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I N T R O D U C ' I ' I O N .  

Though Captain Couchman, who is the  author  of the  greater part of this volume and t h e  
compiler of the remainder, has provided a short preface, i t  is necessary tha t  a few words should 
be added to give a n  account of the  circumstances of i ts  production. 

Captain Couchman had not quite finished his manuscript when he was transferred t o  t h e  
Head Quarters Office of the Survey of India  i n  Calcutta. This was in  the  spring of 1914. The  
paper was being printed in Dehra DGn, but  i t  was #till possible t o  send proofs for him to see 
before they were finally printed off, and he was able t o  see all the  earlier chapters i n  type. 

I n  August, however, the  war brokc out and two months later Captain Couchman, together 
with more than half the officers of the  Survey Department, was recalled to military duty, and 
left India for Eugland before the  end of October. 

'l'hus i t  has come about tha t  the  last two chapters, which contain the discussion of the 
methods of reduction and of the results, have not been seen by Captain Couchman since he  first 
wrote them. 

Those of us wllo have been left behiucl have read the proofs carefully and hope that  there 
is ~ ~ o t h i ~ ~ g  of importance in those chapters wliicb their author  would have wished t o  revise, but i t  
is ouly fair t o  point out that  he 11ad to finish them in haste when preparing for his transfer t o  
Calcutta aud while taking 11p uew and onerous duties there, and that  he  has not  seen them since. 

All the proofs have beeu rend and corrected by Babu Rasik Chandra Ray of the  
Computiug Office, m l ~ o  did his share of the work with care and discretion. 

'l'l~c observatious of six successive seasons are described i n  this book, namely those from 
the ar~trimn of 1907 t o  the spring of 1913. 

The first season's observations were made by Mr. J. de Graaff Hunter  and myself, those 
of the next three seasons I)y Major H .  M.  Cowie, and those of the last two seasons by 
Captxin Concl~man. 

The clock that  has been i n  use throughout is the  one which waa 
The e q n i p ~ , ~ l t .  purchased with the  rest of the  equipment i n  1902. I t  was made by 

Messrs. Strasser and Rohdc of Glasshiitte i n  Saxony and has a half- 
seconrls invar pendulun~.  

'l'l~ere are signs that  i t  has deteriorated since it  was tirst taken iuto use. Considering how 
very carefully it  has always heeu handled this should not have llappeued. The cause of the  
irregularities has uot heen defiuitely traced, hut i t  is more likely to  be connected with adhesion 
between the contact points than with defects of tlle wheel-work. 



The  arrangement for making electric contact is such t h a t  t h e  moving contact point, carried 
by t h e  pendulum, comes u p  against t h e  other, which is  carried by a light lever, just as the  
pendulum is  finishing i ts  upward swing, so t h a t  i t  has a t  tha t  instant almost n o  momentum; the 
contact points are  separated again by  the  return motion oE the  pendulum very soon after tha t  
motion has begun. I t  is  clear, therefore, tha t  any resistance offered either a t  the  t ime of making 
o r  hrealring contact would have an important effect. 

I n  1913 when Cavaliere F. de  Filippi started o n  his great expedition t o  the  Karnkorum 
region, Commander Alessio, his second in command, visited Dehra DGn before joining the  main 
body in Kashmir, and swung his pendulums alongside of ours in  our  pendulum room. 

These operatious are  alluded t o  on  p. 133 of tllis book, and I mention them in connection 
with the  above remarks on  t h e  clock because Commander Alessio mas equipped mith a break-circuit 
chronometer of 13nglish make and Captaiti Couchman was much impressed by the accordance 
between the reslrlts he  was able t o  obtain when using this chronometer. I t s  rate appeared to be 
much iess suhject t o  fluctuations than  tha t  of the  clock. Enquiries as t o  the possibility of 
obtaining such a chronometer were at  once instituted and me are now i n  possession of one which 
i t  is hoped mill form a valuable addition t o  the  equipment. 

Peudulum work in India  is  much hampered by t h e  difficulty of finding suitable observing 
rooms. I n  a tent  t h e  variations of temperature are  so great  as to  make the determination of 
tha t  of the  pendulum difficult and uncertain. The r e r n ~ d y  for this wonlcl he a pe~ldulum of some 
material mith a very small thermal expansion. Wi th  this in view the proposal mas made t o  
Professor Helmert, shortly after the Indian operations mere I~egun, that  invar should be used; he 
gave an adverse opinion, however, as t o  the  liltelihood of any advantage heing gained, and expressed 
a fear that  the fact that  invar mas magnetic would introduce complications slid this had the effect 
of preventing the matter frora going further. I t  mas somewhat of a surprise, therefore, t o  see 
tha t  invar pendulums had heen adopted by the Prussian Geodetic Institute not  very lollg after- 
wards with excellent results. 

I have made several attempts t o  get a pendulum made of fused quartz nncl now have two 
which I have been hoping for some t i~ i le  t o  bring into use, I ~ u t  there have heen delays about the  
determination of the  constants. Of these peurlal~rrns, one lras a quartz stcm ant1 lcllife edge and 
a brass bob, the  other has a quartz bob and $tern and a steel knife erlge. These are the second 
and third pendulums tha t  have heen made;  the first pendulum was entirely of quartz I ~ u t  the 
difficulties of construction were great, the  result was fragile, and the  stem mas broketi on its way 
t o  India. 

The idea of making a pendulum of fused q ~ l a r t z  arose ou t  of a co~lversation with the late 
Sir  David Gill  who mas a t  the  time considering the design of a s ta~ idard  metre of that  material. 
Since tlreu tlie hehaviour of quartz lias not beeu fount1 to he quite so satisfactory as had bee11 
hoped, a slnall increase oE length haviug heerl detected i n  the metre kept uutler ol)scrvatiou a t  
t h e  National Pliysical Laboratory But  this liability to slow molecular chauge mould not lie a 
serious tlrawhack i n  the  case of a pendulum; for the pe~idulum wonld be swung a t  the base- 
station a t  least twice a, year, and  the change in length in 6 months mould be small and closely 
proportioual t o  the time, so  that  its effect on observations made iu the field between two visits 
t o  the base could easily be taken into account. 

W i t h  a set of quarts pelldulums and a good break-circuit chronometer, which i t  wollld be 
essy t o  protect from changes of temperature, the restrictions on the numher and positions of 
pendulum stations in  India  would be withdrawn, alrd we should be free to make ohrrervations 
under  camp conditions wherever we liked, 



Tliis volume containe in  Chapter I1 t h e  detail8 of the  observatione 
Observotinm at the Edgar made on  the  Koliir S o l d  Field by Mr. Hunter  and myself, and I a m  

shaft, Koldl. Gold Field. very glad t o  have this opportunity of putting on  record, i n  a more 

permanent place than the  pages of the Annual Report in which a n  
account of the work was first given, our great appreciation of t h e  assistance tha t  we received both 
from the Committee of Managemeut of the Gold Field and  from lnauy individuals, particularly 
from Mr. H .  M. A. Cooke of the  Champion Reef Mine. 

One point of some interest may be mentioned here. T h e  mine field suffers very much 

from the that  are commonly called "air-blasts"; this is  a n  old term first used, I believe, 

in some of the Cornish mines, a t  a t ime wheu the nature of the pheriome~ion mas misunderstood. 

These shocks are ill effect earthquakes on a small scale caused by the disturbance of the  
equilibrium of pressure which is brought about by the  excavation of the shafts and galleries of 
the millcs. They produce appreciable and sometimes violent oscillations, and when the pendulum 

were ahout to be u~~tler talcen i t  mas feared that if an air-hlast happened to tnke 
place during the observation of a pentltilum its timc oE vibration would be affected and,-a much 
greater danger,-that the rate of the  cloclc wotlld suffer if a n  air-blast took place a t  any  time 
during the progress of the observations. 

The idea occurred to Mr. Hunte r  that  if the oscillations caused I)y air-blasts were capable 
of affecting the time of vibration of a swinging pendulum they morild be equally capable of 
starting a vibration i n  a pendulum a t  rest. A stnnd mas, therefore, devised and made u p  i n  t h e  
workshops of the Champiol~ Reef Mine,  nntl on it the auxiliary pelitll~lurn, ~vhich  is used for t h e  
flexure observation, mas h u n g ;  a lamp was so placed t h a t  its ligllt reflected from t h e  pendulum 
mirror fell on a screen some distance away, so that any vibration of the pendulum would be re- 
vealed by a movement of the  spot of light. The auxiliary pendulum has very nearly the same 
period as the invariable pendulums and the cloclc pendulu~n, so that  it  mas fair t o  assume tha t  if i t  
mas set in motiou the tinie of vibration of any other pentlrilum t h a t  was in motion would be 
affected. Iiowever, throngho~it  the whole time coveretl by the observations, though some air- 
blasts took place, not the slightcut mot,ion of the spot oE light was ever tletected, aud the conclusion 
was that, ordinarily a t  any rate, the oscillations set up  are of too short period t o  affect a 
pendulum with so long a period as linlf a secoud. 

This agrees with what I had noticetl in 1904 a t  Colll)a where tlie pendulum room mas 
very near a for t  in  which heavy artillery was practising. 'lllie coucussion produccd by the  firing, 
though it  shook the whole house, did not seem to have any effect on t h e  time of vibration of the 
p e n d ~ ~ l u m s .  

The observations a t  the  Kolnr Gold Field, a t  the top  and bottom of the Edgar Shaft,  
were undertaken with a view to obtaining a new value oE the mean density of the earth, by 
r e p e ~ t i n g ,  under more favourable conditions, Sir  George Airy's celebrated Har!on P i t  experiment*. 
One of the most serious difficulties that Sir  George Airy niet with tvas that  of  arriving a t  a 
satisfactory valtie of the average deusity of the gcologic:~l for~l~at ior is  tlirougll which ttie Har ton  

Pi t  deqcends. The Edgar Sliaft th rougl~out  its leugth pierces a homogeneous mass of horubleudic 
schist the density of' which could he meas~ired with coubiderable c e r t a i l ~ t ~ .  A difficillty in  the 
application of Sir George Airy's method, ~vllicli harl not a t  first bee11 t l ~ o u g h t  of, was that  tlle 
bottom of the Edgar ShaEt, thong11 the shaft is 2700 feet deep, is still some 300 feet above the 
level of the sen. S o  that  the idea that  the bottom of the shaft coultl be considered to I)e a point 
on the inner suisEace of a spheroidal shell enveloping the earth was untennble. 

The results of the  observatiolls are given in Chapter 11. Ttiey have not  so fa r  been put to  
any special use. The ~ r i n c i p a l  reason why no discussion of them hae talten place is that  not  
long after the  observations had been reduced Mr.  Hayford produced the results of his 

* Phil. Tranr. CXLVI. 342. 



l~r tast igat ion of t h e  irostatio hypothesis, which turned our  thoughts into new channels, aiid a t  
t h e  same time greatly complioated the process by which the  normal value of gravity a t  any 
place ie computed. A t  present t h e  Koliir result, as  well aa many others, must be regarded i n  t h e  
same way as a botanist r e g r d s  the  specimer~s tha t  he collects i n  a new region, namely, as t h e  
material from which ultimately a system may be evolved. 

Perhaps the  most  interesting part of Captain Couchman's paper is  
On the theory of Isostasy. tlie las t  chapter i n  which he  applies Mr. Hayford's hypothesis of 

isostatic compensation t o  t h e  Indian results. 

The  hypothesis is  thus detiued b ; ~  i ts  author '' L e t  the depth within which the isostatic 
compensation is complete be called the depth of compensation .................. the  condition above 
t h e  depth of compensation may be expressed as  follows :-The mass is  any  prismatic column 
which has ~ O I .  i t s  base a iiuit area of the llorizontal surface which lies a t  the depth of  compensation, 
f o r  i t s  edges vertical lines (lines of gravity) and for  its upper surface the actual irregular surface 
of the  earth (or the  sea surface if the  area i n  question is beneath the  ocean) is tlre same as the  mass 
i n  any  other similar prismatic column having any other uni t  area of the same surface for  i ts  
base."* 

Wllen Mr. Hayford made his monumental calcu:atious of the  effects of topography and 
isostatic compensation on  t h e  direction and the  intensity of gravity, his first object was t o  find 
out  by a discussion of the American observations whether t h e  theory mas borne out and could 
be said t o  be a n  approximation t o  the  real s ta te  of density-distribution in the  earth's crust. 
T h e  smirllness of tlie outstanding differences between the  results of observation and those of 
calculation showed that  the  hypothesis was oil the whole souud, and that  complete compensation 
of moul~ ta in  protuberauces and ocean hollows may be looked upon as the  normal condition, 
every departure from which is t o  be regarded as a n  anomaly. 

The reduction of pendulum observations has thus reached a second stage. Originally, as  
was uat,ural, when endeavouring to arrive by calculation a t  the value oE gravity a t  any given 
statiou, the attractive force of the terrestrial masses lying between sea-level and the station was 
comi)~ited on the assumpti011 that  these masses constituted local excesses of matter,  tha t  they 
were in  fact standing or1 and supported by an unyielding globe. 

The  calculations OF the Veo. J. H. Pratt,  Archdeacon of Calcutta, i r ~  connection with the 
lat,itude observations a t  the northern end oE Everest's Grcat  Arc of Meridian, were the  first t o  
show that  mouutaill masses do uot i n  fact exert an attractive force proportiorial t o  their bulk ; 
that  there is some counteracting or  compe~~sa tory  influence a t  work. 'l'his idea of compensation 
has Kradually developed, and we have 110s advauced From the  conception of a globe with heights 
and 110110w9 on i ts  surface, t o  that  of a n  internal core, withiu which aud on the surface of which 
there is a condition of hydrostatic equilibrium; and oE a n  outer shell o r  crust of varyiug thick- 
ness, io wl~ ich  the matter is so arrauged that  where the shell is thin i t  is lrrol)ortiouately dense 
and where thick deficient i n  density, with the result that  all prisms of the same cross section, 

f rom tile surlxce of the laud or  sea t o  the  surEace of the inner core, contain equal 
quaut,itiee of  matter Tihis condition is known as one oE Isostatic Equilibrium, and tile theory 
demands tllet whenever this equilibrium is disturbed, as by the  denudat io~l  of mouiltains m d  
the deposit of  eroded matter,  i t  teuds t o  be restored by a subterraneau flow, or "i~ndertow", by 
which the  excess of matter over areas of  deposition is relieved and tlie defect in areas of erosion 
is made goodt. 

-_ ... . .. . . _ _ _  ._ .. _ . -. . .- - 

s .& phsf igurc  ,,f the rnrlh and f . y o , t q  f rom tnra*~rrnwnt.v  in t h e  Ilnifad Slntps" I,y .John r'. Hnyforrl, p. 67. 

t For a description of thiR action zida an addreas by Yr. H. lytod to the t\mcricn~l Aeaociation For the 
*dVsnccment of ~ ~ i ~ ~ ~ ~ ,  gipeo m t h  Dee. 1910, which may he foaad iu " Scicnre". N.S. Vol. XXXlII  KO. 841, 

10th Feb. 1911, pp. 199-208. 



When a n  endeavour is made t o  calculate what t h e  intensity OE gravity a t  any  place should '  
be i t  is  now assumed that  there is isostatic equilibrium. 

I f  observation shows tha t  there is a departure from equilibrium i t  is evidence that  a 
disturbing force is a t  work, with which the forces which make for  the  restoration of t h e  isostatic 
state are  unable t o  keep pace. AII anomaly, i .  e. a difference between t h e  observed value of 
p v i t y  comrno~~ly  denoted by ,9 and the computed value, called yc ,  is  therefore a sign of  a non-  
quiescent condition; and where such anomalies occur i t  will be natural t o  see whether any  cause 
of disturbance is visible, such for  instance as  excessive erosion or  deposit ; or  whether there is 
any other sign of unusua! forces beiug a t  work, such as a change i n  the height above sea-level, 
either i n  the form of subsidence or of ruountai~l-buildiug. 

If g-y, be positive i t  would indicate au excess of matter over that  which was allowed 

for  iu  making t h e  calculation of y,, and if negative r deFect. Thus  in  a region subject t o  rapid 

erosion one would expect g-yc t o  be negative, matter  beiug carried off more rapidly than t h e  
restorative forces can replace it. 

The outer slopes of the Himiilaya are  probably subject to  r1lol.e violeut erosion than auy  
other place i n  the  world, so tha t  i t  would be reasonable to expect t o  find tha t  the  eubaerial 
processes were ahead oE t h e  subterranean ones, and  that  the  lightening of the  mouutain masses 
11nd not been made good by the  undertow from the  areas of deposition. 

We should thus have iu the crust u~ lder lg ing  a Himi layan  statiou a degree of isostatic 
compensation corresponding t o  a greater superficial mass t h a n  actually exists, the11 g, t h e  observed 
value of gravity, mould be less than y c ,  the value obtained by computatiou on t h e  assumption of 
perfect isostatic compensatiou ; tha t  is to  say g - yc would be uegative. 

Siuce the  undertow which restores the  equilibrium is  set i n  motion by t h e  overloadir~g of 
areas of d e p o s i t i o ~ ~  and t h e  l i g l ~ t e n i ~ ~ g  of  hose of erosion, i t  i s  not couceivahle t h a t  i t  should ever 
be in  advance of the erosion, aud therefore the  theory oE isostasy is not competeut t o  explaiu a 
positive value of g - yc , except i n  areas of depositiou. 

A positive value means that  the compensation underlying a mountaiu mzss is  incomplete ; 
tha t  i t  is appropriate to  a smaller mass than that  actually in existence. This points t o  tile mass 
having .been piled up at a greater rate  thau the  forces tending t o  restore equilibrium could 
keep pace with, aud  leads to  the conclusion that  in  areas oE erosion if g-yc is positive a 
mountail1 buildiug force must be a t  work. 

111 areas of depositiou the argument is similar. If isostatic equilibrium is perfect g mill 
he found equal t o  the computed value y c .  

I f  or~ginally, when there was isostatic equilibrium, the height of the area was 1 feet aud 
i f  the deposit of the products oE erosion has raised i t  by dh feet, then since h+dh is t h e  
actual visible height we necessarily use t h a t  quantity iu computing the  compensation, hence, 
unless the disturbance of equilibrium has beeu redressed by a subterranean flaw induced by the  
increase of pressure, we shall always apply too large a ~ ~ e g a t i v e  correction t o  y when computing 
y c  and thus, y, beiug rendered too emall, q-yc will be positive. As already stated i t  is  not  
conceivnble that the  increase of pressure due t o  deposits should produce a compensation corres- 
pondiug to a larger mass than that  which has actually been deposited. 

If, therefore, obllervationb a t  statioas in ereas of deposit lead to  negative value8 of 9-yc 
the theory of isostasy is I~owerless to e x p l n i ~ ~  them. I t  would appear that something must have 
occurred which allowed t,he loose alluvial deposits t o  sink downwards and to occupy the  space 
which had been filled hy denser rocks when isostatic equilibrium existed. 

It m.ap he contended that  there never had been n s tate  of equilibrium; bu t  we a re  now 
working on thc hypothesis so well establiehed iu North America by Mr .  Hayford, tha t  unless there 



is some dut l i rbing forae at work a s tate  of isostatic equilibrium must  establish itself ill the  course 
of time. When we find a s tate  oE thiugs which is  [tot a s tage 011 t h e  way t o  the  establishment 
of equilibrium we are neclessarily led t o  seek for a disturbitig cause. 

Before, however, going fur ther  i n  this direction i t  is necessary to  makc sure that  the 
anomalies canuot be made t o  disappear by some permissible modification of the Hayford 
hypothesis. 

Captain Couchman examines the effect of supposing tha t  the  degree of subtcrrnnean 
compensation may not he iu  direct proportion t o  t h e  individual masses standing above sea-level, 
h u t  may correspond t o  t h e  average topography of a wide area. 

'I'his touches on one of t h e  difficulties of the  theory of isostasy. I t  is  scnrcelp credible 
tha t  each minor feature of t h e  earth's sllrfacc is balanced by a corresponding excess o r  deficiency 
i n  t h e  del~si ty  of the crust immediately below it ,  and on the  other hand if the  balance only 
holds goo(] when a very large area is taken as the  unit t o  he considered, t,hen the hypothesis 
become9 vaglle and confused. 

Moreover, i t  is ohvious t h a t  the  forms of such areas wotild not be geometrical, as has to be 
assumed in order to  make the  computation, but  w o ~ ~ l d  correspond t o  some ~ ~ a t u r a l ,  perhaps geolo- 
gical, lilies of separation. 

Captaiti Corlchman has made reasonahle assumptions and  approximations and has deduced 
the  e f f e ~ t s  ot several different s r r a ~ ~ p e m e l ~ t s .  But even when modifications of this kind are  
made expressly i n  order t o  remove the  anomalies, i. r .  the differences I~etween g and yc , only 
partial srlrcess is ol~t,aiued. I t  is specially t o  be noted that  the  differences between y and y  
cannot be removed by an alteration of the  constants i n  the formula fo r  y, hecause differences of 
opposite sigu are t'ound a t  places only a few miles apart.  I f  me increase y  so as to get rid of 
positive values OF 8 - y c  a t  hill stations we Increase t h e  negative values of g - y c  a t  stations a t  

the Eoot of the hills by t h e  same amollnt. Tha t  is t o  sap if me try t o  make out tha t  under the  
hills there is  isostatic eqriilibrium we are confronted hy great d e v i a t i o ~ ~ s  from equilibrium under 
the  p!ains nt their foot, o r  vice versa, so that  me are forced to t h e  conclusion that  we are  no t  
merely rlealing with an isostatic equilibrium const:tntly diaturbcd by t h e  effects of mind arid 
rea t l l e r  ant1 constantly readjusting itself, ha t  that  there are  other  forces a t  work which are, in  
c ~ r t a i n  regions, continlially lifting the  mountains higher n11r1 highel- and allowing the material 
wasllcd clown f rom their sides to sink deeper ;inrl deeper. 

50 f a r  as I nm aware, the  theory put  forward by Sir  Sidney Hllrrard iu Professional Paper 
No. 12 of t l ~ e  Survey of India, " On the Origin o f t h e  Himalaya Mountains", is  the only olle 
tha t  suggests a common cause for  these two effects. 

>fore gravity obs&vations over the plains of the Punjab  are  m11c11 needed in order to see 
whether the  deficiency noticed a t  the foot of the hills from Sil ig~ir i  to  Pa th inkot  exteuds over 
the whole of the alluvial p l a i ~ ~ s  or follows the line of the hills and I~encls round to the  west illto 
the  Indus  ITalley and theti follows t h e  line of the  Suleiman Rfountaius. 

The whole of the  region lying north of the line fro& Pathiir~kot t o  Dera Ghiz i  K h i n ,  
along wbich a few observations have already lleen made, requires to  be carefully probed by means 
of pendl~lurn ohservatious a t  stations not too Ear apart. 

'l'his programme would already have been carried out  i f  the war had not brought all such 
work t o  an end. 





P R E F A C E .  

This paper consists of two main divisions, viz :- 

(a) Chapters I-VII, containing full details of t h e  observations made between January, 1908 
and April, 1913. 

( b )  Chapters V I I I  and IX, giving an accouut of the Hayford or  compensation method of 
correcting for mass, with a preliminary examination into t h e  effect of this  method on  our  
gravity results in  India. 

Circumstances have prevented the completion of this examination and t h e  compensation 
correctious at  35 stations have yet  t o  be computed. As, however, i t  is unlikely tha t  these correc- 
tions mill be compl~ted in t h e  immediate future, i t  was considered advisable not  to  delay the 
publication of the paper ; the  more so, as i t  marks a change i n  our methods of computing ./, and 
g - r , .  Although the  paper hears my name, only a portion of the  labour entailed in i t  is mine. 
ID Chapters I-VII the names of the observers of each season are  given and t h e  short discussion 
of results in each of' these chapters is as a rule based on t h e  reports issued on each season's 
worlc. I n  chapter V I I I  the  computation of t,he reduction tables for zones A t o  P was initiated 
by Major Conia, carried on by Major  Tandp and only completed by me. For  those for  t h e  outer  
zones we are indebted to Mr.  J .  F. Hapford, late of the United States Coast and Geodetic Survey 
and his staff. 

For t h e  computatiori of the actual cornpensation col-rections, also, I am by n o  means 
entirely responsible. 'l'he effects up t o  109 miles were computed for  49 stations by Major  
Cowie, aud an enormous amount of labour has been saved by the preparation by Major  Taudy of 
the three charts from which the effects of the  most distant zones can be interpolated. 

'1'0 Lieut.-Col. Lenox Conpngham I am indebted for  suggestions and advice and t h e  
interest shown by Colonel Burrard has been of real value. 

I n  the actual preparation of the  paper I have had much assistance from the computers of 
the  P e n d ~ ~ l u m  Party in abstracting and checking the  many tables. 

The  list of those to  whom acknowledgments are  due  would be incomplete with t h e  
omission of the many officers of t h e  Civil Service, t h e  Military Works Service, the Public Works  
and other departments who have assisted the observers in  obtaining observation rooms a t  t h e  
field stations and, speaking for  myself and my predecessors, I take this opportunity of thanking 
them. 

Dehra D~in : 

April, 1914. 
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C H A P T E R  I. 

Introductory. 

This paper is a coutinuation of Professional Paper No. 1 0  " T h e  Pendulum Operations - - 
i n  India ,  1903 to 1907" and contains an account of the  observations from January,  1908 t o  
April, 1913. During this period there have been tliree observers, namely:- 

Major  G. P. Leuox Conyngham, R. E.,  up  t o  April, 1908 
Captain H. M. Cowie, R. E., up to May, 1911 
Captain H. J. Couchman, K. E.,  u p  t o  April, 1914. 

The apparatus and method of observation have remailled the same throughout the  period 
and are fully described in Professional Paper  No. 10. For  the  last 7 or  8 years, however, t h e  pendulum 
stand has been fixed to a hollow iron pedestal, the brick pillar being dispeused with. At t h e  
beginning and end of each field season t h e  pendulums have been swung a t  the  base station 
Dehra Dun, the  value of gravity a t  each field statiou being deduced from the  difference of 
the  time of vibration a t  the  field station from the mean time of vibratio~i for t h e  season a t  
Dellra D l u .  The  exact formula is s2 g =  s" go 

where so = time of vibration a t  Dehra Diin 
s = ,, ,, a t  field station 
90 = acceleration of gravity a t  Dehra D l n  

9 = ) , ,, a t  field station. 
F o r  small variations of s, the  formula may be more conveniently expressed thus:- 

The value of g a t  Dehra Diin has been taken throughout  the  whole period of observations as 
9 7 9  063  dynes. 

This value depends ultimately 011 the value of g a t  Potsdam, 981. 274 and  was derived directly 
from the  value of .9 at  K e n ,  981. 200, the  difference, Potsdam-Kew, having been previously 
determined. 

The  counection hetween Kew ant1 Dehra Dun should be strengthened when a n  oppor- 
tunity occurs, hu t  meanwhile we have other  evidence t h a t  our  value is not likely t o  be much in 
error. I u  1905 Dr. Hecker swung his pendulums alongside ours  a t  Jalpaiguri  ; his value o f 9  
di&red from ours  by only 0 . 0 0 2  dynes. I n  1906 Commander Alessio made observationa at 
Coliba i n  the  same room as tha t  occupied by  Major  Lenox Conyngham i n  1904;  hie value of g 
wae 0 . 0 0 4  dynes less than  ours. 

Vnlllr fn11n11 f o r  q nt Jnlpnigliri : by Doctnl. 11erknr 978.921 : hy llfnjor Lcnox Gonyngl~nn~ 978.922 
Vuluo fol~ntl  f o r g  n l  C O ~ I I R :  by Culumnndor Alcssio MY C27: by Major Leuox Conyngllnm 978.O31. 



2 PENDULUM OPERATIONS. [ CHAP. I. 

T h e  values of so a t  Dehra D a n  a re  shewn for  each season i n  the  subsequent chirptere. 
They have varied i n  a curious way and n o  explanation can be given of the  changes. Figure 1 
shows t h e  variations in  t h e  times of vibration of t h e  individual pendulums and the  actual values 
of  tlre mean t ime of vibration a t  l lehra Dan.  

T h e  curves of t h e  four  pendulums have sonle points of similarity. Thus  from May, 1908 
t o  November, 1909, all  show a fall, aud thence t o  November, 191 1 all show a rise. ~t first sigllt 
therefore, one might  suspect t h a t  gravity had varied, but  i t  must he remembered tha t  the  pendu- 
lums a re  all  of exactly similar construction and material and were probably made a t  the same 
t i m e ;  col~sequently, i t  is likely tha t  any  molecular changes mould be t h e  same in all. 

Furthermore, any  error in the  thermometers etc. would have a similar effect on all tile 
pecdulums so t h a t  apart  from accidents, such as seems t o  have happened t o  No. 137 i n  November, 
1906,  we should expect t h e  cllrves t o  he similar. 

T h e  apparent increase in  length i n  811 the  pendulums sillce November, 1909 may be due  
t o  t h e  wearing of t h e  agste  edges and, if this is so, the  increase will probably continue. 

A uew pendulum of which t h e  bob is  of brass and t h e  stem of fused quartz has lately 
been received and, as  soon as its constants have been determined, will be brought illto use; it will 
be interesting t o  observe whether i ts  variations agree a t  all with those of t h e  other  pendulums 

Having Found g, t h e  observed value of gravity a t  the field station, we then compare i t  with 
t h e  normal value. To d o  this i t  is necessary t o  apply corrections fo r  the  height of the station 
and  f o r  surface masses. The  practice in all our  p r e v i ~ u s  reports, and which is i n  accordance 
with tha t  oE the  International Geodetic Association, has  beeu to apply these correctiolls t o  the 
observed value, !I,  and thus  ohtnin a value of gravity a t  sea-level, usually called yo", which can 
be cornparetl with the  uormal value yo based on the  latitude formula. This practice seems 
theoretically r~nsound, as we are applying theoretical corrections to  an observed value, and our  g," 
is thus  a somewhat hybrid q r ~ a ~ ~ t i t y .  I t  seems preferable t o  apply our  theoretical corrections 
for height and mass t o  the theoretical value, %, of gravity a t  sea-level rind thus obtain a 
theoretical value a t  the station which can he directly compared with the  ohserver1 value. 
Obviously the value of - y (with the appropriate suffixes) is the  same whatever procedure is 
adopted, ha t  the  la t ter  is used i n  this paper ant1 mill he cor i t i~~ued .  

Tlre question of t h e  appropriate suffixes to  he employed now arises. The  riormnl v a l ~ ~ e  
of gravity a t  sea-level based on the  latitude formula, and the  observed va l~ le  a t  the  station have 
always been called y, and g, and these mill not he nlteretl. The other generally accepted 
suffixes are  g,, f o r  observed gravity corrected for  height and 9,: fo r  observed gravity corrected 
for  height autl mass. As, however, we shall in  t r ~ t n r e  apply our  corrections to  yo instead of  g,  
these last will not he required. hIoreover, there are  a t  least three methods of allowing for  the  
effect of aurEace masses OII  gravity, namely the Bongner, the Free Air and the  Hayford (or 
Isostatic Compensation) hypotheses. I f  suffixes are considered necersary then alphabetical ones 
are  irresistibly s ~ ~ g g e s t e d ,  viz :- 

y, for the  Free Air 
y, for  the  llouguer 
yc for the Compensation hypothesis. 

I t  may be urged that  these letter suffixes will have 110 direct meaning i n  any other language 
bu t  our  own, hut  the order of them is a natural one and in this way. The Free Air method 
asaumes that  masses have no effect on gravity, the  height alone being allowed for. The  Bouguer 
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method allows for  height and surface masses, and the Compensatiou method for height, surface 
masses and their compensation. 

111 this paper, therefore, the above suffixes will be used. 

In  the abstracts of each season's worlr in  Chapters 11 - V I I ,  only t h e  Bouguer 
residuals are shown, the discussion of t h e  Hapford (or Conlpensation) method being in 

Chspters VIII  and IX.  

I n  connection with the Bonguer correctio~l we have auother change of procedure t o  
2gh 3s 

record. The formula for  this is - - -  H X4n 

where /, = height of statiou 
B = radius of earth=20,900,000 feet 
6 = mean surface deusity of ear th 
A = mean density of ear th as a whole 

6 1  
I n  our previous publicatiolls me have assumed 6 = 2 . 8  and A = 5 . 6  &.- = - A 2  

3gh 
when the f o r ~ n u l a  hecomes + -. Better values of 6 and A are however 2 - 6 7  and 5 . 5 7 6  4 R  

6 
and using these, as me have done in this paper, the  value of - becomes - A aud the  

2.09 

formlila is therefore + 3gh This change alters the  old values of the  Bouguer correc- 
R x 4 . 1 8  

1  
tions given in Profession:~l Paper  No. 10 by about --rd part,  and explains why t h e  values given 

23 
in this paper differ from those ill o11r Reports published since 1907. 

A similar cllange hah heen made in the orographical correction wl~ich takes account 
of the departure of the actual surface of the  ground from a plaue of the same height as t h e  
station. The change is, homerer, small a t  all the  stations dealt with in Professional Paper No. 10. 

2gh 
'l'lle correction for height has not heen altered, and is - - 

H,' 

I t  mill, I~omesel*, Ile noticed that  a t  some stations the  va l~ le  of the  height correction 
differs from that  previonsly pnblished. 'l'his is due to  the  fact tha t  i n  some cases the radius 
of the earth, It, has been take11 as 21,000,000 feet, whereas the  value now used is 20,900,000 
feet.  'I'he change ill the correction is small. 

The form~ila  used in this paper for computing the  normal value of gravity a t  sea-level 
is that  deduced I)p Professor Helmert in  191 1, viz :- 

.yo = 978 .030  (1  $. 0.005302 sin" -0.000007 sin' 2 4)  

wliere C#J is the latitude of  the  station. 
Previoiis t o  the  publication of this paper we have used Helmert's old formula which was 

yo = 9 7 8 . 0  (1 + 0 . 0 0 5 3  10 siu") 
and i t  is, therefore, to  he noted that  t h e  new values oE yo will a l l  he greater than the  old ones 
and by amounts varying in India  from -029 to  .021. 
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A list of all the gravity stations dealt with i11 Professional Paper No. 10 is given below with 
the new values of yo and of the Bouguer and orographical corrections:- 

I ! I I I I Corrections 

Drhra D i l l  ... 
Nudrus . . . 
Colibu . . . 
Alussoore~ (Dunse- 

rerick) ... 
Museooree (Camel's 

Buck) . . . 

Cuttack ... 
( h i t  ru ... 
Kibnapur . . . 
Rinicl15ndpor ... 
K ~ s n r b i r i  . . . 
Julpniguri ... 
B ~ l i e u r ~  ... 
K l l r s e o n ~  . . . 
1)nrjreling ... 
dnudub-pkun . . . 
- -. - - 

d i l ~ ~ l u  ... 
Rilku . . . 
Ludluiinu .., 
J l i i n  Mir . . , 
Frrozepur 
Puthilnliot . . , 
Jlol~t.gornery 
D w a  Glukzi K h i n  .. 
n[ulLil~l 
Jorobibid .., 

Sibi 
BI me h ... 

I Quettn .., 

Geeupur 
Jleorut 
Kaliina 
Nojli 
Roorkee 
H a r d a i r  
Nohan 
Asarorl 
Fntehpur 
Kilei  
Rijpur 

tor Inass 

I I I I 

feet dynrs 

22.39 979'347 
20  97R.294 

34 978.571 

7129 979'357 

6924 979'.?ji  

dynes dynes 
+ 0 ' 0 7 5  -0'004 
+O'OOI 0 

+ 0 ' 0 0 1  0 

dynes dynes 

979'  208 979.063 
978'  293 978'279 
978'569 978.6.31 

978.904 978,776 

9 7 8 . 9 ' 6  978.793 



C H A P T E R  XI. 

The Pendulum Operations in 1907-08. 

The  object of the  o b s e r r a t i o ~ ~ s  made i n  the season 1907-08 waa t o  ascertain whether, i n  
montane and sub-montane regious in  the  southern portion of t h e  Indian peninsula, the  force of 
gravity varied from normal i n  like manner and degree as iu northern India .  

The two areas differ in  many important  particulars. Geologically, south India  is f a r  older 
t h a n  ~ l o r t l ~ ,  and the  mountains are  more probably the  remains of extensive plateaux than t h e  
result of folding or  upheaval of the  crust .  Physically, t h e  pendulum stations occupied this  
seasou, though actually of about the  same height as the  Himalayan ones in  ~ lor thern  ind ia ,  a re  
situated on the  summits of t h e  mountain masses, while t h e  la t ter  are  bu t  points on t h e  outer  
slopes. 

An entirely novel class of s t a t i o ~ ~  was tha t  a t  the  bottom of the Edgar  Shaf t  i n  the  Kolitr 
gold field. The  other  stations rnag be divided into three classes, namely :- 

1. Hilltop .. . Ootacamund. 
KodaikHnal 
Yercaud 

2. Sub-montane ... Salem 
8. Plateau . . . Bangalore 

My sore 
Edgar  Shaf t  (S~L) ;~ ( ICC z t a f i o n ) .  

The observa t io~s  were made by Major G .  P. Lenos  Conyngham, R.E., assisted a t  all  but  
two of the stations by M r .  J, de G. Hunter ,  M.A.  

The descriptions of t h e  stations a re  given below :- 

Bangalore. 
Lati tude . . .  13' 0' 41Y 
Longitude ... 77' 35' I"  
Height . . .  3118 feet.  

The  pendulum stntion was i n  t h e  bnilding which contains tbe S.ml. end of t h e  Bangalore 
Base-line, and is therefore identical with the station a t  which Captain Basevi made pendulum 
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observations i n  September-October, 1868. This  station is thus  described in G.T.S. Vol. V :-"The 
station is on  rising ground about  24 miles nortll f rom the  new public offices of the  Mysore 

Government, and  a short  distance west of t h e  road t o  Nundydroog and Hyder;ib6dJ'. There is 
a note i u  G.T.S. Synoptical Volume XXIX t o  the  effect tha t  the  station was reported in  3893 
t o  have been completely destroyed, and the  building which is now standing (1908) is no t  of cu t  
stone. I t  has  presumably been rebuilt  since I893 but the  position may be considered identical 
f o r  t h e  purposes of t h e  pendulum observations. 

Mysore. 
Lati tude ... 12' 18' 52" 
Longitude ... 76' 40' 20" 
Height  ... 2501 feet.  

T h e  pendulum station was situated i n  t h e  large eastern room cjf the  row of out-offices 
t o  t h e  south of t h e  building known as the  Military Staff Quarters o r  t h e  upper Residency, which 
s tands o n  high ground about three quarters of a mile east of the  Residency. A line of levels run  
f rom t h e  rail level a t  the  station showed tha t  the  floor of t h e  room was 7.9 feet higher. The 
height of the  rail level was given hv the  Railway Engineers as  2492.0 feet, hence the height of 
t h e  floor is 2499.9 feet.  An independent determir~at ion made by t n e  Executive Engineer gave 
2501.9 feet. The  mean has  heen adopted. 

Edgar Shaft. (Uncle~~,q~.out~d station). 
Lati tude ... 12' 55' 46" 
Longitude . . . 78' 15' 41" 
Height  ... 328 feet. 

The  underground pendulum station was a t  the bottom of the  Edgar  Shaft  of the Mysore 
gold mine. This  shaft  is 2628 feet deep from the  doors a t  the top. It is  circular i n  section, 
18 feet i n  diameter and brick lined. Three small platforms of hricks i n  cement mere built t o  
receive the  pendulum stand, flasll box and thermometer-reatling telescope respectively and each 
had  a heavy i ron plate, bedded i n  cement, on its upper surface. The  pendulum pedestal mas 
cemented to one of these plates. 

The  bricking stage was slispendetl ahout 9 feet above the  bottom, 
so  as t o  form a sort of ceiling, and sheets of corrugated iron were attached t o  this in  
several places so as  t o  protect the various i n s t r ~ ~ m e r ~ t s  from dripping water. The amouut of 
water which found i t s  way iuto the shaft was sufficient t o  cover the  floor t o  a depth of about 
3 inches in  24 hours. The  height of the doors nhove mean sea-level, as determined by levelling 
from one of the  mine bench-marks, is 2965.7 feet.  The h e ~ g h t  of this hcnrh-mark depends on that  
of arai lmap hench-mark near Ooreg~im statioo. 

Edgar Shaft. (Surfcicc atotion). 
Latitude ... 12" 53' 47" 
Lougitude ... 78" 18' 8" 
Height  ... 2945 feet. 

T h e  surface pendulum station was i n  r store godown situated ahout 100 feet north of 
t h e  shaft. The room was large and bad a tiled roof of fair quality. I t  had 5 windows closed 
by wooden ahuttera, and one door. From one of the  wi~ldows on  the north side the  shutters 
were removed nnd glass wan put  in instead, the  other  windows were covered with mats on the 
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Page 6, Ilongitude of Edgar Shaft (sui.face station). 

For 78" 18' 8" read 78' 15' 41" 

Baled 30-1-17. 
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outside as a protection against the  SUII'S radiation. A thick curtaiu was put u p  outs~cle the  door. 
A special platform of brick ou edge in cement was  prepared for the  pendulum pedestal. 

Salem. 
Lati tude ... 1 5" 
Longitude .. . 78' 9' 10" 

Height . . . 948 feet. 
The pendulum s t a t i o ~ ~  was situated i n  a b u ~ ~ g a l o w  which stands about 300 yards south 

of the  Salem Municipal D&k Bungalow on the western side of the main road wlrlch runs north 
and south. A l i r~e  of levels was rim from the  G.ll.S. beuch-mark on the  ~ l a t f o r m  of Salem 
(Suramarlgalam) railway statiou to  the  p e n d u l u r ~ ~  room by the  Executive Engineer ,  P.W'.D., 
and showed that  the  floor of the  room is 2 4 . 7  feet higher than the  bench-mark. The height 
of the latter above mean-sea-level is 922 .8  feet. 

Yercaud. 
Lati tude ... 11 4G' 56" 
Longitude . . . 78" 12' 29" 
Height  . . .  4493 feet. 

The pendulum station was situated i n  t h e  S.W. room of the  P.IV.1). rest-house near 
the S . W .  end of t,he lake. A line of levels mas run from a point marked A 444.8 on the  map 
and it  showed that  the floor of the  l~endrilum room was 4 4 . 5  feet higher than tha t  point. The  
point i n  question is uot well defined and there map he a n  error of 2 or  3 feet in  this result, 
irrespective of any inaccuracy in the height given on the map. 

Ootacamu nd. 
Latitude . . .  1 lo 24' 37" 
Longitude . . .  76' 42 '  3" 
Height . . . 7395 feet. 

The pendulun~ station mas i n  a small room O I I  the north side of the I~uilding which was 
formerly the Europeans' jail aud which is now the  office of the Epigraphical Department. This 
brilding is ou  a liuoll which lies to the S.S.W. of S t .  Stephen's Church and N.E. of the 
emhaukment 011 \vlricl~ the railway crosses the lake. 'Ihe distance of the building from t l ~ e  
church is about 725 pards, and from the nearest point of the  margiu of the lake ahout (i20 
yards. There is a railway I~encll-mark, height 7220.5  feet on the road, near the point where 
the  railway, a t  preseut in  course of construction, will cross i t .  A line of levels run from this 
bench-mark made the heigl~t  of the floor of the pendulum room 7392 feet. There mas a statiou 
of the  triangulatio~r near St.  Thomas' C h l ~ r c h  and its height as shown on the map mas 7271 feet. 
The statiou could not Ile found hut as the ground near the  church is flat, the  liue of levels was 
continr~ed to the flat ground : assuming the height of the  latter to  be 7271 feet, tha t  of the floor 
of the  pendulum room was fou11d t o  he 7398 feet.  The mean of these two r a l ~ ~ e s  has heell 
adopted. 

Kodai kanal. 
Latitude ... 10' 13' 50" 
Longitllde ... 77' 27' 56" 
Height ... 7665feet .  

The pendnlum station was situated in  the store room which stands about 4.0 yards 
north of the transit house of the Solar Physics Observatory. The height of the cistern of the 
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barometer of the  Observatory was given hy the  Director and  t h e  difference in height between the  
cistern and t h e  floor of pendulum room was determined by levelling. A small concrete pillar was 
huilt  for  t h e  pendul11111 stantl. The t ime observations were made by Mr. Hanumall Prasad with 
the  transit  instrument  helonging t o  t h e  Observatory, one of t h e  transits of t h e  origiual longitude 
equipment of the  Survey of India .  

O n  t h e  whole satisfactory rooms were available fo r  t h e  observatious and it was possible t o  
ensure a fairly steady temperature. N o  corrections for lag have been applied i n  deducing t h e  
times of vibration. 

T h e  results of t h e  determinations of the  flexure c o r r e c t i o ~ ~  are give11 in Table I. 
Table I.- PZexure Correction. 

- ~p 

A t  Kodaikiinal the  marble slab carrying the  pendulum support was cemented t o  a n  isola- 
ted concrete pillar built speciallv for the  purpose ; t h e  large correction is therefore probably due 
t o  the  nature of this pillar. 

During this season the  new bent transit  inetrumex~t, made by Messrs. Troughton and 
Simms, was taken into use for  the  first time. I t  gave thoroughly satisfactory results, the mean 
p. e. of the  clock rate being +0.014 secs. 

