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P R E F A C E .  

The following pages are based on a report and notes by Major Cowie. Major 
Cowie was absent on the Turoo-Persian Fror~tier Comrnission a t  the time when 
the paper was being passed through the press, and some discretion Iiad to be used in 
decidin~ what should be printed. I n  some cases the arrangement and wording was 
slightly altcred when this appeared desirable. Minor inconsistrncies were removed 
whenever t,hese were noticed. 

Balm Rasik Clio,ndra Ray of the Computing Offlce scrutinised the copy and 
read all the proofs. 

J .  de BRAAFF HUNTER. 





THE BAR COMPARISONS OF 1907 AND 1908. 

During the suulmer of 1907 the question of a d o p t i ~ ~ g  tlie metre as the unit 
of lengtll in geodetic operations in India mas brought prominentl$ forn7nrcl, and the  
argulnents for and against this step were considerc.d aud discussed by tlie Surrey of 
India and elninent geodesists in England. 'She il~inletliate cause, \vhich gave rise 
to this question, was the prospective acquisition by the Survey of India of inrar  
wires for thc mensure~nent of bases by tlie Jaderin luetliod. Tliesc mires were to 
be made and testrd at  Skvres, where all t l ~ e  apparatus for the constructioli ancl the 
later standardizing of \lrires is adapted to the metre unit and where customs and 
procedure have been mouldecl to suit wires 24 metres in leugtl~, t l ~ i s  being tlie leugtll 
generally adopted by European Geodetic Ilodies. T l ~ e  Survey of India 11ad to 
consider whether it would follo\v Eul.opean oxample ancl use 24-metre mires, or 
whether, adhering t,o the 10-foot unit upon wllicll all its past geoclet~ic opcra- 
tions were based, it would provide itself wit11 wires nrl~ose l e ~ l g t l ~  was some 
multiple of this unit. Tlie former alter~iativr iurolvcd difficulties of standardiz- 
ing the mires from time to time in the field and tlie referring of base measure- 
ments of the future to t,l~ose of the past. TTTitli the latter alternative 11acl to be 
considered the fact that the Indian 20-foot Bar (madc about the year 1830) l ~ a d  llom 
been outclassed by modern staudards, both as regards design and construction,- 
also that this standard had already served its purpose as a unit for tlie Indian 
Survey and that  thc time mas approacl~iilg nrhcn tliis survey* would be linliecl up 
with others based on the International Metre as unit. It nras finally decided to 
adopt tlle metre as the geodetic unit and to use wires of 24 metres length; 
to procure a new 4-metre standard bar of invart,  for the standardizing of these 
wires wliose length should be known in ternls of the International Metre; and, 
to compare the old 10-foot Standard Bar A with the International Metre for  the 
connection of future base measurements with those of the past. 

* A connectint~ with Rueeian Tr lang~~ln l ion  110s beon conlpletod In 1913. 
t A more complete set  of stnndnrde together w l l h  tlio neceesarg colnptlrnlor nppnratus has since been acquired. 
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I t  is true that there already existed a value of the Indian Standard A in 
terms of the old nletre. Tllis value was not obtained, however, from direct com- 
parisons, but tJl~rougll the sister bar B, the bar I, and the Ordnance Yard, Y,,. 

The difEerent steps of t,he deduction are as follows i- 

millionths of a yard (Inter on abbreviated into m.y),  determined by Clarke's com- 
parisons in 1865 in England. 

as derived from the observations nlacle brtween 1867 and 1870 in India. Combining 
these two values, 

Furtller, from Clarke's determinations in 1866 
-.. 

B = 3 - 333,315,90 Y,, 
and hence, A = 3'333,320,19 Y,, 

also from Clarke's determinations 

where 31 represents the old metre. 

Whence is derived 

A = 3.047,969,42 M 
* -  

and by introducing the value of M in terms of the International Metre, the length 
of A can be referred to the latter. 

