
97 2-63 
98 4.28 
99 3'00 
100 4'39 

3 

No. of Raidual 
hmp.  error 

71 - 3-14 
7% 1.69 
73 + 2'92 
74 3'07 
75 3-76 
76 2'95 
77 3-08 
78 3.20 
79 - 1-27 
80 0.32 

4 

No. of Residual 
Comp. error 

101 - 4'77 
10% 1-46 
I03 
104 4'" 
13.5 3'75 
106 + 0'19 
107 1-55 
108 - 0.22 
109 + 2-60 
110 3-60 



(26) We may also deduce from series Nos. ..l and 2 a value for tho difcrence of expansion between I, - A. Now, to 
find the difference of length between the two b m  both at temperature T, we have in the notation of article 5 Appendix 
No. 7 

(27) In applying this expression to the cornparisone of series Nos. 1 and 2, I shall adopt values of T for these 
aeries respectively of 97'-42 and 5 1 ~ ' 8 4 ,  which represent the mean temperature of A during eat h group c f  o jmpari- 
sons. For the expansions I employ the values on page (14) viz Ea = 21-79; m.y : nd B', = 5 I 125 m.y so that 
ItB - E&, = -0.572 my .  Under thew couditions we obtain the followiug, 

Berioa No. 1 ; both Bars hot I Series No. 2 ; both Bars cold 

.B Obnerped 4 
k Fr 

m I, - A 
7 Temperature at :h idua l  5 97O.4~ Error ' 

C 1,-A I Fah. 

;4d I n  A us 

0 m.y 0 
O my 

I 96.51 98.38 14.15 + 0'96 1.86 64'18 - 0'36 
a '47 '39 12.43 0'97 1'91 63'73 '8 I 
3 '49 '40 16'64 0'98 1'91 67'75 + 3.21 
4 '54 '00 35-98 0'58 1.46 67'30 1.76 
5 '57 97'98 36.77 0'56 1-41 67.01 2.48 
6 '49 -85 36.65 0'43 1.36 65.77 1-13 
7 '41 .86 36.18 0'44 1.44 66.99 1.45 
8 '41 '88 31'74 0.46 1'47 64'10 - 0'34 
9 :44 '47 43'08 0.05 1'03 64.97 +0'43 

lo 58 '74 39'97 o.ja I 64.77 .aj 
11 '59 '61 41.09 o-ao 1-03 63.06 -1'48 
11 '63 '60 44'09 0.18 0'97 64'78 + 0.24 
13 '72 '50 47.67 0.08 0.78 64.18 - 26 
14 '76 '55 48-15 0.13 0'79 6499 + '45 
15 '77 '51 49.71 0'09 0'74 , 65.48 -94 
16 '93 '95 43'45 0'53 1'01 65.40 '86 
17 .97 98'17 37'96 0'85 1'30 66-04 1.50 
18 97.00 '49 34'33 1.07 1'49 66.57 2.03 
19 96'97 '58 29'50 1-16 1-61 64.33 - 0'21 
l o  -96 -60 29'38 1-18 1-64 64.86 + .ja 
a1 '93 -60 15.99 1-18 1.67 6a.11 - 1.43 
aa 94'78 96'04 4 -138  6 6 1.11 

13 '85 -14 37'38 1'18 1-29 64.03 0'51 
a4 -96 -17 34-44 1-15 1-31 61'58 1-96 
a5 95113 '38 37'73 1.04 1'25 63.67 0'87 
a6 13 '31 58-46 1-11 1.18 61.88 1.66 
a? 'lo 'a7 39'96 I 1'07 62.01 2-53 
18 '18 95-40 61.09 a'oa 0.12 64-60 + 0.06 
a9 '15 '55 55'18 1'87 0.40 62.60 - 1.94 
30 'la 96-15 41-76 a 1-03 61.89 - 1'65 

Mean96-19 97'41 38'31 64'54 

.ii Observed 

2- 
d 

$ t p e r n p d e  90 8 r( 510.84 Error 
u. ! , -A  7 Fsh. 