~ t a t i 0 ~  

Dchrn Dun 

The details of the observations are given in Table 11. 

Observed Adopted 
D ~ t e  Correction Correction 

secs. 10-7 eecs. I I Observed Adopted 
Station Date I Conei t ion / Correction 

10-7 secs. 10-7 secs. 

5 5 ' 4  - 64 
--- 

Jan. lbt, to 4th - 56 

Jan.  4th to 13th 
- 64 

19U8 
J a n n a v  1st 

., 4th 

.. 13th 

Mysore ... Febrnary 6th - 58.0 
5 i ' . i  1 . 1161 5 6 . 4  - - . -  
J J  5 

- 56 

-66 

- 5 i . o  
56 .5  
5.3'9 
.55'3 
5.3.6 
5 3 . 8  

- 57 

- 57.  I 
5 5 . 6  
5 6 . 4  
56 '4  

- 5 5 ' 4  
5 5 ' 7  
5 4 ' 0  
55 '5  

Salem ... 

Yercand ... 

1906 
Uarch 1st 

. 3rd 

&larch 6th 

.. 9th 

Ootacamnod 

Kodaikinal 

Dehra D i n  

(Under- 5 5 ' 9  

- 53 

March 15th - 6 0 . 3  

, 1 1::: ( 
5 i . 9  - 59 

March 2End - 8 9 ' 9  

,, 26th 8 2 . 7  
8 0 . 8  - 86 

-- 
April 17th - 4 5 ' 5  

44 '5  
,, 23rd 4 4 ' 9  

4 3 ' 4  - 46 

Edger Shaft Febrnarp2lst - 4 9 . 4  
4 9 ' 4  
4 7 . 2  
48 .5  
4 8 . 2  

(Surface) 

- 43 

,, 24th 

., 96th 
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Tuhle 11.-Detaile of the Observations. 

Correction on account of 

R e d ~ ~ c e d  
c Tiine of 

m 
Z 

Dehra Dun. 

s 
2434.469 
z i q q s  
263,3.380 
2435.263 

2634.48.3 
31.934 

29.33..795 
1 g ~ i 3 5 . z i 9  

1st .  
Jan. 
I908 
Night 

2nd 
Jnn. 
Dny 

- 4.58 
5 
4.58 
4.56 

- 4.58 
4.58 
4.58 
4.58 

Blenn ... 
BTenn of Day nnd Night ... 

14.33 
I 

14'53 
14.58 

13.0.3 
13.99 
14.13 
14.21 

137 
139 
138 
rqo 

137 
1.39 
1.38 
140 

* , a  
20  
2 0  
2 1  

zo 

20 

2 1  
2 0  

20 

o ~ ~ o ; z ~ o ~  

0.5072512 

h m  
4 
5 
h 

; 

16 
17 25 
18 

+ O . I O  
0 
0 . 1 0  

0.10 

+ O . I O  
0.10 

-533 
50.3 
5 3  
522 

Dlenn 

-534 
50.3 
533 
522 

-26i 0~50;0866 
j l l  O . I O ; ~ O I (  

56! o.50;160+ 
561 0.50;25;8 

... ( 0.50;2516 

-56 o.50;08~4 
56 
56 
56 

hlenn ... 
Menn of I)oy and n ' ie l~t  ... 

0.879 
0 8  
0.878 
0.878 

0.882 
0.881 

o ~ 1 0 0 ~ 8 8 0  
0 .100 .880  

-522 
5.33 
50, 

2nd 
o n  
Sight 

3rd 
Jnn. 
1)ny 

0.50;4()q8 
0..;0;15e.i 
0.50;1550 

o'50;249; 

0 . 5 0 7 2 5 0 6  

P 

o.50;.3610 
0 0 2 6 ,  
0'50;60.3.3 
0.50i1q1.3 

0.5073566 
0.50jz605 
0.50;60oo 
O.SO;IRRZ 

I I 
+ 269 111-;01 

2 6 ~ - 1 1  706 

6.32 

Mean 

-524 
534 
50.3 
533 

-71.4 
8 
722 
725 

-;os 
710 
713 
71; 

1 4 0  
138 
139 
1.17 

140 
1.38 
139 
I .  

- 4.20 
4 0  
4.20 
4.20 

- 4.20 
4.20 
4.20 
4.20 

2 2  
0 

rg 
18 

20 

20  

20 
18 

4 
5 
6 
7 2 1  

16 25 
1 7  
18 
19 

;12  

714 

-6R3 
686 
h92 
696 

~ 6 ~ '  1 2  

56 
... 

-56 
56 
56 
56 

:4.57 
4 6  
14.74 
14.80 

1 ~ . . 3 8  
14.49 
14.55 
14.63 

2435,254 
22.3,~.371 
22.34.899 

34.448 

35.264 
24,3,3..3R1 
2.734 911 
2 . 7 3  

4bl1 
Jan. 
Nigl~t 

5th 
Jnn. 
I)ny 

269 

+ 269 
269 
269 
269 

0~50;0869 

O ' ~ O ; Z ~ Z I  

O . . Z O ; Z : ~ I  

0.50;15110 
o'50;500; 
0.50;0855 

+0.08'0.8;c) 

1 1  

- 1 1  

I: 

1 1  

1 1  

0 8  
0.08 
0.08 

+o.oR 

0.08 
0.04 

0.50;19.35 + 24; -1.3 
O O O  1 2 I 

0.5o;zh;R 24; lo  

o.8;3 
0.060.8;1 

0'87.3 
0.874 

0'874 
0,874 

o ~ o j o ~ 8 ~ j  
o ' R , . ~  

hlenn ... 
BIenn of T)ny 11nd Kight, ... 

0 9  
0.879 
0.878 

0.881 
o . 0 8 0 ~ 8 8 0  

o.R;g 
0.879 

- 1 0  

1 1  

1 2  

l o  

137 
1.39 
1.18 
140 

1.37 
I N  
1.38 
1 4 0  

o.;oiz512 

0.5072511 

9 

- 1 1  

1 1  

I 

9 

0.507.3643 24; 

0..;0;.3;36 
0 '5o j~R20  
0.5o;hzoc) 
o.so;zog.? 

0.50;3;i,q 
O . S O ; Z ~ I I  

0.5076206 
0~5072090 

nlcnn ... 0.~0jz51.c  

0.50j1913 
o.50;6031 
0.50;2651 
0.50;,700; 

-8.79 
844 
846 
84; 

+ 22.7 

223 
22.3' 

22.3 

+ 223 
223 
22.3 
22.3 

- 3.80' 
.3.80 
,?.Ro 
3.40 

- j .80 
7 8 0  
3.80 
3'80 

4 39/34'405 
5 37i.34'832 
h 341.7.3'.305 
7 .~.+5.178 

+ 24; 
24; 
4 
247 

- 1 0  -841 
81 81; 

1 2  849 
15, 852 

I ; . I ~  

17.22 
1 7 . 2 ;  

17.29 

17.16 
17.28 
1;..3.i 
17'39 

19  
20 

2 1  

rg 

19 
1 7  
2 1  

24 

16 
1 7  

19 41 

+o.oh 

0.06 
0.06 

+0.0;  
0.0: 

0'0; 

-519 
528 
499 
5.10 

Dlenn 

4.334..787 
4234.8.36 

18qoj ,7 . .?06 
35.179 

-519 
5.30 
500 
529 

- 5 4  
54 
54 
54 

... 

0.50;z:.i; 
0'.ib;1006 
0.50;5021 
o.50;08;5 
o.50;2,;10 

-54 
54 
54 
54 

0.50;25;4 
0.50;1595 
o . ~ o ; : o I ~  
o..c0;046,; 
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Il'able 11.-Betails of the Observations-(Coutinued). 

a 2 Temperuture .? 
4 
% 

z 

Correction on uccor~llt of 

Observed Reduced 
t Time of 

4 

- 
Dehra D u n - ( c o n t d . )  

9 t h -  
10th 
Jan. 

IOt,h- 
11th 
Jan. 

a 

34.406 
34.857 

1933'345 
22.35 209 

14,3j'218 
3833'340 

183.~34'871 
4834.422 

Mean ... 

lltll- 1.3; 6 18 j.4'424 - 4'33 19 16.34 +o'o9 0'872 0'5073696 + 254 - ro -801 -518 ' -  54 
12th 1.39 7 2.1..34'870 4'3.3 19 16'44 0.09 0.872 0.50;2;37 528 54 
J u n  1 118 1 I 4 3 0  4.1.3 2 1  15.98 0.14 0.876 osoj610i 

140 9 j 3 ; 2 2  4 3  I 1 6 o I o 8 7 6  0 0 1 6  1 2; 1 !;; 1 54 54 
Mean ... 

Mean of 7th to 12th Jaaaary ... 

I h nr 

o.jo7zjo4 

o. 5072567 
0'507159.3 

0'5075006 0.507086j 

0.5072508 

0 '5072509  
-- - - . - - 

1.37 
1.39 
1.38 
140 

140 
138 
139 
137 

5 7 
6 1 1  

1; 
18 

6 
7 

19 

'T 

- 4.33 
4.33 
4.33 
4'33 

- 4'33 
4.33 
4.33 
4.33 

Bangelore. 

- 9 
9 

1 1  

10 

-10 

9 
1 1  

lo 

, 
18 
18 
20 

19 

ICI 
18 
20 

19 

+ 254 
254 
254 
zj4 

+ 254 
254 
254 
zjj 

, 
16.96 
17'13 
16.74 
16'83 

16'55 
16.67 
16.48 
16'55 

- 54 
54 
54 
54 

... 
-54 
54 
j4 
54 

2nd 
e .  
19U8 
?ilght 

3rd 
F 
Day 

-831 
839 
820 
825 

-811 
817 
808 
811 

8 

0.5072577 
0.5071j91 
0.5074986 
0.~07086~ 

0'5072 505 
0.50i0862 
0.507jo03 
0.5071589 
0.5072560 

-517 
527 
498 
j27 

Mean 

- j27 
497 
528 
518 

+oc15 
0.15 
0.08 

+o.o9 
0.09 

0.05 

-486 
494 
467 
494 

Mean 

-486 
495 
467 
494 

- 8 
1 2  

18 
14 

- 1 2  

1 2  

1 2  

1.3 

137 
I 
1.38 
140 

137 
3 9  
138 
r ~ o  

o'~075204 

0 '5075200  

0 5073547 
0.5077699 
0.5074278 
0'5075261 

o*so;5196 

0'50;3557 
0.5077704 
0.5074284 
0.5075176 

0.5075ao5 

0'5076201 

-54 
54 
54 
54 

... 
-54 
54 
54 
54 

BIean ... 
Mean of I)uy and Night ... 

0.870 
0,869 
0.871 

0.080.870 

0,870 
0.869 

0'050.8;~ 
0'872 

- 1172 
1186 
1193 
1199 

-1166 
1176 
1183 
1190 

8 

0.5075241 
o.50~281 
0'507j701 
0'507.3558 

0'5075195 

0.5075258 
o'j074289 
0.5077708 
0.5073561 

S 

o'jo7.3734 
0.5072766 
o.jo7611j 
0.5072029 

o~jo72010 
o'j076126 
o'j0727.36 
o'joj.3699 

~3.92 
24'21 
24.35 
24.47 

2.3.80 
2,399 
24.15 
24.28 

-54 
54 
54 
54 

... 
-54 
54 
54 
54 

18 
21 

26 
22 

21 
21 

21 

22 

I 
+O'I 4 0'819 
0.14l0816 
o.lq'o816 
O'I~l0'81~ 

+o.15 0.819 
O I O  
o.ljlo.816 
0 ' 1 ~ ~ 0 ' 8 1 ~  

s 
o'joii5j9 
0.5076645 
o~~o8ooj1 
0'50ij()3i 

0.5057594 
0 0 6 6  
0.5080042 
0'507S9JC 

Menn ... 
Mean of Day and Night, ... 

-494 
466 
493 
4 

hlean 

- 495 
466 
493 
484 

- 618 
618 
618 
6 1 8  

- 618 
618 
618 
618 

s ,  
+ 10.53 
10.~3 
10.53 
10.53 

+ 10.j.3 
1 0  

10.5.3 
10.5.3 

hnli s 

6 .q; 31 726 
7561.33'118 
9 
10 

18 
I 
21 j 
22 

3rd 
Feb.  
Right 

4t,h 
Feb. 
Day 

15.31'730 
1633.422 

jj32.719 
, 1 2 0  

jr.if.3 
~.{3.425 

- 1195 
1200 

1209 
1213 

-1201 

1205 
lzll 
1211 

-6.31 
631 
631 
6.31 

- 6.31 
6.31 
6.31 
631 

I40 
138 
139 
1.37 

140 
138 
139 
137 

- 14 
1 1  

1 1  

1 0  

- 1 3 
1 2  

10 

1 0  

+o. 12 

0.12 

0.12 

+o.of 

0.0; 

6 36 

8 48 
9 

18 

20 

11 

33,423 
74431.726 

.3j.1og 
1232.695 

4033.416 
1 9 4 4 3 1 . ; ~ ~  

58.3.3.102 
6052.689 

24.38 
a4.49 
24.68 
24.75 

24-52 
14.59 
~4.71 
24.72 

0.816 
0.120.81s 

0'814 
0.814 

0.817 
o ~ 0 7 0 . 8 1 ~  

0.814 
o.o;o.81~ 

+ lo.jj 
10.75 
10.75 
10.75 

+ 10.75 
10.75 
10,;s 

10.75 

0.50i89.35 
0.5080061 
0.5076677 
0.50jli6j3 

0'50;5951 
0~~080oi2 
0.50766R.3 
0.50776f16 

2.3 
20  

21 

19 

22 

21 

19 
19 
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l'able I].-Details of the Obsertiatione- (Continued). 

2 Telnpcrnture ,;. 
Corl.ectiol~ OII account of 

- 2 :  Y 7: < 
5 i; & =  2 .- L 0 

i Y 
Reduced 

a o * T i m e  of 
vibration FLi @ 4 . 5  Vibration 

w '- 

F 
v 

0"~07j200 
0 . ~ 0 i 4 * 1 8  
0 . ~ 0 i . 3 ~ 0 9  
0 . ~ 0 ~ ~ 6 ~ 0  

o.j0;51.14 

O'jo7521.3 
0'50742.75 
0'50i3516 
0.5077662 

0.5075157 

0.5075151 

0 .507 ;6~ j  
0'5073487 
0.507~222 
0.5075196 

0.5075133 

0.5077639 
0.5073515 
0'5074243 
O'j075221 

0'507515j 

0.5075144 

M ysore. 

-57 
5; 
57 
57 

... 
-57 

57 
57 
57 

Edger Shaft. 
(Underyroi ind s ta t ion) .  

-495 
506 
505 
477 

Mean 

-500 
508 
507 
478 

Meon ... 
Alran of Dng nnd N i g h t  ... 

( 1  
+ ds / -  8 -1280 

91 1278 

8tll 1.38 6 56 ,31.999 - 1 . I  I 2 1  25.70 -0 .021  0 .Rj8 0.5079367 +65 1-12 -1259 -479 
Feb 140 ; 5 4 3 3 . ; 1 ' )  1 . 1 1  4 25.60 o.ozo.R.q8 o..;o;5256 6 5 .  lo 1259 508 
S i g h t  1.39 8 593.3.400 1 . "  18 25.66 0 . 0 2  o.R.?R 0.50;5988 65 9 1257 508 

1.37 1 0  5 32.990 1 . 1  I 15 25.65 0 . 0 2  0'8.36 0.50i6948 65 6 I z j ;  497 

Blenn 

-481 
510 
508 
497 

h m  
8 
9 

lo  
1 1  

20 1 2  

11 2 1  

23 

17th 
Feb 
1908 

18th 
Feb. 
Ilny 

0.8.34 
0'8.3j 
0 8  
o 8.34 

0.841 
0 8.39 
0'8.37 
0.8.35 

-57 
57 
57 
5; 

... 
-5; 

57 
57 
57 

8 

1031'830 
1033-2.36 
1931.84; 
1933'554 

.31.846 
.3.3.25.3 

122R31.86.? 
zR.z.3.gbh 

137 
1.39 
1.38 
140 

1.37 
139 
1.38 
140 

o ' j 0 i 6 ~ ~ ~  
0'5075983 
0 6  
0.j0;9.381 

0.50;6906 
0'50ij94O 
0'50752.31 
0..;0;9.758 

.v 
jQ298;  
03.3'402 

3.3.715 
8,31'994 

9.3.3.008 
12.73.421 
5 ;33 ' j30  
58.32.002 

,til 
Feb. 
1908 
Sight 

8th 
Feb, 
Dnp 

"73 
1271 

- 1 2 1 1  

1216 
1226 
1215 

8 
85 1 1  

Mean ... 
Mean of Day and Nipllt ... 

0'5074909 

0 .5074923  

0.5073281 
o,50jg43g 
0 .507~028  
0.5074991 

0'50749.13 

0.5073113 
o.507,41~ 
0 . 5 0 7 ~ ~ ~ 8  
0 . ~ 0 7 ~ ~ 6 5  

0'50749la 

0 .5074922  

Menn ... 
Menn of Dng 811d Night  ... 

- 1.45 
1.45 
j 

1.45 

- 1.45 
1.45 
1.45 
1 - 4 5  

+ 8 j  
$5 

' 85 
85 

S , .  

1 7  
18 
I 
20 

19 
18 
19 
zo 

26.12 
26.09 
2 . 8  
25.0.3 

24.71 
24.82 
25'0.3 
25.21 

1.77 
139 
140 
138 

1.37 
139 
1 4 0  

138 

- 1 0  

9 
1 0  

. 1 1  

S 

0.50;732j 
o.50;6.369 
o.;ojgj5a 
0.;0;56.3.3 

0.5077290 
0.:0;h.z~8 
0.5079712 
o'so;5608 

+ 4'4: 
4'47 
4'47 
4.4; 

+ 4'47 
4'47 
4.47 
4'47 

- d o 5  
0.05 
0 0  

0.05 

+0.1,3 
0 . 1 7  

0 ' 1 . 3  

0.1.3 

h I11 

6 
8 

l o  

1 1  

1 9  
2 0  

21  

2 2  

S 

o.jog4998 
0.5074026 
0,5077436 
0.~073288 

0'5074937 

0 . ~ 0 i q 9 7 ~  
0'507.3994 
0.507f401 
o - 5 0 7 3 ~ 7 0  

-520 
5.31 
501 
531 

Mean 

-521 
I 

501 
519 

I 
-262 

262 
262 
262 

-262 
262 
262 
262 

+o.oz 
0 . 0 2  
0.02 
0 . 0 2  

+ o ' o q  
0.09 

0.00 

-5  
7 
8 
6 

- j 
9 
8 
7 

Meon .. 
Menn of Dsy and N i g h t  ... 

18t,h 
~ r b .  

~ i e l ~ t  

l%ll 
~ e b .  
a 

0.877 
0.876 

0 ' 0 8 0 ' 8 ; 6  
0.876 

0.87; 
0.877 
0.877 
0.876 

-5.3 
5.3 
53 
53 

... 
-53 

53 
5.3 
53 

0.876 
0.876 
0.876 
o'Ri6 

o.R;7 
0 ~ 8 j O  

0 .090 .875  
08R;.3 

-1489 
1.190 
1492 
140.3 

- 1477 
1479 
1487 
1487 

8 , .  

14  
16 
17 
15 

14 
18 
1 7  
16 

30.39 
30.40 
30'44 
30.46 

30.14 
30.18 
.30'34 
30'.14 

+o.oR 
0'08 

0.08 

+O 'OI  
0.01 

0.01 

0 '01  

c.50;5607 
0.30;97ng 
0.50i6.363 
0.50j7.31.3 

0.5075597 
o.jo;g7og 
0.5076322 
0.50772;6 

+ 4.51 
4'51 
4'51 
4'51 

+ 4'51 
4.51 
4'51 
4.51 

140 
1.18 
1.39 
1.37 

14'3 

138 
1.39 
1.37 

- 26s 
265 
265 
26j 

-265 
265 
265 
265 

18 
19 
18 
16 

18 
19 
16 
1.3 

8 11.3.7.~66 29.94 
30'0.3 
30.15 
30'15 

19.91 
29.94 
19 '9 j  
29'96 

9 I ;  

1 1  

2 0  7 
r l  7 
2 3  

2.3 

31.856 
1 o ~ ~ . ~ , ? . 2 , 7 8  

2832'8.36 

.7.3'571 
31.864 

3 
1 6 . 3 a . 8 ~ 1  

- 9 
lo  
9 
7 

- 9 
10 

7 
5 

- 1467 
1qj1 
1477 
1477 

-1466 
1467 
1468 
1468 

-551 
501 
5.11 
520 

Mean 

-531 
502 
531 
520 

- 5.3 
5.7 
53 
5.3 

... 
-53 

5.3 
53 
53 



I 2  PENDULUM OPERATIONS. [CHAP. 11. 

Table 11.-Details of the Obserecations-(Continued). 

Telnperature ,I. Correction on nceoont of 
4 

Observed a Redneed 

Edgar Shaft-(contd.) 
(Underground station). 

Night 

20111 
Feb. 
1)ny 

Menn ... 
BIcnn of Dnp alld Night 

+0'0; 
0.0; 

0.07 

+O'O; 
0.0; 
0.0; 
0.07 

138 
I40 

137 
139 
1.38 
140 

O'SOi4909 

0.5074918 

8 

0.50;4992 
0'50;4012 
0.50;;421 
0.507.72;9 

o.~o;qgz6 

0.50;4966 
o.50;3999 
0'50;740; 
0.507.~265 

- 7  
9 
6 
6 

-6 
R 
R 
7 

0.879 
0.879 

o ' o i o ' g 7 q  
o'RiA 

0 A79 
0.Ri8 
0'8iR 
0.87; 

lo  

20 
2 1  

Edgar S h a f t .  
(Surface station). 

Menn ... o'goi;o(rh 

8 

0'507;zRl 
o'5o7632o 
o.po7gjoo 
0.5075587 

0.507;25.Z 
0'50;6300 
0.507968.7 
0.50;:sjl 

-259 
259 
259 
259 

-259 
259 
159 
2.59 

-5.3 
5.3 
5.3 
5.3 
... 

-53 
5.7 
53 
53 

- 144R 
1454 
1458 
1458 

-144; 
1449 
1454 
1456 

2 2  2.71.X;4, 4'411 11 
2.3 ol .z j .5~2,  4.411 16 

95131'A681 4 - 4 1  
503.3'575, 4'41 

0 ~ ~ 0 ; 5 o f i ~ ;  

0 .5075066  

0.50;.342,; 
4".50;756; 

0 50;4lf.? 
o . ~ o ; . ~ I + I  

0'50750;O 

0'50;j42; 
0'~0;75(18 
0 ' 5 0 7 4 1 s ~  
oe50;512h 

Menn ... 
Mrnn of nny  nnd Niplit 

-522 
53.7 
503 
5.72 

Menn 

-522 
532 
502 
I 

19.67 
29.72 

15 
15 

15 
1; 

932,861 
433.265 

Mcnn ... 0.5o;so;o 

Mrnn of  nnp nnd Niplit. 0 .5075070  

Mean ... 0-.:0;5066 

hfenn of n a y  nnd Niplit ... 0'5075071 

20 24.20 +0 '05  O ' R Z Z  
2.3 2 4 . 7 1  o . 0 5 1 c ' 8 2 1  
z2 24.34 0.05 0.821 
19 24.40 0.- 0.820 

29';s 
89.76 

29.54 
29'57 

+ 4'41 
4'41 

-1164 
l l j 0  
It; .? 
1176 

- 1186 
I 9 1  

-499 
470 
498 
4RR 

Mcnn 

-498 
4 
498 

0'50;543U 
O ' j O ; . l s j  

O . S O ; ~ I ; . Z  

o.50;;145 

0.5075460 
050115R 

-49 

49 
49 
... 

-49 
49 
49 
49 

o.so;hzo~ 
O . ; O ; ; I ~ ;  

-189 
2R9 
289 
289 

-289 
289 

- 1 2  
1 2  

1 1  

9 

-11  

I4 
289 
289 

131 l l s 3  
101 1r9h/ 487 
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Table 11.-DetaiZs of the Obse?..uations-(Contit~zbed). 
- - 

Temperntore I Correction on ncconnt of 
2 p: C, 

L H  
-- 

d .- C $ ? E  a M Observed 
2 ? 2 ?,- 

u 9  . Vil~rrrtion 
s 

E - 
'j; 0 0 

5 

5 
al 

x Reduced 
C1 Time of 
Z 2 . 3  Vibration 
d . z<  

Edgar Shaft-(contd.) 
(Surfme station). 

24.18 
24.35 
24.39 
z 4 . U  

24.00 
24.05 
2 4 1 2  
24'2.3 

0 0  

0'.5079.570 
0 . j o j 6 1 8 . ~  
0 0 1 6  

O';oi5.!37 
o. joj95.1i  
0 . j 0 i 6 1 j ~  
O'jO77ldl 

Mea,n ... 
RIenn of Day and Night ... 

I\leal~ of 23rd to  23th February ... 
- 

24th 
Feb. 

25th 
veb. 
Day 

o I 
i 0 ' 0 1 0 ' 8 2 2  

o ' O l ! o ' ~ "  
0 .01 '0 .821 
o o I o 8 1  

+o.o6 0.82.5 
o 06'081.3 
0 '06 '0 '822 
0'0610'820 

- 2  

2 7 1  

271 
271 

- 2 7 1  

2 7 1  

2 7 1  

2 7 1  

0'507507.3 

0.5075074 
0 '5075072 

h 9111 s 
I 2 0 ; 6 ; 2  
1.3 181,11.91r) 
6 
15 19l;i.906 

i 
o 321.3.3.640 
1 I 

2 1 6 ~ 1 ' 1 1 0  
3471,3;';09 

140 
1.38 
9 
13; 

1 4 0  
1,38 
139 
13; 

-498 
470 
498 
488 

>lean 

-500 

-49 
49 
J(J 
49 

... 
-49 

49 
49 
49 

- 2  

1 4  
1 2  

1 0  

- 13 

S I O  + I I O " i 0 7 1 ~ J 2  

0.5077573 
0 . j0741 j8  
o.iojj1.3.3 

0'50750;4 

0 ' ~ 0 7 3 ~ 2 8  
0.5077566 
O'jOj4li8 
0.5075139 

I 

119.3 
1 1 9 j  
11% 

- 1176 

4.61 
4.61 
4 6 1  

+ 4.61 
4.61 

s 
o.507jo16 
0.507404.3 
o ' j o j i 4 5 6  
0'5073323 

0'50;4960 

0.5075027 
0'50740,;4 
0.5077467 
0'5073327 

0,5074969 

0.5074964 

0.5073.326 
0'5077457 
0'50i4051 
0.5075027 

0.5074965 

0.50~.3.320 
0.50;7454 
0.5074055 
0.5075029 

0.5074965 

0.5074965 

Salem. 

1 2  

14 
8 

2.3 
21 

19 

2 2  

2 1  1178 471 
l18i1 498 
1187 487 

4 '612 .3  
4.61117 

-56 
56 
56 
j6 
.. 

-56 
56 
56 
56 

Yercaud. 

-400 
400 
400 
400 

-400 
qoo 
400 
400 

Mean ... 
Rlenn of Day and Night ... 

Gt,h 
blnr. 
1908 
~ i ~ h t  

7th 
Mar. 
D0.Y 

z; 'q4+0'06 
0.06 
o , o 6  
0.06 

+ o . 1 5  

0.15 

8 8 0  

1 9  
1 9  
20 

1 7  

zo 
19 
20 

19 

1st  
f .  
1908 
Aigl~t  

2nd 
Nnr .  
Dny 

1.37 
l.39 
1.38 
1-10 

1.37 
1.39 
1.38 
140 

Menn ... 
Menn of  Day end N i a l ~ t  ... 

28.06 
28.12 
28'1.3 

2 7 . 2 ~  
27..35 
27.50 
27.68 

0.8G8 
0,868 
0.808 
0.868 

0.872 
0 ' 1 5 0 ' 8 7 1  

0.870 
0 . 1 g o . 8 6 8  

-516 
526 
496 
526 

Menn 

-518 
jz8 
498 
526 

10 

1 1  

8 

- 1 1  

lo  
1 1  

l o  

137 
I 

1.18 
140 

1.37 
1-39 
138 
140 

Mean ... 
Menn of Dny and Night ... 

- - -. - - -- - 

20.18 
2 0 ' 2 0  
2 0 ' 2 1  

20.18 

19.17 
19.36 
19.63 
20'03 

0'00 

0.00 

0'00 

+ 0 ' 2 3  

h nl 
8 
9 

1 1  

20 51 
2 1  

2.3 
0 

r 
5433'029 
5(1.33'440 

lo57,la'o.37 
57.33.761 

.3.3'053 
52.3.3'462 
0.32'049 

3 . 1  

0.5075joo 

0-5075503 

P 

0.5077367 
0 .5076~10  
o'5oi9797 
0.5075691 

O . ; O ~ ~ . Z J ;  
0.5076388 
0.5079780 
0.5075675 

6.82 
6.82 
6.82 
6'82 

+ 6.82 
6.82 
6.82 
6'82 

h 111, 

8 
9 .3-1 

lo  
I I 42 

20 

21 

2 2  

23 

-10-1369 
1.375 
1378 
1378 

- 1.3.35 
1340 
1.348 
1356 

o'goj57.31 
0.5079831 
0.50;6455 
0.5077420 

0.5075686 
0.507~790 
0~5076420 
0.5077383 

2nd 
Mnr. 
Night 

3rd 
Mar. 
DRY 

P 

3,;32.813+ 
.~3 .219  

44.31.829 
3.3'529 

40.32.822 
44.3.3.328 
4331.8.36 
4333.536 

0.869 
o ,ooo .86 ;  
o .ooo.868 

0.868 

0.873 
0 '040 .873  

0.871 
0.870 

8 

H 

2 0  

2 1  

2 2  

23 

~ 8 . 5 0  
28.53 
29'5.1 
28'52 

2?'65 
27.68 
21.73 
27.76 

-413 
413  
41.3 
41.3 

-41.3 
41.3 
41.3 
413 

1 4 0  
138 
1.39 
1.37 

140 
1.38 
1.39 
137 

- 4.01 
4'02 
4'02 
4.02 

- 4.02 
4.02 
4.02 
4'02 

0.00 

0.00 

+ o , o q  

0 . 0 4  
0.04 

- 1 2  

u 
I I  

1 1  

- 1.3 
2 

9 
18 

* , o  
19 
2 0  

'11 

18 

19 
19 
19 
17 

0.793 
0.793 

o.ooo'79.3 
0'79.3 

0'797 
0'2.30'795 
0'2.30'7r)4 
0.2.30'792 

- 1397 
1.398 
1398 
1.397 

- 1355 
1.356 
1.1.59 
1360 

-527 
496 
526 
516 

Mean 

- 529 
499 
528 
51; 

-989 
990 
990 
989 

-939 
949 
963 
981 

-56 
56 
56 
56 

... 
-56 

56 
56 
56 

2 1  

20 

?o  
20 

2 2  

21 

1 8 ,  
17 

35.3.3.51 
9 3 7 3 1 , 8 1 6  

1 o q q j j . 1 9 9  
4332'791 

.37,1,1.531 
36.31'8.3.3 
.3~ .33 '2~5  
39.32'807 

I 

0.50768~a 
0'5075895 
0'507927.3 
0.5075163 

0'50j6797 
0.50j.iR45 
0.50;9z4.3 
0.5075148 

2'+ 7.04 
7.04 
7-04 
7 . 0 4  

+ 7.04 
7.04 
7.04 
7-04 

-471 
481 
454 
481 

Mean 

-473 
482 
454 
480 

+ z.q6 
236 
136 
236 

+ 2.16 
236 
236 
2.36 

-55 
55 
55 
531 

... 
-55 

55 
j5 
55 

- 8 0  
l o  
1 2  

9 

- 10 

1 0  
lo 
8 

P 

0.50i556.3 
0'50j459F; 
0.5077998 
0,5073865 

o.jo755oj 

0.5075556 
0.50;4jR5 
0.5077998 
0.507.3860 



1 4 PENDULUN OPERATIONS. [CHAP. 11. 

Tab2e I I . - D e t a i l s  of the Observations-(Continued). 

Correction o n  accouut  of 

B 
CI L. Rcduced 

O o Time of 
C 

0 

U 

Y e r c a u d - ( e o n t d  ) 

e n  . 0 . 5 0 i 5 j 0 4  

I Iean  ... 
Mean of  Duy and Night ... 

o'.;oj1;50.Z 

0.5075503 

8 

o..joj6001) 
0 '5075035 
0.50;84.14 
0'50iJ.710 

o '5of5950 
0.5076014 
0'507504(~ 
0.50;8450 
0'5074,321 

0'50;5958 

0.5075954 

0.507430.~ 
0.5oi84.38 
0.50i503.3 
0 '50i60°9 

o.jo75946 

O . . ~ O W I I  
O.soj8445 
0'50750.77 
0 . ~ o i 6 0 0 ;  

Ootacamund. 

Mcnn ... 0'5075950 

Moon of Dsy and Nigllt ... 0.5075940 
-- -- -- -- - -. - . - - - - . . . 

~odaikanal. 

s f l o  + 3 . 8 4  1 9  13 .97  + o P 0 j  0.725 0 ~ ~ 0 ~ ~ 6 ~ o  - 225 - 10 - 685 - 4.31 -86 0'5076253 

M e e n  ... 0 . 5 0 7 6 1 8 ~  

Menn ... o-g0;61R8 

Mean of Day and N i g l ~ l  ... 0.5076180 

-59 
59 
50 
50 

... 
-59 

59 
59 
59 

s ,  
2 1  

2 1  

22 
12.35 1 2  

2 1  

1 1  

2 1  

2 0  

o 

1 4 . 7 4  
14 '78  
14.87 
14.92 

14.8; 
14.95 
15.06 
15.13 

Mean ... 
Menn of Doy und Night ... 

+ o P o ;  
0 ' 0 7  
0 .07  
0.0; 

+ O . I O  
0 . 1 0  

0 .10  

0.10 

2 2  

2 2  

12.06 21 
12.06 20 

12.06 1.3 
2 2  

2 1  

20 

0 . 5 0 j q R b ~  
0.507Hg;o 
0.5075591 
o . s o i 6 5 6 0  

o s o ~ 8 i 1  
O O H  
o 5075603 
o.;o;b566 

0.730 
0 '729  
o.;zR 
0' ;28 

0 .729 
0 .729 
0.729 
0 .728 

0.721) 
0.727 
0.727 

o . 0 4 ~ 0 - j z j  

15 .32  
15..34 
l 5 . . 7 ~  
1 1 4 . 1  

+ 7 0 8  
708 
708 
i 0 8  

+ 708 
0 8  
708 
go8 

-722 
724 
729 
7.31 

- ; Z Q  

73.3 
7.38 
741 

+ O  04 
0.04 
0.04 

-59 
59 
59 
59 

... 
-59 

59 
59 
59 

- 1 3  -751 
131 7 j 2  
1 2  754 "1 75i  

- I ~ I - ~ ~ J  
3 760 
1 2  762 
1 1 1  766 

-4.74 
442 
416 
44, 

I lcnn 

-4.33 
442 
41; 

. 441 

1y.w) 
1 5 5 2  
1.i.56 
1 5 . 6 4  

-442 
416 
441 
4.32 

Men11 

-441 
416 
441 
431 

- 1 2  

1 2  

1.3 
1.3 

- 1 2  
1 2  

1 2  
1 1  

S 

o.50;6,~1 I 
O'50i554; 
0.50;8936 
0'5074829 

0.5076522 
0'507,;j67 
0.5oiUq.51 
0 . 5 0 7 4 8 ~ 8  

r o o ;  0.728 
0 0 2 8  
o.o; 'o. ;zR 
o . 0 ~ ~ 0 ~ ~ 2 6  

+;25 
72,; 
j z j  
725 

+ 725 
725 
725 
725 
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2'~ble 11.-Betails 01 the 0bservatio~z.s- (Co l z t i~~ued)  . 

Reduced 
Ti111e of 
V~hr~ition 

2 Tempernt.nre .I Correction on ncco~unt of 
B : 2 qr -4 
i; " .- 

0 - 'i; Obeerved 

- i 6 S s  a G - J ,  u u , a c i  " 4  
m ;; 6 : 

2s D 

Kodaikanal-(col~td.) 

2 
I 0  
u 

a 

$ 6  
3 

- 
,z :"L 
2 4 :  w 

O'jOiJ;4i 
0'50786;4 
0'507j25i 
0.50;62.3; 

o'50;61;0 

- 742 
741 
7.39 
74d 

0.721 
0.721 
0.721 

o.150.;19 

-13 
13 
1 2  

1 0  

o 
-0.15 
0'15 
0.15 

0.50j6050 
o'~0601~~ 
0.5076756 
0.5o;jj25 

0.720 
0'719 

0'200'718 
0,718 

- 4.7; 
412 
4.37 
427 

Mean 

- 225 
225 
225 
225 

o'~o~J,;;I 
o'.~o7866; 
o'soi;271 
0.50;625; 

+o.20 
0'20 

0.20 

-86 
86 
86 
86 

... 

, 
22 

22 

21 

19 

23rd 140 . I  8 

0.50j6192 

0.5076185 

0.50;6275 
0.50;;291 

0.5078669 
0'50;4534 

0.5076197 

-- 

o 

15.14 
15'12  

15.09 
15.10 

7 r q n  s I p 
22 833..3;4,+ 3 84 
2 6 3 . 8 4  

NigllL 

BIenr~ ... 
blenu of Day nnd Night. ... 

- 1 4 -  74; 
75; 
766 

1 2  774. 

- 436 
411 
435 

0.5076079 
0'jo801()o 
0 . ~ 0 ; 6 ~ ~ 6  
0.5oiij80 

2.7 
2.3 
2 2  

2 1  

139 
137 

25th 
Mar. 
Day 

-86 
80 
86 

- 225 
225 
2.75 
225 

13.25 
15.44 
15-63 
15.79 

.3.84 

140 
138 
139 
137 

, ,3.3.0;1 

Debra Dun. 

426 1 86 

+ 3.84 
1.84 
3.84 
3.84 

I 

lo 
1 1  

I Z  

13 

ALeun of Dsy uud Eigl~r. ... 

-- -- ----p---pp---p-. 

- 429 
4.37 

- 412 
436 

8.32.665 

1633.361 
1531.68; 
15.33'054 
932.642 

-86 
86 

-86 
86 

24ti1l 1.3; 
BInr.1 139 
Nigl~l. 

17th 
Apr. 
Night 

22nd 
Apr. 
Night 

18th 
Apr. 
nay 

23rd 
Apr. 
Day 

- 742 
;JZ 

- ;2() 
7.10 

+ 3'84 
3.84 

+ .z.84 
3'84 

22 

2.3 

lo 
1 1  

25th 
Mar. 
Day 

532'64f 
103.3.056 

8.31-698 
333.371 

138 
140 

s 
.~Z.JZI 

3932.819 

0.74';94 
032.969 

.IZ.JZS 
4232.810 

1.334'810 
1.3.72.075 

1.3; 
139 

140 
1.38 

1.37 
1-39 

140 
1.38 

S ,  
+66,91 
66'91 

+ 1.34 
1.~34 

+66.91 
66.91 

+ 1'34 
1.34 

h nl 
1 1  29 
1 2  

I Z  

13 

1 3  32 
0 

o 
1 

0.50jzg14 

0.5072513 

o..iojo876 
0.5074984 
0.50;1590 
0.507~567 

0~5072504 

o.50;0880 
o.50;5013 
0.507160~ 
0.5072585 
0.5072520 

0.5071512 

Mean ... 
Menn of 17t.11, l0~h and 22ud, 23rd April ... 

-- - 

22 

20 

23 
21 

20th 
Al)r. 
'lgh' 

2181 
Apr. 
DRY 

15.14 
15.14 

14.88 
15.11 

-45 
45 

-45 
45 

... 
-45 
45 

-45 
45 

21 

22 

19 
2 0  

21 

2 1  

zo 

0.00 
0.00 

t0.2.3 
0.2.3 

+o.IJ 
0'1.3 

-0'" 

s 
0.5072568 
0.50i1j88 

0.50;0882 
0.507501 I 

0.5072j12 

o , s o ; z ~ ~ ~  
0.50iloo4 

o.j0;08;0 
0.5075006 

o 

25'91 
26.a.6 

28'" 
28.08 

25.56 
25.75 

27'76 

Mean ... 
Mean of Dny and Night ... 

140 
138 
1.39 
1.37 

140 
1.48 
1.39 
1.37 

- 225 
225 

- 22; 
22: 

20 (27.91 

-13 
1 1  

- 14 
1 2  

0.722 
0.721 

0.720 
0.719 

1 1  

1.3 
14 

2.3 5.3 
o 

2 

0.50;;7jo 
0.50;6;9~ 

0.50801.35 
0.5076053 

0.832 
0'83.7 

0'828 

-1270 
127; 

- 1.381 

5334.82.1 
lrg.3.?,3'00.3 

5134'491 
5034'051 

34.824 
5632'990 

156.34.481 
0.44'035 

-3928 
3928 

- 79 

c 

0.5078317 
0.5077356 

0.5072899 

- 494 
505 

- 502 
1.376 

-1252 
1262 

-1.360- 
1368 

- 12 
1.3 

-10 

79 

-3928 
3928 

- 79 
79 

0.5076996 

o.50j8.309 
0.5077356 

0.5072867 
0.5076983 

474 

Men11 

- 495 
505 

302 
474 

0.11 o 828 1 '  
I 

I I  

- 1 2  

1 2  

- 1 1  

1 1  

to'16 
0.16 

+o.r5 
0.15 

+ 1.17 
1'17 
1.17 
7 

+ I - 1 7 
1.17 

0.854 
0,833 

0,829 
0.829 

21 

20 

'8 
7 

20 

2 0  

27'15 
27.15 
27'15 
2 

27.07 
27'17 
27'3.3 
27.49 ::::! :; 

-0.01 

0.01 
0'01 

+o'zt 
0.27 
0.27 

0.2; 

0.834 
o.01o.8.a~ 

0.834 
0-8.34 

o.R.75 
0.835 
o'R.3.3 
0'8.33 

- 1 2  

1 1  

9 
8 

- 1 1  

1 1  

1 1  

8 

o..;o;28.3j 
0.507691; 
0.5073548 
0'.5074g1.3 

0.5072837 
0.5~76947 
0'507.357f 
0';074549 

-1.330 
1.7.30 
1.430 
1329 

- 1326 
13.31 
1339 
1.347 

-69 
69 
69 
69 

-69 
69 
69 
69 

- 505 
478 
jog 
495 

Mean 

- 506 
478 
505 
495 

-45 
45 
45 
4.; 

... 
- 43 
45 
45 
45 



I 6 PENDULUM OPERATIONS. [CIIAF. 11. 

Table I I . -De ta  ils of tlte Observations-(Conti?ztced). 

u Correction on nccount oE 
-3 

o (O Reduced 
t: '" 
d 0 

rn 
U 

Del~ra  Dun-(contcl.) 

21.t 
Apr. 

x i p l l l  

22nd 
Apr. 
nap 

Mean ... 
Mean of Day nnd Night ... 

1.37 
1.39 
138 
140 

13; 
1.39 
1.38 
140 

o'jo7zj14 

0.5072511 

A m  
I 6 
12 48 
1.3 18 
14 48 

23 50 
o 49 
1 49 
1 46 

0'~o;~j6p 
O'jOj159j 
O.SO)~OOI 
0'50708j0 

0'50;zjoq 

o.jo;zj:6 
0.5071590 
o.50;5010 
0'50708j8 

s ( 0 6  + I ,  -45 
45 
45 

50-5 
... 

- 4 5  
4.; 
45 
45 

34'465 
.32'9;J 
,34'802 

'Jj'Oql 
.34.480 
.ZZ.~:') 
34'80j 

0;0;4~;68 
o.5ojj606 
0 0 6 8  
0.5072881 

0.50;4;36 
0.;07.4ji.3 
o.soj6r~73 
o.joj2876 , 

- 494 
j04 
4;s 

Mean 

- 495 
505 
476 
504 

- 8  20 

19 
20 

18 

18 
20 

21 

18 

-80 
80 
80 
80 

-80 
80 
80 
80 

1'3; 
I .J; 
1.37 

+ 1.3; 
I '.z; 
1..3; 
1.3;  

- 1 1  

lo 

9 

- 9 
1 1  

I Z  

9 

0 1 0  

2.93 + o o o  
28.01 1 0.0; 0'8.31 
28.06 O O O I  

28.oG I o.o5,0~829 

-1.369 
1372 
13;s 
1.375 

- 1.3.31 
1342 
1.350 
1360 

27.16 1+0.20 
2i.38 I 0.20 
2 i . I ~ I  0.20 

27.75 0.20 

0.8.34 
0.8.4.3 
0.8.42 
0.8.31 



CHAP.  11.1 SEASON, 1907-08. 

In Table 111 the  times of vibration of each pe~ldu lum a t  Dehra Dfiu i n  January and 
April 1908 are collected. 

Table III.- Times of vibvation ccl Deh9.a Dicvr. 