There mere two objections, however, to adopting the relation between A and 
the International Metre arrived a t  as outlined above. One was that  many stages 
were involved in the comparison, each step being a possible source of error. 
The value of B may have been fairly well known in terms of the metre, but 
to conllect A mith the metre, recourse had to be made to the comparison of both 
A and B with the bar I,. Now B was compared mith this bar in England in 1866, 
A was compared with it in India in 1567-70. I n  the interim, the bar had been 
conveyed from England to India and the observations available offer no data for 
ascertaining whether the bar was or mas not affected by the journey, and whether the 
absolute length of the bar on its arrival a t  Dehra Diin was the same as it had been 
at Southampton. The value of the relation between A and the old metre thus 
depends, in great measure, on the degree of invariability maintained by the bar I, 
during the period 1865-1870. 
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The other point was that the date a t  which the comparison had been made 
was so far digtant, t l ~ a t  i t  was quite reasonable to doubt whether the relationship 
then ascertained still held good. I t  is known that with time metal bars may un- 
dergo certain changes nrhicll affect their absolute length. 'l'he advisability of using 
for purposes of connrct.ing new geodetic measurements, in terms of one unit, with 

' 
old work in terms of anothei., a factor determilled 50 years previously and for a 
metal bar possibly affected by time, \\,as open to doubt. 

For t<hese reasons the adoption of 24-metre wires for the measurement of 
future geoclet,ic ba,ses necessitated the direct conlparison of the Standard of India, 
Bar A, with the International Metre. For this purpose, the bar had to be sent to 
tlie l'avillon Breteuil a t  Skvres and, in order that some means should be available 
for indicating mhetl~er the absolute length of the bar had been unaffected or not 
by it,s transport, and, if affccted, of determining the magnitude of the change, it 
was advisable that careful comparisons should be made in India both before and 
after its journey to Europe. These comparisons were made in November, Decem- 
ber of 1907 and January of 1908 and in November and December of 1908, the bar 
in t l ~ e  interval going to Skvres and being compared with the International Metre. 
The comparisons carried out in India mere of the Standard Bar A wit11 t l ~ e  cast 
steel bar Is and the bar I, of Baily's metal (an alloy of copper, tin and zinc). 

Tl~ese two bars I, and I, mere made in 1864 by Nessrs. 'l'roughton and 
Simms. The object of t l~ei r  construction was to settle questions that had been 
raised as to the possible variation of length which the standard might have 
suffered in the course of its several journeys from the Survey Head Quarters to 
the varions base lines a t  which i t  was used. 

Our knowledge of the relative lengths of the three bars was based on the 
following investigations :- 

I n  1834 and 1835, the bars A and B were compared a t  Dehra Diin by Sir 
George Everest. The result he obtained was 

B - A = 1-24 m.y,  afterwards corrected to 0 - 6 4  n2.y. 
. -- 

This value, however, was not considered a very reliable one, on account of the 
difficulty there had been of determining the true temperatures of the bars during 
comparison, by reason both of the particular construction of the thermometers 
used and the imperfect knowledge of the errors of graduation of their scales. 

The value adopted for the absolute expansion of A, in the first discussion 
of these comparisons, was 22.669 nr.y for lo F. This quantity had been determined 
by observation at Calcutta in 1832. Further examination of the various com- 
parisons made a t  the different base lines, between this bar and the Colby compen- 
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sated bars, showed that t l~ i s  value nras probably too large. Further investigations, 
made in 1870, gave the result 21.797 m.y* which has been employed in the reduc- 
tion of all later measures made wit11 this bar. 

Of the expansion of bar B no direct determinations have ever been made. 
I n  the reduction of tlle 1834-35 comparisons, the observation equations were there- 
fore formed to involve two unknown quantities, t l ~ e  difference between the lengths 
of the bars a t  62" F and the difference of their absolute expansions. 

These comparisons between bars B and A, when rediscussed, using the 1870 
value of the expansion of A, gave the result 0.64 m.y, stated above, as the differ- 
ence between the lengths of the bars and the -quantity - 0.153 as the difference 
in the values of their absolute expansions, making that for B, 21.644 m.y. ' 

Clarke, in 1865, made comparisons between the bars B, la, I,, O,, OI,, and 
Yb5, the last three belonging to t l~r:  Ordnance Survey, and found 

I n  the reduction of these observations, Clarke assumed that the expansion of 
B was the same as that  of O,, which had been obtained by comparison with that 
of 01,. The absolute expansion of this latter bar mas determined by direct experi- 
ment. The quantity thus deduced for B mas 21.532 na.y. 