11 A urn 

0 0 m.Y 0 O m.y 
31 54.44 54.39 89.00 + 1.55 - o 05 89-40 - 0'45 
31 -44 -34 89.47 2-54 -06 89.65 'lo 
33 -4 '39 86-96 a.55 '05 87.36 2-49 
34 -45 -41 87.66 1.57 -04 88.18 1'57 
35 .48 '4 91-37 1'60 -04 91'01 + 1-16 
36 51'33 53-17 91.96 0.43 -06 90'94 1.q 

37 '33 1 7  93.10 0 .q~  -06 92-08 1-23 
38 '34 '17 92-53 0.43 '07 91'39 1-44 
39 '34 '30 91'78 0.46 '04 91'19 1-34 
40 51.83 61:73 91'56 - I '10 89-38 - 0.47 
41 .81 la  92.11 0.11 -10 89.91 + ' o r  
qa -81 'fa 91-10 0'11 -09 89'11 - '73 
43 .80 '71 91'83 0'13 -09 89'85 '00 

44 -79 'fa 91.03 I .or 89'47 - -38 
45 "76 "70 89'86 0.14 -06 88-51 1'34 
46 -75 '69 91.44 0.15 '06 g o d  + '13 
47 -75 '70 92.64 I -05 91-50 1-65 
48 .IS '11 89'16 0'7a '01 88-54 - 1-31 
49 -11 '11 89'14 0.72 + '01 89-04 '81 
50 .I I '12 89'18 o-la '01 8898 '87 
51 I I 90'41 ov7a 'or 90-aa + '37 
51 '11 '13 90'54 0.71 '01 90'55 . 70 
53 -11 '13 89.13 0.71 .oa 89'14 - -61 
54 -11 -14 89'11 0.70 '03 89.45 '40 
55 .:a '14 89.58 0'70 '01 89.60 '15 
56 50'19 50:jo 90'91 1.54 '01 90'14 + '39 
57 '17 a8 90'96 1.56 'or 90'28 '43 
58 *a5 'a8 90'87 1-56 '03 90'61 '77 
59 4 '17 8869 1'57 '03 88'43 - 1-41 
60 '14 '16 90'86 1-58 '01 90.38 + '53 

Mean 5 1'87 5 1'84 90'48 89.85 



36 RXPANSION EXPERIMENTS WITH THE STANDARDS l8 AND A 

(28) Hence for aeries No. 1 the probable errore are ; of s single comparison & 1.09; of (I, - A)wO.* P, .ao. 
And for series No. 2 the oorresponding probable errore are respectively f .76 and f -14 Therefore in the preceding 
notation 

"'my 
(I, - A)61e.M = 89'85 f 'I4 

(I, - A)mo.a = 64-54 i *zo 

From the concluded values a t  page (14) 

(29) Experiments for determining the linear values of a division of the micrometers, attached to the mi-pen 
G and H, were made on the 10th and 11th Febmary 1870 ; directly after the expansion experiments had been concluded. 
Thew values or "nins " were taken on the inch (a.b) of the standard steel foot, which space is divided into 20 parts 
each of 0.05 inch. Focus was found on the lines about the middle of the inoh, and each of the 20 spaces measured in 
succeaeion with the micrometer. The focus was then deran~ed and the process repeated by the other obsarver. Each 
space was thus measured 6 times in all, focus being found aa many times, after which the run of the other microscope w t ~  
found similarly. These experimente give the following liuear results, which have been employed in reducing the bar 
aomp.is0na 

1 Division of Micrometer G = 1-15 163 m. y of A 

(30) The errom of the working thermometers employkd during the bar cornparisone, will be found recorded in 
Appendix No 8. 

J. B. N. HENNESSEY. 



No* 1, 

FINAL DETERMINATION OF THE DIFFERENCES IN LENGTH BETWEEN THE 10-FEET 

STANDARDS IB, I s  AND A. 

The particulars of the comparisons between the bars I,, Is and A made in 1867 are given in Appendix NO. 3, 
where however the differences of length at  62O Fahrenheit are calculated with the m'ginal vdues of expansion for thew 
bam (w page 8). To find thew differences in terms of the adopted values of expansion (see page (14)), we p r o d  w 
followa. 

2. Let any two bars, say F and Q, be compared respectively at temperatures t, and tg, the observed exceee of F 
above G being denoted by (F - G)o , and the similar excees when both bars are reduced by calculation to 6 2 O  FBb : 
by (F - G),. Then if the expansions employed in these reductions be E, for F, and Eg for G, 

(F - GI, = (F - G),  - (t, - 62') E, + (tg - 62') Eg . . . . . . . . [XI 
and differentiating this equation with reapeat to the expamione 

d (F - G), = - (t, - 62') dEf + (tg - 62') dl$ . . . . . . . . . . [z] 

3. Collecting the ~umerical values required, for calculating the corrections to the diierencea of length a t  62' Fah : 
given in Appendix No. 3, we have the following 