The agreement between the  January and April values is  satisfactory. It is desirable 
horrever, t o  examine the differences between the  individual pendulums and the  mean pendulum 
in order t o  see i n  what degree the  pendulums have maintained an invariable character. These 
differences are exhibited in  Table IV. 

l'uble IT.-Dt$el.ences betzueei~ the meau ajtd i9~divicluul pendulume. 

&lean 

P 

0.6072612 
2606 
2511 
25C9 

0,5072510 

0.60i2513 
2512 
2511 

0.1072612 

0.5072511 

+ 2 

1.10 

S 

0~60iOS83 
0860 
0660 
08iO 

0.50iOSG8 

0.50iOS7G 
0878 
0874 

0.5070876 

O~t070S71 

+ 11 

There is  some ev i r le~~cc  of a gradual change in  pendulums 138 and 140, bu t  the  changes 
Itre small and need not be considered. The niean of the  Januury and April values at Dehra DGn 
may, therefore, be accepted. 

139 

7 

0.60il6'Jti 
1604 
1601 
1693 

0.5Oi159G 

0~.50il590 
1506 
1593 

0.50i1595 

0.5071696 

- 1 

138 

x 
0'60i6013 

5007 
5017 
ROO5 

0~5076011 

0.50i5008 
4099 
LO06 

0.6076004 

0.5076008 

- i 

Date 

1908 
January, 1- 2 

.. 2- 3 
,, 4- 5 
,, 7-12 

Aleen 

April, 17-18 
,. 20-21 
,, 21-22 

Uean 

General Alean 

Difference, Apr - Jan .  

I 
137 o 138 v 139 v 140 

-56 + 4  - 2 p 1  - 5  + 9 1 4  - I  +1645 

------- 
- 60 - 2496 + 1641 --- + 9 ' 5  

- J - -  > - z 4 9 i  + 9 1 z  

Stat ion,  

Dehra Diln ... 
Bangalore ... 
Njsore  ... 
Edgar Shaft, ... 

(Z:mfer.grol~nd) 

Etlgnr Shaft ... 
( S r ~ r f i c e )  

Galem ... 
Yercand ... 
Ootacamand ... 
Iiodnik6nnl ... 
Dehra Diln ... 

137 

s 
0 50i25i5 

2564 
556 
2670 

0.6Gi2566 

0.6072573 
25iG 
26iR 

0,6072674 

0~5072670 

+ S 

Date 

1908 
Jan. 1-12 
Fcb. 2- 4 
Feb. i- 9 
Feh. 17-20 

Frl~ .  21-26 

Mar. 1 -  3 
Mar. ti- A 
Mar. 16-17 
Mar. 22-26 
Apr. 17-22 

Mean8 

Means of 190fi-07 



I 8 P E N D U L U M  OPERATiONS.  [CHAP. 11. 

I n  Table V are  given for  each station the  observed times of vibration of each pendulum 
and  the  values of g deduced t l ~ e r e f r o n ~ .  

l'able P . - l ! f en~~  times of vibvation and cledzlced values of g .  

Stntion 

-- 

I)ellrn Di l l~  . . . e. o'jo;t~;o 0. joi5008 0'5071 j9.5 

Hdpnl. Sl~nft ... 8. 0'5074981 
(Uirdergrorti~d) 

Edgnr Shaft ... 
(Surface) 

Sole111 ... a .  0'5075025 0.507 i459 

Ycrcnud . . . s. o'joij564 0'5077999 

Ootncnmond ... 

Kodnikir~nl 

The Reduction to Sea Level. 

Orographical c o r r e c t i o ~ ~ s  were computed for  all the  stations except Bangalore ant1 
Mysore. Tha t  a t  t h e  Edgar  Shaft  surface station was negligible and is therefore not given 
in detai l ;  the  details of the  other corrections are given in the  following pages. A slight change 
i n  method was introduced this season. The zones, into which the  country round the station is 

divided by c o n c e n t r ~ c  circles were not, ns before, subdivided by radial lines, but the  area between 
each pair of contours was measurer1 by planimeter and expressed as a fraction of t h e  whole zone. 
Formerly, this area was estimated and the radial lines a t  5' intervals were drawn to facilitate 
this estimation. 

A t  Kodaikirnal the  detailed inves t iga t io~~ was not possible beyond 1 mile from the station, 
on  account of the  waut of suitable maps. 

Consequent on the  new values of 6 and A tha t  have been adopted, the  value of k ,  the 
factor by which the  "effect" is multiplied, is changed from 0 - 0 0 0 0 3 5  to 0.000033584 (ride 
Chapter VJII). For  t h e  orographical correction, therefore, k is taken as 0.0000336. Thc 
"effect" is  represented by 

{ r r - ( +d3- d m ) }  
where r, and r, a re  the  radii of t h e  zone and d is t h e  difference of height between station and 



CHAP. 11.1 SEASON, 1907-09. ' 9  

Up to a radius of 1200 feet Lhe station has been considered as lying on the lower 
surface of a cpliuder of radius 1200 feet a i ~ d  height 2956-328 =2628 feet. The a t t r ac t io~~  

of the cylinder is - 
Ic ( h + r -  J r2+h2)  which equals -0.03165. 

Beyond 1200 feet the details are give11 below, the columr~ "heiglitJ' showing the actual 
height of the uortion of the zone dealt with. 

Total effect = 1601.4 
Orographical correctiou outside 1200 ft. radius = 1601 4. x 0.000033G 

= - 0.0.5045 
Orogmphical col.rection inside 1200 f t .  rsdius = - 0.03155 

Total orograpl~ical correctiou = - 0.0820 

G j i. 
4 

2 u~iles 
3 milea 

4 miles 
5 miles 

Frnction 

I 5 

3 miles 
4 tnlles 

2 

+ mile 
1 mile 

31.aciiorr 

5 miles 
10 ll~iles 

F>.action 

N O .  O E  zone 

Innel. radius 
Outer rndil~s 

l ioight 

frrt 

3 

1 lnile 
2 niiles 

A.action 

1200 f t .  
4 111ile 

Fmciio~a 

I I I 
Frncfio,t 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 
0.63 

0.37 

3160 

3060 

2070 

2950 

2330 

2910 

2870 

2850 

2830 

2800 

2760 

2650 

2450 

Fraction 

Effec~. 1 8 s . .  I 4 . 9  / 7 0  1 89.7 1 43.5 ) 26.3 ! 

... 

... 

... 

... 

... 

... 

... 
0.  I )  

... 

... 

0 '  I 7 

0'66 

... 
0'01 

... 

... 

... 

... 

... 

0'53 

... 

... 

... 

0.46 

... 

... 

... 
0.16 

0 . 1 7  

0 ' 1 9  

0'4.3 

. . 
0.05 

... 

,.. 

... 

... 

0.01 

... 

... 

... 

... 

... 

... 

0 . 2 2  

... 

... 
0.07 

0.70 

... ... I ... . .  I ( 

. .  ... 1 
i 0.03 

... 0 ' 0 2  I 

1 

0 ' 0 2  

0 .26  

... 

0.38 

... 

0.26 

0.06 

0.01 

... 

... 

... 

0.73 

... 

... 

0.23 

,.. ... 1 ... 



PENDULUM OPERATIONS. [CHAP. 11. 

Table 7II.-Orog~*aphical cor1.cction at Satem. 
Height, 948 feet .  

(Up to a radius of two miles the inequalities may be neglected). 

Totaleffect = 14.7 
Orographical correction = 14!.7 x 0.0000336 

= -0.00049 (negligible). 

7 

25 miles 
35 miles 

Fraction 

... 

... 

... 
0.04 

... 
0'02 

0' 10 

... 
om zg 

... 

... 

G 

2 0  miles 
25 miles 

Fraction 

... 

... 

0'01 

0.04 

... 

... 
0.08 

... 
0.48 

... 

... 

No. of zone 

Inner rorlius 
Outer radius 

Height 

OaJ9 I 0'55 

2 

4 miles 
6 miles 

Fraction 

1 

2 miles 
4 miles 

Frnctiom 

Effect 1 . 5  I 8 I 6.4 1 3.0 1 0.6 1 0.7 1 0-7 

0.56 

3 

C miles 
10 miles 

Fraction 

fee t  

4650 

U 5 0  

4950 

3550 

3250 

3060 

2550 

2260 

1450 

135V 

1050 

0.59 950 1 
... 

I 

... ... I 

... 

... 

... 
0'02 

... 

... 

0.06 

... 

0.36 

... 
... 

4 

10 miles 
15 miles 

Fraction 

I I 

6 

16 miles 
2 0  miles 

Fraction 

... 

0.05 

... 

0'0.3 

... 

... 
0.0.; 

... 

0.15 

0.16 

! 0-56 

... 

... 
... 
... 

... 

... 

... 

... 

0.22 

... 

0.78 

0.0.3 

... 

... 

0.04 

0.02 

,.. 

0.06 

... 

... 

0.26 

... 

... 
... 

... 

... 

... 

... 

0'0.3 

0.04 

0.14 

0.26 

0.53 



Table T I I I . - O ~ o g ~ a p h i c a l  cor~ect ion at Yercatlrl. 
Height, 4493 fee t .  

(Up to a radius of 660 feet the inequalities may be neglected). 

Total effect = 327-2 
Orographical correction = 327.2 x 0.0000336 

= -0.01099 

Zoue No. 6 1 Zone N o .  6 

2 t o  3 miles ( 3 to 4 rn~ le s  

Fleigllt, [ ~ r i l i n r l  Height 1 FrrFnl,fton 

f e e t  

3050 

4350 

3760 

3OCO 

2000 

1300 

Zone No. 4 

1 t o  2 miles 

Height 1 ~ y n d i o u  

Effect 

Zone No. 1 

# t o  mile 

Zone No. 3 

t t o  1 mile 

Height l ~ r n c t i o x  

fee t  

6000 

4500 

4200 

3700 

3300 

2760 

2250 

1800 

1.6 

Height, 

feet 

4500 

44.50 

4380 

Zone No. 3 

3 t o  t mile 

Helgbt  I f iar t ion  

f re t  

4750 

4550 

4250 

4050 

3830 

0.01 

0 . 2 2  

0 .31 

0 . 1 8  

0 ' 1 3  

0 '08  

0 .06 

0 .01  

Fradion 

0.0; 

0.80 

0.13 

f ee t  

4750 

4650 

4550 

4450 

4360 

4300 

0 . 1 0  

0 ' 0 7  

0 .02  

0 .14 

0 . 1 2  

o.1R 

0 . 1 1  

c 1 . z . i  - 

0 . 0 2  

o . j 6  

0.31 

0.05 

0.06 

0 '03 

0'30 

0 .16 

0 .21  

0 . 2 0  

0 . 1 0  

Zone No. 8 

6 t o  10 mile8 

Height, 1 Fraction 

0.01 

0'08 

0 . 2 1  

0'52 

o , 1 5  

0.03 

f ee t  

4800 

4200 

4100 

3800 

3260 

2650 

1700 

1200 

f ee l  

3500 

3200 

2500 

lson 

900 

Zone No. 7 

4 t o  6 miles 

I Height  a c t i o n  

Zone No. 9 Zone No. 10 Zonc No. 11 Z c ~ n c  Nn. 12 
. -- 

10 t o  16 miles 16 to 2 0  miles 20 t o  25 miles 25 t o  35 ri~ilcs 

Height 1 ~ t - n e t i o n  

0.05 

0'06 

0 

0.41 

0.36 

61'9 

feet 

4200 

3500 

3100 

2600 

1300 

1000 

feet 

2600 

1300 

1000 

0'09 

0'09 

0.05 

0.1.7 

0.53 

0.11 

0 . 0 2  

0.5.3 

0.45 

2600 0 e l l  

1600 0 . 1 4  

1300 0 . 1 8  

1000 0 5 1  

-- 

14'4  10.6 



PENDULUN OPERATIONS. [CHAP. 11. 

Table IX.-Orogrc~phical correction at Ootacamzind. 
Zeight,  7395 feet.  

(Up to  a radius of one mile the inequalities may be neglected). 

Total effect = 127.5 
Orographicel correction = 1'27 . S  x 0.0000336 

= - 0.00428. 
For regiona outgide the 95 miles rad i~~s  we may asaurne that the whole is a plain of 

height 1800 feet. The "cffect" is represented by 

Zone No. I. Zone No. 2 

where d = 7400-1800 = 5600 Eeet 
r, = 36 miles. 

The orographical correction due to this plain is thus 0.00286, and the total 
correction, - 0.0071." 

The orognpbid  emmetlo. lor this mlatlan hns reecntly heen recomputed, includbg the srrv within 6 rndiul of 1 mile slld rising 
new mntourd 1" map. It wan fuund to h -0.OOi4. Tho difference Is ne#li#iblu. 

Zone No. 3 
- 

3 t o  4 miles 
- 

IIeigbl I R t u ~ ! ~ i o n  

-- . - 
1 to  L'milc.. 

Zoue No. 4 Zone No. 5 

2 LO 3 miles 
-- - 

H r i ~ i l r  I Fnntio* 

fret 

8000 

7600 

7200 

7000 

6800 

I . . i  

8300 

8060 

7300 

7650 

7i00 

7,500 

73UO 

i050 

- -- - 

Effect 

f e d  

F4OO 

8000 

i!;OO 

5S00 

7600 

74im 

i 200 

6900 

0.04 

0 '  I I 

0 '37 

0'01 

0'47 

0.01 

0.08 

0 ' 1 0  

0.07 

0.26 

O ' Z L  

0 ' 2 2  

0.04 

0.0; 

0.01 

0 '  1 1  

o ' 0.; 

0.24 

0 ' 0 2  

0 ' .3 5 

0.1: 

-- -- 

4 to 5 miles 

Heigllt 1 P r n ~ I i o ~  

Zonc No. C 
-. -- - .. .- -. . - 

7 t o  l u  miles 

H e ~ g l ~ l  / l i r n c t i o ~ ~  

I 

j b r l  

!ill00 0 .01  

7600 0.08 

7?00 0.10 

I / o 42 

6300 j 0 .29  

4500 

._ _ - . 

5 . 9  

I - 

f i e t  

i600 

7200 

7000 

6800 

G5OO 

- - 

6 to 7 miles 

Height ( ~ r a c l i o ~  

I ~ . ~ I  I 1 1 . 0 1  

0 ' 1 1  

0 '24 

0.01 

0.48 

0.16 

-- 

feet 

7600 

5500 

7200 

6600 

6400 

6100 

Zooc No. 7 Zone No. 8 Zone No. 9 Zone No. 10 

0.01 

0.03 

o '  18 

0.36 

0 . 3  

0.08 

20 Lo 25 mile8 26 to 35 111i1es 
- - - - - . - 

Height Erartian 

- -- 
10 to 1 5  ~ ~ ~ l e e  15 to 20 miles 

ERrcl 

n e i g l ~ t  I Frndion  

25'3 I 18.4 I ! 
1.3 4 31.1 

, i 

24'9 

. .. - .- 
Height Fraction Height /&rtinn 

8200 0.0.3 

7500 ( 0'15 

fpet 1 

6200 

5500 

4500 

8500 

2 SO0 

7500 

7200 

6500 

f;!400 

6500 

6500 

6200 

6500 

GOO 

~ 5 U O  

2800 

0'01 

0.14 

0.18 

0.23 

0 '18 

- .  

0 ' 0 2  

0.03 

0 .09  

0 ' 0 1  

0.08 

0'04 

0 ' 0 1  

0.06 

0 -08  

0.24 

0 '57 

5500 

4500 

4200 

0'04 

0.0.3 

4500 I 
i 0'08 

3500 

3200 

2300 

_ . . 

3300 0 . 1 1  

I 

0 .1 .7  

0 - 0 4  

0.50 

4500 ; 

2300 

1700 

. . --- 

0 ' 1 0  

0-66 

0 '04 

-- ~- --- 



CHAP. 11.1 SEASON, 1907-08. 

Tuble X.-Orogvaphical ~ o ~ ~ ? - e c t i o t z  at Kodaikcinal. 
B e i g h t ,  7665 feel. 

Total effect op to  1 mile radius = 73.3 
Orographical correctiou = 73.3 x 0.0000336 

= -0.00246. 

N o  snitahle maps are availahle for  the examination of the country outside 1 mile radius. 
The orograpbical correction will, however, certainly be greater t l ~ a u  a t  Ootacarnilnd s i ~ ~ c e  the  
slopes a t  Kodailtdr~al are sterper and the station is nearer the sea. The correctioll outside 1 mile 
radius at  Ootacamund being 0.0071, we s i l l  assume for Kodaikanal 0.0085. The total correction 
is therefore - 0 . 0 1  10. 

4 

? mile 
1 m ~ l a  

Frnction 

... 
0.08 

0.06 

0 . 1 2  

o ' l j  

0.17 

0 ' 2 1  

0 '  10 

0 '  10 

0 . 0 1  

The ahstract of the season's results is shown iu Table XI.  A reference to  Basevi's value 
of g a t  Baugalorc will be found a t  the end of Chapter VII, where his results a t  all the stations 
which have beeu reoccupied during the present series of observatiolls are given. 

NO. of zone 

1n11er radius 
Outer radi118 

-- 

Height 

pet I 

7700 

7 600 

7550 

1450 

7350 

7250 

7150 

7050 

G960 

6850 
.. - 

Effect 

4 

6ti0 feet + mile 

Fraction 

... 
0 . 1 3  

0'44 

0.27 

0 . 1 3  

0.0.3 

... 

... 

... 
,.. 

- - 

1 

330 feet 
66U feet 

-. . - - - - 

Fraction 

0.50 

... 
0'50 

... 

... 

... 

.., 

... 

... 

... 
. -- - - . - 

31 ' 5  

3 

a 111i1e 
a mile 

Fraction 

... 
0 . 0 1  

0 . 1 9  

0 '  z a  

0.26 

9 . 1 6  

0 .08 

0'0.3 

0 .05 

... 
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Table XI.-Abstract of results. 

[CHAP. 11; 

I t  will be at  once noted that  the values of g- yB a t  the South Indian hill stations are much 
less than a t  the Himalayan stations given in Chapter I ,  though the heights are much the same. 
W e  have seen, however, that  the  deficiellcy oE gravity a t  sub-montane stations s ~ ~ c h  as 
Dehra Dirn and Siliguri is nearly as great as a t  hill stations such as M~iasooree and Darjeeling. 
The deficiency of gravity u r~der  a mouutain mass, therefore, acems to exteud beyond the limits of 
t h e  mass and cousequently the deficiencies a t  Mussooree and Darjeeliug are probably more 
appropriate to a general altitude of 14000 to 1,5000 feet. I n  South India, however, the stations 
are  at  a height greater than that  of the surrounding country and for this reason we should expect 
tbc  deficiencies of gravity to  be smallcr. 

The difference in residual between the t a o  Edgar Shaft stations seems to point to  the local 
masses bcing of greater density than 2.67. I f  we assume a density of 2.94 and thus obtain new 
v a l u a  of the mass and orographical corrections, the values of g-yB a t  both stations will he -0,046. 

Station 

Bangalore . . .  
M p  sore . . .  
Edgar Shaf t  . . .  

( S u f a c e )  
Edgar Shaft  . . .  

( Unde~yround)  
Salem ... 
Yercarid . . .  
Ootacamund . . .  
Kodaikinal . . .  

B 

d!inus 

978.105 
978.115 
978.111 

978.186 

978.184 
977,965 
977.781 
977'722 

J 

dynes 

978.025 
978.045 
978.076 

978.133 

978,116 

977'908 
977.735 
977'643 

S-YB 

dynes 

-0~o80 
-0.070 
-0.035 

-0.053 

-0.068 
-0.057 
-0.046 
-0'079 

70 

dynes 

3118 978.292 
2501 9715.265 

Correclione 

for / for nnss  / orogra- 
height (tloogoer) phical 

2945 

328 

948 
4493 
739.5 
766j 

dynes 

-0.292 
-0'234 
-0.276 

-0.031 

-0.089 
-0'420 
-0'692 
-0'jIi 

978.288 

978.288 

978.241 
9715.245 
978.232 
978.193 

dynes 

+0.105 
+0'084 
+o'ogg 

+O.OII 

+omo32 
+o.151 
+o.248 
4-0'257 

dynes 

o 
o 

o 

-0.082 

o 
-o-orl 
-0.007 
-0.011 
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The Pendulum Operations in 1908-09. 

The  area selected for pendulum operations during the n i u t e r  of 1908-0s mas t h e  western 
portion of Central India, the  stations tisited lying, for the  most part, i n  the  Siitpura and 
Vindhyan hill tracts. 

The reason for the selection of this locality mas t o  at tempt t o  define more  accurately t h e  
limits of t h e  belt of high density, the  existence ot which had been deduced by Colonel Burrard 
i n  1901 from a n  examination of the  deflections of the plumb line. These deflections had also 
indicated the  existence of a tract,  stretching from west of AhmediZbid t o  Rlhow, where gravity 
is  probably in  defect, and observations Mere made t o  define this  area albo. 

Of the stations visited, Ujjain and Mhow are on t h e  Vindhyan plateau, and Asirgarh, 
Badniir and Shiihpur III the  Sittpura hills. JIulrl~tifira, RIortakka and Hoshang.ibid are  in  t h e  
Narbada valley aud Jalgaon in tha t  of the  l ' i p t ~  Khandwa lies between the  two rivers i n  a gap 
of the  SBtpura hills. Amraoti and Elllchpur ale  on the  Beriir plains south of the Sstpuras. 

For  the  greater part, the  stations lie upon, o r  close to, the  edge of the  Deccan t rap.  
Generally speaking, the  t rap  t o  the north of the  Narbada overlies Vindhyan beds n h i l e  to  the  
south, there is, presumably, the gneisr of peninsular India .  

The  observations throughout the  season were made by Captain H. M. Cowie, R.E. 
The descriptions of the  stations a re  given below :- 

Ujjain. 
Lati tude ... 23' 11' 0" 
Longitude ... i s 0  47' 0' 
Height  . .. 1612 feet. 

The pendulum apparatus mas ~ e t  up  in the two small rooms a t  the eastern corner  of tlre 
dsk bungalow. The huilding is opposite the 3Tnhiideo College about 4 mile from the  railway 
station. The room in which the  pendulums were swung is approximately 17 feet by 11 feet. 
The pendulum station was connected by spirit lcvellirrg with the  U.U. RE (2.1. Railway level a t  t h e  
railway station. 

Mhow. 
Lati tude . . .  22' 33' 10" 
Longitude . . . 75' 4.5' 40" 
Height  ... 1903 feet.  

The pendulum apparatus was set up i n  the  small room, about 161 feet by 8 feet, a t  t h e  
N.E. corner of the Honorary Magistrate's court, adjoining the  Cantonment  Magistrate's court. 
The floor of the pendulum room was connected with the G.T.S. bench-mark a t  t h e  corner OF the 
refreshment-room godown a t  the  railway station by spirit levelling. 
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Mukhtiara. 
Latitude ... 22' 23' 40" 
Longitude . . . 7 6 '  58' 40'' 
Height . .. 926 feet. 

The pendulums were swung in the smaller, the northern, of the two rooms of the dik 
bungalow, about 1 mile north of the railway station, situated on rising ground close to 
the  level crossing. The observatory is close to the railway line which here runs in a cutting to  
the west. I n  consequence either of the trap rock on which the building stands or of the 
fact that  the observatory is about 24 feet higher than the railway, the pendulums did not seem 
to  be affected by any vibration due to passing trains. The floor of the pendulum room was 
connected with rail level a t  the centre of the station by spirit levelling. 

Mortakka. 
Latitude ... 22' I S '  20" 
Longitude ... 76 ' 2' 50" 
Height ... 576 feet. 

The pendulums were swung in tbe southernmost of the two larger rooms of the house 
belonging to Seth Champa La1 oE Saniiwsd situated about f mile north oE the railway 
station on the west of the road from the railway station to  the Narbada river. Before its 
present owner acquired it, this used to be a rest-house. Levels mere run  from rail level 
opposite the centre of the station building to the floor of the pendulum room. 

Khandwa. 
Latitude .. . 21" 49' 30" 
Longitude ... 76' 21' 30" 
Height ... 1014 feet. 

The penclulums were swung in the room at  the northern end of Bungalow No. 23 
belongiug to the B.B. & C.I.Rail\vap. I t  is about 200 yards south of the building known 
as the Convent and about 300 yards N.W. From the Masonic Lodge. The floor of the pendulum 
room was connected by spirit levelling with rail level at Khandwa railway station (Down 
line). 

Asirgarh. 
Latitude . . .  21" 28' 10" 
Longitude ... 76' 17' 50" 
Height ... 2077 feet. 

The pendulums were swung in the western room of the inspection bungalow in the fort 
on the summit of Asirgarh hill, 6 miles (to Eoot of hill) from Chiindni station on the G.I.P. 
Railway. The floor of the pendulum room was connected by spirit levelling with rail level a t  
Cb:indni station. The inspection bungalom is close to  the tank and the Sally Port a t  the eastern 
end of the fort. 

Jalgaon. 
Latitude ... 21" 0' 0" 
Longitude ... ito 33' 60" 
Height ... 760 feet. 

The penduhms ncre nwung in the room naed as an office by the 1st Assistant 
Collector in the office of the Collector of East Khlndeah. The floor of the pendulllm room was 
conncctcd by spirit levelling with the G.T.S. bench-mark a t  Jalgaon railway station. 
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Amraoti. 
Lati tude ... 20' 55' 50" 
Longitude ... 77' 45' 40" 
Height  ... 1123 feet. 

The  pendulums were swuug i n  the  western room of the  dLk bungalow. The  floor of the  
pendulum room was connected by spirit l e v e l l i ~ ~ g  with the  G.T.S. bench-mark a t  the  railway 
station. 

Ellichpur. 
Lati tude ... 21' 18' 20" 
Longitude ... 77' 30' 40" 
Height  ... 1314 feet. 

The pendulums were swung i n  t h e  old guard-room about I00 yards S.W. of the  circuit 
house. This is a small two roomed building, the  outside dimensions of whicll are  194 feet 
by 25 feet excluding verandah. The pendulum room is 16 feet by 12 feet. The  floor of the  room 
mas connected by spirit levelling with tlle P . W . D .  bench-mark a t  the Camp post office. T h e  
roof was not  weather-proof and satisfactory control of the  temperature impossible. The floor 
is of small stone slabs set i n  asphalte which yield as one walks over them. One  side of t h e  
building gets the  direct rays of the sun till midday. The other side is sheltered by trees 
growing close t o  t h e  building. I t  was found tha t  the  level of the  pedestal varied sgstematica]ly 
duriug the  24 hours, the range of change being, about one quarter of' a minute of arc. High 
and gusty winds blew a t  night  and tremors were communicated to  the  floor, doubtless by the  
roots of the  trees. 

Hoshangabad. 
Lati tude . .. 22' 45' 0" 
Longitude . . .  77' 43' 50" 
Height  ... 1002 feet.  

The  pendulums were swung i n  t h e  smaller of t h e  two larger reception rooms of a large 
bungalow belonging to Sheikh Muhammad Fnzal of Hoshang~bi id  situated close to  the  jail. 
The floor of t h e  pendulum room was connected by npirit levelling with a P .W.D.  bench-mark. 

Shahpur. 
Lati tude ... 22' 11' 30" 
Longitude . . .  77' 54' 10" 
Height  ... 1286 feet.  

The pendulums mere swung in t h e  eastern room of the  d i k  bungalow t o  t h e  S.W. of 
the village. The floor of t h e  pendulum room was connected by spirit levelling with one of 
the  Railway Construction bench-marks. 

Badnur. 
Latitutle ... 21' 51' 10" 

r - 0  I~ongi tude  ... r /  54' 10" 
I le ight  .. 2103 feet. 

T h e  pendnlums were swung in t h e  most westerly of a row of "Bells oE Arms" now 
disnsed, built  i n  a line runnillg east from the  d8k bullgalow, across the  triangular shaped 
rnnidnn enc~oscd hetwceu thr: r m d s  from t h e  nntivc city to  the post office and to the  Sadr 
lj;bxiir. The inside dimensioil of the Bell of Arms is about 12 feet square. ?'he floor of the 
pcndnlum room was connected by spirit l c ~ e l l i n g  wit11 one oE t h e  Railway Construction 
bench-marks. 
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Thanks to  the kindness of locai officials, masonry buildings were available at  all the 
stations. At most of these the temperature could be easily controlled, the exceptions being 
Ellichpur and Badntr  where the rooms s e r e  small and isolated, and Asirgarh on account of the 
prevailing high wind. 

Flexure observations were made before and after work at  each station, at  least two sets 
being made on each occasion. The correction remained very steady at each place. Table I shows 
the mean of each set of observations and the values used in correcting the time of vibration. 

Table I . -F lexu~e  correctio?z. 

The time observations throughout the seaaon were made by Mr. Hanumiin Prasld, the 
mean p. e. of the clock rate being + 0.01 2 sec. 

The details of the observntione are given in Table 11. 

Station 

Dehra Dfin ... 

Ujjain ... 

Mhow ... 

1)ute 

December 2,1908 
,, 18 

Docember 31 
January 4, 1909 

January 8 

Menns bufora 
and alber work 

lo-' secs. 

-45.2 
44.5 

-51.3 
50.8 

-36.9 
37-7 

-47.0 
44'9 

-68.7 
66.2 

-55.1 
51.9 

-46.2 
45.8 

-39.3 
38.6 

-44.9 
44.6 

-60.3 
49.9 

-64.1 
61.7 

-52.6 
51.8 

-44.3 
49.7 

-88.4 
37.3 

Adopted 
CorrecLion 

lo-' sece. 

- 45 

-51 

- 37 

- 46 

- 68 

-62 

- 46 

- 39 
- 45 

- 50 

- 63 

- 52 

-44 

- 38 

blukhtiira ... January 15 
9, 19 I ' I2 

Mortakka ... 

K h ~ ~ n d w a  ... 

Asirgarh ... 

J n l p o n  ... 

Amraoti ... 

Ellicl~pur ... 

Iloshangiibid ... 

Slrihpur . 

Lladnir . 

Dehra Dun . 

Jnnonry 22 
,, 2t; 

January 29 
Febri~nry 2 

Febrbary 7 
,, 13 

February 18 
,, 24 

March 1 
7 

March 13 
16 

March 26 
B 30 

A 4 
7 

p i  11 
14 

p i  29 
Bf ay 3 
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3" PENDULUU OPERATIONS. [CHAP. 111. 

Table 11.-Details of tile Observatione-( Coatinued). 

Con eclion on account of 

I; 

Ujjain. 

I 

51  
51 
51 

o o  
o.50;2;18 
o.so;611R 
0.50j1036 

1 

oS~i3sRz 
0-5072562 
0'507.i984 
o ' p j 1 8 7 1  

-1006 
1015 
1022 
1026 

Uenn 

I -  

1452 
1452 

- 5  
3 2  
501 
I 

8 
l o  
11 

... 
14521 9 

! 
0~507 j5oo  

+ - 
IJ,;~ 

14521 

0 ~ ~ 0 7 . ~ 0 8 ~  
0.50;2697 
o-goi6oR1 
0~50 j2000  

1.t 
Jan 
19119 
Day 

137 
'39 
1.38 
140 

o':o;,j497 

0.5073498 

0.5071869 
o.~o;,;~()I 
0.50j1j86 
0'50i,358,3 

0.;0;3.50; 

o.soi1860 
o . s o i ~ ~ 8 , q  
0'5072,;;4 
0'50735;4 

0 '507~498 

0.g073g03 

0'507.3575 
0.50)1569 
o.5ors986 
0.5071861 

0.5013498 

0.50;,3566 
0.507z.;h& 
o';o;sgA4 
o ' so j186 j  

0.507.3414 

0.5073496 

Mean ... 
Meen of Day and Night ... 

1 1 
IL 11 
I 7 I 2 

18 

1st I 140 
 an. 1 138 
~ i p ~ l l '  1.39 

0'50;ao5.3 
0.50;61~8 
O ' s O i Z i j O  

0.507j;j8 

0.50;191)6 
o..io;6og1 
0 5 0 2 1 2  
o ' j O j 3 i O j  

n .  
Nigbl 

4th 
Jan. 

1 8 -  2 

: ~ ~ . R I J o ~  aj. i .3 
3.3. 360 

935.z2a1 :J*:i: 

I 

Mesn of Doy end Nigh1 ... 

-3 16;.35.1~61-14.;3 
4 13'3~3..7.31l 24.73 
5 13,.34.8.55( 1q.i.l 

Mean ... 0.50i3498 

530 51 O'SOi1554 

O O I O  

o . ~ o ; z R I ~  
0.5073828 

o.~o;zo6R 
0.50;6166 
O O ; ; ~  

0'5Oj37;S 
Mean ... 

Mean of Dsy and Night ... 

17 
20 

:; 

19 
20 
16 1 '37 6 ll;.34'3951 24.73 

1137 18 lIl34.419' 24'7.3 

21..3o'+o.ojl 0.876 

o o o R ; o  
0 .06 lo .n ;~  
0 ~ 0 6 ~ 0 . 8 7 0  

0.507.7~91 

0.5073495 

18 

19 
20 
19 
17 

- 1044 
1046 
104; 
1048 

- 994 
995 
997 

-531 
501 
5.31 
519 

I 

-53.3 
503 
H Z  

520 

21'.34 
11. j6  
II..~A 

20.29 
zo..31 
0 
10.48 

+ 1452'- 10 
1 4 ~ 2 1  II 

143.4 
14.13 
1433 

~0.0.5  
20.0; 

20.13 
20.19 

-51 
51 
5 1  
51 

. 
-51 

51 
51 
51 

0.0.31 o.R;O 
o.ojl0.8;6 
0.0.3l0.874 

i 
I + 0.06: 0,880 

0.06: 0 . 8 ; ~  
0 0 0 8  
0 . 0 6 1 0 . 8 ~ ~  

1452 
I 4 j 2  

+ 1452 
1452 
1452 

2nd 
Jan. 

g 

3rd 
Jnn 
D a j  

Mean .. 
Mean of Dny and Night ... 

1 

14.42 
24.41 

20  

10 
18 

1.8 
139 
137 

II 

10 
9 

i 
9 

- 10 
1 1  
I 0  

1452 

c.5oj.3781 
o.,soj~;go 
o . ~ o i 6 : 8 0  
o.;0;1086 

0.5073740 
o.,;ojz;so 
o . ~ o ; ~ I , ~ I  
0.507~068 

-IO;O 

1072 
0 
1075 

- 103; 
1037 
1046 
10j6 

-51; 
518 
498 
518 

Mean 
- 520 

5.30 
499 
5 1 7  

-24.54' I; 

24.54 19 
14.54 zo 
14.54; 10 

I 
-14.54, 17 

a4.s.l 19 
24.54'10 
~ 4 . ~ 4 1  18 

+0.04!0.871 
o o j l o . R 7 ~  

+ 1~401-  8 
14401 l o  
1 0  1 

1 ~ 0 1  10 

a 
a r 5 1  
11.5.1 

4 1 0  
s 1 8 3 4 . 8 ~ 2  
b 24.14 361 

140 + 1433 - 1.3 
14,7,1 1 1  

I433 10 
14.3d 9 

0.08 
0.08 

81 1004 

-51  
51 
51 
51 

... 

-51 
;I 

51 
51 

21.83 
11.8; 
11.92 
11.9.3 

11'12 
21.16 
rl.,qs 
11.56 

137 
139 
8 
140 

1.37 
1.19 
138 
140 

0.04 
0.04 

t 0 . 1 7  + 1440 
1440 
1440 
1440 

3rd 

-24.41 11 i " 15 11 ,3rj.1r,o 

+o .oR 'o .R8~  
O . O W ~ ~ . P R ~  

o.Phl 
0.880 

o . R i ~  
o 871 

0'87.5 
o.17o.R;; 
0 .170 .872  
0 . 1 7 0 . 8 ~ 0  

- R 
10 
11  

9 

O'SOi"17 

3 171,+t.38~ 
416.14.8,; 

+1~3.11- 9 

1 1 . ~ 4 1  0 . 0 6 0 R i 6  
I 0 6  
a1.5; 0 0 6 0 ' 1 ; ~  

138 
I 

1.37 

21-40 +0.06 

5 
6 II 

16 1; 

+0.06 o.8;1 

1611,,,.3.314 14.41 10 

I I I 

18 23-34 38; 14.43 18 

0.876 

1 a - , ~ l 7  
35.181 

,24'40,1 
16 16;34.864 
17 1;!33.319 
18 1zl i ; .18~ 

-24.42 18 140 12.35 3 aojq.166 



CHAP. 111.1 BEASON, 1908-09. 3 ' 
T~ble  IL-Details of the 0bserl;utiooze-(Conti~zued). 

Correction on account of 
s 

e 
2 
U 

0 - 
i :  

Mhow. 

2 
1 .= 
1 
2 
a ,  

L u I Reduced 
s 0 

& a" 
= 
B 

* 

;; 
'4 

2 
.- ; 5 

Observed 
~ i m e o f  

Vibt<stion 

: 
g =  
a t  
r 2  
.z 

- 
Tompertitllre 

517 
528 
499 
528 

Mesn 

- 519 
52R 
qgR 
527 

i 

h &I 

& Z ! Q  

a s  
P U  

Y ~ ~ C L  

s 
0.507.3629 
0.5072646 
0 . ~ 0 ; 6 0 , ~ 0  
0 ' 5 0 j l 9 j j  

0.507355.3 
o.50;2600 
0.5076002 
0.5071933 

o M 

2 :  
uc 

8 0  
a 

0.50;.364; 

0.5073647 

O.iOi2000 
0~,ro;61.36 
o . ~ o ; ~ ~ z o  
O'j07.3715 

0'50;.3643 

0'50719.39 
0.,50;615; 
0.50;2;~,3 
0'5073740 

0.507.3645 
0.5073644 

0.50;,370~ 
o . s o j z ; ~ f ~  
o.goj61.38 
O . ~ O ; I O ~ I  

0.50;.3646 

o.~o;,3;1.? 
o . ; o ; z ; ~ ~  
0.5076135 
o. joi2014 

0.50736~4 

0.5073645 

0'50f2016 
0.50;61 40 
o.,i0;2;,30 
o . s o ; . ~ ; ~ R  

o .  joj.765 

0 . , 5 0 ; 2 ~ ~ ~  
0.~0761,q.q 
0-.50;2;1; 

o.50;.3;06 

0'50i364o 

0 . 5 0 7 3 ~ ~ ~  
.l 

-37 
.37 
37 
.3; 

... 

-.37 
j; 

3; 
37 

8t.h 
JHII 
1909 
Nlgbt 

9t,h 
JOII. 
Day 

Alean ... 
Mean of Dny and Nigllt ... 

+ 1612 
1612 
1612 
1612 

+ 1612 
1612 
1611 
1612 

8 ,  
-27.47 

27.4; 
z j .47 
27.4; 

-27.4; 
27.47 
27.4; 
27'47 

8 

0.507.3719 
o ~ O ; Z ; Z I  

o..jo761.34 
0 '~0;2013 

0.50;.36.+; 

o.;oif;o.~ 
o . i 0 7 ~ ; 2 4  
0.50;61,36 
0.50720f1 

h m '  
5 1 7  
6 
7 17 
8 

I ;  17 
18 2 1  

19 
20 

1.37 
1.39 
138 
140 

1.37 
1.79 
1.38 
140 

0900 
0'00 

o 00 

0'00 

+0.36 
0..36 
0.36 

s 
34.454 

1.3.34.914 
3.3'382 

1435'2j.1 

34.489 
,34.9.30 

203.3.394 
2135'75; 

2 1  

2 2  

2.1 
2 2  

2 1  

2 2  

2.3 
zz 

0.871 
0'8;l 
0.872 
0.871 

0.874 
0.872 
o 8;o 

0 '360 '869 

- 1 2  

13 
14 
1.3 

- 1 2  

1.3 
14 
1.3 

9th 
Jan. 

Nigh1 

10 th  
Jan. 
Day 

c 

19.52 
19'5R 
19.55 
19.51 

1 8 . q  
18'58 
18.96 
19'30 

- 956- 
959 
95R 
yj6 

- 893 
910 
929 
946 

-21.33 
27.3.3 
27'3.1 
27.33 

-27..73 
27'6.3 
2;'.33 
27'33 

Meon ... 
Alean of Day n l ~ t l  N i ~ l l t  ... 

140 
I.# 

139 
1.37 

140 
1.38 
139 
'37 

2 1  

I ;  
2 2  

1 1  

2 1  
2 2  

2 2  

20 

19'19 +0 '15 
1 0 . 5 ~  

- I 2  

R 
13 

- 1 2  

13 
1.3 
1 1  

0'8;l 
0 ~ 1 5 o ~ R b q  

0.868 
0 '150.868 

o.R;2 
0.869 
0.866 
0.865 

19'71 
19.81 

1R.80 
19.22 
19.61 
19'93 

-950 
95; 
966 
971 

-921 
942 
961 
97; 

4 41 

6 

16 
17 45 
18 
'9 45 

- 528 
497 
jzb 
;16 

Mean 

- ;28 
49; 
52; 
514 

0.15 

+ o U 3 8  
0.38 
0.38 
0.38 

I ;  

I;R; 
158; 
158; 

+ t5R; 
158; 
158; 
1 j 8 i  

,35'259 
5453,3..381 

4534.90; 
745.34'450 

40.~5.30.3 
.13'37i 

4;.+$'900 
.34'433 

-,77 
.3; 
.?; 
1; 

... 

-3; 
.3; 
-3; 
.3i 

0'50jI923 
o~ jo ;ho j1  
0.50;2658 
0.5073638 

0.50718,:3 
0.5~;6042 
0.5072675 
o.j0;3675 

I d 1  
JIIII 

Sigh! 

11 th  
Jon. 

Mean ... 
blenn of Day and Night ... 

+ 1604 
r604 
1604 
1604 

+ 1604 
1604 
1604 
1604 

0.5oi3661 
o';o;2685 
o.50;6091 
0.50j2005 

0 ~ ~ 0 7 . ~ 6 t ; R  
0.50726Ro 
o.;o;Oo()~ 
0.50;2010 

1.37 
1.39 
1.38 
140 

13; 
1.19 
1.38 
140 

4 
5 
7 
7 

16 
17 

5834'4.19 
50.34'895 
o j j ~ . 3 ~ 6  

583j.210 

58.34'441 
~ 5 3 4 ' 8 ~ 8  

0.R68 
o,UftR 

o ' lRo'R6;  
o 86.5 

0'872 
o.R;o 
0.867 
0.866 

-27'0.7 
2;'o.q 
17.03 
27.03 

-27'0.3 

27'0.3 
27 '0 .7  

17'0.3 

-J; 
.?; 
J; 
3; 

... 
-3; 

3; 
37 
37 

- 
1.1 
1 2  

- 1 0  

1 1  
14  
1 2  

19 21.73'356 
19 5813j.21j 

Mean ... 
Menn of n a y  and Night ... 

III.II 
Jsn. 

Night 

12t.h 
.Inn. 

- 1 -  516 526 

-1; 
3; 
.3; 
.I; 

... 
-.3; 

67 
37 
.3; 

4 
5 41 
6 
7 

16 
1 7  

19 

140 
1.38 
1.39 
137 

140 
1.38 
119 
1.37 

+0'18 
0.18 

0.18 

t 0'31 
0.31 
o ' . ~ I  
0.31 

2 0  

2 2  

23 
11 

19 
2 1  

2.3 
2 1  

993 
998 

- 96; 
9;; 
996 

1009 

0'50;1Q75 
o..j0;60;5 
0,5072695 
0~.50;.3671 

1 9 . 4  
20.00 
2 0 . 2 7  
20'.36 

19 '73 
19.9.: 
20.32 
20.60 

496 
524 

Mean 

- 518 
5 2 7  
496 
525 

- 9 8 ~  
9R.i 
gR; 
9R5 

45,75'2.35 
3.3 36.3 

qo.3q.Hg1 
3634'4.95 

4R.95'2;6 
47.33'.394 

1844.34'011 
40.3.4'460 

o.~o;18R8 
0.50;60oz 
0'50;2619 
0.507,j616 

+ lj9R 
159R 
1.~98 
1598 

- 528 
498 
528 
517 

Mean 

+0'0.3 
0.0,; 
0.0.3 
o.o.3 

t0 .18 

0 ' 1 8  

- I 2  

1.3 
13 
1 2  

0 ' R ; l  

0 .871  
o R ; I  
o .8 ;1  

o.R;N 
0.28o~R;(1 
0 '18o . l ; /  

0.871 

- 2 7 ' Z l  

2 7 . 2 2  

2 7 ' 2 2  

17 '2? 

- 1 7 ' 2 2  
17'22 
17.22 
27.11 

+ 15gR 
15gR 
1598 
1598 

2 1  

2 1  

2 2  
11 

2 1  
2 2  
2 2  

10 

- 1 2  - 901 
916 
9.30 

1 1  942 

2 0 . 0 1  
2 0 . 1  I 

2 0 . 1 1  
20.10 

18.39 
18,;o 
18.9; 
19.11 

- j . 1 2  
50' 
530 
j18 



3 PENDULUM OPERATIONS. [CHAP. 111. 

Table IT.-Details of the Observcdtions-(Colztilaued). 

I Correction on account of 

Reduced 
g Time of 

o = ' R  

m 

Mukhtiara. 