Tile expansions used for IB and I, had been determined simultaneously by 
direct experiment, in 1865, by Clarke. The values mere :- 

Expansionof I, = 32.769 n2.y 1 
1, =21 .159  ,, / ' 

The combination of Clarke's 1865 determination of the relative lengths 
of I,, I, and B with Everest's comparison of B and A gave the first available values 
of I, and I, in terms of A. 

From Everest's observations of 1834-35, using the later value of the expan- 
sion of 0, we have 

B - A  = 0 . 6 4 n t . y  

Clarke's values of 1865 were 
I , - B  = 86.81m.y 

I, - B = 218.27 ,, 



O F  1907 AND 1908. 

from which may be derived 
I, - A = 87-46 m.y 

It is to he noted, however, that in tbe two series of comparisons, from which 
these quantities are deduced, slightly different. values were allotted to the absolute 
expansion of bar 0. I n  the comparisons with A the expansion was assumed to be 
21.644 and in those with IB and Is the value 21.532 was used. 

Tlre first series of direct colnpa~.isous between the three bars A, I, and I, was 
carried out in 186; a t  Dehra, measurements being made of the differences of length 
for each pair of bars. I n  the reduction of the observations the expansions adopted 
for I B  and Is were those determined by Clarke in 1865 and for A, the value given 
by Everest. Thus the following expansions were used :- 

Expansion of I, = 32.739 m.y per lo F. 

A = 22.669 ,, ,, ,, 
and the results of these observations were 

1, - IS = 131-4.0 wz.y 

I n  1970, Mr. J. B. N. Hennessey undertook the redetermination of the 
expansions of the bars A and I,. With this object, a comprehensive series of experi- 
ments was carried out a t  Mussooree, using apparatus adapted from that  employed 
by Clarke in 1864-65. The results of these observations were 

expausion of A = 21.797 n8.y per lo F. 
I, = 21.290 ,7 ,, 7, ,, 

T)iis valrie of the expansion of 1, was then combined with Clarke's deter- 
mination, 21.159, (resulting from Clarke's second series of observations) and the 
mean value thus deduced, 21.226, has been adopted in all measurements in which I, 
has played a. part since 1870. Since that date no further investigations bave been 
made of the absolute expausions of the bars A, I, and I,, the following being 
accepted as fiual values :- 

Expansion of A = 21 a 797 m.y per lo F. 
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Using these quantities, the comparisons of 1867 were reconsidered and the 
values given below deduced. 

I, - A = 80.S4 nt.y at 62" 

1, - A = 212.64 ,, 9, 

Ig - IS = 132.06 ,, 3, 

Further, discussing the expansior~ experiments of 1870 by themselves, the 
relation between I, and A mas found to be 

I, - A = 84-03 m.y. 

Four series of comparisons have thus been carried out, involving the bars 
A, B, IB and 19. 

Recapitulating, these are :- 

By combining results (c) of comparison No. 2 with (e) of comparison No. 3, 
a value of I, - A is derived, viz. 01-18 m y .  Again, combining this value with 
result (d) of comparison No. 3 and the result of No. 4 comparison, and giving 
double weight to the latter, we get as a mean value 

I, - A = 82.62m.y. 

No. of comporison Bnrs compared 
' I Results 

Combining t h i s  with Clnl.ke's n l u e  of 1, - I,v, 4- 131 - 4 6  nj ?/, me crt 

B - A = 0.64 m.y 

I, - B = 218'27 ,, 
I,? - B = 86-81  ,, 
l B -  I s=131 '46  ,, 
IS - A = 80-84 ,, 

Ig- A = 212.61 ,, 
la - Is= 132.06 ,, 
I s  - A = 84.03 ,, 

1 

2 

3 

4 

B and A 

I,, I, and B 

I,s, I, and A 

I, and A 

1834-35 

1865 (a) 

(b) 

(c) 

1967 (d) 

(e) 

( f )  
1870 
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I n  1870 these were accepted as the most probable values of the differences 
of length of the three bars. 

No further investigations were made until t,he end of 1907, when the com- 
parisons to I)e now describrd, were uudertaken. 'l'11e causes that led to this 

enqniry have already been slated. 