EB E, *. 
'n.Y From page 8, original values of expansion 32.759 

,1 P.g. (14)a ,, 32'759 

0 ".Y 
From page 9, comparisons of I, and Is (t, - 62') = 9'95 . (I, - = 131'401 

,1 10, 9 )  I, and A (t, - 62') = 9.95 (I, - A )a = a21.31 C47 

' 9  11, I1 I, and A (t, - 6%') = 9'-64 ; (ta - 6a0)=90'7 I j (1, - A )a = 89'94 

4. From [2], [3] and [4] there result 
".Y 

d (IB - Is ), = 9-95 x -066 = + 0.66 

d (IB - A )69 = - 9-93 x -872 = - 8 - 6 8 . .  . . . -1.51 
d (I, - A)6s = - 9.64 x .066 -9.71 x.872 = - 9.10 



38 FINAL DIFFERENCES I N  LENGTH BETWEEN 1, Is AND A. 

and from [4] and [5] we obtain the required differences of length betaeen the barn a t  62" Fahrenheit w follows, the 
expansions employed being the ad(yptcd values of page (14), 

which are the values given at  page (25) deduced from the comparieone of 1867 only. 

5. Again in Appendix No. 6 comparisons of 1870, series No. 4, the mean reaulta ehow, that when Is and A were 
respectively at  the temperature8 51O.87 and 51O.84 the former bar was longer than the latter by 90.48 my. Now in 
the notation of [I] 

or since (t., - tJ and (Es - EJ are both small, we may put t, = t, - dt, and write more conveniently 

(I, - A), = (I, - A), - (t, - 62") (E, - EJ - dt, E, . . . . . . . . . 9 [7] 

substituting in [7], the adopted values of expansion from [3] and the mean resulta above quoted, we have 

(Is - A), = 90'48 - 10-13 x '572 - '03 x 11.8 e x p d  in m.y 

6. From what hss been here etsted and proceeding as on page (25), the followbg are the final resulting differenoea 
at 62" Fah : . 

"'9 
lB - Is = 13 1-46 detsrmined by Captain A. R. Clarke, R.E. 
Is - A = 82-52 of cornparims in 1867 and 1870 - 

Hence I,- A = ~13.98 

J. 8. N. HENNESSEY. 

November 1870, 



O N  THE THERMOMETERS EMPLOYED WITH THE STANDARDS OF LENGTH. 

The standard and working thermometers, employed in determining the temperatures of the standard bare when 
under comparison, may be suitably described under two classes or kinds; i.e. themiorneters which are read on their 
attached metal scales, and those with scales marked on their own glass tubes. The former kind of thermometers were 
received with the base-line apparatus in 1830, and were employed up to the year 1866 when they gave place to excel- 
lent thermometers of modern construction. 

Thernwrneter8 with metal scales, in w e  1830 to 1866. 

2. The two standard thermometers were constructed by Messrs. Troughton and Sirnme an1 were marked in thid 
country and ul. There is reason to believe that they were precisely similar to  one another in cmstruction, so that a 
description of the latter, which alone is now (1871) forthcoming, may be considered to include the former. Thermo- 
meter cl is about 16"t in length, terminating in a glass-hook a t  the upper extremity and in a spherical bulb 0".6 in dia- 
meter at its lower end, It bas a straight-bulb, a term, in contradistiuction to bent-btdb, by which i t  is intended to exprese 
that  the oentre of the bulb is in the prolongation of the straight line defined by the glass tube. The thermometer is  
attached to A brass plate or scale by means of the glaas-hook which to a certain extent aota the part of a ~ l t e a d ~ - ~ i n ,  
and two bent metal bands which e m b m  the tube near its extremities and are themselves screwed d o m  to the metal 
plats The scale ie graduated to half degrees from 5' to 222" Fahrenheit and the distance between the 92" and 912" 
strokes is lZq-3. Thermometers o and ul have been assumed aa errorlese, in the ahsence of experiments during the 
period of their employment for finding their errors : nor could the omission be now supplied, for the glasszhook has e 
play in its socket of quite a quarter of a degree, bg which quantity any errors which could a t  present be determined 
may be affected. Besides this, the important variations of their zero errors cannot now be ascertained retrospectively. 

3. The 4 working thermometere were, it  is believed, all similar to one another : those on standard bar A were 
marked a and and they are the two thermometers on which the observed temperatures uf this bar depead during the 
comparisons a t  the Calcutp, Dehra poon, Sironj, Bider, Sonakhoda, Chaoh, Karachi and Vimgapatam base-lines. The 
thermometers on standard B were marked y and 6; they were employed with this bar, only durirtg the comparisons of 
1834-35 between standards A and B, and were sent back to England in 1843-44 with the latter k. It is therefore 
sufficient to add that y, 6, u and a, were all compared with one another in April 1835, when 25 read- of eacb ther- 
mometer were taken between the temperatures of 73' to 79" Fahrenheit. The mean di~erenoe'~ire8 



ON THE THERMOMETERS EMPLOYED WITH STANDARDS OF LENGTH. 