Menn ... 0'50;.Z,i2 1 

Mean of Day and Higllt ... 0 . 5 0 7 3 5 3 ~  
- .. 

i Bleun ... 0'5Oi3.i 1 9  

Jau.  

Monn ... 0.507.3526 

Mean of Day and Night ... 0.5073523 
- 

Mean . . .  O'SOi.355.1 

2 1  12.5.1 0.16 0.Hq2 0'50;2;93 ljoR 1 2  1104 541 46 O . ~ O ; ~ ; , J R  
21  2 2 7 1  0 .16  0 8 9 1  0.;0:6206 I I I I 510 46 o.;o;60.3~ 
2 1  22.89 0.16 0 8 9 0  o ~ s 0 ; 2 1 0 . ~  1 1508 121  ilk 5.39 46 o..qoj1891 

O'SOi.l5.3.3 

0.3073543 
--- -- - - 

o . s o ; I R ~ ~  
o 50760~8 
0'50;26oR 
0'50i.3605 

O'hO735.15 

o . j o j l R 7 ~  
o . ~ o ; 6 0 1 0  
0*50i2604 
0'5076599 

0'507.3522 
0'6073620 

Mean ... 
Mean O F  Dny and Night ... 

-- -. 

2 1  / 24'34 
1 2  1 14.36 
2 1  I 1 ~ ' , 3 8  
20 1 24'.i9 

Mean ... 
Meao of Day and Nipbt  ... 

+ o ' o z  
0.01 

0 .02  
0 . 0 2  

+0 .12  

0 1  

0 . 1 2  

20 

Jnu. 138 1 6 3 R 3 , ~ . 3 h z  2 7 . 5 1 ' 1 1  
a 1 ;; I 8 I I 

18 3434'413 1 ; -51  10 

22.67 
22.73 
8 
1 1 ' 9 9  

-46 
46 
46 
46 

... 
-46 

46 
46 
46 

-5.36 
506 
5.36 
525 

Mean 

-541 
510 
541 
529 

o.HRj 
0.885 
o'RR.; 
o'8R) 

0 .895 
0 . 1 ~ 0 . 8 q z  

0 2  

0.891 

0.50;20;1 
0~5076172 
0.50;2781 
0'50i.3;67 

0.5071968 
0.50;60;7 
0 8  
0.507.3697 

+ 1 6 1 5  
1615 
1615 
1615 

+ 1615 
1615 
16.5 
1615 

- 1 2  

13 
1 2  
1 1  

- I I  

11 

1 2  
11 

- 1193 
1194 
1195 
1195 

- 1 1 1 1  

1114 
1 1 2 0  

1117 
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0 '8~11 

+ 2 . 1 0  

I 

2 . 1 0  

2 . 1 0  

+ 2 . 1 0  
2 . 1 0  

2 '10 
2 . 1 0  

2 1  8 8 + 0  1.3 

2 0 1  

140 
1.38 
1.1) 
1 . 3  
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158 

21.1; 
22.29 

21.33 
21'45 
21'80 
21-91 

n~ I l.39 
I '37 

0 . 1 3  
0 . 1 3  

+ 0 . 2 2  

0 . 2 2  

0 . 2 2  

0.22 

+ 2.21) 

2.29 
1 .29  
2.29 

+ 2.29 
2.29 

- 1 1 2 ;  

11.45 
1141 
11.13 

-1085 
1094 
0 

1115 

-511) 
490 
519 
508 

I 

-521 
491 
520 
509 

- 1.34 
1.34 
1.34 
1.34 

- 134 
134 
I 

I ,  

5 20134.304 
6 I ;  

H 
9!i::.548 

2 . 3  0 2 2  
22.76 0.22 

18 
19  
18 
18 

18 
1 0  

2 
2.29 

- 4 6  
46 
46 
46 

. 

-46 
46 
46 
46 

- 11 
10 
0 
9 

- 9 
10 
l o  
8 

a2 . r )V8+o 1 2  

t.3.171 0 . 1 2  

Z,I.Z~ 0.12 
2.3'321 0 .12  

1; 
18 
19 I 

17 

22.15 20.34..425 
16.32.55fi 
1434.000 

+ 0 . 2 2  

10 10116'S50 

~1..3,1 0.22 
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'l'nhle 11.-Details oJ the Obse9~.~.ations-(Continzled). 
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A s i r g a r h - ( c o n t d . )  
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$ 3  
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N ~ p l ~ t  
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3;.;3-5.;8 
303.1.066 
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i4-289 
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140 

Mean of Uuy a n d  Sight ... 
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I ~ I I I L .  of  

~~b~~~~~~ 

,= 

h n a  
5 
6 

I ;  3; 
18  -31 

-506 
516 

-489 
518 

0.5073736 

2 7. < 
.= o I "u 

L 

3 1 5 d 

-46 
46 

-46  
,46 

* , o  + 2.781 1 7  

Jalgaon.  

Redilred 
Tinlo of 

Vibrut iol l  

Correction on accollnt of 

.2.3'.39 
z.i.g:, 

2.1.20 
23.34 

O ' ~ O ; , ; R ~ I  
0.50;281? 

o.:oi6z2, 
o.io;=o; 

2.78 

+ 2.78 
z.;8 

1 9  

1 9  
19  

1; 

18  
1 8  
15 

18 
1 9  
19 
18  

m 

: 
G 

$ 
x 
f 
0 

6 

~ 8 : 6 ~  
28'5.3 
28.49 
28.44 

28.09 
28.16 
28.31 
28.34 

+ ~ Y , i c  
o .  1 8  

+ o . l h  
o .  16  

- d o ;  
0.07 
0.0; 

0.0; 

+ q . l o  
0 . 1 0  

bleun ... 0'507,3621 

Yrr~n or l )uy and Sight  . . .  0'5073612 
-. - 

bfeun ... o. ;oi j610 

4 

- 16.3- 
16.3 

- 16.3 
16.3 

-19 
. ~ y  
.qg 
,3y 

... 

-39 
,3q 
.3g 
.30 

Mean ... 
3lr11n of Dny a11c1 Xigl~t  ... 

0.852 
0.8.:~ 

0.855 
o.Uj4 

I 
8,-1146 

1154 

- 10 - 1 1.3; 
101 1144 

O ' ; ~ O ; I ~ ~ ~  

0.50;6oi; 
o.;o;2684 
0.;07368~ 

o . ~ o ; j b o j  

0 .~0 ;1986  
0 ~ ~ 0 ; 6 1 o o  
0.50;260j 
o . ~ o ; ~ ; o z  

o . jo ; j611  

0,5073611 

b 

& - 
2 
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-2 
7 

o ' . ~ o ; ~ ~ ; o  
o-50;4;01 

O . ~ O ; ~ O ~ C J  
o.;o;j988 

0.8;; 
0.877 
0.877 
0.876 

0.877 
o 877 

; 
5 
.zq 
E 

os;o;lzi; 
0 . 5 0 ; 8 j ~ t  
c'50;4986 
0.507j96R 

o.,;o;~z68 
o.jo78.3.48 

0 . 1 0  0.876 o ' I o I o . ~ ~ ~  

-- a - 

o' joj4089 
0.50i j986 

- 32; 
2 ;  

32; 
327 

- gz; 
32; 

- ; 
9 
9 
6 

- 9 
lo  

,327 
32; 

-1406 
1.398 
1396 
1,7rj4 

- 1,376 
1380 

10 

9 

-5.31 
50. 
I 

520 
JIeax 

- 531 
502 

138; 
1389 

-.q91 o'.io;19;4 
.39 0 . ~ 0 i 6 0 0 ~  

531 
520 

o 50741Rg 
0.5078.38j 
o .  joigoo5 
0.5076001 

o . ~ o i ~ a z R  
o ~ s o i R . i ~ *  
O ' iOi lR;~  
0.5075963 

22nd 
Feh. 

Slgbt 

23rd 

j r )  

.3g 
... 

-39 
39 
39 
19 

Mean ... 
Mean of Dug and Night ... 

140 
138 
1.39 
1.47 

140 

o 5072606 
0.30;.4695 

o. joi.361 2 

0 . jo~lg8.3 
0.50;60R9 
o50 i26a1  
0'507.169.1 

o~.jo;j612 

0.5073612 

Feh. 138 
Uny 1 139 

1 

0.876 
0 '8 i7  
0.876 
0.8;b 

0.881 
0-880 
0 878 

8 Ol .34.~j21+ 6.04 + O . O Z  -5.11 
,502 
I 

jzo 
Mcnn 

-5.34 
50.3 
5.42 
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g I 
l o  
10  

20 
21  

2 1  58 

-1.381 
1.3R5 
1.3R4 
1j85 

-1309 
1,322 

1.3.44 
1.346 

- 1.45 
3 5 ;  
,?s; 
3jg 

- 35.; 
,455 
1 ) s  
3 5 5  

31.3941 6.04 0.02 
o j j . 8 j 1  0.04 0.02 

.;;3,3.39j' 6.04 0 . 0 2  

I 
634.180:+ 6.04 +o.a7 
I 6.04 0.17 

34 4.0. 6'04 0.27 
2 2  

- 9 
1 0  

l o  
7 

- 8 
lo  
a 
0 I 6.04 O . Z ~ ~ O . R ~ B  
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Table 11.-Details of the 0 bservations-( Corctilzued). 

Correction on account of 
4 

c Reduced 

Amraoti. 

h.nc s 

Mean ... 0'50736;; 

- 1306 - 5.30 -45 0.50;2;69 

B a n  . 
AI~IIII of Duy and Sight  ... 

0.3ojj682 

0 . 5 0 7 3 6 8 0  

+0.16  
0 . 1 6  
0 . 1 6  
0.10 

+o.24 
0.24 

6 
7 
8 
9 

18 5.3 
19 51 

4th 
I .  

Night 

6th 
afar. 

28.95 
29.14 
?9..3,3 
29.39 

28.21 
28.38 

0.862 
0.861 
0 . w ~  
0,861 

0.86; 
0'86; 

Uay 1 ;;; 

1 4 0  
1 . 8  
139 
1.37 

rqo 
1.38 

1 8  
11) 

11) 
19 

2 0  

1 8  
20 

2 1  

5234.1.3; 
:.c,zz'.:;6 
8 0  
4.333'366 

.34.147 
3~..38,3 

+ 5.2.3 
5'2.3 
5.23 
5.23 

+ 5'2.3 
5.23 

M?llll ... 
Ileau of Day ontl Sight  ... 
-- 

28.61 0 . 2 4  o R64 

0'50;4jzg 
o,;o;84zR 
o. ;oj joiq 
0'50;6066 

0.5oi4.103 
0'50;841 I 

O..- ~ ~ 1 . 3  - t i - -  1.3 

0 . 5  0 7 3 6 7 0  

18 

- -522 
442 

I 5 2  
1440 , i t 1  

Alcan 

- -525 
~ 9 0  

46.7.3'82.; 

-451 o'.io;zo23 

451 
0.50;6146 

O . ~ O ; $ O Z I  5 '23 

45 
45 

... 
-45 

4; 

18 28.81 0.2(!0'864 42,,'.369 

o..;o;z;.:8 
0'5073753 

o. jo;.366; 

o~~o;zo .z2  
0.50;616.3 

z g . c ~ i + o . o 5  

5.23 
4.: 

0.800 
o . R ~ I  
o r61  
0,861 

o.Af18 
o 86; 
0.864 
086.3 

29.ao  
m.6; 
29.66 

27.66 
2R.o; 
28.48 
zli8,;  

0 '50i2i34 

o ,05  
0'0.5 
0.05 

+ o . J ~  
0.42 
0.42 
0.41 

A1en11 ... 

0.joj6060 

0.50;.16;1 

::: 43 o . ~ o ; , ~ ; ; I  

-511 
s 2 2  

2 
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Alrnn 
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0 

0 
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9 
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I 
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-144; 
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- 1.355 
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I 
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45 
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Ilean of Dny and 3 igh t  ... 
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0 
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733.82; 
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11) 
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20 
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19 

0,5074412 
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z i .R .3  
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o ~ , i o ; ~ o ~ R  
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o . ~ o ; z ~ : , z  
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o .  jo;jbH3 
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0.50;61,3; 
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0 .5o j .3 i~4  
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,320 
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- 320 
,320 
.320 
,320 

+ o . ~ ~ j o . H h l  
o .11!o .R6o  
0 . 1 1 ~ 0 . 8 6 0  
0.11 

+o..:() 

lo 
10 

9 

- 1 0  

1 1  

lo 
lo  

0 .860 

0.870 
o..lg! 0,868 
o,,q9! o.R67 
0'.3910.865 

-10-145 ;  
1464 
1468 
lq j J  

- ~ , q h j  
1.378 
1397 
1415 

-522 
492 
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hlcnn 

-527 
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525 
514 

-45 
4; 
4; 
45 

. . .  

-45 
45 
45 
45 
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Table 11.-Details of the Obse~*vations-(Conlinrced), 

[CHAP. 111. 

I 
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3 

2 
2 

Ellichpur. 

B o  .- 
3 
7 

G 
J) 

13t11 
Mnr. 
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Nigl~t 

I-llb 
blur. 
])ag 

1.39 
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1-38 
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~enlpernt ,urr  / , 

Menn .. 
Mean of Dny nnd Biglit ... 

3 ;a 
3 ;  
2 2  
2- 

y o  

:50749.33 
0.5075943 
0.5078308 
0 . 5 0 7 4 ~ ~ 3  

0'50;~$8zz 
o'joi.iU46 
0'5078258 
0.5074196 

0.50;,36j8 
0.5073646 

7 b  nl 
7 
8 
9 

l o  

19 
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2 1  

2 2  

s 
5 
a 
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Time of 
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0 
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4 
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u a o 
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a 
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r 
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0 

-1486 
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8 
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0 .11 

0 . 1 1  
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0.Rj6 
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18 
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Menn 
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o .go7~RUj 
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50 
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50 
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0 . 8  
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o'Rj6 
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o.R61 
0.858 

+ 

+ 

0 '  507,3392 

Mean of Dny nn11 Nigl~t  ... 0.5073397 

-517 
527 
49R 
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Menn 

-520 
6.30 
490 

- 1404 
140.3 
1405 
1404 

-1374 
1.770 
1.387 
1.392 

-50 
50 
50 
50 

... 
-50 

50 
50 
50 
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205 

- 205 
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0.14 0.872 
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1.3; 
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53 
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O ' S O ~ s ~ i O  
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0.5074925 
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0'.i0;4250 
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404 
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- 
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10 33 
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2 0  43 
2 1  

29.551 0.6610.854 

0'507.3494 
0 ' 5 0 i z 4 ~ 7  
0'5073882 
0.5071;63 

0.5073402 
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2'able 11.-Details of the Obse~~vations-(Continued). 

Observed 

C '  d 

Reduced 
Time of 

Vibration 

Correction on nccol~nt of 

O ~ ~ O ~ ~ ; ; ~  

0.5075840 
O';0;244() 
o.goi.34;.3 

0'~0;3,38; 

0.5071f63 
o.50;58;(9 
omjo;z451 
0'50;,3505 

0'5Oi3.792 
0 .5073389  
- - -. - -. - - - 

o.j0;.3489 
0.50;~448 
0.507584f; 
0.50;1;5~ 

o.50;3384 

0.j07.346~ 
O'jOiZJ47 
0.5075847 
0.5071;66 

0.50j3.381 

0.5073383 
- - - . - 

o..qo;1;;6 
0.5o;jR60 
0 . 5 0 j ~ 4 ~ 6  
0.50;34;9 

0.  jOj.7.38j 

o.so;I;;,~ 
0.507585.~ 
0.5072442 
0.50;34;5 

0.5079381 

0.5073383 

Hoshangabad-(conld ) 

0 

B 

0 

4 

p - 
& 
' 
5 

E! 
g 
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- O 

3 L 

B 

+ 8.52 
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8.52 
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0 

z ~ ~ ~ l + 0 6 1 1 0 - 8 6 ;  I rith 140 
bl8r.l 1.38 
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Mean ... 
Nenn of Day nnd Night ... 
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I909 
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2 

a 
E 

0:50;428~ 
0.5o;Ujz; 
o.50;4950 
0'50;5968 
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0.50;8299 
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o ' ~ o i j 9 8 . 3  

1 

I ;  
18  
17 
15 

16 
I;  
16 

"I 

8 
9 I 

lo 24 

1 1  

2 0  

2 1  .31 
2 2  

23 

28.98 
28.99 
29.00 

28.31 
28.38 
28.51 
28.61 

28111 

1.37 
1.39 
1-38 
140 

1.37 
1.39 
1.18 
140 

8 . i ~ ~  15 

,34.34.15.; 
I ;  
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.32.429 

25.3.3.863 
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0 .01  0.86; 
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D11p 139 ! 1:3; 
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0'5075022 
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o .  507.3530 
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- 5ooI-  8 
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0.01 

0.01 

+ O . I P  
0 . 1 2  
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0 .12 

0.866 
0 8 6 6  
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8 
8 
; 

7 
7 
8 
8 

. - 

a1enn ... 
Mean of Dny snd Niglit ... 

500 
500 

- 500 
500 
500 

0.86; 
0.867 

0.871 
0'870 
0.870 
0 8 6 9  

-1421 
142.3 
1424 
1425 
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1.39; 
1 4 0 2  

-514 
3.5 
493 
525 

Mean 

-518 
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52; 

28th 
Mar. 
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29tl1 
3lnr. 

- 0  

518 
489 
518 

Mean 

-511 
521 
441 
519 

11 911 

8 4. 
9 38 

1 0  

1 1  

20.41 

- j 0.50;3596 
51 o s 5 ~ i 2 6 ~ 4  

0.854 

-5.3 
5.3 
5.3 
j.3 

... 
-53 

53 
5.3 

-1421~  -5.5 

8 
6 

- f 
8 
7 

p--p----.-------- 

-53 
5.3 
5.3 
53 

... 
-5.3 

53 
5.3 
5.3 

~. 

137 
I.ZO 

138 
140 

I.1; 
1.39 

I ;  

1 7  
I ;  

15 

16 
1 7  
1 ;  

.r 

.3,3.,380 
J , ~ . ~ o o  

3().12.354 
. ~ Z , ~ ~ ' I , Z I  

,3,~.414 
21.38.73.82.~ 
21'3932'3;; 
23'37.34'146 

-14;7 
9 1 4 6 4  

1464 
1461 

-1395 
1401 
1415 
142; 

52 
52 

... 
-52 

52 
52 
52 

- 418 - 6 

i-0.23 
0.2.3 
0 '23 

53 

1420 
1 4 2 1  
1421 

-1.387 
1.391 
139; 

0'50;5987 
0 . 5 0 ~ 9 6 1  
0'50;8.329 
o.50;4268 

0',<0;.59.3.3 
0 '5074~29 
0'50;8307 
o . . ~ o ; ~ z ~ o  

8 
9 2; 

l o  
1 1  

20 

2 2  2: 

z j  
l ln7  1 1.38 

I 140 

29.01 + o  03 
~ 9 0 4 1  0'03 

Mean ... 
Menn of Day and Night ... 

~- 

z g ' f l  
29.88 
29.87 
29.81 

28'47 
28.60 
28.8; 
29.13 

+ 7.12 
j * l z  
7.12 
7.12 

+ 7.12 
7 . 1 2  

7.12 
7.12 

o . ~ o T 6 0 5 0  
0.50718;9 

0'5073535 

o . ~ o ; ~ 5 ; 0  
0.50;2620 
0.50;6046 
0.50i1882 

418 
418 

- 418 
418 
418 
418  

0'861 
0'85() 
0'859 

O.a.30'857 

496 
525 
515 

Menn 

-528 
498 
527 
516 500 

- 504 
j04 
504 
504 

- 504- 
j o ~  
504 
504 

29.0; 
29.oH 

2 8 ' j l  
28.36 
28.51 
28.62 

- - 

-5.31 
5.3 
53 
5.3 

. .  
-5.3 

5.3 
53 
53 16 1 29.041 0.08 

0.864 
0.866 
o ' H ~ ;  
0.866 

0.869 
0.868 
0.86; 
0.86; 

28 .94~+0 .03  

8 , .  

15 
18 
19 
18 

18 
1 0  
18 
17 

lo  
9 

- 9 
1 0  

9 
8 

61 1403 

.353,3.401 
3.3.850 

z4.3z.41; 
15.34.162 

3833'42.3 
21.313.3.864 

. : Z . ~ Z ( D  

zo.34.166 

0.0.7 
0'0.3 

+O'I3 

0 . 1 3  
0 .13  

2R.95 
28.09 
29'0.3 

28.81 
28.89 
28.95 

0.0.1 
0.0.3 
0'0.3 

+o.o8 
O . O H  
0.08 

+ 8'58 
8.58 
8.59 
8.58 

t 8.58 
R.58 
8.58 
8.58 

-1418;  -524 
1419 495 
1.121; 525 
1422 514 j Menn 

- 1412, -52, 
14th 496 

0':0;42gj 
O'j0;8.<il 
0'5074989 
0. jo;boI I 

0'50;4288 
0'5079362 

15 
17 
I ;  
16 

16 
16 
I ;  

I ;  

0.~0i498.3 
0'50;6009 

- 5.361- 8 
536 8 
5.36 8 
5.36 

- 536 
536 

7 

- ; 
8 

5.36 
5.36 

8, ,419 525 
;I 142.7 515 
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Table II.-Details of the 0 bservations-(Continued) . 

Reduced 
Time of 

Vibration 

Correction on account of 
4 

t = -  
1 0  
4 2 1 ,z.. 3 

4 E 
Vibntion 

0 

L1 

S h a h p u r - ( c o n t d . )  

2 
-4 

5th 
Apl'. 
y lgh t  

6th 
11pr. 
Ony 

+ 

+ 

140 
138 
139 
1.37 

140 
1.38 
139 
1.3; 

o.jo7,lj.q 

0 .5073534  

0'jo;.3j;9 
0 50;2617 
0.50iG039 
o'jo71896 

o '~o i3 ;33  

0'5073584 
o.jojz6z; 
o..;0;6051 
0.5071906 

o.jo7.354~ 

0,5073538 

Mean ... 
Mean of Day enrl Night ... 

Ib m 
8 4; 
9 

10 

1 1  35 

20 

2 1  

Badnur. 

I 

Menn ... 0.5073684 

hlenn ... 0.5073hR4 

Meon of Day and Nipl~t  ... 0.5073684 

S 

o.joj189.1 
o. 5076046 
0.j072626 
O .  j 0 7 ~ j i j  

o.ja73j.35 

0.50i1894 
0.5076033 
o ~ ~ o j z 6 1 8  
o.jo;jjRg 

t 
*pr. 
Siglll 

it11 
Ayr. 
O n  

s 

.34.123 
443z'.z54 
3933.793 

33.382 

4834.151 
43.32'.382 

S 

0 . 5 0 7 ~ 3 5 j  
o.:o;8.182 
0..;0;5092 
0.j076030 

0.j0;429.1 
0.50;8413 
0'5Oj50.37 
0.5076005 

2 1 . 3 9 ~ . 3 . 8 l i  
23 .161.33.393 

- 421 
421 
411 
421 

- 421 
421 
401 
421 

Mean ... 
Jlenn of Day and  Night ... 

- 8 
9 
9 
j 

- 8 
lo  
9 
9 

1 . 3  
1-39 
138 
140 

13; 
139 
8 
140 

- 1464 
1466 
1467 
1467 

-1397 
1406 
1 ~ ~ 6  
1426, 

-517 
48R 
517 
508 

Menn 

-521 
491 
521 
j08 

- 9 
lo  
10 

l o  

- 8 
ro 
I I  

l o  

- 52 
52 
52 
52 

... 
-52 

52 
52 
j z  

+ 7.35 
;..?5 
7.35 
7.35 

-52 
52 
52 
52 

... 
-52 

52 
51 
j z  

- 1467 
1468 
1470 
147j 

-1441 
144; 

8 47 33'376 
9 ~ I I . z . ~ . : ~ z  

10 .z81.32.3j1 

18 
19 
19 
19 

-507 
518  
-188 
5 1 8  

Nenn 

-509 
519 

11 

29.93 
29.95 
30.0; 
30'11 

+o .o8  
0.08 
0'08 
0.08 

14;" 489 
14691 51; 

jO34'llO 

+0 '22  
0 . 2 2  

0.n 

20 
2 1  

2 

23 

+ 7'.15' 1 7  

i . . q j l  19 
;.3;/ 2 0  

5.5.; 19 

0.n5.l 
0,854 
0'85.1 
0,854 

46,~3..384 
433.3';96 
2 . 0  
31.34'109 

20.40 
29.53 
2o.;6 
z ~ ) ' g j  

0'857 
0,856 
0.855 

o . z z o . H ~ . z  

0.5076045 - 4.31 
0;0)50g6 1 431 
o.j0;8492 4.31 
o.joi4.382 

0'.ioi602j 
0.507.5086 
0.5ojS4cp 
0'50;438j 

431 

- 431 
431 
451 
4.31 
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Z1abZe 1I.-Details of the Observutions- ( Continued). 
- - -  

2 Tempernture .: 
4 

& 
1 h 

C 

00 

;i; 

Reduced 
Time of 

Vibration 

1 Correction o n  n c r o u ~ ~ t  of 
I 

B a d n u r - ( c - o n t d . )  

Obserred 
T i m e ~ r  

V ~ b r l ~ t i o n  
Z 
s 
0 - 

h ,n s 

1 

0 ' 5 0 i . ~ i l o  
:5072762 
0 . ~ 0 ; 6 1 8 ~  
O'.jOi2041 

0'507.:6;4 

0,,;07,3;27 
0.5o;r;hl  
o . s 0 ; 6 1 8 0  
0.5072051 

Meall ... 
Mean of Day and  Nielrt ... 

-. 

- 8 -1.327 - 4 9 1  91 l .Z , z l~  SO7 
10 1.335 478 

1.3.33, M2P: 

- - l.qz5! -498 
I,;.;I! 508 

1 2 1  1.342 479 
1 2  1350 506 

1-It11 
Apr. 
a 

5 

- 196 
196 
196 
196 

- 196 
196 
196 
196 

0 ~ 5 0 7 3 6 8 0  

0.5073677 

-44 
44 
44 
44 

... 
-44 

44 
44 
44 

0 

- 
F 

c 
* 
- ? 
? 

q 4 S  
5 ; ;  

I 27.08 + o . o 6  
2 7 1 6  0 .00  

1.37 
1.39 
1 . 8  
140 

- ' 
. 

0.836 
08 .16  
o R.:O 
0 8  

1! 

o.R,zg 
o 8.39 
0.8.48 
o.R.75 

z j . 2 4  
27.21 

r i . 0 4  
27. 1 7  

Dehra Dun. 

0 , jOi . i iR~ 
8 
0.50iR24h 
0 4 1 2  

o . ; o ; ~ ; I J ~  
0'50i4849 
0 ;o;R?jl 
0.507qlpg 

0 - 0 6  
0 0  

+ o . a o  
0 ' 2 0  

2 1  
2 2  I ;  

2 
o ; 

2 7 3 9  0 . 2 0  

2 7 . 5 j (  0.20  

~;;.;.48.3 
,43'901 

I 

, 4 2 1  I 

o s o 8  
o'so;46zR 
0.50iRo2.3 
0 '50; .~( )2 .~  

0.5075396 
o..:oi46q1 
o j o ; R o 1 6  
0 ' 5 0 i 3 9 3 0  

2911 
Apr. 
I909 

Sight. 

30111 
Apr. 
Day 

1 . .  
illcan of  D I I ~  nnd S i g l ~ t  . ,  

+ , 3 . , 3 ~  
3..7,4 
,4.34 
3 34 

0.8.z5 
0'8.34 
o 634 
o 834 

0 . 8 3 6  
0 .835 

0 1 8 0 ~ 8 . 3 5  

+ I ;  
2 2  15 
2 2 . 1 5  
22.15 

+22.15  
22'15 
2 2 . 1 5  

, IL nl ' s 
137 ' I 6 

o . ~ o ; 2 , j o l  

0.5072500 

1 6  
1 8  
111 
2 1  

159 1 1  
1 3 8  1 2  

140 1 3  

1.3; 2 2  

1.49 23 2 1  

138 o 
140 1 

- 3 8  
.+A 
38 
38 

... 
-38  

28 

22.15 

- 3 0 0  
1.300 
1300 
1.300 

-1300 
1.300 

, I  - 
1 8  i 4 . 1 4 1 + 0 ~ 2 1  

2;,34.000 
z ; , 3 ~ . 5 4 2  
? 0 3 4 ' . f 1 9  

2833.571 
33'994 

11),3z,i4r 
103J .3Ip  

N e n n  ... 

Mrnn of Dny at111 Night ... 
-- . 

o ~ j o i z j j :  
0.5071582 
0 . 5 0 j ~ 9 g j  
0.50;0859 

0.50;2498 

0.50;2562 
0 '50i1591 

- 9 
l o  
10 

10 

- 9 
l o  

19 
19 
19 

18 
19 
1 9  

I I - 6  

o . 5 0 i z 4 9 6  

0.5072495 

I ~ O ~ /  4;s 18 0 . ~ 0 ; 4 9 8 6  
1 2 1 2  50,; 1 0';0;086j 

1.300 
1300 19 

1193 
120.3 
1 2 1 1  

- 1190 

10 

10 

24.35 
24'56 
24.71 

24.28 
24.40 
24.38 

505 
477 
505 

&Lean 

-497 

LIrnrr ... 0.5072495 

0 .21  
0 . 2 1  
0 .21  

+ c . I R  
O ' I R  

24'7.3 

1196' 506 

e . 
b h n n  of Day and Xigl~t.  ... 

0 . 1 8 I 0 . 8 ~ 4  

o.,o;~,, ,  

0.5072493 
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I11 Table I11 are  shown the  times of vibr;rtion a t  Dehra I ) i i l ~  a t  the  beginning nnd end of 
the  season. 

Table 1 1 . - l ' i m e s  of vibration at u e h ~ a  D41a. 

The agreement between the  two sets is satisfactol*p, but  i t  is, as usual, advisable to 
tabulate the  differences betmeell the mean and it~dividual peudulums. 

Date 
- . - - . - -. 

1908 4 9  
Dereu~bvr ,  14 15 

, 15-16 
,, 16-17 
,, l i . l S  

-- 

Mean 
-- 

Aprll 29-30 
,. 30-May I 

JInp 1-2 
-- - 

Jiean 
- . -- 

O r ~ ~ r r a l  JIean 

Dlfferenco. Nny-I)ec 

Table IT,-Diflerences betareen the mearz und irzclividzcal pe~tdtclums. 

81nllon 1 1 3 7  ( r / 133 I u 1 110 1 I. ( I 
--- i - 

1 " 
I )vl~ra  Dun ... -fig + 2 -2496 - 9 +qzq + 4 +16.38 + 4 
Ujjuin ... -;8 - 7 -2486 + I t 9 3 1  + 6 + 1 6 3 4  o  
Ml~ow . . . -70 + I -249.4 - 6 iqz.3 - 2 +1642 + 8 
M ~ ~ k h t i i r n  . . . - 7 2  - I -2492 - j +927 + 2 +10.qR + 4 
Mortakkn ... - i j  - 4  -2481 + 6  +qz8 + , ?  +1628 - 6  
K h a n d e a  ... -60 + I I  -2484 + 3  +qzo - 5  +162.3 - 1 1  

Asirgorh ... - 7 0  + I  -2440 + ;  + 9 q  o +1h25 - 9  
Jalgaon ... -80 - q -2477 + 10 + q 2 j  + 2 + 16.32 - 2 

Amrnoti ... -87 - 1 6  -24:; + l o  +q32 + 7 +16,34 o  
Elhchpur  ... -8s  -14 - 2 ~ 8 1  + 6  +q,qj + 8  + 1 6 j 4  o  
Homhangibnd ... -9.1 -23 -246; + 20 +936 i -  I I + 1625 - 9 
8hHhpur ... - 4 7  + 2 j  -2509 -z? I i I + 1643 + 1) 

Badn i~ r  ... -50 + 2 1  - 0 ,  - 16 + ? I ;  - 1 0  + 163; + j 

Debra Dim ... -62 + q -2491 - 4 +01 j 1 - 1 0  + 1639 + 5 
I 

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

h l e ~ ~ n r  - ; I  - 2487 +925 + 1634 
-. - ___ -- 

Mrnnr of 1907-08 -60 - 1496 +91S 1 + 1641 

137 / 131 / 189 / I40 I Menn 
- - - . - - -. . - . - - - - -- - - 

8 

O.BOT'2567 0.6071583 U 5072504 
2.570 1567 0855 2495 
25G; 4981 1873 2498 
25i'J 6001 1553 0858 2497 

- - - - - -- 
0*50725(38 0 5071995 0.5071570 0.5072499 

The  table shows t h a l  there have been large flucti~atious in  the rlifferer~ces, the  most notice- 
able heing tha t  between Hoshang:il,itd and Shiihpur. I t  is difficult to suggest auy cause for 

th i s  change and it does not nppenr that  any one pendulum mas a t  fault. It i t  had been, then 

t h e  differences of the  other pendulrlnls would have chnnged by the same amount and in the same 

- -- - -- - 

0.5072561) 
2567 
2547 

- 
0 5Ui258S 

0.5072;6:3 
- 

- 10 

U 507 mHO 
4984 
4988 

0 50i4987 
- 

0.507499 I 
- 

- - - 

0 5079500 
2395 
2493 

- -  

0.507249G 

0.5072497 

0 5071587 0.5070862 
1 5 3  OY51 
1579 1 "859 

- S 

U 5071881 
- 

0.5071576 

- 8 

0 5070857 

U.50iOR59 
-- -- 

+Li I - 4  
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direction, whereas in this case the  differences of two pendulums have i ~ ~ c r e a s e d  aud two have de- 
creased. The changes can, therefore, only I I C  consirlered as accidental errors and no correctiou 
call be applied. I t  is perhaps worthy of note tha t  the  pendulurrl clock was cleaned a t  Dehra 
D i n  at  the beginning of the seasoll, and it is possil)le t h i ~ t  its rate may not I I ~  so steady as it 
ma3 formerly. 

111 Table V are shown the times of vihl,ation of each pendulum a t  each station alld the 
value of g deduced. These valrres are uatul.nlly s o l ~ ~ e w h a t  discordant owing to tlie accidental 
errors mentioned above. 

Table P.-ilfiall tinrev of vib~.niiou agtd cl~duced ~ a l z c ~ s  of g. 

bl eat1 

- 

0'507249i 

0'5073498 
+ 1 0 0 1  

978.6; j 

0' .ioijh46 
+ "49 

g;U.f~zo 

0.5073531 
+ 10.34 

978.664 

0'50;.'420 
+ 932 

9i8'70.3 

0'507.3457 + 960 
9iR.692 

0'507.3737 
+ 1240 

9i8'58.1 

0~5073612 
+I115 

9i8'6.33 

0'507.3674 
+I177 

g;R.hor) 

0'~0;.36:1 
+I154 

978 618 

0'5073388 
+ 891 

978,719 

0'50735.34 
+ 10.3; 

978.663 

0 '50i .36;~ 
+ 1182 

978'607 

I 44) 

- -- 

o'.io;o85') 

0.50; 1864 
+ 1005 

978. t i i j  

0 50;20OJ 
+ 1145 

9;8.621 

O'.iOJ I ~ ~ J . z  

+ 1034 
9;s 664 

o.,;oi1801 
+ 941 

979.699 

0.50i18.34 
+ 075 

9;s. 68; 

0'50i2112 
+ 125.3 

9 i8 '5 i0  

o . so j~r ,Uo  
+ 1 1 2 1  

978'6.10 

0.50jzoqo 
+ 1181 

978 ' 607 

0 ~ 5 0 i z o 1 7  
+ I I ~ R  

978.616 

0 ' so j  I 763 
+ 904 

9i8.714 

0.5071892 
' 10.3.3 

9iR.664 

O ' , ; O ~ Z O J Z  

+ I 18.4 
978,606 

4 

Sbt~tior~ 

De l l r~~  D i n  ... 8. 

Ujjoin ... P. 

(I. 

klllow . . . r.  

9 .  

Mukhtiira ... 8. 

I. 

hli~rtukkn. ... 8 .  

9. 

Iil~sndws . . . 8. 

.'7. 

Aeirgnrl~ . . . R. 

9 .  

Julgaon . . . r.  

9 .  

Amrnoti . . . R 

9. 

ltlliollpur . . . 6. 

9. 

Ilonl~nngibid . . .  P. 

9. 

Rllil~pur . . . 
I 

!l. 

I \ n d ~ ~ i ~ r  . , . P .  

.a. 

137 

- -- - -- . - 

0.5072563 

0'50;3,;76 + 1015 
g i 8 . 6 ; ~  

0.507.37 \(I 

+ I 1 .; ,Z 
978-618 

0.507360.3 + 1040 
978.662 

o'SO7.3501 
+941 

978 ' ~ O O  

0'507.351 7 
+ 9j.I 

978.605 

0.507,3807 
+ 1244 

~ i S ' j 8 . 1  

0,50;369z 
+ 1 1 Z ~  

9;8.627 

o . ~ o ; , z ~ ~ I  
+ 1198 

978.601 

0~50;.3ijh 
+Il i .3  

978.610 

0.50;3482 

138 

- 

0 '  507499 I 

O.,;O;,;.)$~ 
+ 91J3 

1)78.680 

0 .  .;0;(bl,39 
+ 1148 

9j8.620 

0.5076023 
+ 1032 

97H.605 

O'SOi59lO 
+919 

978';oS 

b'jOj.<OJI 
+ 950 

978. 606 

o . ~ o i O z ~ ;  
+ 1226 

978 .i90 

0.50i6089 
+ 1098 

9 i s  '6.40 

o,.;oj61g1 
+ 1160 

978,615 

o'50;61.3~ 
+ 1 1 4 1  

978,623 

0'50;g85g 

131) 

--- 
0 . -0 -1 . -  s / > , ( I  

I 
0',;0;2g67 

+991 
y;S.f,Ho 

0 ' . 5 0 ; ~ ; 2 j  

+ 1147 
9j8.620 

o'.6oiihoq 
+ 102s 

1);8.Ofd~ 

0',;072501 
+ 925 

9;8.;06 

0'5072.;37 
+ g h ~  

978.692 

O . ~ O ; Z ~ I Z  
+ I 2.36 

9i8.186 

o .  50;2685 
+ IlOq 

978'635 

o ' ~ o ; z ; ~ z  
+ I 160 

9;8,61.z 

o..:ojr;18 
+ 1 1 4 2  

9;8'622 

0'.;0;24,;2 
+ 876 

978'725 

0 .~0 j2620  
+ 1044 

9;8.660 

O . S O ; Z ~ ( I ~  
+ 1188 

9;s 604 

+919 1 + 864 
');8.;08 978.i.30 

0'5074682 
. +;;lo 
9i8.670 

0'507,?;29 + 1166 
qiR,h1,3 

o ' so ; (~o~ . I  
+ lO,;3 

978,657 

o.so;h~Rz 
+ 1191 

978, hoq 
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The Reduction to Sea Leuel. 

Orographical corrections were computed for all the  stations except Ujjain, hut mere 
found t o  be inappreciable (i. e, less thau 0.0005) except a t  Asirgarh, the  details of which are 
given below. 

I'able PI.- Orographical co~rec t i on  at Asirgarh. 
Height ,  2077 jee l .  

W i t h i n  4 mile we may assume tha t  half the area is 200 feet below, and half a t  the level of 
t h e  statioli. The  correctiou based cn this assu~uption is - 0.0028; 

'I'otal effect = 108.6 
Orogrnphical correction = 108.6 x 0.0000386 

= -O.OOR(i  
The total correction is, therefore, = -0.006 

The  ahstract of the  season's results is give11 ill Table VII .  

3 

- 
7 miles 

1 0  

- 
LO niiles 

8 

- 
5 rn~irs 

No. ol zone 

Ciuter r~tilkls f nnile mile 1 mile 11' ~l i i l rs  3 niiles'4 n~iler 5 mile* 7 lriiles I0 miles 15 milrs 211 n ~ ~ l e ~  25 rri~les 35 ri~ilcr 
I - I I 

Heiglit 

p e t  

2200 0'27 . . . . . .  . . . . .  ... 0.01 0'03 0 . 1 1  

2100 0'31 0.23 ... ... ... ... ... 

11 

- 
15 lililea 

1900 

l i 5 0  

li00 

1500 

1250 

Inner redius i rurlr I f  mile 4 niile 1 111ile 2 milrs13 n ~ ~ l e r  I rniles 
, I 2  - - 

12 

20 miles 

0'4j 

0.0; 

... 

13 

25 m ~ l e s  

1000 ' 
.,. 

EtTect 10.4 1 15.l 
i 

7 

-- 3 1 j  -- - - 
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Table 7II.-Abstract oJ results. 

It is better to postpone any discussion of these results until the next chapter, when the 
operations of the two seasons will be considered together. 

Station 

Ujjain ... 
Mhow ... 
Mukhtigra ... 
Mortakka ... 
Khandwa ... 
Asirgarh ... 
Jalgaon ... 
Amraoti ... 
Ellichpur .. 
Badniir ... 
Shkhpur ... 
Hoshangiibiid ... 

I g-rB 

Height 

feet 

1612 

1903 
926 
576 
1014 

2077 
760 
1123 

1314 
2103 
1286 
1002 

dqnes 

978.677 
978.620 

978.664 
978.703 
978.692 
978.584 
978.633 
978.609 
978.618 

978.607 
978.663 
978.719 

dy ner 

-0.056 
-0.055 
-0.059 
-0-030 
+O.OIO 

-0.007 
-oSorg 
-0.013 
-0.014 
-0.015 
-0.026 
-0.023 

yo 

d.qnes 

978-1130 
978'789 
978.779 
978.768 
978.743 
9j8.721 
978.693 
978.689 
978.711 
978.748 
978.766 
978.802 

dynes 

978.733 
978.675 
978.723 
978.733 
978'682 

978'591 
978.648 
978.622 
978.632 
978.622 

978.689 
978,742 

Corrections 

for ( for maam / orogrr- 
height (Bougoer) phicul 

dynes 

-0'151 
-oe17X 
-0.087 
-0.054 
-0.095 
-0.194 
-0.071 
-0.105 
-0'123 
-o.~y; 
-0'120 

-0'094 

dyner 

+0'054 
+oa064 
+0'031 
+0.019 
+0.034 
+o'ojo 
+o.o26 
+0.038 
+oS044 
+omo71 
+0'043 
+oSo34 

dynes 

o 
o 
o 
o 
o 

-0.006 
o 
o 
o 
o 

o 
o 



C H A P T E R  I V .  

The Pendulum Operations in 1909-10, 

T h e  area i n  which observations were made during the  season 1909-10 is immediately t o  
t h e  east of tha t  occupied t h e  previous year and the  reason for  i ts  selection t h e  same, viz. the 
more precise determinatior~ of t h e  limits of t h e  belt of high density. 

Latitude observations had indicated t h a t  the  southern edge of this belt passed just south 
of Anlraoti through Amgaon and between Bil ispur  and Pendra while its northern edge probably 
lay some distance t o  the  north of the  season's area and was no t  likely t o  be met with. These 
observations hail, however, shewn tha t  a small area of lorn density existed between Saugor and 
Urnaria and ~t was hoped tha t  the  pendulums would confirm this also. 

I t  map be well t o  explain here the  method by which areas of high and low density are 
deduced from latitude observations. 

I f  we take two latitude stations 011 approximately the  same meridian and find that the 
pl umb-lines are  inclined towartls oue another or i n  other words tha t  the  deflectio~i a t  the south- 
ern station is more n o ~ . t l ~ e r l y  or less southerly than a t  the uorthern station, we may assume that 
between the two stations there exibts an area of attraction or  of high density. Since we call 
northerly deflections n e ~ a t i v e  and soiitherly ones positive we have the following simple rule for 
determilling whether the  area bet,ween two stations iu oE relatively high or  low density. 

If deflection a t  north station minus that  a t  south staticBn is positive then the  area between 
them is of high density and rice versa. 

Of the stations visited, Saugnr, Damoh and I<atni are  on high ground, tolerably level, 
north of  the Narbada river. The former is on the trap, t h e  two latter on Vindhpan beds, as is 
Urnaria where the  surtace features are  irregular. Pendra lies on higher rolling country which 
divides the drainage areas of the Gauges, Narhnda ant1 Mal~hnadi  rivers. Amgaon, Seoni and 
Jubbulpore are  ill and near the  Siitpura h igh- IHII~S with Biliapur and Raipur OII  the plains to  
the  Blaihar is ou the soiithern edge of the Gaugetic plain and Allallhhitrl aud Sul t inpur  
a re  in  this plain. 

The  observations throughout the  season were made by Captain H. M. Cowie, R.E, with 
t h e  exception of those a t  Dehra D a n  in April, 1910, some of which were made by Captain H. J. 
Couchmeu, R.E. 

The  descriptions of the  stations are  given below :- 

Saugor. 
Lati tude ... 2 3 O  51' 47Y 
Longitude ... 7XC 48' 
Height ... 1757 feet. 

T h e  pendulums were swung in Quarter No. 7 of Block No. 3, Married quarters, old B. I. 
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BM 34 

Lines. The  floor of the room was connected by spirit levelling with G.T.S. + of Main- 

Line 60 (Katni to Sironj). 