It mas a t  first intended to carry out a complete determination of the co- 
efficients of expansion as well as of the relative l rngt l~s  of the bars. With t l ~ i s  
object in view, suitable apparatus was designed. I n  consequence, however, of the 
necessary observers having to he obtained from field parties, tlie normal work of 
mllich would be temporarily suspended, the investigation of t l ~ e  exparlsions which 
would take a considerable time if results of any value mere to be olltained, was 
al~andoned, and the avail;~\)le meaus devottd to a careful comparison of the relative 
l e ~ ~ g t l ~ s  a t  tcmperatnres differing but little from 62" F. 

'l'l~e observations wcre commenced o n  21 st November, 1907, and mere finished 
on 11th January, 1908, t l ~ c  observers being M:~jor G. P. Lenox Conyngham, R.E., 
Captain H. M. Cowir, R.E. and Mr. .J. de Graaff Hunter, M.A. 

Of the difference I ,* - A, 42 determinatious mere made, the temperatures 
during the observations ranging from .56".5 t,o 6 8 O . 9 .  Of the two bars I, 
and A, 38 comparisons were carried out at temperatures varying from 55O.5 
to 69O.2. 

The final results of the observations \\.ere 

tlie mean temperature during comparison being 61"- 15, 

and I, - A = 196.73 m.y at 62" 

the mean te~nperature during comparison being 61°.38. 

'l'he details of these observat,ions are given later. On the conclusion of 
these investigalions, bar A was sent to Skvres for comparison will1 the Interna- 
tional Metre; after which i t  once more rehurned to Del~ra  Diin. 

On its receipt there, t l ~ e  second series of comparisons was made. This 
was commenced on 17th November and concludrd on 1st Decernher, 1908, t l ~ e  
observers being Captains H. H. Turner, R.E. and H. M Cowie, R.E. Twent,y 
sets of comparisons were made of each bar I, and I, with A. 1 1 1  the case of the 
observations of Is - A, the temparatfurtls ranged from 6l.O.l to 65'-0 and during 
the comparisons of I, and A, they varied from b5"*0 to 65O.b. 
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The results obtained were 

tlre mean temperature being 63O.74, 

and '1. - A = 193.38 n . y  at  6J0 
J 

the mean temperature during observat.ions being 61'-99. 

A comparison of tlrese t<n.o sets of values will a t  once fillow that it is 
probnble no clrangs t,ook place in the length of t l ~ e  Standilrd Bar A between the 
time i t  left Delrra and the date of its return from SQvres. 

I n  the reduction of the observations, the absolute expansions used were 
those adopted in 1670, viz., 

Exparlsion of A = 21.797 n8.g for lo F. 

Is= 21,226 ,, 9 7 

The comp:~risons were carried out in tile Bar Room a.t Dellrn. This room 
has three outer walls, nlong one of whicll runs a vc~rantlalr. 11, is doul~le roofed, 
the inner flat roof bei~ig of concrete, tlle outer slopit~g one. of corruyated iron. 
TO protect the b u i l d i ~ ~ g  frorn t l ~ e  sun's direct r;lys, two outrr \\ails :and t l ~ e  roof 
were first covrred with thick thatching and then outside this, lenvinq at1 air 
space of some 4 feet, were erected tl~iclc tlratcli walls, r~~closing the wl~olt: b11i1dit1.g. 
Provision was also made to prevent the ingl.ess O F  air from the outside whc~n tile 
observers and recorder entered the room. 'I'wo small gl:~zed oprnil~gs were left 
in the tl~atcll walls to atlrnit sufficient light to illurninate the defining marks of 
the bars when these were brougllt under the microscoltc.~. 

Within the room, the comparing microscopes, G and 11, 'were placed on 
isolated brick pillars, east and west of one anotllt*r. Between the pil1a1.s a 
tmtvelling platform 8 feet 3 inches lorlgantl4 feet 3 inches witle, was mounted on rails 
and capable of movement from nortll to south. On tJ~is platform were supported t.l~e 
bsrs and the I)nr boxes, the former on camels, the latter OII w0odt.n I,loclts as t,heir 
weight and design made it impracticable to place them on tlre carnt.1~. 