Thewnometers with m t a l  scales, in use 1830 t o  1866--(Continued.) 

4. Ae regards the important working thermometers a and 8, a description of either will answer for the &her 
sinoe they are exactly alike in appearance. Thus a has a bent bulb ; the tube terminates at  its upper end in the usual 
glasehook which was found in December 1855 to be slightly loose in its socket, so that the tube had a longitu- 
dinal play estimated at  0"-9 as a maximum. The liability to displacement waa checked by the introduction of a minute 
wooden wedge and the thermometer uned with this precaution in the comparisons which were subsequently made. 
The tube is 7" in length reckoning, from the glaskhook to the angle at  the bend, and is attached to a b m  plate (or 
scale) in the aame way as the tube of ul. The bulb is spherical and UI.4 in diameter ; its centre is l".l below the 
b m  plate, so that the bulb when in position is situated slightly below(l, the centre of a transveree section of the 
ntandard A(p). The thermometer is graduated only to integral degrees from 6" to 140" Fahrenheit and the d i s h c e  
between the 32" and 140" strokes is 5". The maker's name is not registered on a or a but it is believed that these 
instruments were constructed by Mesars. Troughton and Simme. 

6. The thermometers a and /3 were compared with certain standard thermometers on tJxee occaaiong i.e. in 
1833, in 1854 and in 1867. 

6. The comparisons of 1833 were taken by Captaine) Gt. Everest, whose register of these experiments does not 
ahow the circumstances under which they were made; but it may be conjectured that the thermometera a, ul, a and /3 
were euspended near one another in a room where the temperature was tolerably equable and thue obeerved. The 
readings recorded are ae follows : 

TABLE I of 1833. 

u + u l  a + 8  
And from the mean readings - - - = + 0O.045 

2 ' 2 

Standard Standard a 1833 T i e  8  
"1 

h. m. 
June 13, g o 8992 8g9 890.0 

lo 15 90.0 90.1 90.0 90.0 
12 o 91.1 91-2 91.1 91.0 
"5 g1'7 92'0 91.8 91.7 
3 0 92.4 92'5 92'5 92'4 

14, 830 90.2 90'4 90.1 90.5 
10 o 92.6 92'7 92.5 92.8 
1 1  0 92.8 93.0 92'9 92.8 
I= 15 94'7 94'6 94'6 94'2 
4 30 95'8 95.8 96'0 95.8 
5 30 97'1 97'0 97.1 96.8 

(l.) Bee hmiption of atandud A page (2). 
(3.) In this resped them old thermometers hmw an advantage over mod modern bent-bulb. The bent arm aarrying the bulb u 

bo abort in the latter inatrumenb to reach down to the cantaw of the bsr, snd men the thermometer-well8 in the b m  u e  not 
d r c p  bwed to a dhient depth. 

(8.) Aftmm& oolonel sir O. Ewmt 0.B. 

Standard Standard a 1833 Time a 
0 1  

re 

A. m. 
June 15, 7 30 a7P3 87:s 87:3 

830 89'3 89'3 89-1 89.0 
9 30 90'5 9O.5 90'5 90'3 
10 o 91.6 92.0 g1'5 91.3 
12 o 92-5 g2'7 92.7 92.8 

16 6 30 87'8 88.1 88.2 88.2 
8 o 89.9 90.1 90.0 89.9 
9 O 9''s g2'3 91'5 92.0 

11 0 93'1 93 '9 93'3 93'9 
1% 0 93'4 94.0 93.6 94'0 
5 0 95'5 95'6 95'5 95'7 

Meam 91.805 92.023 91-855 91.881 



ON THE TRERJfOMETERR EMPLOYED WITH THE STAXDARDS OF LENGTH. 4 I 

Thermometers with metal scaleo, in use 1830 to  1866-(Continued.) 

7. I n  1834 lXnjor(,, A. Strange compared al a and /3 with one another. The thermometers appear to have been 
attached to " a light frame of deal wood" and '' the whole immersed in a large wooden tub contnining sufficient n-ntcr to 
"completely cover them." The water was '' thoroughly agitated by mems of a wooden paddle in order to obtain cq11;~l- 
" ity of temperature throughout." The results are as follows :- 

TABLE I1 of 1854. 

Note.-" Stirring the water makes a differenca of lo ooeasionally". 