Damoh. 
Lati tude .. . 23' 49' 54" 
Longitude ... 79' 26' 
Height  ... 1213 feet. 

The pendulums were swung in the most westerly main room of t h e  dak bungalow. The  

BM'63 of Main-Line 60 floor of the  pendulum room was connected hy spirit levelling with G.T.S. 

(Katni t o  Sironj). 

Katni. 
Lati tude ... 23' 50' 25" 
Longitude . . . SO0 26' 
Height ... 1254 feet. 

The pendulums were swung in the S.VT. of the  four rooms of a small bungalow belong- 
ing to  M r .  Cook of Cook & Co., l ime and stone contractors. I t  lies on the south side of the  
road from Katn i  E.'I.Railway station to  Katni  Mermara and adjoins the  office of the District 

BM.81 
Tahsildar. The  floor of the room was connected by spirit  levelling with G.T.S. - s4 a of Main- 

Line 58 (Biliispur to  Katni).  

Umaria. 
Lati tude ... 23' 31' 37" 
Longitude . .  . 80' 54' 
Height . . . J499 feet. 

The  pendulums s e r e  swung ill t h e  most westerly of the three rooms of the  R e s a h  State  
Inspection bungalow adjoining the houze of the  RJa~lager  of newah State  Colliery, about 1 
from the B.N.  Railmap station. The  height of the G.T.S. bench-mark on plinth of t h e  building, 

"B1.2%ot. hlain-Line 58 (Bilispur to Katni) is 14,98.184 feet. VZZ.  64 .I 

Pendra. 
Lntitude ... 1?2G 46' 41'' 
Longitude ... 82' 0' 
Height . . 1996 fect. 

The p e ~ ~ d i ~ l u m s  were s w u ~ l g  ill the more easterly of the rooms of the school house on the 

outside of the village of Pendra, some 5 n111cs t o  tlle east of Pendrn Road s t n t i o ~ ~  on the 13, N ,  
Railway between Katni and Bili3pnr. The floor of the room was connected by spirit levelling with 

Hh1.39 
G.T.S. -6i of Main-Line 58 (Uiliispur t o  Katni) .  

Bilaspur. 
Lati tude ... 22' 3' 53' 
Longitude .. . t12O 12' 
Hcight . 878 feet. 

The pendulums were swurlg in the personal ofice of the District Traffic Superintendent, 
B. N. Rnilway. The room is in the  centre of the block containing the District Offices of the 
Railway. This building is on the  east side of the main road from the railway station t o  the 
town and about 1 mile from the former. The floor of the room was connected by spirit levelling 
with G.T.S.  !::$ of Main-Line 3U (Raipur to  B i l i s p ~ ~ r ) .  
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Raipur. 

Latitude ... 21° 13' 56" 
Longitude ... SIO 41' 
Height .. . 996 feet. 

The pendulums were sw~lng in the more northerly of the two rooms of the old Quarter 
Guard. This building lies to the west of the site of the old cantonments and on the west side of 
the road running from Raipur to Deopuri village and is the central one of the last three pukka 
built houses on the west of this road as one leaves Raipur. I t  has a t  times been used as a clerk's 
office by the Settlement Survey. The Boornh tank lies about 4 mile to the S.W. The floor 

Rb1.73 
of the room was connected by spirit levelling with G.T.S. of Main-Line 37 (Vizianagram 

t o  Raipur). 
Amgaon. 

Latitude ... 81° 21' 31" 
Longitude ... 80' 28' 
Height . . . 1032 feet. 

The pendulums were swung in the room in the S . W .  corner of the inspection bungalow 
to  the E.N.E. of the railway station, (B.N.Railmag). Amgaon is a small village on the Bil&spur 
side of Gondia on the B.N.Railway. The floor of  the room was connected by spirit levelling 

BM 37 with G.T.S.-B4Lc- of Main-Liue 35 (Nandgaon to Itaipur) . 

Seon i. 
Latitude ... 22' 5' 29" 

--0 L o n g i t ~ ~ d e  .. . I r 89' 
Height . . .  2032 feet. 

The pendulums were swung in the more easterly of the two rooms of the Camp clerkJs 
ofice building attached to  the circuit house (about 100 yards east of the latter). The circuit 
house lies across the road to  the north from the Episcopal Church. The floor of the room was 

connected with G.T.S. % of Branch-Line 60 A (Katui to Nagpur). 

Jubbulpore. 
Latitude .. . 23' 8' 54" 
Longitude .. . 79' 59' 
Height . . . 1467 feet 

The pendulums were swung in the 8 . W .  room of the Orderly Room, Block No. 15 of the 
New (1910) British Infantry Lines built on the Chhitapahlr Ridge. I n  a direct line it lies 
about 2 miles from the E.I.R. station. The Orderly Hoon~ is situated some 100 yards 8.E. of 

the Soldiers' Institute. The level of the plinth of the Orderly Room was obtained from the 
M.W. Office. 

Mai har. 
Latitude ... 24' 15' 38" 
Longitude . . . 80' 48' 
Height ... 1161 feet. 

The pendulllme were swung in the more norther11 of the two main rooms o f  the travellers' 
bungalow, close to  the village and N.W. from the railway atation. The floor of the rooms 

~u connected by spirit levelling with G.T.9. y'i! of Main-Line 59 (Katni to Allahibid). 



A1 lahabad. 
I j a t i t ~ ~ d e  . . . 200 25' 3 5 ~  
Longitude .., 81' 55' 
Height . 288 feet. 

Tile pendulums were swung i n  t h e  casemate below the  quarters of the  Commarldant, he- 
tween the Church and the  R.A.Mess i n  Allah&bad fort ;  both Chul-ch and Rlcss arc on the front  
of the fort facing the J u m n a  river. The  floor of the  casemate was connected I)y spirit levelling 

with G.T.S. B$T of the Main Linc 59 (Katni  t o  Allah%b%d). 

Sultanpur. 
Lati tude ... 26' 16' G" 
Longitude ... 82' 4' 36" 
Height  ... 3 1 4 f e e t .  

The  pendulums mere swung in the  room a t  the  west end of t h e  dak bungalow, The 
pendulum room was connected with rail level a t  the railway station by spirit levelling. 

On the whole satisfactory rooms were available a t  all the  stations. dt IJrnaria a r ~ d  Seoni 
the rooms were small and a t  Saugor, Pendra and Seoni the  protection against the  sun's rays was 
not as  perfect as could have been wished. 

Determinations of the flexure of the pendulum support mere made before and after work 
a t  each statior~. Table I gives the  mean value of each set and the  values used i n  correcting the  
time of vibration. 

Table I.-Flexuve coj*~*ection. 

T h r  t~rnc. olxwrvntions nrt-rc madr Air. I - l n ~ i ~ ~ m i n  Prasid, the  mean p. e. of the  mean 
valne of rr cloclc ratr  l>ci~l,a , 0.014 .src while tha t  of single ral11c was + 0 .031  sec. 

Tllc: r le t~i ls  OF t l ~ c  o1)servations are give11 ill 'L'ahle I1 

Correction 

lo-' sets. 

- 36 

-51 

- 43 

- 56 

- 38 

- 62 

- 45 

Stnt.ion 

Knipnr 

Amgaon 

Sconi 

Jahhnlpore 

blaihnr 

Allahahid 

S1ilt,5npur 

Dehkn Dim 

Means 
hefore and  

Station Date 1 after work 

lo-' sew. 
- 

- j R ' O  
3;'H 

- 50.8 
5 1 ' 1 

-42.7 
42.3 

-54.9 
54'6 

- ji.4 
38.6  

-54..1 
49.9 

- 48.2 
45'4 
4h.a 

hefore and 
Dnt,c work Correction I 10-7 Means aecs. I 10-1 secs. 

- 

Debra Ditn 

Sangor 

Damoh 

ICatn i 

Umarin 

Pendra 

Bilasl)nr 

.. 

1910 

Jnnnary 20th 
,, 24th 

Jnnnnry Slst 
Fcbrnarp 4th 

Feb. 13th 
,, 18th 

Fch. 26th 
March 2nd 

Nnrch 15th 
,, 19th 

March 25th 
, 31st 

April 7th 
,, l l t ,h  

April 20th 
,, 25th 

1909 

Nov. 6trh 
,, 13th 

Nov. 20t,h 
,, 30th 

Dec. 4th 
,, 9th 

Dec. 12th . 16th 

Dec. l9tl1 
, 33rd 

Dec. 30t.h 
Jnnnnry 4t\l, 

1910 

.Tannnry 10t.ll 
, 14th 
,, 16th 

-39'3 
38 .8  

- 46'0 
44'4 

-45.0 
45'0 

- 4z.o 
41'5 

-46'4 
45'9 

-44.3 
45'5 

-44' I 
42'9 

-.qR-z 
34.3 

- 39 

- 45 

- 45 

- 42 

- 16 

-4G 

-44 

- 35 
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Ttzbla 11.-lletctils of the Observatio~~s.  

Reduced 
Tillie of 
vibraion 

I 
Correction o?l account, of 

.: 
0 
d 

- ... . .- .. -. . - .- - ~ -. 
u 

-- 

Dehr.a Dun. 

2 
4 

-. 
0 
i. 
5 
d 

1 
g 

c- 

8th 
Nor. 
1909 

i t  

9111 
Nor. 
Uoy 

- 

V 
0 

, 5 ,  - 
6 

-- 

2 
; 
2 
%, 

ofjo7zj61 
o.jo715j7 
0 . 5 0 7 ~ 9 ~ ~  
o.joi08~1 

o'j072476 

o.jo72s2R 
0.5071~6~ 
o,jo;.,962 
O'jo;08~2 

Mean ... 
BIenn of Dny ond NigllL ... 

- -- -- 

v I 

o'joi5;4.; I 170 
0'5074.3ji -11;6 
o',<oiijlR 1176 
o'i0;.~64.3 11i6 

I 
0.5075252 l-11;6 
o'.ioj~j~t 1176 
0'507;698/ 1176 
0'5Oi.3626 1 1176 

13; 
130 
1.38 
I 

13; 
1.v) 

138 
140 

0.507~~76 

0.5072476 
-- 

I N I  
o 
1 

2 21 

.3 

1 2  2 1  

1.3 
1 4  
Ij 

-38 
18 
.3R 
18 

-38 
38 
18 
38 

I r 1 a 
223.3.682 +20.04 17 
18.34'12J 20'04 19 

32,668 20'04 
11134.448 20.04 

.3.4';2Il+20.04 
1;3~'14zi 20.04 
1~32.6;6 2004 
834.456! 20.04 

18 
3 
19 
17 

18 
19 :: 

0.850 
0.849 
0.849 
0.849 

0.856 
o.k.j.3 

O'j108j.3 
0'8.51 

1 . 
-50j 
514 
486 
I 

?dean 
-508 
.;I? 

- H 
I 0  

10 

9 

- 9 
lo 

19 
18 

18 
19 
1 9  
1 8  

21:;~ 
21'6.3 
21'72 
21'7.7 

20'20 
20.59 
20.89 
21.13 

- 1055 
lo60 
1064 
1065 

- 99.3 
loor) 

21.51 
2 6  
31.79 
21'90 

20.90 
21.10 

2'19 
21.4.3 

0.852 
0 8  
0.850 
o.Rjo 

0.855 
0.9,jj 
0.8jz 
0.851 

+o'09 
0.09 
0.09 
0 0 9  

+o',~I 
0.31 

O',3I 
10 

9 

+o.14 
I 

0.14 
0'14 

+0.18 
0.18 
0.18 
0.18 

0'5oi.3656 
0507773 
0.j074382 
o.joij.3jo 

0'50i.3633 
o.jo7772.3 
o.j0;4371 
O'jOij,3<3,3 

O'SOi3J')O 

0.5072406 
-- 

o.jo7~5~4 
O'j071577 
0'5074978 
o.jo70868 

0' 5072494 

0.5072536 
o.jo71570 
oaj074973 
0'5070870 

0.5071487 

0.5072491 

0~5070848 
0'5074967 
0'5071556 
0'507Z540 

0'5072478 

0.5070861 
0'5074993 
0'5071576 
o'So7a559 

0'5071497 

0.5071488 

-118.1 - 
1183 1061 487 .z8 0.507~960 
118.3 
1183 

Meun ... 0.50jz48~ 

-1183 - 
1183 1034 489 .3R o'joi4969 
1183 104.3 316 ,38 o.jojlj8~ 

nlenn ... 
Menn of Day nnd Nighl. ... 

-- 

1024 488 
10,zj/ 516 

1183 8 1030 jOj o..jo7zs49 

-1187 
1187 
1187 
118; 

-118; 
1187 
1187 
1187 

0.851 
0.850 
0.849 

0.120.849 

0.853 
0.853 

0-180.851 
0'180.8j1 

Mean ... 
Mean of Day and Nigllt ... 

- -- -- -. . . . - - - - - 

32.3.3-682 
Zj34.111 
2532'650 
1734'429 

3333'501 
2534.114 

1421.32.661 
12.34.4.38 

o 
1 

2 

3 

12 

13 

15 

o'j075342 
0.j074381 
0.5077761 
o'jo7.3682 

o'j075298 
o'jo74.352 
0.50777.33 
0.5073665 

10th 
Nov. 

Night 

11th 
Nov. 
Day 

- 8 
9 

10 

10 

- 8 
10 

10 

1) 

137 
139 
138 
140 

137 
139 
138 
140 

-38 
.38 
38 
.38 
... 
-38 
38 
.38 
.38 

+ ~0.23 
20.23 
20'23 
20'23 

+zo.z.q 
~0.13 
20.2.3 
zo.r.3 

-10j0 
10sj 
1062 
1065 

- 1022 
1030 
10.38 
lorj 

- 505 
515 
486 
j14 

Meall 

-507 
317 
48; 
516 

Mean ... 
Mean of Day and Night ... 

-.~8 
~8 
$3 
38 

... 
-38 
38 
38 
38 

11th 
Nor. 
Sight 

lath 
Nor. 
D., 

17 
18 
19 
19 

17 
19 
19 
18 

o. jo7.3655 
0.5077749 
0'5014.375 
0-5075350 

0.5073643 
0'5077755 
0.5074.376 
0.5075357 

- 1043 
1046 
1054 
1058 

-1015 
1025 
10.36 
lo45 

140 
138 
139 
1.37 

140 
138 
139 
137 

21.53 
21'65 
21.73 

20'8j 
11'03 
21.19 
21.33 

- Iior 
1201 
1201 
lror 

-1201 
1101 
1101 
1101 

-516 
487 
516 
505 

Mean 

-519 
488 
516 
505 

11'29 
21'35 
"'51 
21.59 

20.71 
20'91 
11.15 
11'.32 

18 
19 
19 
17 

18 
19 
18 
18 

o 33 
I 
2 

la 
13 
14 
15 

34'44.3 
2932'6j5 
3434'114 

33133'679 

3834.448 
3432'653 
28.34'113 
2a33.676 

21.411+0'12 
0'11 
0.12 

+o'18 
0'18 

- 9 
10 
lo 
8 

- 9 
10 

9 
9 

+ 20'46 
10.46 
20.46 
20.46 

+10'46 
10.46 
10.46 
10'46 

+o. 1 1  

0'11 

0.11 

+oVa4 
0.24 
0.34 
0.24 

0.852 
0.851 
0.851 

o.rlo.8jl 

0.856 
0.853 
0.852 
0.851 
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Table 11,-Details of the Observatiotzs-( Contit~ued). 

Temperature Correction o n  account of 
4 0 + 7 

Obaerved Reduced 
Time OE 

~ - -- - 

E =a  
$ E  

-8: 

H 
C 

6 
a z a  

LO 

0 
a 

d 

Saugor. 

- 
I 

a 

0'j0;.~482 
0';0;2493 
0 ' ; o ; j X ~ ~  
o . i o j l i 6 1  

o'~o;,i408 

o.s07,3;6~ 
0. jojzj,,3 
0 .50 j j 81 j  
0.50j167.q 

0',50;3311 

0.5073360 

Mean ... 
Ale:111 of U n j  and Xiphr. .., 

~ ppp -. 

26th 
NOV. 
1911 

Night  

27th 
Nov, 
y 

6 - 1  

j 26  51 
496 51 

- 0 0 0 8 8  
0 ~ 0 2 1 0 . 8 6 ~  
o o $ 0 8 6 8  

+ 5 5 8  I ' 2 1  

0.5071 721 
0'50;j851 
0 .  jo;z+ah 
0 '50 i3428 

0.50;,3.356 

0.50 i168 j  
0'507j82; 
o.soi242() 
o.joj.3qoz 

0.507.3,3.36 

0.5073346 

1.3; 

139 
138 
1.40 

1.37 
139 
I -  

1 1 

21.5.z 
21.55 
21.5; 

~0.5.3 
20';.{ 

0 
2 1 . 1 ;  

5.58 19 
" 5 5 8  20 

5 . j 81  19 

Jleun ... 
BIeull of Day and Hig l l t  ... 

-- 

0.8;o 
0.8;0 
0 8 0  
0.8;0 

0.87.3 
0 . 8 ; ~  
0.870 
0'8;o 

0'50;3656 
0 ' 5 0 i j f 5 9  
0 0 6 2  
0 . j o i . 352  

o..io;.z.iiz 
0.5077696 
0'507~34.3 
0'30;5.316 

I 
0.02, 0.868 

I I 

1055 :i 10.6 0 0 ;  

0',<0;44(13 
0,<0;;8.z; 

h ,I, : s 

+ 5.58 

28th 
No?. 
Night 

29th 
NOV. 
Day 

- 2 

328 
328 

o 
1 

2 

3 

1 2  25 
1.3 

I 

17 

27t.11 
Nov. 
N i t  

28111 
NOT. 
Yny 

?I .52' 0.02 
2 1 . j 2 ~ - 0 . 0 2  

2 1 0  0 

2 1 . ~ 8 1  0.02 
I 
1 

z 0 . ~ 6 l + o . . ~ o  

6 
2434.073 
26,?,2618 
2z.34.406 

.3.3.;12 
20.34.1.36 

1 4 2 6 6 3  
1 6  

e n 1 1  

5'58 19 
0 
~ ' ~ 8 1  18 

-527 l - 5 1  
51 ::; 1 ,< I 

517 ,51 
i 

~ICIIII i ... 
-529 - 4 1  

499 1 jl 
527 1 jl 
51; 1 51 

- 294 
294 
294 
204 

- 294 
294 
29, 
2c)q 

20';O 
21.0; 
21.28 

1.37 
139 
1.38 
140 

1.37 
139 
1.38 
140 

+ o . 2 r 1 0 ~ 8 j z  
0 . 2 2 i o . R i 1  
0 2 2 1  

0 . ' ~ : 0 . 8 6 8  

I 0 ;  ,526 51 0.5oj,~i.3.3 

. 

18 
20 
I 
18 

19 
20 
19 
18 

- 9'- IO,<~ 

111 1054 
10 10 j4  

105.3 

', - 10 - ~ o o j  
1 1 1  1014 
10 1032 
9l ,043 

140 
1.38 
I 

1.37 

140 
1.38 
1.39 
137 

34.442 
1 4 . ~ 2 . 6 j o  

14.119 
.33.67; 

zo j4 .qR1 
.32'677 
,34'128 
3.i.69.3 

0',<0 
0 .30 
o . j o  

2933';OJ 
2j34'1.35 

2.31.32.661 
34'JjO 

3.3'749 
1327.34'168 

2732.683 
20.3.4'4fi6 

0 
1 

.i 25 

12 31 

14 
IS 

o. joj.q.3.34 

0.5073348 

0.50 i1719 
0.507j816 
0.5072438 
0 . 5 o f ~ q ~ j  

0.50733j j  

o. 5071701 
0.5075806 
0.5072414 
0.5073431 

o'jo73.338 

0.5073346 

- 511 O.jOi3J14 
jl 0'5072433 
511 o. jo i5864 

Mean ... 
Mean oE Day and lu'ight ... 

8 

o 18 
1 

2 14 
3 1 2  

1 2  

1.3 2 1  

14 32 
15 .31 

+ 5.00 
5.00 
0 

5.00 

+ 5.00 
5.00 
5.00 
5.00 

51 

... 
-51 

51 
51 
51 

+ 4 '40 
4 '40 
4.40 
4'40 

+ 4'40 
4'40 
4.40 
4 '40 

o.joi1j.38 

0,50;3362 

O'jOf3359 
O'5Oi2400 
0.50;5847 
o.j0;1;29 

o . j o j 5 2 ; ~  
O . ~ O ~ J ~ Z O  
0 
0.507.3626 

0'8;0 
0.870 

o.o;0.8;0 
0'8;0 

0.875 
0 ' 2 5 0 ' 8 7 4  

0,873 
0 '250~87 .3  

21.33 
21'40 
21.49 
21'52 

10.28 
20'49 
20.76 
20'96 

15. 
19 
20 
1') 

18 
19 
19 
18 

M e ~ n  ... 
Mean of Day  and N i g h t  ... 

- jz8 
.338 
2 8  
,328 

- 8,- loo(,/ -518 
l o l h ;  j2H 1 0 498 

9 lo,?jI 526 

+ 0 ' 0 7  
0.07 

0'0; 

+0 '25 

0.25 

O' jOj529j  
0.5074328 
o~50;773.5 
0.5073638 

O'j075191 
0'507425.3 
0.5077682 
0'5oj.3603 

3434.473 
34.32'689 
3534.141 
343.3';Ol 

.36.34.507 
37.31.716 
3.3.34'lfl 

0 
I 

2 
3 

11 
1.3 
I 4  
5 

0.5oi.3588 
o.507;667 
0.50;4313 
0 . 5 0 i 5 ~ 0 1  

0.5073515 
0'5077601 
0.5074148 
e.,;o;5a58 

28th 
Nor.  
R i g h ~  

30th 
Hot. 
D.J 

-51 
51 
j 1  
51 

- 8 
10 
1 1  

l o  

- 9 
10 

10 

9 

- 258 
258 
258 
258 

- 25.7 
258 
258 
z,;8 

- 245 
245 
145 
245 

- 245 
245 
245 
245 

140 
138 
139 
1.37 

140 
1-38 
1.39 
1.3; 

- 9 
1 0  

10 

9 

- 9 
l o  
10 

4 

-1045 
1049 
1053 
1054 

- 994 
1004 
1017 
1027 

+ 4'18 
4.18 
4'18 
4'18 

+ 4.18 
4'18 
4.18 

- j z 9  
499 
519 
519 

Moan 

-531 
501 
530 
519 

-10.35 
1036 
1040 
1042 

- 978 
988 
998 

loo; 

-51 j 
527 
498 
517 

hlenn 

-520 
530 
499 
529 

9 . 3 ;  

18 
19 
19 
18 

18 
19 
19 

-51 
51 
51 
jl 

... 
-51 

51 
51 
51 

0.873 
0'87.3 
0'87.3 
0'8f.q 

0.877 
0,876 
0.875 

21.12 
a1 '15 
21'22 
11-26 

19-96 
10'16 
20.37 

0'874 4'18 

+ o . o j  
0'05 
0.05 
0.05 

+o.za 
0.11 

0.22  
10.36 I r  0 . 2 2  



5 2  PENDULUM OPERATIONS. [Cllhl' .  IV. 

I'able 11.-Details of the Observutions- (Continued). 

I I 
Y Temperntare ,? 
4 

Correction on acconnt. of 
4 
C 

-- 
O h s c r ~ e d  a M ? ' -  Reduced 
Tilile ot. g m 3. = 0 ? Time of * 

r E c 
p g 52 Vibrntion 2 2 a Vibration 

'6" a 2 5. 
gg 6 g. C 

0 
0 

B g f 
~- - . -- - . -- -- . .. - 

I 5th ) 
Dec. 

I 

6tll I 
Der. 
Day 1 

I 

I Mean 

0.5075051 - 2 1 2 , -  8 - 914 -5.31 
0..;07408s 922 641 
0 ,j077477 935 510 
0.5073395 2 1 2 i  l o  947 5.39 

Mean ... 
Mean of Day and Night ... 

- 

o.joi.32;; 

0.5073202 

Gt11 ' 140 
De.. i 1.38 

I 
7th 1 140 

Dec. 1 138 
D ~ J  1 139 

137 

0'507345.~ 
O O O  
0 . 3 0 ~ 1 7 1  
o.go751ql 

O.j0:.3.3.3.3 
0.50;;462 
0.50;4100 
0 0 8 0  

Menn ... 
Mean of Day and Night ... 

-- -- --PA 

0'5073275 

0 .507320~  

+o.oz l0 .886  
0 0  0 8  
o.oJo.086 
0.03io.88i 

i + o . ~ o I o ' R ~ ~  
o.zglo'894 

o 58/34.5.351+ .3'62 19 ' 20'52 
1 4 . 7  6 20 2 0 . 4  

- 2 1 2  

2 1 2  

2 1 2  
2 1 2  

- 2 1 2  
2 1 2  

212 

-10 

I I 

10  

8 

- 9 
10 

10 

20.59 
20.56 

15 .3'.34.2.36 3.62 
I 4 . 3 9  2 

2 szl.34.206 3.62 1 9  

2 1 2 ,  8 

0.5071646 
O . S O ; ~ : ~ Z  
0 . 5 0 i 2 ~ 6 ~  
0.5071344 
oUjo73z86 

0.507162.q 
0.507jj70 
0.50jz367 
0'5073.340 

~49'.3.z.;i1 1.62 

I I 

0.507.3.338 
0.5072372 
0.5075790 
o.50;1640 

0.5073285 

0-5073.308 
0.5072~48 
0.5075780 
0.5071648 

0~5073271 

0 .507327~  

0.~071654 
o . s o i ~ 7 8 1  
0 . 5 0 7 ~ 3 7 ~  
0.5073361 

0.5073291 

0'507162: 
o ' s o ~ s ; ~ ~  
0'507237; 
Oa5073.Z4( 

o.goj.3ti. 

0.507328 

-43 
4.3 
43 
4.3 

... 
-43 

43 
43 
43 

- 10051 -5.37 
loo6 506 

19 19.04 

17 

1 2  59.34'591 + 3.62 
13 571.3~'774 3.62 

1009 
1007 

- 904 
916 
9.33 
948 

0.29 0.893 

jJ7 
527 

Mean 

-542 
511 
541 
529 17 ! 1 . 4  0 

18 

I 
Der. 

l i g h t  

8th 
1)ec. 
Day 

- 205 - 8 
205 10 
2 1 I 
205 10 

Mean .. 
Meanof DapandNigh t  ... 

38.44 

c.s0;5127 
0.5074176 
0 0 0  

0'5073450 

0'5074998 
0.5074061 
0.50774;R 
o,so7.z388 

+o.o8'o8RR7 

- 205 
205 
205 
205 

19 18'69 

20.5.3 
10.59 
2 0 6 9  
20.72 

18.38 
18.64 
18.96 
19.25 

-43 
43 
43 
43 
... 

-4.3 
43 
4.3 
43 

-1006 
1009 
1014 
1015 

- 901 
913 
929 
94.3 

I 

139 
1.38 
140 

1.37 
139 
138 
140 

0.08 
0 

+0'3.Z 
0.~3.3 

+ 3 . 5 0 ~  17 
.?'so1 19 

- 8 
10 

lo  
9 

-52; 
5.37 
507 
5.37 

Mean 

-533 
541 
511 
540 

0.8Rh 
6 

0 '0R0'886 

o'R97 
0.894 

0 '330~8g .z  

0 

3 '50 

+ 3-50 
3 '50 
3.50 
3 '50  

-5.37 
507 
537 
526 

Blenn 

-542 

0'.3.3l0.891 

1 51.7.3-77; 

0 

19 

17 
I9 
19 
1 8  

-43 
' 41 

43 
43 

... 
-43 

+0.06 
0.06 
0.06 
0.06 

+o '3o 

0,886 
0.886 
0.886 
0.88; 

0.895 

2 I 

2 

13 5 
14 

15 

34.204 
59.32'729 

95134'5.3i  

.3.3'834 
034.256 

145632 '767  
5034.566 

0.30 

0.3073467 
o.j0;7568 
O's074191 
o . ~ o ; j 1 7 1  

0.5073.327 

I R  
2 0  

1 9  
17 

q 
43 
43 

0'.300'89.3 
0 . 8 9 ~  

2o.R; 
20-92 
20.98 
21.05 

18"Fi~ 

I 

3 
4 

1.3 

8~11 140 
Dee.  1 138 

1934.5291+ 3'4.3 
1 4 2 0  3.43 
q34.11)71 .3'43 

1 9  
19 

Night 

9th 

633.758 

2334.594 

Mean ... 
Menn of Day rind Kight, ... 

0'50f;442 
0'507410.4 

-1023 
1025 
1028 
1031 

- 909 
18'81 
19.08 1 

- 2011- 9 

139 
1.37 

140 
Dec, 
Day 

.3.4.3 

+ .z.~.z 
142432 .781  

0 2  
43 0'3010'891 I i  137 

2 0 1  

201 

201 

- 201 

1.38 
I 

3'4.3 
J.43 

19-30 16 

1 1  
10 

8 

-10 

1633.800 0'507j0;7 

2 511 
9351 541 

201 
2 0 1  

3.43 

10 

10 

950 529 2 0 1  8 
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Tc;ble 11.-Details yf the Observutions- (Continued). 

2 Temperature .: Correction on sccount of 
4 

'i; Obeerved L v 
0 Reduerd 

Time oE e o 
Vibration 

U 

Katni. 

527 
5.38 
5'7 
5.37 

Menn 

- 529 
539 
509 

- 174 
174 
I74 
174 

- '74 
7 4  
174 

s 
0.507513.3 
0.5074157 
0'5077j40 
0.5073449 

0'50750.33 
0'5074100 
0'507750Z 

0.~0:166o 

0'5073275 

0.5073?90 

0 . ~ 0 7 1 6 3 ~  
0'507.5765 
o . j0 ;23 j j  
0'5073.i19 

0,5073269 
0'5071656 
0'5075760 
0.5072371 
0.5073330 

0'50i3279 
0.5073274 

-55 
5.5 
55 
55 

... 
-55 

55 
55 

s 

0'5073.382 
0 . ~ 0 7 2 ~ 8 5  
0'5075790 
0 '~0;1667 

0.507.~,306 

0'50733" 
0'5072.357 
0'5075713 

- 9 
10  

1 1  

10 

- 9 
1 

1 2  

12t.h 
Dee. 
1909 
Night 

13tll 
Dec. 
Day 

0'5073428 

- 986- 
995 

1003 
1006 

- 955 
964 
979 

h m '  
I 

2 Z R  

4 

13 
14 

1.37 
139 
1.38 
140 

1.37 
139 
138 

Mean ... 0'5073287 

174 

+ o . I ~  
0.15 

0.15 

+o '27  
0 . 2 7  

20.1.3 
20'31 
20.47 
20.53 

19'49 
19.68 
19.98 

+ 3-96 
2.96 
2.96 
5.96 

+ 2'96 
2.96 
2.96 

140 

s 
303.3'775 

34.212 
, 3 2 9 3 2 . ; ~ ~  

2434.537 

,30.33'819 
2534.238 

1 5 2 4 j 2 ' 7 5 ;  

nIaan ... 
Mean of Day and Nieht ... 

Menn ... 
Mean of Dny and Niglrt ... 

537 

0.888 
0.887 

0 . 1 5 0 ' 8 8 6  
0.886 

0.890 
0.890 

0 '270 '889  

6 , c  
18 
19 
20 

19 

18 
20 
21  

0.5073282 

0.5073285 

5.5 1 0  16 992 0 . 2 7  2 0 . ~ 5  2.96 2034.54; 

3Imn ... 
Mean of Day and Night ... 

Umarin. 

0.886 19 

- 1 1  

1 2  

1 1  

1 0  

- 1 1  

1 2  

1 2  

l o  

0.884 
0.885 

0 . 1 4 0 . 8 8 4  
0 ' 1 4 0 ' 8 8 4  

0.886 
0 . 1 5 0 ' 8 8 6  
0.150.885 

0.885 

- 536 
506 
5.36 
525 

Mean 

- 337 
537 
5.36 
526 

-1025 
1031 
10.37 
1044 

-1014 
1023 
1029 
10.33 

20.91 
21.05 
2 1 . 1 7  

21'31 

20.69 
20.88 
2 1 . 0 0  

2 1 . 1 2  

os50i3124 
0.50724t3 
0.50;j825 
0 . 5 0 7 1 6 ~ ~  

O'5073342 

0.507338~ 
0.50jz.399 
0.50;5822 
0 . 5 0 7 1 6 ~ 8  

0'507.:326 

0 .5073334  

-55 
55 
55 
55 
... 

- 5 j  
55 
55 
55 

0.50;3437 
0.5077545 
0..;074172 
0'507.5129 

0'5073449 
0'5c77j33 
0.5074179 
o'j0751.32 

+ o . 1 4  
0.14 

+ o a 1 5  

0'15 

12111 
Dec. 

Nlghl 

14th 
Dec. 
Day 

+ 3.00 
3.00 
3.00 
3.00 

+ 3.00 
-3.00 
3.00 
3.00 

- 176 
176 
176 
176 

- 176 
176 
176 
176 

140 
138 
1.39 
I 

140 
1.38 
139 
137 

1 

a 

1.3 48 

1; 

16 .is 

2 0  

2 1  
20 

19 

zo 
2 1  

2 1  

19 

Mean ... 
Bfenn O F  Dny and Nigllt ... 

18.01 
18.11 
18 .13  

1 6 . 1 ~  
16.42 
16.79 
17.09 

1h 

20 
20 

20 

18 
2 0  
20 

19 

2181, 
Dee. 
I ) ~ Y  

5034.542 
4632.740 

3.3934.206 
4.343.3'776 

,34.537 
1444.32.744 

3 ~ 3 4 , 2 0 2  
33.775 

1 7 ~ 9 , 3 + 0 9 0 8 0 ~ 8 ~ o  
0.08 

0.08 

+0'3.3 
0..3.3 
o..?.? 
o . . ~  

1.37 
1.39 
1.38 
140 

I4 1 2  

15 
16 1 1  

17 

I r  

1 1  

11 

- g 
1 1  

1 1  

1 0  

0,889 
0 ~ 0 8 0 ~ 8 9 o  

0.890 

o.Rq8 
0.896 
0.894 
0.892 

9 -  879 
882 
887 
888 

- 791 
805 
82.3 
8.37 

3.3'915 
9.14.349 

32.855 
6 ~ 4 . 6 6 0  

+ 1'06 
1.06 
1.06 
1.06 

0 ~ ~ 0 ~ 4 ~ ~ 0  
0.5073955 
0.50j7.332 
0'507.32.33 

o.g0;4817 
0.50i.3858 
o.50;7267 
0.5073186 

-528 
5.39 
509 
5.39 

Mean 

-533 
543 
511 
541 

- 6 2 -  
62 
62 
62 

- 62 
62 
62 
62 

-38 
.38 
38 
.38 

... 
-38 

.38 
38 
$3 
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Table 1I.-Details of the Observations-(Colztinzled). 

Reduced 
Tinip of 
vibration 

Telnperature .? Correction on account of 
u 

Observed a m L 

Umar ia - (con td . )  

c 
0 

.- 5 .- 
4 

! g 
U C ( 4  2 

R 

a - 
6 ;  c 

0 9 7  
0'97 
0.97 
0'97 

0 8 s o j ~ ~ 0 8  
0.5075823 
0.5072405 
0.5073376 

0.5073328 
0 .507 l6~6  
0.5075811 
0.5072402 
0.50;,338~ 

S , .  

19 
2 0  

19 
18 

19 
2 0  

19 
18 

22nd 
Dee. 
Day 

0'507332j 

0.5073326 

0.50733~6 
0.5072403 
o 50;5R07 
O . ~ O ~ I ; O I  

0'50;.1327 

o.soi33i.q 
O'JO;2400 
0'3075197 
0.5071698 

o'goj.331; 

0.5073322 

Mean ... 
Mrnn of ring and Xight ... 

- 86; 
868 
867 
864 

- 751 
766 
785 
802 

O'50i12Z2 

0'5077307 
0.50;.1918 
0'5074873 

0'50;.j097 
0.5077196 
0.5073835 
0.5074825 

-541 
510 
541 
529 

Mean 

-545 
513 
543 
5.30 

140 
1.38 
1.49 
137 

0 8 9 2  
0.892 

0 '020 '892  
0.891 

0'899 
0.897 
0.896 

0'380'89.3 

17.71 
17 '71 
17-50 
17.64 

15'32 
15.64 
~ 6 . 0 3  
16.3; 

- I8  
38 
38 
38 
... 

-38 
38 
38 
38 

Pendra. 

-0;. 

0 . 0 2  

0 ' 0 2  

+0 '38  
0.38 
O..ZR 

- 57 
57 
5 7  
57 

- 57 
5; 
57 
57 

14 35 
15 
16 2 7  

Mcnn ... 
Afrno of Day and Night ... 

-- 

- 

- I 0  
11 

10 

9 

- 10 

1 1  
10 

9 

22ud 
Dee. 
Night 

23rd 
Dee. 
Duy 

34.701 
3032'885 

34'359 
172533 '911  

0.890 
0,890 
0'8R', 
0.889 

0.896 
0'3.30'895 

0'893 
0.891 

- 868 
869 
869 
869 

- 78.3 
793 

-519 
539 
509 
539 

blenn 

-532 
542 
511 
540 

0.5074898 
o ' so i3917  
0.50fj292 
0'507321; 

0'50i479.3 
o . g o i 3 8 ~ z  

137 
139 
138 
140 

137 
1.19 
1.38 
1.40 

rota 
Dec. 
1909 
Night 

+ 0.97 
0.97 
0'97 
0'97 

+ o ' o l  
0 ' 0 1  

0.01 

0.01 

+0..33 

o..?.? 
0.33 

-.7R 
38 
.3R 
38 
... 

-38 
$3 
3.8 
38 

17.94 
18.10 
18.16 
18.27 

1 ; ' ~  

17'41 
17.61 
I i . 7 9  

o:5o;4~o9 
0'507.3946 
O . ~ O ; ~ . % $ Z  

o.jo7j242 

0'50;48;1 
0.507.1895 
0.5oj7.300 
0.50i32lg 

17'72 
I i .73  
17.73 
'7'74 

15'97 
16.19 
16'55 
16.85 

0.5077226 
O'gOi31iO 

- 58 
58 
58 
58 

- 58 
5R 

0'507.3S9l 

0 '5073597 

0'507q)52 
0.5076081 
0.5072674 
0'50i36i5 

0'50;3;95 

0'5071952 
0'507606.? 
0 ' 5 ~ 2 6 6 R  
0 '~"~ .3668  

0.5073588 

0'5073591 

-52 
52 
52 
52 

... 
-52 

52 
jz 
52 

Meen ... 
Mean of Dny and Night ... 

18 
19 
2 0  

19 

18 
2 0  
20 

19 

- 9 
lo  
1 1  

10 

- 9 
11  

z .36'3.3.8;9'+ 0.08 

+0111 
0 . 1 1  

.:ioiJ6h 
0.5072679 
0.5076101 
0'50;1968 

0 ~ ~ 0 7 . ~ 6 0 2  

0'5073654 
0.50;2661 
0.5076086 
0.;07196.3 

14 3833.892 - 3.61 
3.61 
3.61 

/ h n ~ '  8 

137 r 46!3.3'874 
139 1 3 40.3~..109 

i: 

5 31 
4 
5 

14 3 i  
15 
16 
17 

0.873 
0.872 

0 .110 .8 ;2  
o . l l o ' 8 7 z  

19 
2 0  
2 1  

- 3.61 
3 .61  
3'61 
3.61 

+ 2 1 2 1 - 1 0 -  

138 
140 

811 :A1 826 

+o ' lR 0.874 
o . l ~ l o . 8 g . q  
o.lR'o.87.3 
0.18) 0'87.3 ~ ' 6 1 1  2 0  

S , O  

19 
21  
2 1  

20 

879 
88; 
890 
895 

- 848 
R5.q 
86.3 
872 

2 1 2  

2 1 2  

2 1 2  

+ 212  
2 1 2  

2 1 2  

2 1 2  

43832 .824  
53134.6.33 

Mean ... 
Menn of Dsy and Night ... 

34'321 
29.32'845 
2.334'646 

3 3 ' 9 z j ' +  
3234'357 
.3.33"873 
1634.667 

-5'9 
528 
499 
528 

Mean 

-519 
5-30 
499 
529 

1 2  

1 2  

11 

-10 

11 

1 2  
1 1  

-52 
52 
31 
52 
.. 

-52 
62 
52 
52 

0.5073256 
0.50ii361 
0.5073992 
0.5074982 

0.5073215 
0.5077306 
o.50;330 
0'5074945 

+ o a 1 2  

0 . 1 2  

+ o m l o  
o ' ao  

0 . 2 0  

a l ~ t  
Dec. 
Night 

1st  

0.98 
0 '98 
0 '98 

0.98 
0.98 
0'98 
0.98 

0.868 
0.120.R67 
0 .1ao .867  

0.86; 

0 . 8 ; ~  
0 . 8 ; ~  

o .200-872  
0'869 

140 
138 
1-39 
13; 

140 

18.66 
18.76 
18.93 
18-95 

17'76 
17.94 
18.15 
18-32 

a0 
11 

21 

19 

ro 
3.39 
3.39 
3-39 

+ 199 
199 
199 
199 

+ 199 
199 
199 
199 

a 51 

5 

1 5  
2 1  
11 

19 

- 1 1  
1 2  
1 2  

10 

-11 
1 1  
12 
10 

- 914 
919 
928 
929 

- 850 
879 
889 
898 

-526 
496 
525 
515 

Mean 

-529 
499 
528 
516 

34.62; 
3 4 7 3 2 . 8 1 6  
44434 .287  

3933'841 

034.646 

- 3.39 
3.39 
3'39 
3.39 

- 3'.lg 
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Table 11.-Details of the Obsewatioas-(Continued). 

? Temperature .? Correction on account of 
2 4r -$ 

a 'EQ o, 

a" 0 

G 

Kednced 
'rime of 

Vibration 

P e n d r a - ( c o n t d . )  

0'~0~4~62 
0.5073988 
0'5077.377 
0'507.3.302 

0.;0;4947 
o'jo;.3967 
0'5077372 
0'5073297 

+ 
108 
188 
188 

+ 8 8  
188 
IRB 
188 

1.b 
Jan. 
Night 

2nd 
Jan. 
Day 

0.5oj35.97 

0.5073583 

0.50;1962 
o 5076069 
0.5072666 
o.5oi.3668 

0'507.3591 

0.jo71965 
0.50760;7 
0.5072677 
0.5053669 

O'507359i 
0.5073594 

0.5073661 
0.507267.3 

o.j0;608~ 
0'50i1972 

0.5073598 

- 1  

52 
52 
52 

... 
2 

52 
52 
52 

A m  
137 1 3 
139 3 
138 5 
140 ( 5 

3 7  I 

139 16 7 
1.38 17 
140 1 18 I 

Menn ... 
Menn of Day and Night ... 

188,-10 
12 

12 

1 1  

0 

1 2  

1 2  

1 1  

0;0~.36~4 
0.5072651 
0.5076064 
0.5071959 

0'5073j80 

o.joi36j5 
0'50726j4 
0.50;60;6 
0'50;1963 

s 
2.33.850 

5934.289 
132.809 

5714.606 

0 8  
34.299 

632.812 
j4.608 

+O'IO 
0.10 

0.10 
0.10 

+0.25 
0.25 
0.25 
0.25 

-52 
52 
5: 
52 

... 
-52 
52 
52 
52 

- 9.30 
937 
942 
944 

- 0 2  

912 
925 
935 

0.866 
0.865 
0.865 
086j 

0.868 
0.86; 
0.866 
0'86j 

2nd 
Jan. 
Liiglll 

3rd 
Jan. 
Day 

- 1  

524 
495 
524 

Mean 

6 
515 
495 
524 

1 8 6 8  
19.12 
19.2.3 
19.zi 

18.41 
18'61 
18'87 
19.09 

8 ,  - 3.20 
3.20 
3.20 
3.20 

- 2 0  
3-20 
3.20 
3.20 

Mean ... 
Mean of Day and Night ... 

19 
21 

zr 
20  

I 
21 

21 

20 

-524 
495 
524 
51.3 

Mean 

-526 
496 
525 
515 

0.86,; 
086.; 

o'100.86j 
0.100'864 

0.808 
0.868 

0 ~ 1 0 0 ~ 8 6 ;  
0.86; 

10th 
Jan. 
1910 
Night 

11th 
Jnn. 
Day 

0 

24.49 
24-51 
24.59 
24'65 

23'7.3 
a3.75 
23.87 
13.93 

Mean ... 
Mean of Day and Night ... 