On account of the dimensions of bar A differing sliglltly from those of hnra 
1, and I,, the box for the former was not exactly t l ~ e  same size as t l ~ e  I)ox for the 
lett.er. 'l'be l)ox cor~sisted of two parts, an  inner U sllaped, double wul:ed tank oE 
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galvanized iron fitting in a n  outer wooden case, t l ~ e  space between the two being 
packed \\.itl~ coarse felt and wool. Tlie Iiollow U tank had been intended for the 
exl)ansion exl)eriments w l ~ i c l ~  were afterwards abandoned. Irr this investigation i t  
had becbn proposed to ])ring tl~t: I)ar und,.r consitle~ation to any required temperature 
1)y rlle:ll1s of I i ~ t  or cold w i ~ t r r  admittetl i t ~ t o  this tank.  'l'l~rougll the bottom of 
tlie tank were openings to adti?it  he blocks carrying llie ro1lel.s on w l ~ i c l ~  the bar 
rested. T l ~ e  inters~iccs betsueen these blocl i~ a ~ l d  t l ~ e  tank n w e  fi lled loosely wit11 
felt. E a c l ~  I)ox was provitled with four therrnonit.ters one a t  I-ach end dipping into 
the interior of tlie t a ~ ~ k ,  to indicate the t e t~~pe~ .a tu re  of t l ~ e  \later, a~i t l  two more in 
tile central c l ~ a t ~ n ( ~ l  in wliicli t l ~ c  I)ar was disposed. 'l'l~ese tl~errnometers, passing 
tlirougl~ holes ill t , l~e top of the tanlc and kept in position I)y felt wads, had to  be 
withdrs\vr~ t,o be read. 

Eilcl~ bar in, addition was provided wit11 two bent bulb tl~errnometers, t l ~ e  
bull)s of w l ~ i o l ~  \\else 111:1ced in wells in the bar, filled with mercury or oil accortling 
to tile n;rture o f  t11e bar. l ' l ~ese  tl~ermometers were viewed t l ~ r o u o l ~  glazed oprn- 
i ~ ~ g s c o v e r e d  I)y a felt flap removable a t  will, in the top of t l ~ e  t a ~ ~ k  ant1 box. 

The bar and its e~~c los ing  lrox eac l~  h:~d its own supports. 'I'l~e box was 
supported ou the travelling ~ ~ l a t f o r m  bp four pairs of wooc1~~11 bloclcs, cu t  to a suit- 
able height to i~llo\v the bar, w l ~ e n  adjt~strd witli its d e f i n i ~ ~ z  nlarlis in focus under 
the microscopes, to lie crntr:~lly in tlie inner c l~anuel  of tile tank. 

'I'he bar itself was c:~rricd by its rollt~rs a t  l l ~ e  usual p o i ~ ~ t s  of support. 
Tlicsc ro1lt:rs were i i i o~~n t rd  O I I  \vooden bloclis, -\\~liicl~ p a k s i ~ ~ g  t l ~ r o u g l ~  t l ~ e  opei~ings 
in the tank :in11 wooden case, were fixed to the longitutlinn! I~eam, nlliicl~, in t ~ l r n ,  
restcbtl on two camels. 'l'lle openings ill t,l~c$ 110s were of' s~rclr a sizc as  to :1110wr of 
a s~nnll a ~ n o ~ t ~ ~ t  of t~~aversing of tlie blocks carrying t , l~e  rollers. 'I'l~is t,l*avcrsing 
was elfectt~d 1)g means of tlie adjusting screws of tlre carnels \vl~ich acted directly 
on tlic longit~ldirinl 1)catn. 

T l ~ e  two bars andcr cnruparison were arranged in  their respect,ive boxes, 
sid(b by sitle on t, l~e tlraveller, I)!: moving alllich e:~ch I I : I ~  co111tl Ire brougl~t  in t.urn 
untlcr t l ~ e  mic~.oscol)es. 'l'he defining marks a t  tile ends of the bars were 111.ou~ht 
int.o fot:us in t , l~e usual a fsy  hy nlt1alls of the camel screws. I t  may I)e l.einarked 
11ere ~ . l i :~ t  an a d , j ~ ~ s t . ~ ~ ~ ( ~ n t  once made Isas maintained by t, l~e bars for a conside1.alrle 
tilllo, nnrl i t  n7ns found tllat trllo nlovement of the traveller did not  c:luse any dis- 
turbance or tht. focal adjust,me~~t,. 