8. The comparisons of 1867 were made under the directions of Colonel J. T. Walker, R.E. by J. B. N. Hen- 
newey, Eeq. and W. H. Cole, Esq. ar. A. The procedure followed on this occasion will be found described further on iu this 
pnper under the head of "Thermometers with scales marked on their own glass-tubes"; it is sufficient to premise in 
this place that the Standard 4246 is an instrument. of modem make, constructed with the skill and improvements now 
in practise and that its errors are al l  known. The experiments under notice give the following results :- 

TABLE 111 of 1867. 

a + - - 
2 

I a 
CH % 
O 'E: 
0 

E! 
0 

0 0 0 

I 39'4O + 0.50 - 1-40 
2 39'75 + 0.83 - 1.15 

a - p  Readings of 
Standard ol 

(1) Now Colonel A. Sfrange. 

0 0 0 

3 53's' + 0.10 - 1'00 
4 53-25 - 0.05 - 0-80 

. + B  
ul - - 

2 

0 0 0 0 0 I 0 0 0 0 0 

CI 
CH 

O '5 
6 p 

L7 a0 
0 

. - p  

I 6092 - 0'36 - 0.11 - 0.94 
2 62-90 - 0.30 - 0.18 - I 
3 64.80 - 0.37 - 0'49 - 0.12 - 0'53 

66-93 - 0.38 - 0.50 - 0.12 - 0-61 
69.01 - 0'45 - 0.48 - 0.03 - 0.57 
70.83 - 0.2 - 0.54 - o - 0 

7 72.78 - 0.41 - 0'54 - 0.13 - 0.54 

Readings of 
SbUdard ul 

The water was now raised to a temperature of 108' and allowed to cool down graduaIly 

8 75.00 - 0.42 - 0.58 - 0.16 - 0-57 
g 77-09 - 038 - 0.63 - 0.25 - 0.71 
10 78.75 - 0.42 - 0.56 - 0.14 - 0.59 

-0.57 -0.18 -0.62 I I 80.83 - 0.39 - - 008 - o.57 12 82.86 - 0.43 
13 84-91 - 0.37 - 0.57 - 0.20 - 0-55 
14 86.86 - 0.30 - 0.67 - 0.37 - 0.42 
15 88.93 - 0.33 - 0.62 - 0.29 - 0.46 

95'30 - 0.43 - 0.45 - 0.30 - 0.40 
7 85'55 - 0'20 - 0'50 
8 80.35 - 0.13 - 0.85 

of u1 of a of p  
0 0 0 

Readings in melting ice 32.35 3 1-6 32.8 

I. 9 75-00 - 0.13 - 0'35 
70.50 - 0.18 - 0'55 

I 1  62.30 - 0'25 - 0'70 
12 62-60 - 0.10 - 0.60 

































































PLATE' W. 
Exaw.9 p f c o ~ p d n ,  b a r s o v z r ~ t a n d w d ~ a t 6 2 ~ ~ ~ m o r i n / B a s e .  

Brass Components East . G , ~ i S o n s  (11.3 .) 10'~ebruar~ 1869. 





E m s s  ~Jtmqmmbn 6ors o w  S* A d 6 2 :  Gqm G k B a s u .  
Brass Components East. GmiprL;solt6 ( n. r . ) l * February 11669. 

Tb hmkm&J in&moLs oorraspand lo o w  hour. % vcriicuL Nlttwezh awtrqod to 2 dw+ t# thfi miuvmctrr om thi &a- 
s&, anid tb 20 m~'& @ a , , w d  on, bib, ouhr s&. rb d*rurufaons $ t&#  tand dad mrc, redud, t~ 62 : wu% t%& old 
v u b  ,$ %fambr of q - i o w ,  or .000.tW6,8nl. Ufbr  I O F .  

C. Dm., PLr*a 





P U T E  IX 
f i c ~ ~ ~ ~ a ~ 6 a r s w c r  r ,WAd62:+( iunor i rc&csc.  

Brass Componats West. To'n1punkm~6 (111.1.)12 @ 9 ~ b y 1 8 6 9 .  

1SbaLk 

la..#. d.. 

280 
- 

ado- 

sku&# 
EL. 

t d O ,  - - - - 

I..& 

-dso 

8.30- / 

/' 

- 
- 

- - - - - 
-&UJ - - 

810- 

- - - - - - - 
219 
- 
- 
- 
- - - - 

- - - 
- - 

zu- 
- 
- - 
- - - 

,LO 

- - 
- - 

224 
- 
3% - - - 
- - -3 70 - - - 

- 
too 
- 

2.50 - - 

- 
I d 0  Id0 

LD 

D /  

210 

- - - - 
- 
- - - 

- - - - - 
B., 1 

- - - - - 
A' 

- 
'A 1 - 

140 - - - 170 - - - - - 

1ao- 

170- 

140- 

Z h s  h e 4 8 9 ' w N .I .4 lIins - .I 1 

- 
160 - 
- - 
- - 
- - 
- - 

1 LO - - - - - - - - 
- 

120 





E x e m  ~ f m n q p m a a t i o m 6 a r a m r r ~ A d 6 2 : +  ~moriwI3a.w. 
Wass Cmpments West . Gmparimrn (111. r . ) M ''fihrzwy 1868. 