- 0.02 
0.02 
0'01 

0.02 

- 0'02 
0.02 
0.02 
o'oz 

+o'Io 
0.10 

+O.IO 
0.10 

0.10 

-52 
52 

-52 
52 

IL nl 
3 51 

5 
6 

15 
16 
1 7  
18 18 

137 
1.39 
1.38 
140 

137 
139 
138 
140 

+oP05 
0.05 
0.05 
0'05 

+0'09 
0.09 
0'09 
0'09 

0.5073412, 

0.5073403 

17 
20 

20 

19 

18 
19 
lo 
19 

o'~o:J~I; 
0.1071.398 
0'507~0.31 
0'50;5021 

0.50f3288 
0'507;3;7 
0.5074008 
0'5074995 

140 
8 
1.39 
137 

140 
1.38 
139 
137 

Mean of Day and Kight ... 
-- -- 

B i l a s p u r .  
8 

33.687 
4634.123 
4732'656 
41.34'442 

4033.715 
~ ~ ~ 4 ' 1 4 1  
36.12.678 

34.466 

0,877 
0.876 
0.876 
0'875 

0'880 
0.879 
0.871 
0.871 

2 

3 18 

14 
15 

17 

- 947 
948 

- 900 
910 

/0:867 
Jnn. 139 4 0867 
Night 

io872 
0.872 

B 

0.50753.31 
0.5074.353 
0.5077747 
0.5073656 

o'g075267 
0'5074302 
0.5077693 
0.5073603 

+ 188 
188 
188 
188 

+ 188 
188 
188 
188 

19'51 
19.15 
19'69 
19'72 

18.82 
18.93 
'9.02 
19.12 

4394.598 
.32,801 

4,3434.270 
52833.824 

5.334.612 
5032.810 

164614.280 
4.333'835 

-515 
52.5 

-499 
528 

0.50;499i 
o'joi4021 

0.50:).360 
o,50;3285 

+ 188 
188 

+ 1811 
188 

-10 

:I 

- 1 2  

I 1  

-521 
531 
501 
530 

Mean 

-52.3 
533 
498 
528 

+ I 
I 
I 

I 

+ I 
I 

1 

I 

-47 
47 
47 
47 
... 
-47 
47 
4; 
47 

- 1 1  

12 

1 2  

10 

- 1 1  

1 2  

10 

10 

- 3.20 20 

1.201 Z I  

P 

0.5073556 
0.507zj64 
0'5075984 
0.5071862 

0,507~49~ 

0.5073526 
o's07rs49 
o'j075968 
0.5071846 

- 956 
958 
965 
966 

- 922 
928 
9.31 
93; 

.?'to 
3.20 

- -3.20 

- 8 
1 1  

I I  

10 

- 9 
10 

I I 
lo 

2 1  

19 

20  

-1200 

1201 

1205 
1208 

- 1163 
1164 
1170 
1173 

3.20 21 
J.20! 19 
3.20 19 
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Table 11.-Detai ls  of the Observationa- (Continued). 

Q Tempera t~~re  .k Correction on account of 
u 

Observed Reduced 

Bilaspur-(contd.) 

11th 
Jan. 

Night 

12th 
61111. 
Day 

140 
138 
1.39 
137 

140 
1.38 
1.39 
1.3; 

h m  
j 
4 
5 35 

15 43 
16 
17 
18 

s 
4034'460 
373a.674 

34.131 
6 4 0 j j ' 6 R 9  

,74'~;6 
4632.692 
50.34'149 
4733'703 

o.j0734;5 

0.5073481 

0.507356~ 
0.50;*553 
0 . 5 0 7 5 ~ 0 ~  
0.50718j.3 

o'.io7348.7 

0.5073542 
0 . , ; 0 7 ~ 4 4  
o .~o ; ,~q58  
o . ~ o ; 1 8 ~ j  

O'FOi.34i2 

0.5073470 

o . s o j 1 8 4 ~  
0.507s959 
o'i;072559 
o.jo7.755R 

0 . ~ o j . 3 ~ 8 1  

0.;0;1844 
0'5075973 
o.~oiz . i60 
O'j07.3554 

o. jo;,748,3 

0.5073402 
- 

Menn ... 
Menn of Dny and Night ... 

8 ,  - 0'16 
0'16 
0'16 
0.16 

- 0.16 
0.16 
0'16 
0.16 

12th 
Jnn. 

N~ghl 

13th 
.Jnn. 
Dl17 

24.11 
24.20 
24.32 
24.36 

2.3-49 
23.58 
2.7'79 
23'93 

19 
20 

I9 
18 

19 
20 

19 
18 

+o.o9 
0.09 
0.09 

+0 .16  
0.16 
0.16 
0 .16  

Mean ... 
Mean of Day and N i e l ~ t  ... 

-,39 
39 
39 
39 

... 
-39 

.?q 

.79 
3') 

13; 
139 
138 
140 

137 
139 
138 
140 

R 

0.5073725 
0'50727.32 
0.5076147 
0.5072045 

o. jo7.4662 

0'50j.1742 
0'5072i39 
0.507613H 
0.5072038 

Mrnn ... 
Mean of Day and Night  ... 

- 1059 
1065 
1071 
1074 

- 1 0 ~ 6  
1055 
105s 
1056 

20th 
Jnn. 
1910 

Sight 

21at 
Jail 
I).y 

18 
19 
20 

19 

I ;  
10 
2 0  

19 

+ o . l o  
0.10 

0.10 

+ o . l ;  
0 . 1 7  

0.1;  

0,5073664 

0.5073663 

- 517 
528 
498 
528 

3lean 

- 519 
5.40 
500 
529 

0.878 
0.877 
0,877 

0 '090.877 

0.881 
0.881 
0,880 
0.880 

j 44 
4 30 
: 48 
6 

15 
1 6  
17 
18 

24.09 
24'1.1 
24.31 
24'33 

2.3'58 
2.3'70 
23.92 
24'08 

0.879 
o 8;R 
0.878 

0 . l o o . 8 ; 8  

0.883 
0.881 

o . 1 ; 0 8 8 1  
0.879 

Mean ... 
hlenn of Day and Xigl~t ... 

- -. - 

Raipur. 

13th 
Jsn.  
Sight 

14th 
Jnn. 
I)eg 

S , O  

19 
2 1  

2 1  

20 

19 
20 

2 1  

20 

s 
0.507.7616 
0.j077702 
0.50i43.76 
0.5075327 

0.5073582 
0.5077658 
0'507429; 
0.507j29j 

-4; 
47 
47 
47 

... 
-47 

47 
47 
47 

-10  

1 1  

9 
9 

- 1 1  

1 1  

1 0  

9 

21.62 
21.74 
21.86 
21.92 

21.55 
21.53 
21.54 
21.55 

1.37 
1.19 
1.38 
140 

1.37 
139 
138 
140 

+ 9 
9 
9 
9 

+ 9 
9 
9 
9 

33'70.3 
.14'148 
32'681 

4034.464 

j o . 3 3 ' ; ~ ~  
4234'161 
5532'690 
49.44'473 

0.5075295 
0'5074298 
0'5077687 
0.50;3607 

0.50i52jo 
0.5074269 
0,5077665 
o.50i.7587 

- 522 
532 
502 
5.32 

Yean 

- 525 
5.34 
504 
533 

+ 31 
31 
31 
.41 

+ .<I 

gr 
31 
.?I 

- 0.52 
0.52 
0'52 
0.52 

- 0.52 
0',;2 
0.52 
0 '52 

1 4 0  
1.38 
139 
137 

140 
1.38 
1.39 

-10 

1 2  

1 2  
I I  

-10 
1 1  

1 2  

11 

+00l 1 

0 . 1 1  

0.11 

0 0 0  
0.00 

0.00 

s 
33.807 
,~4.24;  

o.qz.768 
654.34.558 

4.33.800 
0.34.146 
0.32.7iR 

j434. j69 

I, m 
4 I 

5 I 
6 

16 
17 
18 
18 

- 10 

1 1  

1 0  
9 

-10 
1 1  

10 

9 

- 0.46 
0.46 
0'46 
0.46 

- 0.46 
0'46 
0'46 
0.46 

+ 27 
27 
2 7  

27  

+ 27 
2 7  

27 
2 7  

- 9 
10 
1 1  
10 

- 8 
10 
1 1  

10 

-47 
47 
47 
47 

... 
-4; 

47 
47 
47 

-1192 
1197 
1 2 0 2  

1208 

-1172 
1177 
118.4 
111)1 

3 49134'469 
4 44132.6R1 
5 54134.140 
6 43133.695 

I. . 
1 

15 42134.4;8 
16 3632.684 
17 3jl.74.147 

- 4.96 
4.96 
4.96 
4.90 

- 4.90 
4.96 
4.96 
4.96 

- 1181 
1186 
1192 
"94 

- 1 1  51  
1155 
1166 
"7.3 

- 1180 
118.3 
1191 
1192 

-115: 
1161 
1 1 7 2  
1180 

19 
2 0  

18 
18 

2 0  

20 

19 
18  

- 531 
502 
531 
520 

DIcon 

- 53.3 
50.3 
53.3 
2 2  137 I 18 27'33'704 

- 5.72 
502 
531 
521 

Meun 

- 5.34 
504 
5 
j23 

-47 
47 
4; 
47 
... 

-4; 
47 
47 
47 

+ 291 
291 
291 
291 

+a91 
191 
291 
2y1 

0-871 
0.871 
0.871 

o . 1 1 o . 8 7 1  

0 . 8 7 . ~  
o 8 7 ~  

o .ooo .Rj4  
0.873 

s 
0.50718~5 
0.50js96j 
0.5072565 
0'5073565 

o.j0;3487 

0 . 5 0 7 ~ 8 ~ ~  
0 . 5 0 ; : ~ ~ ~  
o . ~ o ; z ; ~ o  
o'j07.3552 

24'32 
24.42 
24.54 
24.66 

23.92 
24.03 
24.15 
24..31 

9 

o. jojj0,qq 
o.50;4085 
0.5077476 
0.5073406 

0 . ~ 0 7 ~ 0 7 5  
0.507408.3 
o . ~ o ~ ; J . ~ . I  
o .  5073.182 

o'go;.?gqG 
0.5077685 
O ' S O ~ J . Z I ~  

0.5075311 

0.507.75;6 
0~5077680 
0'50;4.302 
0'5075292 

+ O ' I I  
0 . 1 1  

0 . 1 1  

0 . 1 1  

+ O , I J  
0 . 1 4  
0.14 
0 '14 

0'877 
0.877 
0 876 
0.876 

0.880 
0.880 
0.879 
0.873 
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Table 11.-Details of the Obse~.vations-( Colztinued) . 

o - 

-. 

2 
2 $ 

Raipur-(contd.) 

Rcdured 
'I'in~e of 

Vibrnliol~ 

: 
z 

0 
0 

O L R U I T C ~  
Time of 

i ~ o  

Z 
a 

= a " e c a $  - 
? .  
CD 

O 
2 
5 

a 
& z 

-- .- -- - 

:: .= 
5; 
-zc l  
3 

- 

- 527 
498 
527 
517 

41eall 

- gz8 
499 
R 
5 1 8  

Temperature 1 .L Correct,ion on nccour~t or 

21rt 
. J~ I I .  
Silllt 

2218d 
Jnu. 
Dap 

z 
5 

- 1 0 ; ~  

107; 
1084 
1086 

-1071 
1 0 7 1  
1071 
1072 

O ~ ~ O ; . ~ ~ I ~  

0.5ojj509 
0.5074136 
0.5075128 

0.507341.3 
0.5077500 
O . ~ O ; ~ I Z O  

0-g07j10.3 

0.5073655 

0.5073650 

0'507.37~6 
0,50;2;.38 
o.soj6134 
0.50;2026 

0'50i36gR 

0.50i3;zG 
0.50727.q1 
0.50j6131 
0 . 5 0 f ~ o z 7  

0.50;3654 

0.5073656 

0.50720.3; 
0.5076150 
0.50;z;,36 
0'50;.q;19 

0.5073661 

0.507~019 
0.50;6137 
0 . ~ 0 j ~ j . 3 2  

0.50;37~.3 

0'507.36,:,3 
0.5073657 

-39 
39 
39 
39 
.. 

-,39 
39 
.lo 
39 

Menn ... 
Blmn of Day nnd h'igllt ... 

< - 
. 

6 

-=-- 

z z  
52 
o 

?34s552 
332.755 
034.223 

5833 77; 

6.34.554- 
5932.758 
5634.229 
503.3 78; 

O ' S O ; ~ O ~ O  

o'5o;h144 
0',:07z7.3,: 
0'50737.3; 

0.5073661 

0.50;zoz.; 
0.5076140 
0.50:2j.31 
0.50;.~72,; 

140 I : 

b~ 

;k z 

y 
4 

+ 261 
261 
201 
261 

+ 261 
261 
261 
261 

I 
1.38 
139 
1.37 

140 
1.38 
139 
137 

a l ~ t  
J ~ I I .  
Igl(' 

Night 

'st, 
Feh. 
DAY 

f .w = o 
a 

5 L . 5  

- 1 1  

1 2  

1 2  

10 

- 1 1  

1 2  
I ?  
10 

+ o .  I I  

0 . 1 1  

0 . 1 1  

0 . 1 1  

0.00 

0.00 

0.00 

6 
7 
7 

16 
16 
17 
18 

0 

21 .8; 
21.98 
2 2 . 1 2  

2 2 . 1 7  

21.86 
21.85 
21.85 
21.88 

8 1 ,  
o.8;o 
0,870 
o 870 
0.870 

o . f l ; ~  
0.872 
0-872 

22.0; 

22.18 
22.31 
22.3; 

22 .12  
2 2  1 2  

22.13 
22.15 

22nd 
Jun. 
X i ~ l ~ t .  

23rd 
.Jan. 
Day 

- 4 . 2 2  

4.22 
4.22 
4.22 

- 4.22 
4.22 
4.22 
4-12 

Menn ... 
Menn of nay and Xiglrt ... 

- 4.45 
4.45 
4.45 
4.45 

4.45 
4.45 
4.45 
4.45 o.oo,o 872 

-1081 
108; 
109.3 
1090 

- 108.1 
1084 
1084 
1085 

1.37 
1.39 
1.48 
r j o  

137 
1.39 
1.38 
1 4 0  

4 1 1  

5 
6 
6 

16 
17 
18 
18 

19 
2 1  

2 1  

2 0  

19 
2 1  

20 

2 1  

1.37 
1.39 
138 
140 

1.37 
1.39 
1.3R 
140 

M e n  ... 
Mean of Day and Nilht ... 

20 

2 1  
2 1  

19 

20 

21 

2 1  

19  

33.774 
4.34" 
232.748 

5734-53; 

8.3.4.776 
434.217 
432.752 

58.44.541 

23rd 
QJI~II. 

Night 

2.bt'll 
Jnn. 
Day 

L m 
4 4; 
5 
6 
i 

16 
17 
1 f l  

19 

0'507.3662 

0 '5073655 

- 516 
527 
496 
526 

Menn 

- 5 1 ;  
528 
498 
527 

+ o S r l  
0.11 
0 . 1 1  
o 1 1  

+ O . O I  
0 . 0 1  

0.01 

Alenn ... 
Mean of Day nnd Sight ... 

-- -------p..-p--------p--p 

Amgaon. 
s 

.33.887 
4634.324 
48.32-841 
42.34.657 

4g.33.894 
4 6 3 4 . ~ 2 6  
4432.843 
3834.652 

-39 
39 
99 
39 

... 
-39 

39 
39 
39 

0.5oi513.3 
050;4155 
0.5077526 
o . j o i j 4 j o  

o . ~ o ; ~ I z R  
o.;oi4146 
0.507;515 
0.507.4442 

0.869 
0 8 7 0  
0.8f18 
o 868 

0 . 8 j 1  
0,871 

0 .010 .871  
0'870 

- 98; 
99R 

lo08 
1015 

- 97: 
977 
982 
988 

0.50j.q.157 
0.507;546 
o ,5074163 
0.50;5140 

0.5053429 
0.50;;520 
o . so i4143  
0.50;5121 

- : z j  
49; 
52; 
516 

Menn 

-529 
501 
529 
518 

140 
1.38 
1.39 
1.37 

140 
I R R  
1.39 
1.17 

+ 248 lo 21d-lz 

- 1 2  

I I 

9 
lo  

- 1 1  

1 2  

1 2  

10  

+ 253 
25.3 
25.3 
25.3 

+ 25.3 
25.3 
253 
25.3 

-39 
39 
39 
39 

... 
-39 

39 
39 
.39 

4 
5 
6 
7 

16 
17 
18 
18 

-5.10 
540 
510 
540 

Mean 

-53.3 
543 
513 
542 

- 7fo.i 
7.0,: 
7.05 
7.05 

- 7.05 
j.0; 
7.05 
7'05 

248 
248 

-I 248 
248 
248 
248 

-1095 
1 1 0 2  

I 10,: 

1109 

-1084 
1084 
1084 
1084 

12.34.5.34 
732.739 
;.?4.209 
2.3.3'ijl 

14.34'546 
10.32.750 
. ? . ~ ~ ' Z I O  

5i33.780 

2; 14 
2 0  ,36 
20.5; 
20.71 

19.93 
19.93 
20  0; 

20.16 

li 
19 
20 

19 

18 
20 
2 1  

19 

1 2  

1 1  

- 10 

1 2  
1 1  

1 2  

- 4.31 
4 .31  
4.31 
4.31 

- 4..31 
4'.31 
4.31 
4.31 

-45 
45 
45 
45 

... 
-45 

45 
45 
45 

Z I  

20 

18 
19 

20 

2 1  

2 1  

19 

0f50i3722 
0.50727,3,3 
0.5076142 
o.50;1995 

o.joj3648 

0.5073711 
0.5072746 
o.tjojh159 
o . j o i z 0 ~ 2  

+o?ao 
0 . 2 0  

0 . 2 0  

+ O . I O  
0 . 1 0  

0 .10  

0 . 1 0  

22..34 
22.49 
2 2  56 
22.64 

2 2 . 1 2  

2 2 . 1 2  

2 2 . 1 2  

2 2 . 1 2  

+ O . I O  
0 . 1 0  

0 . 1 0  

0.10 

0.00 

0.00 

0.00 

0.00 

0.869 
0.869 
o 869 
0.869 

0.87.3 
0.875 
0'87.3 
0.872 

0.892 
0.891 
0,891 

o .200 .891  

0.897 
o 8q6 
o R96 
o.8gj 

0ss0i48i9 
0.5073912 
o ~ ~ o ~ ~ , ~ o z  
0 . 5 0 j 3 1 ~ 1  

0.5074841 
o.go7.qgoR 
0'50;7297 
0.50;1320.3 

+ 414 
414 
414 
414 

+ 414 
414 
414 
414 

- 9 
10 

1 1  

10 

- 9 
r l  
1 2  

lo  
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YuDle II.-Delails of the Obsercations- ( Cor~tin~ced) .  

a -. a 
3 
a 

k m g a o n - ( c o n t d . )  

E g z  
g 

d , ,  (I) 

- - 

1s t  
F e b .  
Sight. 

2nd 
Yeb. 
I)ay 

2 Tenlpereture L 

2 7 5; d .- 2 
- W E  & ", - 

.:; 2 R 

5 

s 
0'5072021 
0.50;6153 
0'50;2749 
o ' joi3716 
0'5073660 

0.j0720.33 
0.:.0;61.i5 
0.50jzi60 
0'5073iz0 

140 
138 
1.39 
13; 

140 
1.48 
1.39 
1-37 

Obaerred 
Time of 

Vibrat~on 

0.507.3669 

0.5073665 

o.5073;07 
0.5072741 
0'5076156 
O ' ~ O ; Z O Z ~  

0'507.36j8 

0.5073ioo 
0.5072714 
0.5076144 
0.5072016 

0.5073644 

0'5073651 

0'507201z 
0.50i61.31 
0.5072748 
0'5073698 

0.5073647 
0';oi2Oo.f 
0'50;6143 
0.5072736 
0'5073709 

0.5073648 

0'5073648 

Menn ... 
Meon of Day and h'ight ... 

Mean ... 0'507.1643 

14th 1.37 17 31.33.656 + 2'19 18 20.25 +o '41 0.859 0'5075400 - 134 - 9 - 991 -510 -45 0'307.37'0 
Fcb 1.39 18 18jq.oB.j 2.19 20 a0.51 0.41 0.858 0'50i4442 134 11 1005 510 45 0'5072717 
Day 1.38 19 28.3z.br1 1.29 2 1  20.91 0.41 0.856 0.5077831 1.34 1 2  1015 490 45 0.~07612ii 

140 10 ao.34.401 a.19 2 0  21.36 0.41 0.854 o'jo73;4J 134 1 1  10.1; 518 45 0.50719Rfl 

Menn ... 0'50736.38 

Mean of Dey and Night ... 0.5073640 

h m  
4 44 

6 
7 

16 
l i  
18 

- 7.14 
i . 1 4  
i . 1 4  
7.14 

- 7'14 
7.14 
7'14 
7.14 

s 
34'645 

5 4 0 3 z ' 8 3 0  
3434'300 
29.4.3'68; 

4i3.1'646 
43.32'838 
38.34'309 

20.79 
2 1 . 0 1  

2 1 . 2 1  

21'35 

20'47 
20.49 
20.55 
2 0 . 7 0  

0.891 
0.890 
0.890 
0.890 

0.896 
0-897 
0.890 
0.895 

* , o  

19 
2 0  

1 0  
18 

19 
2 1  

19 
19 

Reduced 
Time of 

Vibet,iou 

Correction on sccount, of 

19 331.~3.8i3 

+0.21 
0 . 2 1  

0 . 2 1  

0.21 

+o.oR 
0.08 
0'0s 
0 .08  

s 
o.joi3216 
0.5077328 
o'50;396.3 
0.5074926 

0'507.3215 
0'5077,310 
0.50i.3946 
0 '50i49l l  

21'29 
21.46 
21 60 
21.72 

20.7: 
20'67 
ao.72 
20.85 

-45 
45 
45 
45 
... 

-45 
45 
45 
45 

2nd 
F e b .  
N ~ g l ~ t  

3rd 
Feb. 
Day 

Meun ... 
Meen of Day end Night ... 

+ 419 
419  
419 
419 

+ 419 
419 
419 
419 

0'5074927 
o.jo7.3980 
0.50773il 
o'joi.3278 

0'5074697 
0.507.3922 
0.5077.321 
0.5073228 

+ 0 '  1s 

0 .15 
0.1 j 

+ 0 , 0 4  
0.04 
0'0.1 
0.04 

2 
.,= a 

a 
G 

u o 

,e,' 
Z 

0 

Ei 

1 1  

10 

9 

-10 

1 2  

10 

lo  

-10-1019 
1029 
1039 
1046 

-1003 
1004 
1007 
1014 

19 
19 
2 0  

19  

1 7  
20 
ao 
19 

137 
1.39 
1.38 
140 

1.37 
139 
138 
140 

33 866 
4334'293 

.<2.811 
34'616 

5733.880 
59.34.320 

0.32 83.3 
5334'639 

0.891 
0 ' 1 5 0 ' 8 9 0  

0-890 
0.890 

0.89; 
0.897 
0.896 
0,895 

+ 407(-1o 

-45 
45 
45 
45 
... 

-45 
4 5  
45 
45 

c 

2 
; 

o 

-540 
509 
539 
529 

Menu 

-543 
513 
543 
532 

4 48 
5 
6 4 1  
7 37 

16 
17 
19 
19 

- 6.94 
6.94 
6.94 
6.94 

- 6'94 
6.94 
6.94 
6'94 

-1043 
1052 
1058 
1064 

-1018 
1013 
1015 
1 0 2 2  

407 
407 
407 

+ 407 
407 
407 
407 

M e n n  ... 
Meen of Day end Night ... 

- -- -- - 
Seoni. 

10 

I 1 

10 

- 8 
11 

1 1  

10 

3rd 
Feb. 
Night 

4tn  
Feb. 
Dep 

-529 
539 
509 
.;39 

Mean 

-53.3 
544 
513  
542 

+0.20 
0.10 

0.20 

+ o . o . ~  
0.0.3 
0.03 
0'0.3 

140 
138 
139 
131 

140 
1.38 
1.39 
137 

- 45 
45 
45 
45 

... 
-4; 

45 
45 
45 

4 
5 
6 

16 
17 
18 
19 

+ 400 
400 
400 
400 

+ 400 
400 
400 
400 

0.890 
o 890 
o.88g 

o . a o o . 8 8 9  

0.895 
0.896 
0.894 
0.893 

4934.625 
4732.816 
4934.276 

74733 .849  

5534.638 
5032.826 
4634.301 
3933.866 

1 1  

l o  
9 

-10 

11 
11 

9 

-10-1054 
1064 
1074 
108.3 

-1030 
102.5 
1027 
1034 

21.51 
21.72 
21.91 
z2.10 

2 1 ' 0 2  

20.91 
20.95 
2 1 ' 1 0  

- 6'82 
6 .81  
6.82 
6.81 

- 6.82 
6.83 
6 .81  
6.82 

0.507.3~60 
o 5077360 
0.5074016 
0.5074963 

0'50;3130 
o'SOi7.337 
0.5073961 
0'5074927 

-539 
509 
5-39 
528 

Mean 

- 54a 
513 
542 
530 

19 
20 

19 
18 

19 
10 
l o  
18 



CHAP. 1V.J bEASON 1909-10. 5 9 

Table II.-Details of the 0bservat.iolzs-(Cor~tinued). 

Correction on account of 

CI L Reduced 

5 

I 

6 

0'507201.3 
0~5076117 

0'50iz709 
0'507370.3 

0'5073636 

0'5073697 
0'5072j23 
0.50;6147 
0~50720~9 

o.jo7.36jo 

0.507367~ 
0'5072689 
0.50i6122 
o.jo72016 

o.jo736zj 

0.5073637 

o.5072001 
0.50761.36 
c.5072747 
0.5073711 

0'507.3649 

0.5071955 
0.5076097 
0.5072710 
0.50;3691 

0'507.3613 

0.5073631 

0.5071693 
0.50727a3 

o - 5 0 7 6 0 ~ ~ ~  
0~5071001 

0.5073620 

S e o n i - ( c o n t d . )  

-45 
45 

-45 
45 

Mean oE Day and Right ... 

s 
0'5073826 
o.jo77896 

0'5074382 
0'507539.7 

I4rll 
Web. 
Ligllt 

15th 
Fab. 
"9' 

-10-1109 
1104 

- 965 
995 

8 

+ 2.2.1 
2.23 

+ 2.23 
2.23 

1 1 7 7 1  

7 55 
8 52 

20 5.3 

140 
1.78 

1.49 
137 

-j18 
488 

-521 
509 

, 
19 
20 

2 0  

19 

D 

22'64 
22'54 

19.70 
20'30 

s 

.34.364 
32,594 

i();R.34.111 
,33.660 

- 131 
1.31 

- 131 
1.71 

-505 
516 
488 
516 

Mean 

-514 
524 
492 
520 

I 

o.8jq 
0.853 

0.860 
0.857 

1 1  

- 1 1  

10 

151.11 
Feb.  

Night, 

16t,l1 
Feb. 
Doy 

-45 
45 
45 
45 

... 
-45 
45 
45 
45 

Mean ... 
Mean of Dny and Nigh1 ... 

137 
1.39 
1.38 
140 

137 
139 
138 
140 

-0.24 
0.24 
3.24 
0.24 

+0.35 
0.35 

0.35 

16th 
Feb. 
t 

17th 
Feb. 
Day 

o.8jr 
0.852 
0.853 
0.852 

0'86j 
0'864 

0..750.860 
0.858 

+ 2.2j 
2.25 
2.2j 
2.25 

+ 2.25 
2.25 
2'25 
2.25 

19 
21 

21 

zo 

19 
20 

21 

20 

5 
6 
7 
8 

17 
18 41 

20 

o. jo755.36 
0'507~567 
0'507i949 
0'5073849 

0'5075.318 
0'5074347 
0'5077768 
0'5073;17 

rqo 
138 
139 
137 

140 
138 
1.39 
137 

23.41 
23.20 
22.95 
22.78 

19.29 
19'31 
19'70 
20.26 

-10 

12 

I Z  

1 1  

-10 

1 1  

1 2  

1 1  

j033.59; 
45.44.027 
4~3z.jf3 
3634 353 

4633'692 
34.126 

194332'647 
3834'413 

- 132 
132 
132 
132 

- 1.32 
1-32 
1.32 
132 

Meal1 ... 
Mean of Day and Night ... 

- 1  14; 
11.37 
1125 
1116 

- 945 
946 
965 
993 

5 
6 
7 4 
8 

17 5s 
18 
19 
20 

I t 1  
Feb. 
Night 

18th 
Feb. 
I ) ~ Y  

Mean of Day and Night ... 

I .  
139 

1.38 
140 

5534'381 
5032'599 

0 

4233.626 

34'50.3 
4932'696 
44.34'138 
3833'693 

22'2.3 
22.02 

21.92 
21-87 

17.59 
17.88 
18.49 
19'15 

6 52 
7 

18 52 
19 

+ 2.10 
2'10 

2'10 

2.10 

+ 1.10 

2.10 

2.10 

Z'IO 

-45 
45 
45 
45 

... 
-45 
45 
45 
45 

0.5075460 
0'5074500 

0.5077691 
0'5073645 

0'5073788 
o'soj7885 
0 0 1 8  
0.5075469 

0.507.35a.3 
0'5077648 
0.5074320 
0,5075.318 

20 

21 

19 
19 

20 

21 

21 

19 

-0.13 
0.1.3 
0'1.3 
0.13 

+ o . ~ o  
0.10 
0.10 
0.10 

- 123 - 1 1  

123 1 2  12 i l  10 
123 lo 

.z.3'6.30 
41.34'057 

j2.678 
4434.448 

-1076 
107.4 

- 920 
937 

0'856 
0.856 
0.856 
0'855 

0.869 
0.866 
0.R6.4 
0'860 

-1089 
1079 
0 
1072 

- 862 
876 
906 
938 

- 123 
123 
123 
123 

+ 2.18 
2'18 

+ 2'18 
2'18 

- 128 
128 

- 128 
128 

-519 
490 
519 
508 

Mean 

-527 
495 
524 
~ I I  

- 1 1  

1 2  

1 2  

10 

0.855 
0.854 

0.862 
0.860 

19 
21 

21 

11  

-508 
518 

-49.3 
521 

-10 

17. 

-12 

1 2  

21.93 
21.91 

18.77 
19.12 

-45 
45 

-45 
45 
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Table 11.-Detail8 of the Observatiolzs-(Corttimed). 

Correclion on n c c o u ~ ~ t  of 

Q. Redured ;; 
yR 

Ti'"" of 
a Vibration 

0 

6 

Jubbulpore. 

-42 
42 
42 
42 

... 
-42 

42 
12 

42 

0'P50i3442 
0.5072462 
0.5075858 
0'507174r) 

0.507.33;8 

o'joi3464 
0.507~463 
05o ; j8b j  
0.5071i50 

h m  
6 
7 
8 
9 

18 1.1 
19 
20 
ao 

25th 
Feb 
1910 

Nigbt 

26th 
Fab. 
Dny 

0'5073386 

0'5073382 
-- 

0.5071 754 
0.507586.3 
0'5072458 
0'50734.34 

0.507.3377 

0.5071f,38 
o'soj58,;7 
05072455 
0'5073439 

0.507.3.37~ 

0.5073375 

s 
ro.?.z.4z81+ 1ls96 
1533.855' 11-90 
r 5 3 2 . ~ a z 1  11.16 
8.34.1801 11-96 

33.475 +11.96 
8.3.4'912! 11-96 

1.3; 
1.39 
138 
I40 

137 
1.49 
1.38 
140 

Mean ... 
Mean oll)ny and Night  ... 

-. . - -. -. - - . . . 

0.862 
0.862 

o .100 .864  
o . l o o . i l 6 j  

0.875 
o 87; 

19 
2 1  

2 1  

20 

19 
2 1  

osso:59z~ 
o.soj495z 
o.;oj8.316 
o. joj4zzg 

o . f ; o j 5 8 1 ~  
0.50748~3 

6 ~ ' 4 ~ 1 1  11.96 
g8:4.zaq 11.96 

Mean ... 
Mnan of Dny and Xight ... 

. 

0.50jqzoz 
o o  
0'5074897 
0.5075856 

0.50;404j 
0.5078137 
0 0 2  

O'j075f37 

26th 
Feb 

Siphl 

2ith 
Feb. 
7 

0'507,3475 
0.50~2464 
o,jo7$3;1 
o'50717J4 

0'507.3389 

0.507.3441 
0 ' 5 0 7 ~ ~ 6 4  
o 'so7~Rho 
0.5071;),3 

0'5073.377 

0.5073383 

0.5071763 
0.50;5888 
0.5072458 
0.5og.z4~4 

0'5073.388 

O'JO71744 
0'50758hs 
0'50;2477 
0'5073446 

0'507338.3 

0'5073388 

I 0  

24.78 
24.74 
24.66 
24.51 

21.92 
21.92 

140 
1.38 
1.39 
137 

140 
1.38 
3 
1.37 

2 0  

2 1  

-O:IO 

0.10 

+o.o8 
0.08 

o - j o i 8 1 0 j  joz 
0.50741zo 1 702 

6 17.34'192 
7 2 4 . 7  
8 78.33 880 

0.869 
0,870 
0 , 8 7 1  
0.8;l 

0.879 
0.878 
0-877 
0.875 

+11.96 
11.96 
11.96 
11.96 

+ 11.96 
11'96 
11.96 
11 .96  

1 1  

1 2  

- 702 
702 
702 
702 

- 702 
702 

1076 
1086 

-42 
42 
42 
42 

... 
-42 

42 
42 
42 

9 

18 rg  
19 
0 

21  

19 
10 

2 1  

2 0  

19 
zo 
11 

l o  

23.89 
23.28 
a.3.11 
23.14 

10.80 
20.72 
20 88 
2 1 . 2 1  

Elean ... 
Menn of Day and NiphL ... 

-- 

21.96 
2 2 . 1 ;  

-10 

1 2  
1 2  
11 

-10 
1 2  

49s 
528 

-1214 
1 2 1 2  

1208 
1201 

- 1074 
1074 

0.868 
6 
0.870 
0 871 

0.880 
o 879 
0 

0.877 

- 707 
70; 
707 
707 

- 707 
707 
7 0 7  
707 

13.3'438 

34.26.7 
1932'496 
4 . 3  
833 '501 

0'5075886 
0.6074887 
o.goiRi6a 
0.5074161 

0.5075736 
0.5074766 
0.5078141 
0.5074067 

- 0 . 0 7  
0.07 
0.0; 
0.07 

+ o . ~ h  
0.16 
0.16 
0.16 

0 . 0 8 o U ; i  
0 . 0 8 l o . 8 ~ 2  

-512 
522 
494 
524 

Meon 

-520 
5.30 

-1162 
1158 
1152 
1146 

- 1016 

- 1 1  
12  
1 1  

lo 

- 1 1  
1 2  
I 

l o  

+ 12.04 
I 

-526 
497 
527 
517 

Mcnn 

-5.43 

a3.71 
2 6  
23.52 
zJ . .~B 

20.7.3 
20'73 
0 

21'19 

12.04 
12'04 

+ 12'04 
12.04 
1 

12.04 

Elean ... 
Mean of Day and Night ... 

1016 50.3 
1 0  5.32 
1038 521 

-0'1.3 
I 
0 . 1 3  
0'1.3 

+o . IR  
0.18 
0 1 8  
0.18 

20 

19 

ao 
2 1  

2 

19 

- 702 
702 
702 
70% 

- 702  

702 
702 
702 

13.80 
lg.85 
23 84 
23.76 

l l ' 7 Z  
11.80 
12 oa 
az. jg  

+ 1 1 . 9 6  
1 1 - 9 6  
11.96 
11 .96  

+11.96 
11.96 
11'96 
11 .96  

-0  01 

0 .01  
0.01 

+O ' l s  
0.25 
o 15 
0.15 

o.ga74zog 
0.5078jo1 
o.;o;4906 
0'5075877 

0'5074091 
0.5078187 
o 5074840 
0.507581a 

-516  
617 
498 
528 

Wenn 

-523 
532 
502 
5.30 

10 

13 
l o  
19 
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11 
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o .o1o .R67  

0-867 
0.807 

0.872 
0.872 
0.871 
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- joa 
joz 
70% 
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- 702 
702 
701 
702 

-11 

4 
I r  
I C  

- 11 
1 1  

11 

11 

-10 
11 

11 
11  

-10 
11 

1 2  

1 1  

-42 
41 
4 2  
42 

... 
-42 

42 
42 
42 

-1141 
1141 
11.47 
11.34 

- 1019 
1015 
1023 
1039 

-1166 
,169 
1168 
1164 

- lohq 
1068 
1079 

-515 
496 
525 
51s 

Mean 

-5nR 
499 
528 

-42 
42 
42 
42 

... 
-42 

42 
42 

1095, 516 42 
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Table 11.-Details of the Observations-(Cogrtinued). 

u Temperature ,k 
.; s, 2 + < - 2 :  .; afi, 

LY 

""" w E;, 
" 2  2 " : z  3 5  .s -R 

" 2 U U P  

z 

Obeerved 
Time of 

Vibrtrtioo 

Reduced 
'rime oE 

Vihrut.ioo 

Cor~.ecLio~l on nccourlt of 

Maihar. 

0 - 
0 

o 

-46 
46 
46 
46 

... 
-46 

46 
46 
46 

c 

"; 

Z 5 

C 
4 

" , g : 4 L '  
g t ;  
s 

8 

o'.ioj.328.~ 
0.5072287 
0.5075704 
o ' j 0 j 1 5 8 . ~  

0'50:.3214 

o . ~ o ~ ~ . ~ o o  
0 .5072~98  
0.50756~8 
o . ~ o ; ~ j R ;  

I t  
hlar. 
I Y I O  
Uigl~l 

16th 
Mtbr. 
buy 

- 
O 

, ,  

0.507.3221 

0.5073218 

0.50;15;.( 
0.5075688 
0'5072276 
o.jo73288 

0'5573206 

0.5071575 
0.5075697 
0.5072282 
0.5073295 

0'50i3212 

0.5073209 

0.507,~286 
0 .507aa8~  

0.5075684 
0.5071585 

0.5  073209 

0-5071590 
0.5075691 

0.5072176 
0.5073186 

0.5073211 

-519 
528 
499 
528 

&I?a11 

-520 
530 
499 
528 

P 

0'5075710 
o'SOi4i31 
o . j o 7 8 1 ~ ~  
0'50j4032 

0.5075711 
0'50;4725 
o.;o;H~o.~ 
o.50;4031 

I 

1.39 
1.38 
140 

1.37 
1.39 
1.38 
140 

Mean ... 
Mean of nay  and Night ... 

- 640 
640 
640 
040 

- 
6-10 
640 
640 

19 
19 
19 
19 

19 
1 9  
19 
19 

+ 10.91 
1o.91 
10.91 
10.91 

+ I O . ~ I  
10.91 
10.91 
10.91 

h nz 
7 46 
8 
9 

ro 

19 
20 

2 1  

s 
,33.521 

40.1.3.953 
~ ~ , J Z . ; O Z  

3.3.34.269 

4433.j21 
,393,z'yj; 

,3z-509 
zz.34.34.zjo 

1tit.h 
Rlar. 

S~glrl 

17th 
blur. 
Day 

-10 
10 

10 

1 0  

640-10-119,s  
lo 
lo 
lo  

I 0  

24.74 
24.89 
~ 4 . g j  
25.01 

~ 4 . 5 2  
24.70 
24.90 

9 
lo 

19 
20 41 
2 1  
2 2  

140 
138 
137 
139 

1 4 0  
1.38 
137 
139 

Menn ... 
Mean oE Day a n d  Night ... 

- 1 2 1 2  

1 2 2 0  

122.3 
1225 

1 2 0 1  

1 2 1 0  

1 2 2 0  

o.;07joj.; 
0..<0;18136 
0'5074761 
0'5075763 

0'5074037 
0.50;8136 
0.5074760 
0'50i5768 

1 1 . 1 2  

1 1 . r 2  

1 1 - 1 2  

+ I I . I Z  
1 1 . 1 2  

1 1 . 1 2  

1 1 ' 1 2  

i ~ 4 , 4 4 ' 2 6 4 + 1 1 . 1 z  
8,3932.490 

343.3.940 
28.33.498 

4734.26; 
32'495 

.37.3.3.940 
3433'495 

17Lh 
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Nigl~t 

18th 
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1 f 0 . 0 9  0.873 
0.09 0 . 8 ; ~  
0.09 0 ~ 8 ; ~  

65.3 
653 
65.3 

- 653 
65.3 
65.3 
653 

0.09 

24.39+0.18 
0 . 1 8  
0 . 1 8  

1241 
1249 
1251 

-1225 
12.31 
1242 
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-653-10-12 .13  
10  

10 

9 

- 9 
lo 
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5 

0.872 

0.876 
0.875 
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19 
19 
19 
18 

18 
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19 
14 
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498 
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2 5 ~ 1 ; + 0 ' 1 4 o ' R ; o  

0 .14  
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+ O . Z I  
0 . 2 1  
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1.37 
139 
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... 
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19 
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19 
1 7  
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26.55 
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- 
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Table 11.-Details of the 0bse~-vations-(Continfced). 
- - 

Observed 
Tin10 of 

Vibrarion 

Te~nperaCl~re ,= 

4: -4 
C Oc .;; ' im 4 

VJ .z 
k Eg E L  

- 2 

Sultanpur. 

Red~~recl 
T i n ~ e  of 
Vibration 

2 
2 
u 
2 
u 

P 

Correrlio~i on nccount of 

I 

i; z F  

0'507~8~5 
0.5071838 
05075217 
o.50711r1 

0'5072750 

0.5072833 
0,5071842 
0'50752.3.3 
0.507113.3 

-522 - 4 4  
44 

1 41 5.3.3 44 

a 
~ Z O  m 

.,. C 

.- !? ,- 

? 3 
& 

$ 4 d  
- a "  d 

a - 
6 

0.5ojz760 

0.5072755 

O.~O;IIZI 
0'50752.37 
0.5071841 
0.5072837 

0'5072559 
o.50;1128 
0.5075237 
o . g j 1 8 ~ 4  
0.5072846 

0.5oj2766 

0.5072763 
-- -~ - 

-1478 
1477 
147; 
t4;6 

-1.366 
1.377 
1393 
1411 

8 , .  
18 
19 
I 

19 

17 
19 
18 
19 

It11 
Apr. 
0 

Night 

8th 
Apr. 
I)ny 

Mehn 

-526 
536 
506 
534 

Meall ... 
Mean of Day and Kight ... 

- 4 :  
' 2  
.;u 

p - - 
k 

2 

-0'02 

0.02 
0 2  

+O-33 
0.33 

0.33 

~ 0 . 1 6  
.?O.I$ 
0 1  

go.1.3 

27.88 
28.11 
28.42 
28.80 

1-37 
139 
138 
140 

1.37 
1.39 
138 
140 

... 
-44 
44 
44 
44 

- 481 
481 
481 
481 

- 481 
481 
481 
481 

+ 8'20 
8.20 
8 0  
8.20 

+ 8.20 
8.20 
8.20 
8.20 

h in 

9 
10 

I 

1 2 

21 

22 

23 
o 

- 9 
10 

lo 
lo 

- 8 
10 

9 
to 

0.879 
0.879 
O R  

o.ozo.8;9 

0'88s 
0 884 

0.3j0.882 
0'881 

s 
163.3'675 
3834.110 
8 6 2  
5334.437 

43.33'719 
4034.152 
38.32.690 
3134.461 

Rtcnn ... 
Mean 01 Dny and Kieht ... 

~ - 

0.5072836 
0.j071817 
0'5075219 
0.5071105 

0'5072544 

0.5072847 
0'50718.31 
0.5075140 
0.5071128 

o.joiz762 

0.5072753 

0'5071152 
0.5075244 

0.5071856 
0.50ia840 

0.5072773 

0'5071.7~9 
0'5074.383 
0 . 2  
0.5073665 

0.50i52.i8 
0'50i4290 
0'5077666 
0.507.361.3 

+ 8'73 
8.7.7 
8'73 
8.73 

+ 8'73 
8'79 
8'7.3 
8'73 

31.04-0.0; 
0.0; 

0'07 
0.07 

+o.29 
0.19 
0.29 
0.29 

8th 
Apr. 

Night 

9th 
Apr. 
Day 

o.jo;:;.3i 
0.5077822 
0'50744j3 
0.50j54.32 

0.507.36.30 
0.5077722 
0.5074380 
0'5075375 

0.87.5 
0.875 
0'876 
0.876 

0.882 
0.882 
0 8Ro 
0,878 

9 
10 

r r  
1 2 

21 

22 
2.7 
0 25 

140 
1.38 
139 
137 

140 
138 
I39 
1.37 

91h 
*pr. 
Nlghb 

10th 
A P ~ .  

18 
19 
18 
17 

18 
19 
19 
17 

34.14.404 
2932.625 
24.34.078 
19.33'643 

3934.453 
3532.666 
3014'H1 

3.3'668 

-o'la 
0'12 

0.12 

+0.22 
0.22 

0.22 
0.22 

1.37 
1.39 
138 
140 

1.37 
139 
1.78 
140 

I . 
Mean oE Day and Night ... 

-30.97 
50.94 
30.83 

28.64 
28'85 
29.12 
29'45 

31.40 
.z1'.35 
.~I.ZZ 
31'10 

29.23 
29'39 
29.60 
19.85 

9 
10 

1 1  .?I 
11 

21 

22 

23 
o 

10th 
Apr 

3 ight. 