I n  t l ~ e  top of trlie iron tank \vas a n  opening over each definirlg marlc of tile 
har, to nl111m of t<l~e 1attc.r \wing viewed in tho microscope. 'I'l~ese o l~eni~rgs  could 
bt: cov4,red \vl~en observ:~t io~~s were not in progress by felt and a flap, llingetl t o  tile 
cover of tile wooden case. 
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r l  l h e  thermometers used in the comparisons were :- 

Bar A. 

In  the bar, east end b 
9 3  west ,, a 

I n  the cent,ral cl~annel, east ,, Hicks, 379900 

,, west ,, , , 36 1379 
I n  the tank, east ,, ,, no number 

, , west ,, ,, , )  

Bars I, and I,. 

I n  the bar, vast end Casella, 7349 

9 7  west ,, 3 9 7344 
I n  the central channel, east ,, Hicks, 7194,77 

9 9 west ,, Casella, 11923 

I n  the tank, east. ,, Hicks, No. 8 

9 9 west ,, ,, no nurnber. 

Between 14th and 22nd Novemh~r, 1907, these therrnorneters and others 
were compa.red with tlie Standards Nos. 10.5368 and 105369 a t  ternpel-atures rang- 
ing from 33" to 100" F. During the cornp:~risons all the thermomvters mere 
wl~ollp immersed in water in a glass tar~k.  Tlre water was I)rnuzl~t to the required 
tempel-ature 11y tht: introduction of either ice or hot water ant1 tlrorouglrly agit,ated 
to dispel irregularitie~ of temperature. The readings were made by means of a 
telescope. 

The corrections to t,hermometers 7344, 7349, 719477, 11923,379900, 361379, 
No. 8, a anrl /3 as tabulat,etl in L'ahle I were deduced from the ol)servat,ions, and are 
based o n  t,he as sump ti or^ t l ~ a t  the mean corrected reading of the two standards 
indicated the true temperature. 
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89 
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92 

- 

-- 

-- 
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- -- 
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... 
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- 
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- 
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~ 
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--- 

- 

1, 

- 

na 
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99 
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. 

+0'25 

+0-20 

+ o ' I ~  

+O.IO 

!.-.-"." 
+o.oj 

- 

-1'20 

e l  

I, 

-0.25 

-0.35 
-0.40 -- 

- 0.:5 

--7-- 

*I-. 

- 1'00 
-1'0j 

- 1.05 

-0'95 

- 1'00 

-- -- 

-0.95 - 1.00 
- .  . -. - 

-1'10 

-1.1.; 

-0.10 

-- 
-0'05 

-- 
0'00 

-I'IS 

-1.10 

-1'05 

::: 

-1'10 

-0.50 

-0.s.i 
-0.60 

-1.10 

- 1.15 
-1'20 

-1.00 

-1'10 

-0.15 

-0'20 

- -. - -- 

-- - 
-o..zo 

- 0 , .Z .G 

-0..30 

- 

- 1.00 
- 
-1'05 

-1.15 

-0,"- - .- 

-0.30 

-0'35 

-0'90 

-.-- 

I 

-0'95 

- 1'10 
-1.05 

- 

- 1.0; 
-0 9.5 

-0.90 

- 



The values of tlie micrometer screws of G and H microscopes were deter- 
mined between the 21st and 29th November, 1007, by measuring, in  terms of these 
screws, the  spaces between the dots 3 . 0  and 3 . 5 ;  3.5 and 4 . 0 ;  7 . 5  and 8 - 0 ;  9 . 0  
and 9 . 5  of the  incl) " a  h "  o f  t l ~ r  steel Foot IF, the value of all these spaces 
I~e ing  accurately known. To indicate tlie temperature of IF, thermometer No. 
4346 was fitted to tlle bar, its bent bulb projecting into a well, filled with mercury. 

'l'hc I,ar itself \\.as supgort,ed by a sliort iron girder resting on two 
camels, by mclans of t l ~ e  scxews of which girder and bar could be moved in any 
clesired dirc~ction. 