& hrivrnfaL intcrva(s mrrcspod to o m  hour. W ve&d intt~val,r corrtqwnal fo 2 &tons qC th -& 
ow th inner d,, and to 20 miUM& of w yard on' & wtrwtrr s 4 .  5%. o b s d n a  ef th.5 St.mduroC were 
r- to 62: wit% tb o(al vuhw f I% faclor # erp-'om, or -OW, 006, BOl, for 1 ' ~ . -  

C; Drws, Y I I ~ ~ .  C. 0. 0Lum11, ZIUW 





PJATE XT. 
E m  g f ~ h  ova ~ ~ ~ a t 6 2 : ~ ~ m r i n / ~ a s c .  

h a s  Components West . (2nnpmwm (UIA 24% F d v  1869. 

Th h r t w d d  vctsmls un-mpmd to one hour. Z h  v s * ~  utw& wrreapmd to 2 &MWW <$ t h t ~ e m h u c r r s  

SEQle,wtd lo 20 m*gCrvLvard on, tb o& scaL ~ob. tavaaOnrof&  StmularaE were radu4bd Cb 6 Z 0 d . & &  
v a h u  pf &o.&otor $ arjpanarom, or- .000,006,80l.,for l o  F. 





PLATE XLI 

E3uaps o x  cumpcns&n bars ovrr Stanriard A at 62."CV,e & ~ D ~ u I /  Base. 
Brass C h q m n e n t s  West . Gw,pamns (llI.+.)25*hy1869. 

Ths A o r i z o d  thtu-vals corrwpod to on* k. T b  v c r d  dawda armmpod tb 2 &ions qf fhc nu&m&r 
o n  t% &nu- s d ,  a& 20 rndhont/ls pfayard o n  tk a c h  s d  .- The oba;wations ef tha Standid wrru. 
nduccd to 62 the old. & qf' thc ficdor $apvuwn, ,  o r .  000,006,801 ,for 1 OF.._ 

C. D w .  Pbao. C. 6. OLLUUOL, Zum. 

Scales 

. 

my. 

sao_ 

d.  

MO 
- 
- - - - - - 
- - 

the ------ - 
- 
- - 

A 

aw- 

teo 

7 

- 
- 

.%a428 

7 

- 
t& 
- 
- 
- 
- 
- 
- 

- - - 
t&. 
- 
- 
- 
- 
- 
- 
- 
- 
- 
200 

*&- 

2 q I  

am- 

l&I - 

170 

d 

280 , 

- - - - 
- 
- 
- 
7 

=-mo - 
- 
- 
- 

- 
- 

aLo 
- 
- - 
- - - 
- -a90 

3 70 

my. 

-&so 

1 0 1  

C/ 
7 
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- - 
180 - 

- 
- 

- 
- 

2w 
- 
- 
- 
- - - 
- - 

3m- 

I:<?: a 

- 
- 
- 
- 
- 
- 

, 160 
- 
- 
- 
- 
- - 
- 
- 
- 

1LO 
- 
- - 
- 
- 

- 
- 
- 
2 2 0  

! 1s- 

-4- 

250 

- 
- 

. l a b  

:q 
- 
- 

A /  

P 

A "-/ B 

zh.4 T u a  h 9, (b 1 0 =I a 1 1 h 9 -i 

2m - 

_Loo 

270 

- 
- 
7 

- 
- 
- 
- m ,  
- 
- 
- - 
- 

LA 

- 
- 
710 

1 - 
- 
- 





PLATE XIh! 

-ef- ' ~t bars ow Standaml A at 62."- (iunop&t,BascBasc. 
Brass C o m p m e n t ~ ~ L s 0 n . s  ( IY I.) 2 6 ~ ~ m 1 8 6 9 .  

w 
a?. w.,y. 