11th 
Apr. 
U ~ Y  

-44 
44 
44 
44 

... 
-44 
44 
44 
44 

- 512 
512 
512 
512 

- 512 
512 
512 
512 

0.872 
0.872 
0.874 

0'120.R74 

0.879 
0'878 
0 878 
0.876 

- 8 
10 

10 

10 

9 
ro 
9 

3533'615 
31.34'065 

32.614 
1534'395 

.39.73.65R 

.3634'102 

.36.32'6.38 
30.74'412 

-1539 
1536 
1530 
1524 

8-1431 
1440 
1450 
146.3 

-j18 
528 
500 
5.30 

Mean 

-522 
532 
502 
5.31 

Mean of Day and Night  ... . 

140 
1.38 

139 
1.77 

- 9'-1521 
1518 '4 1516 

8; 1511 

- 9 -140.7 
10 1414 I O I  ,427 
8, 144.3 

0.5075490 
0.5074480 
0'5077848 
o'j07.3758 

o..i075398 
0'5074401 
0'5077791 
0'5073720 

-44 
44 
44 
44 

... 
-44 
44 
44 
44 

-5.30 
501 
5.31 
520 

Blenn 

-5.74 
505 
53.3 
521 

+ 9'28 
9'28 
9.28 
9-28 

+ 9.28 
9.28 
9.18 
9.28 

- 545 
545 
545 
543 

- 545- 
545 
545 
545 

17 
19 
19 
19 

17 
18 
19 
18 

lo 
lo 

11 

1 2  54 

034.365 
5431'597 

034.090 
,34.214 

+ 9.28 
9.28 

+ 9 . ~ 8  
9.18 

.31.56 
31.65 

29.40 
29.58 

18 
19 

18 
17 

0'870 
o'R6R 

0'879 
0'879 

0'507.3823 
0'5077890 

0'5074428 
0'50i5408 

-527 
496 

-5.3.3 
522 

- 545 
545 

- 545 
545 

-44 
44 

-44 
44 

- 9 
10 

- 9 
8 

-1546 
1.551 

-1441 
1449 



64 PENDULUM OPERATIONS. [CHAP. IV. 

Table II.-Details of the Observations- ( Coatinzced) . 

Reduced 
Time of 
VibrotloIl 

, 
o Correction on accou~~t of 

m 0 - 
u 

-- 

Dehra Dun. 

o 

20111 
Apr. 
1910 
Sigl~t 

210t 
Apr. 
Day 

e 
2 

a a 4 a  

! 
ir 

137 
139 
138 
140 

1.37 
1.39 
1.38 
140 

bIea11 ... 
Mean of Day and NighG ... 

-- 

O ~ ~ ~ O ; ~ . ~ . ~ . ~  
0.5074.32.3 
0'5077689 
0'50735;6 

O'jO7j25.3 
o..ioi4276 
o,50;;648 
0'5073571 

o'gojz481 

0.5072495 

- 
O 

.- 3 .- ;. 

6 

h tn 
1 1  

12 

13 
13 

23 
2.3 
0 

2 3 

o .  
0.00 

0.00 
0.00 

o,oo 

27'98+0'150'82R 

0.15 
0.15 

2 
lz 

+1.3.j8 
1.3'38 
1.3'38 
13'38 

+13'38 
1.3'38 
1.1'38 
13'38 

s 
0.33.686 
034'1.37 
?.3~.6Ro 
5634,478 

0.33'721 
5934'15R 
5332.696 

34'481 

0'826 
0.825 
0.835 
0-826 

o.r?o.S?; 
o 827 
0.825 

- 785 
785 
78j 
785 

- 785- 
785 
78j 
785 

-3; 
37 
3; 
3; 

... 
-37 
37 
37 
37 

8 ,  
18 
19 
20 

21 

17 
20 

20 

19 

-502 
47.3 
501 
491 

Men11 

-502 
475 
502 
492 

ofjo72613 
0.5071593 
0.5074~86 
0.50708~3 

o.jo7zjog 
0.5072560 
0'5071564 
0.50749j8 
o'j07084.3 

28'54 
28.53 
2R.gq 
28'54 

28.12 
28.25 
28.49 

2lst 
Apr. 

Sight 

-491 
500 
472 
j o ~  

blenn 

-492 
501 
47.3 
500 

- 9 
10 

I I  

1 2  

1 1  

I I 

1 0  

34,478 
25.32.696 

, ~ J . ~ S O  
103.3';12 

34.491 
3 

34.156 
3633.720 

0~50i~502 

0'5072498 

0.5072575 
0.5071586 
0.5074986 
0.5070867 

0.507~50~ 

0'50725sl 
0.5071568 
0,5074961 
oa50;085j 

0.5072~84 

0.6072494 

-37 
3; 
37 
37 

... 
-37 
37 
37 
3; 

Mean ... 
Mean of Day s11d N i g h t  ... 

-1.398 
1.398 
1.398 
1.390 

8-1371 
8 
1384 
1.396 

+13'40 
13.40 
13.40 
13.40 

+ 13.40 
3 4  
13.40 
13'40 

140 
138 
1.39 
1.37 

19 
20 

19 
18 

19 
1 

20 

19 

-10 

1 1  

lo 
9 

-10 

1 2  

1 1  

lo 

0.5070865 
0.5074963 
0.5071581 
o.jo72570 

o':,o72495 
0.507086~ 
0.5074971 
0.5071594 
0.5072578 

1 1  3 1 
11 

1.3 2.3 
14 

24nd 140 
Apr. 1 138 
Day 139 

I 137 

0.R28 
0.040.82; 

0'827 
0.040~826 

0.829 
0 0  

0.829 
0.829 

- 137; 
1378 
1380 
1381 

-1348 
1350 
1.351 
1352 

2.3 2; 
0 

I 39 
2 

28.07 
28'1.4 
28-16 
28.19; 

27.50 
2 

27.58 
27.59 

Mean ... 
Mean of Day and Iiigl~t ... 

1 1  

12 

13 
14 17 

13 
o 8 
I 2 

2 

42nd 
Apr. 
xlghl 

29rd 
Apr. 
Day 

f0.04 

0.04 

+0'03 
0 . 3  
0.03 
0'03 

0'507.7576 
0'50776jy 
0.5074296 
0.507j275 

0.5073548 
o 6 
0~5074282 
0.5075256 

137 
1.39 
138 
140 

1.77 
139 
138 
140 

- 78; 
787 
787 
78; 

- 787 
787 
787 
787 

1 9  
20 
21 

20 

18 
10 
11 

a 0  

353.~.746~+13'.18 
1634.181 
1'3"71s 

34.508 

143.3'777 
j4.210 
.+a 745 

3.34'531 

0'5075198 
0.507~27 
0.5077605 
0. 5073j13 

0'5075127 
0.5074161 
0.5077.i.71 
0.5073460 

0'8.72 
0.090.8.31 
o'09o'8.30 

0.830 

0.834 
0-8.3.3 
0.8.32 

0'130'83a 

13'3@ 
13'.79 
1.3'38 

+1.3'38 
13.38 
13.38 
13.38 

26'47\+0'09 
26.62 
16.73 
26.74 

15'50 
25.62 
25'74 
25.89, 

0.09 

+o'l3 
0.13 
0.13 

-37 
37 
37 
37 

... 
-37 
37 
37 
37 

- 785 
781; 
7R5 
785 

- 785 
785 
785 
785 

-10 

1 1  

11 

1 1  

- 9 
1 1  

12 

1 1  

-1297 
130.1 
1310 
1310 

-1250 
1255 
1261 
1269 

-494 
504 
4 7  
503 

Uean 

-495 
505 
476 
504 



CHAP. 1V.I BEASOX, 1'309-10. 6 5 

111 Table I11 are shown the tiines of vihratioil a t  Ilehra I)CIII a t  the heginning and end of 
the season. 

Fu,ble 111.-l'inles of vibvo,tio,a at Uelwu B6,1b. 

I n  view of' the large illcrease in  the  tiine of vibration of pendulum 137 and in accordance 
with the  11sua1 ciistom, it is rlesiral~le to  ta l~ulate  the differences hetween the  individual and mean 
l ~ e n t l ~ t l ~ ~ r n s  ill order t o  ascertain, if possible, whether the change ill No. 137 is real, and, if so, 
when it  occiirrcd. Thesc rliffereilces are shorn11 in 'l'ahlc IV.  

Ilat,e 
~ ~ . . 

~no!,.io 
Noremh~*r, S. !) 

. 9.10 
, 10.11 
,, i l .12 

~ . -- - 
fitpllll 

- -  

April, 20-21 
,, 21.22 

23-23 
.. - . -. - 

3Iean 
- -. - - - . - -. . - - .- - 

(:c-nerd Mean 
-- - -. . . - - - - . - 

niffcrunco, r\])r.-Nov. 

I t  will hc accn that  thougl~  there have I~een c:oiisiderahle changes in the tlifferences (luring 
thc sea.wn, t l ~ c  mean diffcrenccs agree \re11 with those of the previou~ year. Consequently, i t  is 
11nlikcly that  tliero has hecn any real change in any of the  pendulums and we must, as hefore, 
treat t l ~ c  v ~ r i ~ t ~ i o n ~  a* sccidental errors. 

187 / 1:)s 1:1!1 Mean 

Station 11:17 1 8 1  I 1:;s 1 i s  1 1311 1 8 )  / 110 1 PI 

~ . ~ 

- -- - 

I ) V ~ I ~ I L  . ... 
f i t l ~ ~ ~ l .  . 

I)r~nrol~ ... 
K:~tni . . .  
1J111nrii~ .. 
I'e~~ilrn . 
Rilirpl~r ... 
J t n i p ~ ~ r  . .  

Arngno~~ ... 
S e o ~ ~ i  ... 
. I~~hhr~ l l l~ l r  . . . 
h111ihnr ... 
:\ll~tl~:~n:t(l 
8ull.Rl1~111r ... 
l ) r l~rn lliln . . .  

- - - . . - . . - . -- - . .. - 

N P ~ u ~  
-. ~ . . .  . ~ - -  ~ 

- - - -. . .. . 

-61 

6 1  
-01  

-.;H 
-6.3 
-69 

- ; I  

- 7 0  
- . - -  
-(I; 

- 6 ;  

- 7 7  
-04 

- - -  , I  

-79 

- 6 0  

I 

M . . ~ I ~ R  or  i ~ s - l n  1 - ; ,  1 - 

- 4 
+ I 

+ 8 
+ ,< 

v 
O.jOi2346 

?>.Mi 
254.-~ 
2549 

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

-24X.z + I + g 1 6  - j +16zX 
I - 7 1 3 I412 + I + 1634 

- ?,ui 

. . 

1 1 .  .511~4<I5~j 
4!1<i.5 
4!li6 
.4930 

- -. . . - .- -. - - - 

+ S 
+ I I  
+ h 

0 

- 2 

- I 

+ 1 2  

+ 4 
+ 2 

- H 

-2.; 

- 8 
- 1 0  

. 

+92, ;  

o.5vi2541; 
~ 

0.5072387 
2674 
2363 

-. - - - -. . 
0.507257.5 

0.50725131 
-- 

1 8  

0 0 1 !  1 i l50708i i  
157.; 0858 

086!) ::it om 

E 

0.6072876 
24SG 
2491 
2488 

-241): 
- 9 0  
-2.487 
- 2 C h  

- 2  

-44X1 

- 2~9.3 
-2.484 
-34H5 
-2440 
- 2 ;  

- 2 . 4 ;  

-24;: 

- 2484 
. - . . 

+ 29 + 3 + 12 

- . 
0.6072485 

-- . . . . . . . - 

0,5072495 
2498 

0'.;07 l9liS 
~. 

0.;074:172 
4 x 7  

- 1 1  

- I 

- .; 
- 2  

o 

+ ,z 
- t) 

o 
- I 

+ 4 
+ I ;  
+ 1 1  

+ 9 

. 

- 
0- 5074!J7 1 0.6072596 

- - . -. . - - - - 

O.SOi491;9 0.5071575 0.5072491 
- - 

- __ - _ , - -- _ - - -. - - 

0 I I ;  , 0.5070857 
- , - - - 

I 
0 .;0il578 0'3OTOS4.3 

ISHH OH(i4 

cc ,~ ;  - 4 + I h 5 , ) ,  + 7 
+91q - I + I O ? R  - 4 
+92r  + I +1h2H - 4 
+ g l s  + 4  + 1 6 , : 0 j - I  
+915 + J + l h j l  / - I 

+924 + 5 +162H; - 4 

+914 - + 163; + ,; 

+ I J I ~  - 6 +10,3z o 

+ O I ~  - ,? +1(1.3,; J + I 

+9.30 + I) +16zH 4 
t.20 + 7 +165,31 r 
+ o l g  - 2 +16;1 - 1  

+915 - 6 +1640 1 + % 

- -.~- .- .. - . 

+911 + 1632 / 
- - .. - - -. -~ 



6 6 I'ENDIJLUM 0PEI:ATIONS. [CHAP. IV. 

Table V gives the t ime of v i h r a t i o ~ ~  of each pendulum at each station and the value of g 
deduced. 

Table 7.-Mecra Cinzes of vib9*~1iio~z. a12d cledztced valzcas of 9. 
-- 

The Reduction to Sea Level. 

During the  recess season of 1909-10 Captain Cowie computed reduction tahles for  xollcs 111) 

to  a distance of 100 miles from the station. Thcsc tables, slightly modified, are  shown at  thc 
end of Chapter VIII.  The  tnhlee, though originally intended for the Iiayford or  I ~ o s t a t i c  
Compensation correction, can also be nsrd for computing the orographical correction. The 
rorrections for surface masses or topography are shewn separately i n  the tahles and, having 

Station 1 3 i  / I38 I 1.) 140 I UIIII~ I - 

Dolira Din ... LI. 

Snugor ... a .  

9. 

Dam011 ... * 

9. 

Iiat.ni ,.. P 

Y. 

E n ~ a r i n  ... R. 

9. 

P e n d n ~  ... a. 

.'I. 

Bi l ispur  ... s. 

9. 

Raipur ... a. 

Y. 

A m ~ n o n  ... a. 

9. 

Sconi ... R 

I/. 

Jubbrllpore ... i. 

8.  

Mn111:br ... 8.  

(1. 

AllshGbid ... s. 

!I. 

Bul lknp~i r  ... 9.  

.* . 

o'j072491 

O'joi3.~.;0 
+Us9 

9i8.i.31 

0'50;3281 
+ i 9 0  

9i8';58 

0'507.3283 
+ 792 

9 i R ' i ~ i  

0'5O;.Z.?2i 
+ 8.36 

g iR ' i 40  

0'5Q73593 + 1102 

978.638 

0'50i3-181 
+ 990 

958 '68 I 

0'50i.3659 
+116R 

9j8.612 

0' 507.3655 + 1164 
978.614 

o S j o i . i 6 3 ~  
+IlJ.Z 

978.622 

o'soi3.:81 
+ 890 

9;8,;11~ 

o~So;.q212 
+ 721 

9 i R ' i R ~  

0 . ~ 0 ~ 2 R o z  
+.311 

9i8'94.3 

0.50;2;61 
+ 270 

978'959 

0'50j<;h1 

o.3o;.:4l4 
+a53 

978.734 

o..Go;.z.~.+z 
+;HI 

9;R.;6a 

0'50j.3.341 
+ 780 

9;R ; b ~  

0'3013390 
+R29 

~:R.;J.z 

0..5073662 
+ 1101 

9i8'6.38 

0'50;.3j.;2 
+ 991 

9;R.ORo 

0.5o i3 iz9 + 116R 
r j iR'61z 

o . ~ o ~ ~ ; I z  
+r151 

9;R'619 

0'5073699 
+ I 138 

978.624 

0.50i3448 
+BU; 

978';21 

O . ~ O ~ . Z ~ R O  
+ 728 

q;R.;Hz 

o~,;o7289h 
+ 33.; 

978.9.34 

o'so;?R3X 
+ 2;; 

<);8.0,;6 

o'j0;1575 0.,;07085; 

o.sojz4zX i 0.50~;;: 

0..;0;4')69 

0..;0;,;841 
+a72 

978'726 

0'50;57;6 
+no; 

9 i 8 ' i 5 1  

0'5oi.sii.3 
+ 804 

9;8'5.;3 

0'5073814 
+ 843 

978.i.3i 

o'j0760;q 
+IIIO 

9iR.635 

O ' S O ~  j965 
+ 996 

978.679 

0.5076140 
+II;I 

978'61 I 

0.5076148 
+ I 179 

978.608 

0'5076118 
+ 1149 

978.620 

0*;07;8(16 
+ $9; 

9;8';1o 

o'g075692 
+ i t . ?  

9;H' 784 

0'50;.ir6r) 
+ 300 

978.947 

O'.;Oj.:2.Z4 
+ zf15 

~);R.~(II 

+ 85.: 
9i8.7.34 

o..;o;z.z64 
+ i 8 9  

9;8.;58 

0'5072.364 
+ iRg 

9iB'i.i8 

O'~Oj2405 
+ 850 

958'74.1 

o. jo iz668 
+ lo93 

978.641 

0.50725;6 
+981 

978.684 

0'.;072;35 
.+ 1160 

978'615 

0'5072741 
+ 1166 

9;8.61? 

0~5072719 
+ 1144 

978.621 

0'50i246,~ 
+ SPH 

9 j8 ;zo 

o~.;oi~zRz 
+ 70; 

9i8.790 

o..;oi 1 8 i 4  
+ 299 

9if t .948 

o.~o;lR4z 
+ 20; 

078.960 

978'73' 

0. joj1642 
+ i8.i 

978.760 

0'5071655 
+ 798 

g i S ' i 5 5  

o'.so;I~~~I 
+ 842 

978.7.38 

0.5071963 
+ [ l o 6  

978,636 

0.50718s0 
+ W.3 

978 ' 680 

0'5072O.Z 1 

+ 1164 
978,614 

o.sojzo18 
+ I 161 

g;R.f115 

0 ~ 5 0 ~ z 0 0 2  
+ 114.; 

9i8.628 

o.i;0;1i4R 
+ R ~ I  

9iR.719 

0'5071.584 
+ 727 

978'782 

o ' ~ o j 1 1 6 0  
+.312 

978.943 

O~.;O;II.~O 

+ 2i.3 
I q;R.gjR 
! 
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estimated the height OF each zone or  portion of zone a ~ l d  thus obtaining the  difference oF height 
between statiou and zone, we get from these topography tables the  correction due to these differences 
i. e. to  the error in  the  Bougrler assumption t h a t  the station is ou a n  infinite plain. This is the 
orographical correction. The methsd, of course, is not lien but  its applicatior~ is much simplified. 
Formerly, the zones used were not always t h e  samc and consequently the  correction hat1 t o  he 
computeci in each case 11ut uo\r the country r o u ~ ~ d  a station is always divitled into tlle zones given 
in Chapter V I I I  and the correction derived immediatelv from t h e  tallies. 

I t  must, ho\vever, be remembered that  siuce in c o m p u t i ~ ~ g  the eEect of the infinite plain \re 
have taken no account oE the curvature of the  ea r t l~ ,  we must take no account of i t  i n  computing 
this orograpliical correction; that  is, we must talie as argument, i n  entering the  topography tal~les, 
t h e  actual difference of height of station and zone and not that  of station pl7t.s curvature and 
zone as is done for  tlie Hapford, o r  compensation correction (c ide Chapter V I I I ) .  

The orographical correction y a s  found to he inappreciable a t  all the  stations occ~lpied this 
season. 

The ahstract of t h e  season's results is give11 i r ~  Table 1'1. 

l k a l i n g  ni t l i  the  results of this and the previous season together w e  uote first that,  with one 
exception, all arc negative. 'I'his does not necessarily mcan tha t  gravity is in defect over the  rnllole 
area, hut more probahlg that  onr fnndamental fornlriln for  deducing y,, docs not suit the  Bouguer 
residuals. Honcver, we are mainly concerned,not wit11 actnalvalues of 9- y,, hut with the variations 
of thesc valncs or with the ~ r l / t f i ~ , c ~  csccsses or defrcts of gravity. Tllc mean residual for t h e  two 
seasons is ahout - -030, so, for  tllc purpose of this dlsc~ission, to  each valne of .9-y, we shall apply 
a correction of + .030. 

Station 

i 
Co~.rrctlonh 

I I 
-- S-YB 

I 
- - 

( I I ~ I  PI 

-0.035 
-0.039 
- o . o z j  
-0.016 
- 0 - 0 4 6  
- 0 - o z r  
-0-02.7 
-0-041 
-0.042 
-0.og8 
-0.048 

d!,r,c.v 

-0 '093  
-0.097 
-0.082 
-0.1go 
-0.187 
- 0 ' 1 3 7  
-0 '140 
- 0 . 1 1 ;  

- o . I ~ . +  

-0.165 
-0.109 
-0.027 

d!,~re.s 

978.612 

97W614 
978.681 
978'622 

978.638 
978.719 
978'740 
978.757 
978.758 
978'7.31 
978'784 
978' 

- - .- - 

d y ~ ~ e s  

+o.ogg  
+ 0 ' 0 3 5  
+ 0 . 0 3 0  
+ o m o 6 8  
+0 .067  
+ 0 . 0 4 9  
+o.o,o 
+ o * o 4 2  
$0.041 
+0'059 
+ o a o 3 9  
+ O . O I O  

d y ~ w s  

g i K - j o )  
978 .715  
978.758 
978.760 
978.1104 
978.828 

978'853 
978.873 
978.873 
978.875 
978.902 
97R.982 

-- 

I f e r l  

l taipur ... 1 996 
Amgaou . .  i 1032 
Bil;ispnr ... 1178 
Seoni ... i 2 0 3 3  
Pcudra . .  ( 1 9 9 6  
J ~ t h b u l l ~ n r e  ... / 146; 
Urnaria 1499 
Katni 1254 
Dan1011 ... ; 1 2 1 3  

-0.029 

---A - 

I 

978.647 
978.653 
478.706 
978'638 
978.684 
978.740 
978.763 
978.798 
978.800 

978.769 
978'832 
978.965 

+0.011 Sult:lnpnr ... 1 314 
I 

Saugor ... 
Alaihar ... 
Allal~f~l~%rl  ... 

y ; ~ . o z j  
I 

979.041 

175.7 
1161 
288 



We see theu that  we have three small areas ok acgatice residuals: t h e  tirst, north of 
Alortakka (O), romprising the statious a t  Ujjain (-26), Mhow (-35) and Mukhtiara (-29); 
the  seconcl, hctweenSaugor (-8) and Maihar ( -  l X ) ,  which inc111desDamoh (- 12) and Katni  (-11); 
and t h e  third, i ~ ~ d i c a t e d  by the  values a t  Xmgao~l  (-9) ,  Raipur (-5) and Pendra (-16), thevalue 
at HiliT?;pur heillg s l igl~t lg anomalous. 

Over the  hole of the rest of the  area the value. are  po.vitl'r>c, the  rnaaim~im heing a t  
Khnntlea ( +  k0). 

I t  has heen rnelltio~~etl that  latitli(1e observations had intlicatecl two areas of lo\\. density, 
t h e  tirst hetween A11nied;iI)id and hIhon aud the s e c o ~ ~ d  hetween Saugor and Umaria and the  
pendulums have uolv shomu that  these areas ;Ire of relatively lorn density. It was also predicted 
t h a t  the southern limit of the helt of high density would he found t o  pass through Amgaon 
and hetweeu Hil;spur and Pendra ; the  pendulums, ho~rcver, seem to shorn that  the  southern limit 
is  somewhat north of this hu t  that  i ts  tlirectiol~ is more or  less parallel t o  tha t  predicterl. The 
northern edge of the helt has not yet heen located a i t h  precision, we call only say that  it  lies 
hetweeli AIlahiibitl ( + 8 )  and Sult5np11r (-3.1,). 

I t  may hc sairl, tliercfol.~, that  in th is  area the  pentliiliims have contirrned the  evidence of 
the  plnmh-line. 
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The Pendulum Operations in 1910-11. 

During this season an entirely new locnlr of operations was selected, observations being 
made a t  11 stations i l l  Burma, formiug a p r e l i m i ~ ~ a r y  examination of the  geodetic conditions i n  
tha t  country. Practical consideratiou.u, such as the  absence of roads and railways, prevei~ted 
the esaminatiou of the mountains; : I I I ~  t he  stations, with two or  three exceptions, mere confined 
to the ;rrawaddy vailey aud lorn ground g e ~ ~ r r a l l g .  

Some of them mere or1 and llear tire c o i t ~ t  :rt~d the  results, i t  mas hopecl, svould th ron  
light on the question of ocean compensation. I t  has long bee11 noticed from the  results of lati- 
tude and longitude operations that  the plumh-line is deflected towards the  occau, thus suggesting 
the presence of dense subaqueous material; hut u p  to the prescnt no pendulum obser~'a.tior~s had 
been ruade a t  coast stations, except i ~ t  Colal):l, Madras and Cuttack the c ~ ~ i d e n c c  from wlricl~ is  
conflicting. The values of g - y, a t  these stations vary from +.062 to A.014 and thoagh 

even this last value indicates a greater dcnsity thau t l ~ e  average B o ~ ~ g u e r  rrsidnal yet i t  caurrot be 
said that  n pronounced excess of density under the occan had been fouud. 

Of the statioils visited, Maympo a r ~ d  Mogok are ir. the hills east of the Irramaddp valley, 
the rest being in and near that  valley. Pour stations Rangoon, Prome, Henzada a n d  Rassciu 
are  within 6 0  miles of the  coast. 

 he observations throughout thc  season were made by Captaiu H. M. Cowie, R .E .  

The descriptions of the stations are give11 helow: - 

Rangoon. 
Latitude ... 1 6 O  47' 55" 
Lougitude ... 96' 9' 8" 
Height ... 1648 feet. 

Thc pendulums wrre swung in tlrc most northerly room of the most northerly of three 
buildings ( s t a u d i ~ ~ g  c o ~ ~ d e m ~ ~ e t l  in 1910) on thc lonrcr platform of the Shwedagon pagocln and 
on the westcrn s ~ d e  ot the latter. The threc 1)uiltlings are on a 111gl1er level thau, and 11e N.E. 
of, thc  Arsenal gatcway. The house in w l ~ i c l ~  thc pcudlilums were swi~ng  1s immed~ately below 
the Guard I i o ~ l s c  a t  tlle N.W. corner of t l ~ c j ~ a ~ g o t l ~ z  platform. 'l'he level of the  pendulum room 

was determined by spirit lcvcll~ng from (i.'ll.S. 
!I4 11 

of Liue No. 87 (Elephant Point to  

My~tkpina)  
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PI-ome. 
Lntitutle . . . 18' 49' 4.0" 
Longitudr . . . $15' 13' 40" 
l lcight . .  101 feet.  

I .  l l ~ e  pen(lu111ms wvrr \wung in the moht n'rsterly oE two small rooms under the upper 
Irn1t1111,rr ol' t h r  c e ~ ~ t r a l  rsteru:tl \talrca\c on the i~.out  ok the C i o v e ~ n r n c ~ ~ t  Collegc situated on 
tllr ) I I , / z I / ~ ~ , I  'l'lle floor of the room n a s  col~nectcd by spirit lerclllng with t l ~ c  marble slab 
rnarkiug Promc L o ~ ~ g ~ t u r l c  s t a t ~ o n  and nit11 rail level a t  the railway station. 

Henzada. 
Lnti t i~t l r  ... l iO  39' 17" 
Longitude .. . 95' 27' 18" 
FIcight . . .  46 feet. 

The penc111lums \vt3rr s n - I I I I ~  ill t l ~ c  more 11ortl1-westerly of the two rooms on the gronnd 
Hoor nf t ! ~ e  P W.1). insl~ection l ) ~ i ~ ~ ~ a l o ~ v .  Thc floor of thc  pel~dulurn room was connected 
by spirit l c ~ c l l i ~ ~ g  mith (i) ].ail Irvel at t l ~ c  railway s t a t i o ~ ~  anri (ii) a P.W.1). hencll-mark on 
the  b i ~ i / d  s t r e t c h i ~ ~ g  N.W.  and S.E.  on the south side of the I ~ u u ~ a l o w .  

Bassein. 
Lati tude ... 16' 4,7' 11" 
Longitude ... 94' 44' 6" 
Height  ... 23 feet. 

T h e  pendulums were swung in the  western room on the  grour~d  floor of the  circuit 
house. This room had formerly served as a court house. Immediately t o  the south, on the 
other side of t h e  road, lies t h e  Club house. On the west of the  circuit house, in  the same 
compound, a re  the  Club tennis courts. 

Tou ngoo. 
Lati tude ... 18' 55' 50" 
Longitude ... 96" 27' 3" 
Height ... 159 feet. 

The pendulums mere swung in the  small room a t  the  east end of an abandoned building, 
which formerly served as Cadets Mess ant1 Reading room, situated to  the north of a block of 
buildings forming part of t h e  Military Police Linen a t  the S E. corner of the  vta id i?~ .  The 

13M no pendulum stat1011 is 853 feet t o  the  S.E. of the G T.S. , 4  of Line No. 87 (Elephaut Point to 

Alyitkyina) and 794 feet to  the  N.I.!. of thc N.E. corner of the Magnctic ohscrvatory 
(3lagnetograph house). 

Pyinmana. 
Lati tude ... 19" 1.4' 25" 
L o u g ~ t u d e  ... 96' 11' 56" 
Height . . . 409 feet. 

The pendulun~s were swung i r ~  a small room a t  the  N.W. corner of thc grouud floor of 
the bungalow ahout I50 yards S .W.  of Yyinmana I;.'I'.S. Intersected point, La t i t l~de  1'3' 44' 2if', 
Longitude 96' 11'  SH", of t h e  hlauclalay Mcriclior~al scries The floor of the prnclnlum room 

li\171 of was connected by spirit levelling with G.T.Y. Line No. 87 (Elephant Point to  
Myitkyina). 
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Mei ktila. 
Latitude .. . 20' 51' 26" 
Longitude .. . 95O 51' 58" 
Height . . . 799 feet. 

The pentlulums mere swung iu the large roonl in tllc western portion of the  ground floor 
of a hungalorr standing on high ground on t 1 1 ~  ea5tnrl s l~ore  of the Rleil<tila lake, the most 
southerly b ~ ~ i l t l i n g  in Cantonments ( 1910 ) T l ~ r  floor of' the pcndulum rcom was connected 

BI\I. I I 
1)y spirit levelling wit11 thc G T.S .  8TL7 of Line No. 88 (Thaxi to Prome aod Raugoon). 

Mandalay. 
Latitude ... 21° 59' 43" 
Lougitude ... '36' 6' 28" 
I-Icigh t . . . 24.14 feet. 

The pendulnms mcre swung in the old Magazine it1 the N.E. portion of t h r  fort. I t  is 
about 15 yards from the south bank of' the  canal nl~icl i ,  running E.W., enters thc  for t  a t  the  
most northerly gate on the east front and 'about 70-4 yards from this gat,e. It is now (1910) 
about to  be dismantled. 'l'he floor of the  per~dnllrm room was connected by spirit levelling with 

BBI.55 G.T.S. of Line No. 87 (Elephant Point  to  Myitliyina). 

Maymyo. 
Lati tude ... 22' 1' 13" 
Longitude .. . 96' 28' 24" 
Height ... 34.95 feet. 

The pendulums were swung in one of the central rooms on the ground floor of the  
building occupied (in 1911) as oflice by No.  10 Party, Survey of India  and which is opposite 
t o  the Forest offices. l'he floor of the  pendulum room was connected by spirit levelling with 
rail level opposite the  Booking office a t  Maymyo Railway station. 

Mogok. 
Latitude ... 2 2 O  54' 51" 
Longitude ... 96' 29' 51" 
Height ... 3685 feet. 

T l ~ c  p c n d ~ ~ l i ~ r n s  mere s w u i ~ g  in onc of tllr  reutral rooms of the gronnrl floor oE a stone 
built house, helonging t o  Maung Sah Gelay, 111 the new bdxi i . .  This house stands on the  right 
hank of the small stream, which flows through the hcircir, and close to the wooden ])ridge. The  
height was taken from the 4-iuch l'orest map. 

Myingyan. 
Ltttitntle .. . 21' 28' 66" 
LongitutLe ... 95' 23' 60" 
Height . . .  2-18 feet. 

Tl~c: pcndaluma wwc S I Y I I I I ~  in t l ~ c  old Alngazinc situated about I mile K.N.E.  of the 
kocRnRri ancl rather less t l ~ a u  2 milc N.E. of the Land Records ofice. The floor of the 
pendulum room mas counccted hy spirit Icvclling wit11 rail level opposite thc  Station 3IasterPs 
office, Myingyan ltailmag statiou. 
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With four exceptions good observing rooms were available at  all the stations. The 
exceptions were Bassein, Toungoo, Prome and Meiktila where the control of the temperature 
was difficult. 

Table I gives the results of the determinations of flexure at each station, the means 
before and after work, and the value adopted in reducing the time of vibration being shown. 

I 
Ytn(ion / Date i 'ln'I 

work 

- - - -. 

U e l ~ r n  D ~ I I  October l i t 1 1  
,, 3 r d  - 3s - 34 

-3L 

- :;s J11)pok ... 1 .\ln1.c11 131. - 4 2 , ~  

I .. st11 41.; - 42  

- .;\ I 
~ i i  I I I - , : , : . h  

I ,. 231.~1 3.3.3 - 3.1. 
1911 

I 
TI)IIIIZIIII ... J R U I I R ~ ~  h d  - 4 2 .  ; I .. i l l l '  J 2 . q  - 43 1 , 221111 j f l  ,< -21; 

i I ( I 

r 7 llre time observntions were m:~tle ~ I I I ~ O I I ~ ~ I ~ I I ~ .  h!. >TI.. ~ I ; L I I I I ~ ~ ~ I I  1)ra~ic l .  'l'llr 1). c .  of t l~c  
In r an  value of a clock rate was  + 0 . 0 1 : !  scc. ;111(l that  of single val11t: +0.0-18 sec. 
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Table I1.-Details of the Obse~uations. 

171.h 
Oct. 
1910 
Night. 

IHt,h 
O'.I.. 
Illly 

- 
31ra11 of Dny nnd h'ieht 

.? 
-2 

2 - 
Observed 
Time of 

~ i h ~ ~ t , ~ ~ ~  

-- 

Correctiol~ on nccollnt of 

? - I Heduoed 
i a o T I I I I ~  of 

= 2 3 ,  Vibration 

- 5 F 0 P * X 

E 
- - 0  

- 9 

0, 

Mean of Dny and Night 0 . 5 0 7 2 4 9 '  
. I 

- --- 

= 
2 l'enlpernture 

DII J 

59.34'4.34 
~ 6 3 2 . 6 5 0  

, 3 . & . 1 2 ~  
33,685 

+ 18'22 
18.22 

b 1 R . 2 2  

18.22 

l8tii 
O c t .  

Vl)!llt 

191.h 
Oct. 

Dehra Dun. 

- 

l9t.h 
Oet. 

Nlellt 

20t,b 
Oct,. 

I - m ' I  -I . _ a 

140 
138 

1.79 
1.37 

18 
1 0  

19 
18 

19 
2 1  

20 

19 

C u 

19 
19 

18 
17 

2 2  

2.3 

1 1  I 

1 1  55 

140 
1.38 
1.39 
7 

140 
1.78 
1.39 
1.4; 

c; 

5 :  
2:  ' z -  ? c 

= - E o  
m 

0.5072493 

0 .507249:  

0.507259~ 

Afpnn ... 
Menn of Day and h'ipht. ... 

- 

2 
- 
3 

24.11 
24.20 

2.3.48 
23.61 

- 1070 
roio 

-1o;o 
1070  

2.3'92 
24.0.3 
24.12 
24.17 

2.3'49 
2.3.54 
2.3.66 
25.74 

2.3 15 34 4401+1'3..79 
0 1.3Lz:b(lo 1 8 . i ~  

D l l ~  

6j 
; L  

Z L  

'2  1 

- 1 0  

10 

- 9 
8 

+ 0  09 0 '340 
o . o ( ) / o : I ~ o  
0.09;0.840 
0.09lo.840 

+0.1010.845 
0 . 1 0 ' 0  644 
0 . 1 0 1 0 ~ 8 ~ 4  
0.1010.842 

21st 

z 
Z "  

0.840 
0.8.39 

0'844 
0.844 

- 11811 -509 
11861 480 

0.5077659 
o.ioij7.30 
0.50;4401 
0.5075.771 

0.50:.3657 
o.507;;.31 
o~o j4 .388  
0.507636.7 

18.39 
18.39 

+ 18'.34 
18'.19 
18.39 
18.39 

I 1 1  

2 

1 1  1 2  

1 2  

1.3 
14 I 

Oct. 
Night 

22od 
Oct. 
D n ~  

163.~'657 

J c 
$ 2  
8 2  

o.,<o;,367.3 
0.;077;61 

0'5074.351 
0.5075.3.36 

-381 o.507oR65 

-1151 
I 157 

34.102 
(1,;.3'h;o 

34.441 
12.12'66.3 
834.1'38 

33 672 

l.37 
20.34'091 
25.32'64.3 
16.34'417 

6 
17.34'1oR 
'..72'*~6 

.3R 

-38 
38 

-511 
301 

0'5070852 
0.50749;~ 
0.5071s83 
o . . r ,o7~ .~6~  

' o  5072487 

0.5070867 
o.;oi4966 
a .50i ls90 
0'5072573 

9-1112 
I 1 7 ;  
! IS?  
1184 

-1151 
115.7 

;:;; 

-1079 
1079 
1079 
1059 

- 1079 
1079 

2.3 

I 4 0  

l,79 
1.18 
1 4 0  

1.37 
139 
1.38 

0 5074977 

O'.S0;1,~72 
0.5072,iha 

- 
10 

10 

9 

- 10 

1 2  

0 

1 

2 

I 
1 2  

1.3 

+ 18.82 

# o m  I I  

1079 to 

-.;09 1-38 
480 38 

2.3'54/+0'0; 19 
18.82 
18.82 
18.82 

+ 1 8 8  
18.82 
18.82 

509 
499 

bfeen 

-512 
483 
511 
500 

14 

13.641 0 .0 ;  

Z j . ' j l ;  0.07 
2.3.74i 0.0; 

8 + 0 ~  
2.7'03: 0.17 
2.3.1. 0.1; 

19 
20 
19 

1 8  
19 
10 

hlesn ... 
Mean of Day sad N i g h t  ... 

38 
$ 3  

... 
- 3 8  

38 
18 
38 

16.34.4.13 

O-jO724o9 

0 .507250;  

18.82 

0'843 

19 1 13-34 0 . 1 ;  

0.84.3 
0.84.3 
0.84.1 

0 8  
0,845 
0 '84s 

-10-1153 

0.843 

-501 1-.78 O'So7s.ir)rj 

.?R 0.;0;49~0 

0'5072515 

- l l O , ;  

0 .507~426 
o.50;7778 
o . ~ o ; j ? ~ o  

0'50;$.741 
0.5074387 
olo;77.$6 

lo 

1 0  

11 

lo  

- 9 
lo  
1 1  

1105 
1105 
1105 

-1105 
IIO.< 
1105 

0.50;3673 1144 

1158 
1162 
116.7 

- 1 l z 1  

1128 
11.36 

1105 
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Toble 11.-Betni ls  of the Obsevvutions- ( Continued). 

I 

o I 
r. 

- -- - 

Obsorved 
'rime of 

V I ~ ~ I I L I O ~  

Correction 011 ~ ~ c c o u ~ ~ t ,  of 
- - 

E' B e d ~ ~ c e d  
;j o 'l'ln~e of 
I :: a ,  3 vibrntion 
s 
u 4 ' 4  E 
5 $ 6  G + 

Rangoon 

1.37 
1.19 
1.38 

xi(.l~l, 140 

I I9l.h, 137 
~ 0 v . i  1.39 
Day ' 1.38 

1 "lo 

0 . 5 0 ; ~ ~ ~ ~  
oS5oi3156 
0 ~ 0 7 6 ~ "  
o';oj2421 

O'SOi40ji 

o . j o i J I ~ 3 4  
o./oih/oC 
0'50;2418 

b1eu11 ... 
Mean of Doy nnd h' igl~t  ... 

- 

0'50;40.39 
0.5074048 

~~ . .. -.- 

Ir m 

2.3 
o 
I 

2 2 

II 

1 2  

1.3 

0 0 I s 

li.3.3.il.3 
10.3+'144 
91z~61in 

34.480 

1933,744 
l . z ~ . l i o  
W 2 . 7 1 9  
334'4Yf' 

0.;0752;1 
~ ; o i 4 3 0 9  
0'50ii643 
0./07.7jj2 
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0.5074051 

724 lo 1 2 1 2 .  S l j  
7 2 d  9 12.3; 546 

23 
0 

1 
2 

1 1  

25.12 
25.1.3 

2034'4;6 
1432.69. 
10.14'142 
5.33'71i 
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0 .01  
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0.50ii66.3 
0.~0;432.3 
0 .~073276  

o.jo;,?;,,r, 
11.95 If )  

11,951 18 
14 171.73'71; 

12.34 
1241 
1145 

0 ' 1 1  

0.11 

2j.41 

O.SO;;~IZO 

o.soi4a93 
0.5075263 11'1)51 1 7  0 1 1  

+ 701 
7 0 1  
701 
701 

+ 701 

- 9 
10 

9 
8 

- 9 
701 
701 
701 

10 

9 
8 



,: 

< 
C;J 

2 " 
6 

Rrtl uccrl 
"iinie of 

Vibr~~iion 

Obarrrrd 
'l'i~vwof 

Vihlul~on 

- 

0 

Prome. 

r c F " 
u 
aL 

% 
c , f a  ? - = 

o= k e z-  - 
o 52 rn 2 g  = u  2 

- e. 

c 
t Teniprrnture Corl.ection 0 1 1  s r r u u ~ ~ l  or 

0.899 
0.899 
0,898 
0.890 

0 ' 9 I l  
0 - 9 1 1  
0.910 
o 908 

24th 
SOP.  
ln lo 

Sight 

29th 
Nov. 
D I I ~  

G 

h m i  s 
o ;i1z3.672 
I 48Ii4.09; 
2 16;.3~,ui.3 
3 0 ,  

! 
13 013.3.753 
13 55;34'178 
14 ;41,12.j2.3 
1.5 8 .  

1.37 
139 
1.38 
1 4 0  

1.37 
1.39 
1.38 
4 0  

= I 

.+ 

2 O 

e 

a 
2 = 
3 

- o 
0 

d ~ o ; 5 ~ 3 6 6  
0.5074419 
0.50;;7;i 
0.~07.36iz 

0 50j5182 
0.50742.32 
0.5077583 
O'jOj.35.3j 

0 '5072n7  
0'5076,~.3.~ 
0'5072949 
0'507.z923 

o.;o;.38;; 

0'.50f2189 
0 .$0 jh . i~2  
0'50i2().30 
0'.5073906 

0'.5073R3; 

0.5073846 

0'50739~4 
0'50i2l)h2 
0,5576,339 
O'.i072215 

0.5073865 

0.507.z1)01 
0'50j2942 
0~ .~0 ;6 .zz~  
0 . ~ o i 2 2 1 0  

o . ~ o f . ~ 8 ~ 4  

0.5073854 

0.50i2205 
o .~0 ;6 ,3 j l  
0.5072964 
0.5073922 

0'507.~856 

0 . ~ 0 7 2 1 9 , ~  
0 5 0 7 6 3 6  
0.5072947 
0.50;.3915 

0.5073843 

0.5073849 

i. 

+ 

2 
& . Q b  - - 

0 - 

+ 

M e a n  ... o'goi.3851 

+ 

- 

- 7.39 
7.30 
7.39 
7.39 

-545 
514 
545 
535 

Mean 

-554 
522 
552 
$41 

291.11 
Nov. 
i\'i&!ht 

30t,ll 
~ ' o v .  
Day 

-41 
4 1  

41 
41 

... 
-41 

41 
41 
41 

BIet~n ... 

1le11n of DAY R I I ~  Wight ... 

I40 
1.78 
1.39 
13; 

1 4 0  

1.38 
139 

.I37 
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0.21 

18  
zo 
20 

26.11 
26.12 
26.13 
26.0; 

22.13 
22.29 
22'50 
22.75 

- ; . I S  

7.15 
7.1;  
7'15 

- 7.15 
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Il'nble 11.-Details of the Obs~routione- ( Cowtinued). 
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Ikc  1.79 .q 91.3~.lo.31 1 0 . ~ 4  19 26.7.; 
1910 

Uorl.rction 011 nccount of 

l 0 . ~ 0 2  o 5oj;ORo + 601 -516 -38 o~50j6;00 1 0  900 0,50;.3jqR U O I  54; 38 o.j0;238i 

a 
2 
C 

2 r ,  - 
I 0  G' 

: 

0.5074013 

0'j0;23;6 
0. ;0j6~97 
0.5073,10 
0..5074106 

0 .50 i402~  

0.5072351 
0 .5o j6~7z  
o.j0;.3106 
0.5oi4084 

0.5074003 

0.5074013 

0.5074096 
O , ~ O ; , ~ I I ~  

0 .~076 jq3  
0.50;2.3;3 
0.5074020 

oso7ro i7  
O . ~ O ; . ~ I I Z  

o 5076481 
0.5072352 
0.5074001 

0.5074010 

0.50;2,7go 
o so;6j16 
O . ; O ; , ~ I Z ~  

0 . 5 0 i ~ o i 8  

0.5074027 

o.sojz.771 
0,50;648z 
o.;o;glo2 
0 5074055 

o -  jo74oo.q 

0.6074015 

Yen11 of Dnp nnd Nigl~t ... 