Six scts of observations were made wit11 each microscope, tlie observers 
1)c~ing Major G. P. Lenox Conyugliam, li. E., Captain I1. M. Cowie, R. E. and 
Mr. .T. de Graaff Hulitcr, M.A, s 

The values of the sub-divisions of the i l~cl l  "a I)," determir~ed in 1870-71 
arc  recorded in Appendix No. 9 of Vol. I of t , l~e  Account of the Operations 
of the Grcat Trigonometrical Survey of' India. 'rlicsc values were adopted for the 
purposes of t l ~ c  present investigation. For the  spaces observed they are 

Tlie coefficient of expansion of IF was taken to b e  0.000006367, the same 
as tllat of the steel bar I ,  (vide p. (19), Vol. I ) .  

The observations and the rcsults ohtained are summarizetl in Tables I1 and 111. 



TABLE II.-Deternzinution of Jlicvometev Pulue 01 G Microcscope. 
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TABLE 1I.Z.-Determilzation of Microwbetel. Value of H Mic~*oscope. 
- .+ 

Spnce of incl, Menn observed Menn Reduced value "t ' Date ob8erver 1 , 1 ;;"."y 1 Tempe ,.,,Lure ) 0' yidi::'" 1 

Hence, 1 division of H = 0.96947 division of G -  

3 ' 0 - 3 ' 6  

3 ' 5 - 4 ' 0  

7 '5-8 .0  

9 ' 0 - 9 ' 5  

3 ' 0 - 3 ' 5  

3.5 -4 .0  

e . 5 - 8 . 0  

9 ' 0 - 9 '  j 

3 ' 0 - 3 ' 5  

3 ' 5 - 4 ' 0  

7 '5-8 '0  

9 ' 0 - 9 ' 5  

3 ' 0 - 3 ' 5  

3 . j - 4 . 0  

- . - -  r 3 8 . 0  

9 '0-9.;  

3 ' 0 - 3 ' 5  

3 ' 9 - 4 ' 0  

7 . j - 8 . 0  

9 ' 0 - 9 ' 5  

3 ' 0 - 3 . 5  

3 ' 5 - 4 ' 0  

7 ' 5 - 8 . 0  

9 ' 0 - 9 ' 5  

1 division of 

diuisions 
1253'32 

I 256.28 

1256.16 

1259.36 

1252.60 

1254.26 

1254.62 

1256'78 

12.j2.80 

1255.26 

1a56.52 

1 2 j g . j ~  

1253.64 

I Z . ; ~ ' . ~ Z  

I j6 .82  

1260.42 

1352'94 

1 2 , ; j . 1 2  

1255 64 

1259'50 

1255'16 

1255'42 

1255'74 

1zg7'8R 

H = 1 ' 10570 

-- 

H. I. C. 

O. P. L. C. 

J. de G. H. 

H. I. C. 

J. d e  O. H. 

G. P. L. C. 

Final value of 

1907 
I Nor. 25 6;. 20 

66.35 

66.51 

66.66 

Meau 

66.94 

66.84 

66.71 

66.53 

Mean 

67.60 

67'54 

67'44 

67.32 

Mean 

65.66 

65.99 

66.29 

66.50 

Menn 

67'35 

67.23 

6 j . 0 1  

6 6  78 

Moan 

66.57 

66.75 

66.88 

67 '00  

Mcnn 

at. Y- 

' I  

2 

3 

4 

6 

6 

1.1056 

1.10j6 

1'1057 

1.1048 

1.1054 -- 
1.1062 

I . loi.3 

1.1071 

1.1071 -- 
I .  1069 

1.1060 

I .  1065 

I ' 1054 

I ' 1047 -- 
r . lo.:; -- 
I .  105.7 

I .  1046 

1.105' 

1 ' 10.39 -- 
1.1047 -- 
I * 10.59 

I .  lo66 

1.1062 

I '  104; -- 
1 ' 1059 - 
I ' 10.39 

I 106.3 

1.1061 

1.1061 -- 
I ' I O , ; ~  

- 

Nov. 26 

Nov. 26 

Nov. 26 

0 .  26 

Nor. 28 
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