SmLas 

m.y. d 

,am 
- / - 

-as0 - 
- - 
- - 
- - 
- - 
- - 

260- 3 6 0  
as0 ' - - 

- - 
- - 
- - 
- - 
- - - 

S I O  - - 3 0  - - 
240 / 

- 
a10 

- . - 
- - 
- 

280 - - 
- 
- - 

,2  20 
- 
- - I 

270- - 
- 
- 270 

- - 
- 
- 
- 
- 

200 

260 
- s o  - 

/ B  - - 
- 
- 
- - 

rao 186- 380 280 
- - 
- - 
- - 
- - A  - - - 
- - 

210- - - 2m - - - 
- 

160 / 
- 
160 

- a /  - - 
\ // 

- 
- 

r 

h 
- _Is0 

- 
- 

- 
- 
- 

1Lo 
- - 

Ilo. 

170- 

- 
- 
- 
- - 
- 
- 
- 
- 

1zo 

- - - 
- 
- - 
- 
- 
-330. 

_I70 

l a 0  

Tim3 m43 h a 9 r? 4 e Y N .) 4 





PLATE XIV 
lZmts6 0 f ~ i o n , 6 a r s w s ~ n C A a t 6 2 . ~ ~ ~ h .  

Brass Components East  . G,mpariisona (IV. 2 .) 2 7 '-M- 1869. 





Exctm OJ m q d n  Bars over S M r r d  A at 62'. G p  C 4  Baut. 
Bras Components East. Cuwpuri,~om ( IV. 3.) 9 N w c h  186'3. 

. The h o 7 - i z o d  in&rv& corrc:vnnd tu on& horn. TI& v . a L  intErv& currespond ta 2 divis--o/'& micrwnch 
076 the inner s&, a d  it? 217 d o n f h 6 0 f m 6 y m u ?  on t%e owkr  sc&. i'%c o k r v & a r  of & d&n.u~??- td  wcrr 
re& ta 62 : ~ 6 %  t h ~  old v~~iixc of & f&r ~ f ~ a n b i o r c ,  o r  00~,006,802, f i- 1'3. 

C. Dmr, mots C. 0. Ousrucn, Zinm. 





T/L* Im)-iwthG d t r y a b  c o r r u p d  lo as hour. The rurb;d &vab cmr t~pond  t% 2 & 6 k  qf dw &ornr4&r 
o n  the inncl. ~ c a l c ,  mud to 20 miUio& qj' w yard on/ & o u h  mu%. Thc o l M n 4  of tRL, h'ikuwbd w e  
rtduud to 6 2 :  with Ow old valiu $ thr fador qf' c ~ y w ~ i a w ,  or .000,006,801, for 1 'F.- 
C. D w ,  Pb&> C 0. Orrrun, Zi-9. 





PAATE m. 
O r b y  a d  d l  cwvw p f e x m ~  qfmum oJC;Ivcns& Bars ovrr S-d at 
6 2 ' d ~ o w ~ r a q f ~ ~ ~ o i r ~ ~ s t a n d m d .  ' ivu 

Gye G17n0rh BW . lhgss Camprmentr west . C o y i 9 o m  (I. 1 .) 9 " J i y  1869 = 

C Dm, Ptmtu. 





PLATE XVn1 

O r d u a r y d m d  auvacoJlaassd~dGnnpemation/ B a r s o v c r S b u u b d &  
62'anaauvss gftunp&es e f a i r m t a C o J s ~ d .  

@ c h B ~ f i .  Brass Components West. t !bnpm~rma ( I . t . ) 1 1 * ~ - 1 " ~ 1 8 6 9 .  





O r k y  cvrd m r d  mrvm ef urcess qf' m.um qf Cbnzpmatbn. Bars over S&I& at 





PLATE XX 

O r h r y  and m r r d   CUT^ QTtmzw pfmum qf Gnywwahn Bars twer Standwd at 
62'ond awvuqjn~mz. t tz res  QfaL 4 pfulandard. 
hp fimrtb Bash .Brass Components Wed . (bmparisons ( I. 4.) 26 * J w , y  1869. 

Thh R o r i t 4  d arsppond lo one hour . ?'he. ul?ps ver& ihhmah a m w r ~ o n d  to 1 'E  qJ' bmpcrnturc 

,Thr lowrr d .d a~rmpond to 2 dci-Lswn~ o_l'tltt. n k n u l e r  on. ihz'ticncr rmb , and r~ 20 ni&onlhs ?{'a 

yanC om thaoulcr a d . ,  

C. Dnorg 
0 . 0 .  OrLmrLR, k. 
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PLATE XXZ 

T& Aom~ntc l l  cirtu-uafa c o r ~ c u p o n d  to one b u r .  TIw iqpw v ~ ~ t i i a l  d e r c a b  c v r r ( d ~ o d  to 2.x ef  lamp^^. 

Th leu-er v ~ r i z k Z  intrrzxdu correspond in 2 divishlzlv of m i c c o n m k ~  on & uvur d, and fo 20 rntUum/lt.r 
9 a, jard on, thI oLL~PD- malu. 
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q'aymd on tJLI? (I& a&.- 

C. Drurr. G o .  C. O. OYINCO, Z~NU. 





PLATE X W  

-3 andmr i~d~  uu*.cs cfmcc~m gl' Gn4ptmdiow Bum wpc S~nduryd A& 

% 'hornmid  babva& c o r r u p d d ,  om, how.. Th, apper vcrlhxd &d corrcupond Co 1- gP t%mpmaiuw. 
Tha hm- w4caL h t e v u h  .mmwpond to 2 dtvirionr @ tb , .  r n i t m m d s  a th innrr ~d4, mad to 20 miUzim&+ # 
a J . d  om tb OOtb &. 
c. ~rwra. phao. e G. OLL~~MCK, ~ O O .  





PLATE X X N .  

Orduuuy onal c o d  $wccers q f m r a r c & + d m B a n r m r S -  d 
6Z0and currecrgPtpm- $nci.and OJ standnnl. 
we Cbmrin/ Bme. Brass Gmqomts E &st . (11.4.) I*F4br-y lB69. 







-? PASTE: X X V I  

6'2 m v t x  gfahpmnhw #air and cfsi4hmhrd. 
we 6 7 7 2 0 ~ h  Ba~e. Brass Gnnpnent s West. &mpari~012r~ ( Dl. 2.  ) '13 *February 186.9. 





T h h o t i r r o n t a L ~ & c ~ n d . t o o n e / h o a r .  2 7 w u p w v ~ 1 i n t u v a b m c s p c m d ~ o l * F . ~ ~ ~  
TiwlnwcrwtLcaC intcrvab w m ~ t o 2 ~ o f ~ ~ o n / i h u i r u a . 8 c a l u , ~ t o 2 0 ~ $  
tL yard om tku urttcr s& .- 
C. Dnn, pholo. c. (t. Ortvutm, G~w. 





PLATE AmV1: 

Orcltcicary and mrrected am- efemx.ss Qf m.eum ef C b w i n  Barn wcr Stn~~dnrrl n 
62 'and uuves o j 8 t 5 m p e t - h  &air md gstandaroc. 
&ye Cbmorth Base. ~ r a 8 ~  ~~~nent~west .Gmtp~isom (m4.) 25* Feb- 186J 

. ,  

TAc. horizo~ad &ry& mrm-t to onc A m .  The upper vcrli<d b a l s  corre~pond to 1 "E qf Qfnpcrahrtv. . 

Iowrr -vrrtiEnL i e d 6  corrmpnd to 2 dr'*.riione 6t.b miu-omdrr on/ iha uuLa &ah. to 2 0  mdhndh  qf a ,W 
on, tJu outa scab . 
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PLATE XXlX 

6 2  "and arw-Qfw! dab ovad of standard. 
G&W Cbn~3rh Base .Brass Componcnt.~ East. T o r r t p a r i i ~ ~ n ~  ( W. 1.) 26 * ~ ~ d r u a r ~  1869. 





Orduuny and corrtxa%d acryea oftmzw o f m u a  4 + m & m  Banr over StmuZad at 
62: oncE curvtw cfte"fp-a ofair med t.f.dzndhrd. 

G p e  Cb732orh B a ~ e  . Brass Components Eaat . +r&- (IS? s) 27 * F & U ~ .  1869. 
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PLATE XXXT. 

0rd.i- d l  mrre& u u - 4 4 ~  gf edcuss gf m ~ l m  6 h~ensa/ion/ Bar6 ow S w  at 
6 2  " and cune.s t# lmywrotures (vJ ub and OJ stm~fard. 
we t%m~rh h a  . Brass Cmpunents East. G ~ u r i s a ~ w  ( 1V a ) 9% Maroh/ 1869. 

T b  Aori-zonh? rahva& corrtwpod to oru. hour. The upper verttcal && corrtwpond to l o  F.oJ tsmp*. 
i%  low^ vmtmd mtcrv& wrnypord to 2 divisiqw qC th m w r o ~  ow as inner ~ d . a l l o E  to 20 ~ n ~ t $  
a/ yam? om bhcl outcr a&.. 
C. D m .  Pboco a. o. OTU-CR, rnlltv. 





PLATE XXXU. 
&duZnq and wrrcdid c w m  of m s  dmua of bmpatsalion Bars o w  &&rd at 
62  "cud/  c u m  oftempmtms of uir und ~ s t m ~ h d : .  
@e hrmrin/ Base. Brass Componat~ East. t%nparhm (NG 10 " Maroh. 1869. 




