I l h l ~  
Der 
xipht 

12111 
I)ec 
1)n.v 

D - = 
$ 
2. 
E &  

,?.? 
F 4 . Z  

140 
138 
139 
1.77 

I40 
1.38 
1.79 
1.3; 

a . 
Mean of Dng ond Kigllt ... 

a 

E 

- 9.671 19 
9 19 
9.671 19 
9.6i j  18 

I - 9'67! 19 
9.6;l 19 
9 . 6 7 ' 1 9  
9.6;1 18  

2 10l.~4.42j 
3 :l.3z.6~.< 
3 gqj4.09.7 
4 5.7133.654 

I 

Der 
Night 

13th 
D e  
I 

14 1 2  

~j 
15 
16 

26.29 
6 
26..34 
26.35 

24.86 
24.R9 
24.96 
2 5 -  I I 

34.469 
6.72.680 

59.34.~.3 
523.3.690 

I z 1 2  

1.39 1 3 4 
138 4 o 
I 1 4 2 

13; 14 1.3 
I 15 9 
1 . 8  i 6 8 

Mean ... 
Menn o f  Day and Night ... 

-- -- 

+ 0.021 0.894 
0.011 0 896 
o.oz! o.Rgh 
o o o R 6  

+o.oz10.907 

18 
19 
1 9  
19 

17 

o.:,oj54oR 
o.i0;44.+.; 
o 5oj;;')o 
O O O O  

o ~ o j 5 ~ ; ~  
o.jo;r)37 
o ~ s o ~ i 6 j h  
0.5073580 

-.38 
,38 
.?A 
38 

... 
-.3R 

,3R 
.3R 
.qR 

0'.<0i.3686 
O O ;  

O'jOj4422 
0.50j5406 

0.5oj.3596 
0.5077688 
o 5074.356 
0.50;.;.32; 

+ O  0 2  

0.02 
0.02 

+ c . o ~  
o.cg 

0.09 

26.53 
26 j j  
26.5; 
6 

24.41 

j.3.653 
,34.082 
.32.638 
I 

; . ~ . ; I J  
341.71 
6 

9'69 
9.69 
9.69 
9.69: 

9.69 
9.69 
9-69 
9 .69  

0.894 
0 0 2 0 8 9 3  

0.89.3 
0 893 

0.90.; 
0.902 

0 '09c .902  
0.899 

18 
19 

+ 566 
6 
56h 
j66 

+ 566 
566 
166 
566 

- 9'65 
9.05 
9.65 
9 

- 9.65 
9.6: 
9 6 5  

140 1 17 2!134.4ii 

Men11 ... 
Mean of Day and Night .,. 

,J..~R, o ~ o 2 1 0 ~ ~ 0 6  
24..39 o ~ o ~ / o 9 o S  

9.65 

-.78 
J R  
.qR 
.?A 
... 

-.7R 
.38 
.18 
38 

-542 
511 
541 
0 

Mean 

- j 4 j  
j 1 6  
547 
5.34 

+ 5681- 10 - 1288 
i h ~ i  

101 
12.0 

568 lo 1291 

18 1 24.461 o 0 ~ ~ 0 . 9 0 4  

- 9 
10 

lo 
I O  

- 8 
9 

lo  
9 

0,507.3667 
ojo77;6.3 
O ~ O ~ ~ J O O  

O'jOj5.340 

o.goj3550 
0.5077626 
0.50;42;s 
0 . 5 ~ 7 j 1 1 7  

+ 
569 
569 
569 

+ 569 
569 
569 
569 

19 
19  
18 
1 7  

19 
19 
19 
17 

568 9 

+ 568 - 10 

5 6 ~ 1  lo 
5681 lo 
5681 9 

1zj.3 
1252 
1250 

-1149 
1144 
1143 
1146 

569-10-1~5,3 
10 
9 
8 

-10  

lo  
lo 
8 

1 2 0 1  

- 1218 
1220 
122.3 
12.30 

-545 
: IS  
545 
5.35 

Meall 

-551 
521 
5.51 
5.79 

2 ; '~7-o 'oz lo .goo  
25.i81 0.011 0 9 0 0  

25.551 O ~ O ~ ! O ~ ~ O O  

25-51' 0.02:0'900 

-38 
.38 
.qR 
~8 
... 

-18 
38 
.38 
3R 

- 1.3001 -531 
1 . 0  54.3 
1.7021 51.3 
1.302 54.3 

2.3.44 
2.3.35 
2.3..7.3 
z.1..39 

-1196 

- 0 - 0 1  0.910 
o . o l o . 9 1 0  
o.o2,0.910 
0.01lo.908 

Metm 

-5.39 
119: 349 
1 1 q 5  518 
1199 548 



CnAP. V.] SEASON, 1910-11. 77 

Table 11.-Details of tk.e Olrsevautions-( Co~ztinued). 
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-5.38 1-50 
550 1 >O 

519 i ;o 
550 j 0  

Net111 ... 
4 1-50 

554 I 30 
52.3 ) 50 
55~3 1 50 

1 0  

I I 

0 

- 1) 
10 

I 

1 0  

1\1(.1111 I > ( .  I )ny  R I I ~  Nigl l l .  

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

, / ~\~L'HII . . 0.30;4031 

0'50;4100 
0.50;314,q 
o.,;o;6,;1 I 

O-C,0;2404 

O'SOi4040 

0,;0;40;q 
O . ~ O ; , ~ J ~ ,  

o . , : o ; h ~ ~ ~  
o ,;o;2.;W2 

1211 
120;  

2 

-1093 
1100 

1109 
I l l 8  

Menn ... 
>lcvin of  Dny and S i ~ l i t  ... 

o.50;401u 

0.5074025 



78 PESDUI,UM OPERATIONS. [cnar. v. 

l'able 11,-D~tails of the Obuevvatz'ons-(Cot? t imed) .  

2 'I'e~l~pel.nt 111.e ,? 
? -- 4. 

- a - E CL ;; * 5 a 
u. r =  5 ' h I .f i a 

a l a -  " 
-- I 

Observed 
Timaof 
0ibrnlio11 

Reduced 
Time of 

vibration 

Corrrctiu~~ on ucrounl of 
-- .. - -- 

Toungoo. 

i 
Z 

g 
0 

B 

e - S 

" 

- 1094 
1090 

- 924 
942 

h m  s 0 

0'912 
0 ' 9 l a  

0,925 
0'9Z1 

- 
c 

5.k .;* 
c 

!3 

-gqz 
55.3 

-529 
j58 

0.5073014 

O . ; O ~ Z I R O  
0.5076116 
0 . 5 o j z ~ 1 0  
0.5073871 

0.5073822 

o ~ l ; o j z 1 ~ 8  
o 5076301 
O . ~ O ; Z O ~ ~  

0.5073869 

0.507.3Roj 

0.5073015 

DRY 

J n n .  / 1.39 
1911 4 

~ i g b t '  

blzl~n of Duy and Night ... 

p 
i 
E 
6 

s 
o.so7;a.s~ 
0..;0;429? 

0.5077449 
0'507.3399 

! 

4 

I,; 
16 

3rd 
J u n  

-43 
43 

-43 
4.3 

1.38 
140 

3rd 1 140 
J I I ~ . ,  1.38 
Niglll, 1.39 

3 
I 

4tll ( l 3 i  4 4 13,686 - 5.03 15 23'3.3 -0 '  I . ?  0.911 o'50i53.34 + 29.5 8 - 1143 -541 43 0'50;.1894 
Jan.  139 4 57 34.009 5.0.3 19 2.3.29 0.1.3 0 . 0 1 1  0'50;4407 I 552 I - 4 ;  0 . ~ 0 i z q j 6  
xiaht 138 j ,32.66; 5.03 19 23.16 0 .13  O . I ) I I  o . . io i j7~4  zgj/ lo 11.3; 521 43 o.;o76310 

140 6 45 34.458 5'03 19 22'99 0 .1 .3  0.91.7 o..io;.+zo lo 11a7 553 43 0'50;a182 

M e  . o~5oi.~R.16 

n 1.38 1; I s.0.4 20 21.09 0.5; 0.91: o.s0;7j96 1 1  10.3.4 523 4.3 0.;076~81 

a 

0.507.389~ 
0.5072922 

0.50;6269 
0.50jztj2 

+ 326 
326 

+ 326 
326 

I O , ~ ~ . I ; I  

10.32 779 
; 3 ~ ' ; 6 1  

38.44.460 
11.664 

2834.131 
6'3.33.710 

3 
4 35 
5 

- 10 

lo 

- 1 0  

l o  

o . ;o~~; ' ) J  

0.5073015 
-. 

O ' ~ O ; Z I ; Z  

0 .50;6qz 
O . ~ O ~ Z I ) I . ~  
0.50;38;6 

o .go ; jR~ ,~  

O'f,0;2143 
0.5o;hz;l 
0.5072906 
0.50;,3884 

o.ge;.?Oo~ 

0.5073007 

Mrl~n ... 
M e a n  of D I I ~  nnd Night. ... 

5.56 

- 5'.;6 
j ' 5 6  

I 
4111 1 140 

Jan ' 1.38 
I)ny 1 1.79 

- 5.0.7 
5-03 
5.03 
5'0.3 

1,; 3434.i.56 
16 35(:32'7.44 
17 31'74.1;; 

19 

19 
11, 

- 5'0.7 
5.03 
5.0.3 

blenn ... 

Menn of Day a n d  Night ... 

6th 
J n n .  
Sipbt 

6th 
Jan .  
Day  

22.25 

18.86 
19.23 

-4.3 
4.3 
4.3 
4.3 

... 
-43 

43 
4.3 
43 

nIe~rn ... 
Men11 of Duy snd Hipl~t. ... 

-- - - - -p -- - -- -. - .. - 

-0.14 
0.14 
0.14 

1 9  
20 

19 
17 

- 1 1 2 ;  

I m 
1116 
1108 

I 13; 

0 .910 
0 9 1 1  
0.01.3 

0 ' 1 4 0 . 9 1 4  

--;;I 
j 2 1  

55.3 
54.1 

15 
19  
19 
I ;  

19 
19 
19 
1 7  

zj.34.448 
25.31.661 
20.34'111 
1.$~.3.6go 

.3.13~'.;.~6 
1931.;.31 
12.34.1M 
I 

I40 
138 
1.39 
1.3; 

I40 
1.38 
1.39 
1.37 

2.3'5.r'-0'10 

+0.6h 
0.66 
0.66 

342 1 43 

32.99 
z=.po 
22.77 
12'62 

w 
2 0  

19 

- 951 
9 7 2  

LOO; 

18 1(1':%.3'~42 5.0.3 

0.924 
0.gao 
0 .916  

-43 
4.3 
4.3 
J,( 

Menn  

-500 
5 z f 1  
3 ;  

0.909 
o . l o o . 9 0 9  

0.009 
0 .910  

0.910 
0.91; 
0.916 
0.91' 

- 4.82 
4.82 
j.Rz 
4.81 

- 4.81 
4 .81  
4.82 
4'82 

.3 
4 
; 
6 

1.5 
16 
f i  
8 

1.3'51 
2.3.41 
13'2; 

20.01 

0.66 

19.41 
19.83 
20.50 

1; 1038 0.912 

... 
-45 

4.3 
43 

0 . 1 0  

0 . 1 0  

f 0 . 5 6  

21.19 

- 1 0  

I I 

10 

8 

0.5073616 + 395 
0.507jjzU 1 30; 

o..io;.364.4 
o . ~ o ; i i 3 4  
0.;0;4.381 
o . ;o ; j ,~ r j  

o'507.34;2 
0.50775hj 
o.soi4255 
oS50;5148 

zo..qp 0 '56 
90.90 0.56 
11.51 0.56 

- 1 0  

1 I 

10 

0.507.ifOi I 295 

o.soi43.zj 
0'507;2;8 

0.50;.340j 
0.5O;i;5R 

8 

20; 

295 

+ 205 
20.5 

0.50j4340 z9j  

-11.54; -551 
1152, 520 
I 14;; 551 
I I J O ~  541 

Meno 

- 981 -558 
999 525 

1 0 2 4  55; 
10551 542 

+ 283 
283 
28.3 
28.3 

+ 283 
283 
28.3 
183 

- 6 
L O  

10 

8 

- 1 0  

10 

10 

8 
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Zblrle 11.-Uctai ls  q j  the 0bserc;ut io~~s-  (Coqrlir~ued I .  

Col.reclio11 011 urroulll or 

- . . -. . - . . -- 
Reduced 
Titlln 01 

O 

Ol,se~.red 
Tillle 01 

Vib~.aI.iun 3 

T o u n g o o - ( r t 1 1 1 l ( 1 . )  

.- 

: 
z 

I 

" - 
= 

.: 
4 - 
W. - 

.,; 

j 

; ; :  : I  
'I'elnpwuI.~ll" 

E & 
= 5 

0.908 
o .qog 

0.922 
0 .91R 

.'~o;l191 
oA;o;6r~)q 

0.5oirN;; 
0~50;.{862 

Mron of Day l ~ n d  Niullt ... 
- - .- -. - - .. .. -- - ~ - -- .-. ... . .. ... - -. . -. - - 

- 5 0  
2 0  

- 5 5 ~ )  
4 5  

, a 8 . -  
C & , 8 g  

:a 

0.5073807 
pp . 

- 4 ,  
4.3 

-4.7 
4.; 

1: 

ro  

19 
1 8  

52 
2;  0 

s 
.34'.I2,) 

58,32'h51 

1 3 4 . 1 0 9 -  
5733 '756 

h in 
4 3 
4 

16 
16 

0 1  o 

2.3.i.51 
2.3 6; 

19 '84  
2 0 . 2 1  

Ilh 
Jan. 
Nlgl~t. 

7th 
dnu 
T)ay 

- I +- ' 

0';0;.3681 
o.;o;;;5; 

o . , < J ; ~ I R ;  
0.50;51;.3 

- ; 7 1  
4 ' 7 1  

4 7 1  
4 ; I  

140 
138 

139 
1.3; 

Pyinmana. 

+ 276 
z;h 

+ 276 
~ i h  

- 6 4  
" ( -1160 

- 10 

9 
- 072 

990 

-5.3.3 
544 
I 

544 

M e r n  

-5.38 
548 
5 1  
547 

osso;5.3jo 
0.50;4.391 
o ' jo77736 
o 507366; 

0.50i5zj.q 
o . jo ; j ,31z  
0.507jh;o 
0'50;:,5i),3 

n~~~~~~ ... 
hlent~  of J)ay nnrl Ki.111 ... 

. .- 

0.50;3;;.: 

0.5073769 
~ . - . ~  .. 

-34  
34 
.34 

... 

-34  
34 
34 
34 

1~1.111 1 15; O ~ ' ~ ~ ; , ~ H ~ ~  
o soi-.RhO 
o'so;62.36 
0';0721:,; 

0'.;07.3;6.; 

0.;0i38zh 
o 5o;zH;O 
o ,;0;62;,; 
0';0:21,3; 

+ 2.35 
2.3: 
2 . 5  
2.5 

+ 2.75 
2;s 

2.3; 
235 

H m '  
,I 50 
4 4,; 
5 
6 

15  
16 
1 7  
1 8  

Jnn. 
1911 
Nigl~l 

15t,l1 
J a n .  
l ) i ~ y  

+ oO.08 
0 .08  
0 . 0 8  
0 .08  

+ O . Z I  
0 . 2 1  
0 . 2 1  

0 ' 2 1  

2.3 80 
23'91 
24.03 
24.02 

21 .87  
22.0; 

2 2 . 2 ;  

22.49 

- 4.00  
4 . 0 0  
q oo  
4 .00  

- 4.00 
4 .00  
4 .00  
4 ' 0 0  

s 

,;,~.68; 
j4 .10;  

46.3l.600 
4534.43; 

50,33.;-.5 
4434.143 
q53z.hRR 
4.3.74'4iO 

1 . ~ 9  
1,3H 
140  

1.3; 
1.19 
1.38 
140 

0.89; 
0.89; 
0 - 8 9 8  
0.898 

0 .906 
0'905 
0.90q 
0.902 

- 1 0  

l o  
I 

1 0  

- 8 
9 

10 

1 0  

s , o  
1 9  
ry 
19 
1 9  

I ;  
1 8  
1 9  
19 

0 ' ~ 0 ; 2 1 . ~ 0  

o.50;6241 
O.SO;~RRJ 
o .~o; .~R.<o 

0'50;.3;;6 

O . ~ O ; Z I I , ;  
o.so;Om; 
0.50;r860 
o ' ~ o ; . ~ H z I  

0'50i.liS.! 
0.5073765 

- I 166 
1 1 ; 2  

I 

1177 

- 1 0 ; ~  

1080 
1091 
1 1 0 2  

Mean ... 

hlenn o f  I)ny  rod h'ight. .. 

o.50;36;8 
0507;;6.3 
0.50;4436 
o .goi5391 

o.50;.~60; 
0~5077681 
o.5o;qjOo 
0 . 5 0 i ~ 3 1 6  

+ 225 
225 
223 
225 

+ 22,< 

22; 
225 
225 

15111 
.Irn.  

Nlylll 

I(;t,ll 
d n n .  
I)ay 

140 
138 
1 . ~ 9  
1.3: 

140 
1.78 
1 ~ 9  
13; 

-34 
34 
34 
34 

. 
-34 

.?4 
j j  

3.1 

0'89.5 
0'8.4 

o o z o . R y 5  
e . o t o . 8 9 5  

0.902 
0 .901 
0-001 

0 ,898 

- 10 

10 

9 
R 

- 1 0  

l o  
10 

9 

blenn ... 
htenn of l)ny and h'igllt ... 

0 . 5 0 ~ 4 0 6  
0.50f4462 
o.50;;;91 
O',iOj.3;26 

o . j o i 5 z c ) l  
o . s o ; ~ ~ ; z  
0.50;;;oj 
0.5073643 

+O'O2 
0 ' 0 2  

0 . 0 2  

+ o ' ~ h  
0 ' 1 6  
0 . 1 6  
0 .16  

lGI.11 
.Tnn, 
8 

lit.11 
Jan. 
J)ny 

+o'er 
0 . 0 2  

+ o . I ~  
0 . 1 4  
o .  1 4  
0 '14  

o . ~ o ; 3 ; 5 ;  

0'5073764 

o.R~).z 
0'89.3 

o . o l o ' R 9 2  
0.892 

o . q o o  
o.Rijg 
0.898 
0.898 

1.77 
1.39 

140 

1.3; 
1.39 
1.38 
140 

24'23 
24.32 
z 4 . j ~  
24..32 

22.9.3 
2.3.00 
2.1' I ;  

2.3.34 

.3 5.3!34.432'- .3'84 19 
1 s4i.3z.fq9~ .7841 19 

- I ~ R i l  -542 
1191/ 511 

0'50;,3Rj, 
0 ' 5 0 ; ~ 8 i ;  
0.50;bzjh 
o . . ; o j ~ l 4 0  

o . ~ o ; , ~ ; ; z  

o . ~ o ; . ~ R o ;  
0 '50 i2868 
0 .50;61~;  
0 . 5 0 j 2 1 ~ 8  

3 
4 55 
5 
6 

16  

+ 2 2 2  

2 2 2  

2 2 2  
2 2 2  

+ 2 2 2  

2 2 2  

2 2 2  

2 2 2  

5 4813~.oRh 
0 44'33.661 

1.5 54.34.460 
16  5z1.3z.6~j 
I ;  46\34, 1 2 0  

18 42,.73.694 

1 1 9 ~  
1 1 9 2  

- 1124 
11.30 
1135 

- 3 4  
34 
34 
34 

.. 

- . q j  
34 
34 
34 

- 3.;9 
3 .79  
3.71) 
3 ' 7 9  

- 3.79  
3 ' 7 9  
3 .79  
3';') 

593.3'654 
.34'074 

5332.63;  
45.34'409 

3 3 3 . 7 0 5  

- 9 
10 

10 

9 

- R 
1 0  

10 

9 

- 1 2 2 1  
1 2 2 2  

1223 
1224 

- 1129 
1 1 3 s  

542 
5.32 

1 

-54; 
515 
,446 

16 5; 14'115 
17 54!;2.6;4 
1 8  4 1 ' 3 4 . 4 4 ~  

-5.10 
541 
,510 
541 

b1r11n 

-5.35 
545 

11441 5.1.3 

3 . 8 4  1 8  
.3.84 I ;  

1 8  
9 
19 
18 

17 
1 9  
19  
1 8  

114.3 514 
1 1 ~ 0 1  544 

- 3 . 8 4  
3 .84  

24.92 
24.94 
24.95 
24.98 

2.3'04 
2.3.16 
23.32 
2.3'47 

1 9  
1 9  

.q.R.]/ 19  
3 ' 8 4  1 8  
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Table 11.- Details IIJ the Obseraations-(Continued). 

Cor~.ection on account of 1 
- 

Oharrvcd ?J - - Bed~~t.cd 
' ~ Y I I ~ c I ~  - ? c - t l ' in~c of 

.:.: 5 V~brut inn 
;-a 1 

9 1 
0 '  E d  

-. C --- -- - 
P y  i n m a n a - ( c o n t d . )  

0.892 
0.89: 
0.8c~2 

o ' o , i ! o ' ~ g 3  

p 

+o.o.: 
0.03 
0.0.; 

lilll 
.Inn. 
\ I ~ ~ I I  

( 1  
0'50;.372.; I +  2 1 1  - - 1225 

h l  el111 ... 
Jlrnn of 1)11y I L I I ~  S i c l l t  ... 

. - . - . - -  - - - -  - .  . - . 7 .  .- 

16111 
.It111 

1111.1 

-541 
510 
541 
5.30 

h l e u i ~  

-5,s 
51; 
(44 

O.~O;~ROI : 2 1  I 

0'50;4~;fi , 2 1 1  

0'5oi.i.lrl 2 1 1  

0'5073i52 

0 . 5 0 7 3 7 5 ~  
-. - _ -  

1229 
1229 
1229 

, h m  r r I , I  e l  
140 4 1.34.411 - 3 19 ' 24.09 
1.38 4 ; I  11) 

1318 : 5 52',:4.06; 19 
I I 6 ;  18 

i 

I s 
-.34i o~;oi2124 

o.(o;;.z;q I Z I I  8 

140 , 16 J - 6 
I I; I j 60 

Mei ktila. 

o .  5073662 

0 '5073663 

1 I I  . 0.,;073677 

2; 00 
:5'01) 
2,;.09 

34 
.34 
34 

,.. 
- 3  

34 
34 
.34 11601 3.3 

050;.;640 I +  2 1 1 1 -  
0.,;0;;718 1 10 
0 '50 i J~9 (1  I :::I 1 0  

I ' 2 ~ ~ ~ ~ 1 ~ + 0 ~ 1 . 1 , 0 ~ ~ 0 0  
11) 2.7'59 0 ~ 1 3 0 q o o  

&I~IIII ... 
J~PIIII ,of I)ny nncl Sir l l t .  ... 

0.507622~ 
0.50728;~ 
0 ' 5 0 7 3 8 ~ ~  

0 '  5073i64 

o~;0i2110 

0.50;6214 
o.joj~p,;; 
0 . 5 0 j j 8 ~ 6  

- I  152 
1156 
l l O 2  1,3t) , I; ; ] : 3 4 1 0 j  J 60 19 ( Il ;2/ O ' H o ' X O ;  

I I I 6 .;.ho! I; j z,:.HO 0.1.4 0.89; 

o .  ,:0;.3hq; 

0.5073661 
. .. . . - . . - - . . - -- - . - - . . . - - - . - - - - --- - - - . - - - - - -. - .. - -. - -. - 

2;1l1 j 1.17 i 4 l j .q .q ' f~z( j -  t.hhl IR ; z.;.q;i-o.ot~ o 8Ho 
I .  : , , 4 0 4  I z5..38i o.ot,i 
\ I 1111  1.18 , 6 I 1 I f 0 3 0 0 0 8 8  

Alenu ... / o.;o;36qj 

3lrsn o f  I)ag rind S i p I ~ t  ... 1 0.5073653 

0,5o;,;q;1 9; 
O ( O ; ~ ; O ~  I +  9i 
0 0 ;  1 9; 
o,,<o;j;hi g; 

I 
0 ; 1 1.06, 1,) / Z ~ . Z ; I  o oh 

I I 
i ! I  ( 

1 :  
26th:  I,,; , I I 0 -  I I , 2 0 ; ;  4 

0 . 8 ~ 0  

0 9  

- g8-124;l -.;2.3 -.35 
5,q2 1 .35 

I I I 502 45 
101 l 1 . 1 ~ ~  .i.l.: 1 .3; 

! 

1 / Menn 1 . 

Jan 1 1.19 ' I; a ( ) 4 1 6 1 l  1 - 6 6  19 I 21.14, 0.47 0 8 q r  
1.11 11 2 1  11 ;a. I o I I 

I I . 1 4 . 1  l .hbI  19 , a a  OJ 0 ~ 4 ; ~ o ~ R R g  

o.;oidij4 
0.5072;84 
0 ;0;61,11 
o 507204~ 

o,;oj.~6Ro 

O~O;~ .O IJ  I +  1-10181 - I-.:! I 

O.SO;~I;I Y ~ I - I : ~  10.36' 
O '~Oj j71.1  
0 5071;4(1 

o : o  Q;, I I  10;;I 1 1 0  1 :q3 o.30;610? 
o.,<o;,a;91 1 g;1 10, IGRO 9 .{;/ o ~ ~ o j 2 0 2 , ;  
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Table 11.-Details of the Obse~wations-(Contirtzled). 

Reduced 
Time of 

Vibration 

I 

- 

Correction on account of 

Time of la 

.; Vihrfition 

0 

8 

Meiktila-(contd.) 

$! 
4 

U 

- ' 
I 2 2 . 5  

z-4 
s % E ;  

c, 

2tit.h 
JIIII.  
Night 

27th 
Sun. 
1)11y 

2 
w 

C 

0.5072053 
0 . 5 0 7 6 1 ~ ~ ~  
0.5072~66 
0'507.3714 

o.jo7.3664 

0'5072000 
o . j o 7 6 0 ~ ~  
O'j0/2750 
0'5073;07 

Menn ... 
Mean of Day and Night ... 

.- ~ - -- .- - 

o.jo736.39 

0.5073652 
-- --- 

-10 
10 
lo  
8 

-10 
11 

10 

9 

-35 
-35 
35 
35 

... 
-35 

35 
35 
35 

-1236 
1228 
1217 
120.3 

-1002 
1 0 2 2  

1045 
I O ; ~  

+ 1 1 2  

1 1 2  

1 1 2  

1 1 2  

+ 1 1 2  

1 1 2  

1 1 2  

" 2  

-5.33 
504 
5.34 
52 j  

Moan 

- j J O  

510 
539 
j26 

, 
19 
19 
19 
1: 

19 
20  

19 
18 

140 
138 
1.39 
13; 

140 
138 
1.39 
I 

s 

37.34.396 
.32.32.6.38 

62534 .080  
1933.669 

34.525 
3532.7.31 
2834.163 
; 

/ b i n  

4 
5 

7 

16 37 
17 
18 
1 

M a n d a l a ~ .  

,S 

- 1.91 
1-91 
1.91 
1.91 

- 1.91 
1.91 
1 . 9 1  
1.91 

o 
25." 
25.06 
24.84 
24.55 

20.45 
20.85 
21'3.3 
21.94, 

0.880 
0.881 

0'25o.RB2 
0.88.~ 

0'894 
0.891 
0.889 
0.886 

-0.25 
0.25 

0.25 

+ 0 ' j j  

0.55 
O'Sj 
0.55 

6 

0'50;~755 
o . s o ; ~ ~ ~ R  
O'jOj44jO 
0'50;5.173 

0'50;.34;5 
0';0;7565 
0 . 5 0 i ~ 2 6 7  
0 . 5 0 7 5 ~ 0  

of.<oj53hj 
o . ~ o j ~ . 1 2 ;  
0'50;;;92 
0.,<O;.ljOj 

0.50j5.352 
0'50;4427 
0'5077;86 
0.5073696 

s 

3 . ~ 6 7 2  
, 4 0 1  

6.3; 
75334 '4 ln  

6.3 678 
j.34'091 
432 6.39 

34'424 

htII 
5 7 
(1 

0 j8.32 

I ;  1 4  
18 
19  
19 ,;; 

1 

1:1II 
Nlglll 

I 

I 

1.38 
140 

O . S O ; . Z ~ O ~  

0.5073410 
- 

o. joj1768 
o 507,;897 
0.5072501 
o ,<07.3(54 

0'5Oi.340.; 

1 7 8 1  
O . / O : ~ U ~ S  
0'5072511 
0'50;.34;5 

0'.;0;.34l6 

-34) 0 ~ ~ 0 ~ ~ ~ 6 2  

blenn ... 
J l r ~ ~ n  of Dny and Nigbt  ... 

~. .- .- . - -- ----.p---pp..ppp 

i :i1.11 1.37 
Pel!. 1.39 
1)ny 138 

140 

34 
-34 
.34 

... 
-34 

j4 
34 
54 

+ 0'1)08 - 2 3 ;  
2.3; 
2.3; 
2.37 

- 2.3; 
23; 
2.1; 

2.3; 

0'5072511 
0 ' 5 o j ~ 9 0 1  
O',iOjljR.3 

0'50i.3414 

0.,;0;,34~8 
o.soj2510 
0 .50 ; snq~  
o .~o ; I ; ;o  

+ 4.04 
4'04 
4'04 
4'04 

3rd 140 / , 
licL I 1.38 , 6 ' 
N~slll 139 7 

1.37 , 8 2 

L h  4 0  7 

Neau OF I h y  nntl Niyht. ... ( 0.5073411 
~ ~ 

-108.3 
1085 
1091 
IOy4 

- 1084 
1085 
1090 
1094 

- 1 0  

1 0  

1 0  

1) 

- 8 
I 0  

10  

1 0  

Nenn ... 

1934  )1,l1+ .3'98 19 / 21.48 
14.32.6.75, , ~ . I ] H ,  19 1 z z . ~ ;  
8.34.0R.51 ,;.rl8 111 22.71 

3.3 . I *  4 
I 

I ,  + 3. 2261  

4111 
Feh. 

' i i l l ~ t  

-5.39 
550 
519 
550 

nlcnn 

-541 
551 
521 
551 

I ;  

19 
19 
1 9  

-34 
34 
34 
14 

-.. 
-.?I 

34 
.(J 

34 

+0 '11 ,0 '905  
0 ~ 1 1 ' 0 ~ g 0 4  
o ' l l lo ' l lo4  
0 1 ,  0 . 0 4  

+ 0 0 0 9 1 0  
0 0 6 ~ 0 . 0 1 0  
0 ' 0 ~ ~ 0 ' ~ ~ 0 9  
Q'o(~'o'I)o() 

r.1. ! 138 ; 18  19,,32 6,311 2204  
1 I I 1 1 0 ; 8  2 2 . 7 1  1 1 1 0 5 I 22.74 

1.37 
1.19 
1.38 
140 

2 2 . 1 2  

2 2 . 1 4  

22'24 
22. .32 

0'50;.369h 
o',i0;)7q8 
o . S o ; q ~ ~ o  
O .  

4 

o 0 ; 1 8  
0.10ij807 
0'50j4J.C.3 
0',50;540b 

ill1 1.37 
l ~ r b  1 119 
I)ny I !R I l i 0  

5 I ;  
h 
; 
; 

+ 0 ' 0 8  

3101111 ... 1 0 .  jo;3qo3 

3lr1111 o l  I h j -  nnrl Night ! 0 .5073405  
.'. I 

.l.3'(lfl4 + .?.nu 1 8  22 '7;~+0'04 '0~1)0;  0';0;s,a8;. - 228 - 
r),3408b 3.88 19 22.7R 0 ' 0 ~ ~ 0 ' 9 0 8  0.50;44.36 2 2 R  
31 .0 .32  .3.88 I I  22'82I O O J ~ O ' O O R  O.SO;;RO; 128 

36.14'414 . 3 ' R R  19 2 2 ' H O /  o ' o410  008 0'50;,3;16 z z R  

I BIPHIJ I 0'50j.1407 
i 

1; 
I *  19  
10 1.1 

O'()lt 
0 '080 .9 lO 
0 ' 0 8 0 . ~ 1 0  

- 1 1 0 2 ~  -548 
1106 I 

1 1 1 3  548 
1 I ;  5.3; 

I blen'l 

- 1 0 - 1 1 0 8 ;  -.I 

1 1 0 ~ 1  521 
1113 551 
l l l J l  540 

- 2.34 - I 0  

2.34 lo 
234 lo 
I/) 1, 

1 . 3 3  7 + 3 1 ; 2 + 0 o  I 0 0 ;  - 8 - 
, ~ ~ . o o o  .3,HR 19 ? z ' i z  O O I , O ' ~ I , ?  0,5=;44zR 

"81 .!z.h~o 3.RR 2 0  2 2 . ~ ; .  O . O ~ ! O . O I . ~  o.~o;;;85 228, 

0 .08~0.1)10 

- 2 

2.34 
234 
2.34 

2 0  6 ~ 4 . 4 2 1  3 8 9 2 2  0 0 0 1 0  O O ; O I  228 

1 1  

10 

c) 
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Table 11.-Details of the OBservatiowe-(Continued). 

Reduced 
Time of 

Vibration 

2 Tcmperaturo ,: 
I 

Correction on account, of 
E E :  " 4: 4 . . .- .- - - -. -- -- -- - -- . -. 

2 i; g q  2 Obaerved a 
.- 

a - a Z L  a 5 -  ' s < ' a '- 

rn 0 - 
0 - -- - . - - - 

Manda lay- (con td ) .  

u 

2 
c 

. " , B g 4 {  
5 

- .- 

ljtll 
Feb. 
Day 

E 

- 0 

,?,. 
d 

Q 

R 

Meon ... 
Menu of Day and Night ... 

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

140 
138 
1.39 
1.3; 

+oPoi  
0.07 
0.0; 

0.07 

+o.o5 

0'05 

0'5073407 

0.5073400 
, ~- - 

- 2.35 
235 
235 
235 

- 2.35 
235 
235 
235 

-10-1113 
1114 
1118 
1 1 2 1  

-1104 
110.3 
1106 
1110 

1 7  28 

19 
20 

I I  

10 

9 

- 10 

1 1  

ro 
9 

- 551 
519 
550 
j39 

Mean 

- 552 
521 
551 
541 

0.909 
0'908 
0.908 
0.908 

0.911 
o . o j o . 9 1 1  

0.9" 

-34 
34 
-34 
34 

... 
-34 

jq 
54 
34 

M a y ~ n y o .  

0.50;/049 0 4  ( .34 0'5Oi2.353 
I 1 . 0.5073991 

0 . 5 0 ; ~ ; ~  + 504 - .I- 592 j 0 . 3  I-.3. o.;oi4041 
f104 51 I 34 0'50;3oR8 1 61g! 482 1 34 0.50;64;9 

1 0  f i j 1  j l l  1 34 0'50i23J8 

Mean ... 0.50;3gRg 

DIenn of Dny nnd Night, ... 0.5073990 
~ . - . . -  - -- -~ - . ~  - - ~ .  - -  ~ .... -- - 

Menn ... 0'50i.399r 

8 

o.joi.3joi 
o.j077;96 
0,5074436 
0.5075.378 

0'507.3i06 
o- joig7gz 
o.50;4431 

O ~ O ~ ~ O . ~ I O  

(. 

o . j o i 1 7 6 ~  
0 . 5 0 ; ~ 8 8 ~ ~  
0.5072489 
0'50;3440 

0'5oi3394 

O . S O ~ I , ~ I  
0.507~888 
o.5oiz49; 
0.507,347~ 0'50i5401 

34.419 
1824.32'63; 

:f~.34'088 
9.3.3.6.:~ 

0'507.39i9 

0,5073905 
.~ - 

0 '50 i40 j j  
O.,<o;.Zo9i 
0'50i64rR 
o'jo;2.453 

0.50739')1 

0.5074039 
0'50f.108~ 
o.;o;64;f1 
0'5oiZ.i;9 

o'SOi3990 

0.5073990 

Menn ... 
Dlrnn of Dny snrl Night. ... 

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

19 
2 0  

19 
18 

+ 4.00 
4 '00 
4 '00 
4.00 

22.53 
22'52 
22'57 
22.66 

Blcnn ... 
blcan of Day nnd Night ... 

- 8'.32 
8..11 
8 . j ~  
8-.32 

- 8.32 
8..32 
R..32 
8.32 

19 
19 
2 0  

19 

18 
19 

6 lo,33'9.30 
7 a,34..z58 
8 t'.qz.Rq.? 
8 53.34'699 ' 

I R  2ol.33.945 
19 1534.36; 
20 1831.8RR 
a1 I I 34.695, 

13th  
Feb. 

Night 

14th 
Frb. 
Dnp 

13; 
1.80 

138 
I40 

1.37 
139 
1.18 
140 

-64 
34 
.?.I 
34 
... 

-34 
. q j  

1.3.75 
1.3.8.3 
1.1.91 
1.z.93 

1.3..36 
1,3. j()  

54 

0 . 8 ~ 1  
0.840 
o . H ~ o  
0,840 

0.842 
0.841 

+0.0; 
0.0; 

0.0; 

0.0; 

+ o a a z  
0 . 2 2  

20 

19 

0 . j O j q j 8 ~  
0~507jR40 
o . so j i17 i  
o ' ~ 0 7 ~ 1 0 1  

0.5074749 
o . ~ o ; , ~ R l i  

+ 488 
488 
488 
4RR 

+ 488 
488 
488 
488 

1.3:8oi 0.22: 0.841 
1.1 99, O . Z Z \ O . ~ . ~ O  

- l o  
lo 
I I  

lo 

- 9 
lo  

0.5o;jlgo 
0.~07.310rj 

- 6741 -500 
6iRJ 509 
682 480 
68j1 509 

1 Meen 

- 65j1 -500 
666i 510 

1 1  

lo 
676' 481 
680; 508 
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l'able II.-Betoils of the Observalions-( Cot~tinued).  
3 

4 

$ P r-, 

- ~ -  

Correct.ion on aceolllrt of I 
Observed , , , 

I i Reduced 
Time of - 2 / T i n ~ e  of 
l l ibration 5 3 . 2  2 ,  Vibrntion 

2 ' 4  'S* , 
2 1  5 2 

z 1 
I --- 

Mogok. 

- 882 
868 
4 
841 

- ; ~ 6  
j;j 

-487 
498 
470 
491) 

b 1 e 1  

-490 
499 

-42 
42 
42 
42 

. 
-42 

, 42 
80.3 
828 

I 

0'50;.394.? 
0 '50729j4  
0.50;6.3;.3 
0 '50;2225 

o'jo;.38;4 

o ' s o ; j r ) ~ l  
0'50j29.40 

470 42 
496 I 42 

0'30ih34.3 
0 '5072229 

~ I C I I I I  . . .  
Menn of 1)ny anrl h ' ig l~ t  ... 

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

0 '  . ioi .38~8 

0'5073866 
- - - .  .- 

31.~1 1 4 0  ; 3434.570 - 4 . 1 ;  1 9  17.06 - 0 . 1 8  0 .820 0.,;0733;8 + 245 - 101-  836 -J I J ;  - 42 0.50;2~.38 
~ Z I W .  1.38 8 Z I ) . ~ Z . ; ~ S  4 ' 1 ;  20 16.9.3 0 . 1 8  0.820 o.;o;;461 245 830 9 42 0.5076354 
Niglll 1.31) 9 2.3.34.247 4 .1 ;  1 9  1 6 , ; h  0.18 0.820 o.;0;4081 245 8 2 1  497 42 O . ; O ~ Z I ) S ~  

13; '0  l j , ~ 3 ' 8 ~ 6  4 '17  18 16'59 o.lR 0'821 0.50;501; 24s 81.3 488 42 O . S O ; . Z ~ I O  

L ~ ~ I I I I  ... 0.507.3R6,; 

o . ~ o ; j 8 5 4  

0.5073859 

o..io;,:r~o,~ 
0 .50;2g;~  
o'.ioi6,3;; 
0 ' ;oj2218 

0,5o;jR65 

o..io;.qRqq 
0.50;2958 
o..io;h,?4.~ 
0 '5072231 

o ' ~ o ; ~ R s R  

0'5073861 
-- - -  ~ - - -  

Blenl~ ... 
Alenu nf D I I ~  anrl h'iglrt ... 

-- - -- 
p---p-p 

M y i n g y a n .  

Mcnn ... 

nlenn of Day nnd Night ... 
~ .--  -- . - - - -- - - - - 

~ - -- ~- .--. . 

4th 
alnl. 
Niglll. 

fit~ll 
Mar. 

1.7; 
1.39 
1.38 
140 

1.3; 
1.39 
1.38 
140 

y 2 

9 55 
l o  ; I  

1 1  

2 1  

2 1  

2 2  

2.3 

-0.o.3 
00.3 

0.0.3 
0.0.3 

+ 0 . 5 5  
0.5;  
0 .55  
0 . 5 ;  

I 191.11 1.3; 
9 ' 3 

h n ~  
R 25 
1) 

0 i 
1 1  

2 0  

2 1  

x l ~ l l l  

20t l l  
h 1 ~ .  
Uny 

.cj.R.zR 

.34'252 
32'71jo 

4.334'596 

4.3.1.864 
56.34.272 
~ .3 ,za . ;g6  
4.i.34'587 

0.824 
O R  

o .Rzt  
0.8z.z 

o . R t s  
0.Rz.z 
0 . 8 ~ 2  
0 ' 8 1 9  

+ 245 
243 
245 
245 

+ 245 
245 
24; 
245 

Menn ... 
Menn o l  Uny and Sight ... 

140 

1.3; 
139 
1.38 
140 

0.5oj.1981) 
o o o  
o . 5 o j ; d ~ ~  
0.;0;3321 

0.50;4931 
o ~ 5 0 7 ~ 0 2 ;  
o.507;410 
O';O;,T.74,7 

-489 
499 
4;o 
491) 

1 I 

- 490 
499 
470 
4911 

r .  
j , 3 . ~ 6 , ~  

ZO.~.Z. IJRO 
7 . i  

1).34,.:0.3 

0'507.1471 

0'5073469 

- 4 '  171 I ;  

I 
- 4 .  I ; ~  I ;  

4.1:; 1 9  
4 . 1 ; ~  2 0  

4 ' l j j  19 

-4z 

42 
42 

. 
-42 

42 
42 
42 

- 8 ' -  792 
791 

I I 790 
l o  ; 8 j  

1 6 . 1 6  
I 

1 6 -  1 3  
16.0; 

13 .04  
15 .58  
16.10 
16'52 

- 8 
1 0  

I I  

l o  

2 2  2 0  

- 7.3; 
j0.z 
789 
809 

s 

+ 1..34 
1.34 
1 . 3 4  
1.34 

, 
1 0  
2 1  

18 
18 

1 2 . i ' j  I..IJ 

~ R , ? , ~ . F ; , ; o  + 1.,34 
2.3.1.3.q~gI I..ZJ 

.zo.zz 

.TO. J I  

0 .880  
O . I O , O . ~ ~ ~  

19 

I ;  
1 8  

2 . ;  l l l j 4 . i i 5  1 . 3 4  
0 . 1 0  

29.52 
29.66 
29.80 
29.94 

0.880 
0.880 
0.8j1) 
0.8;') 

1 8  

$0: I,; 
0 .15  
0 . 1 5  
0.15 

.30.05 
,30.13 

0.882 
o.RR2 

+ O . I O  
O . T O  

0 ~ ~ 0 ~ 8 0 6 6  
o.~o;.31);6 

.zr( 

34 

s 
o.;o;5611 
0 ~ 5 0 7 4 6 7 0  
o . ~ o ; R o ~ I  
0.5o;.jr)58 

0.50;5959 
0.5071836 

-.?4 
34 
.34 

... 
0.50i564.3 
0.50;4606 

P 

o.;o;.i519 
o .50;~;59  
0.50j5956 
o.50;18.36 

0,50;3468 

-.34 
34 

;I) 

;g 

0.;0;3526 
0 . 5 0 ; ~ 5 6 ~  

14n1 
14Rj 

1 0  

I) 

- 79 
79 
79 
;I) 

60.3 
533 

- 1446 
1 1 . 1 ~ 5 3  

1460 
1467 

- 10 

9 
9 

- j r )  

79 

-523 
533 
50.3 
5.33 

Meon 

- 1452 
1476 

- 8 
9 

-524 
534 
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Table 11.-Detai ls  of the Observat~ions- ( Cotdilzaed). 
s 

Correction on nccoont, of 

Obnerved L Reduced 

- - .- 

M y i n g y n n - ( c o u t d . )  

I 

Nean ... o.50;.3472 

L'lst 140 ao .3.3134'289 + I '4.3 I H  30.39 + 0.08 0'8;8 0'50;39Ri - 84 - 9 - 1499 -532 -,34 O . ~ O ; I R ~ ~  
1 .  3 2 8 3 5 1  1.43 19 30.69 0.08 0.878 0.5oyHoR6 84 lo 1.504 502 3.1 0 .50 j j r ) s~  
I)ng 1.39 2 2  11.33.9j2 1.43 18  30.7: o.of!o.8;; 0.50;4;32 R4 9 150; I 34 0.50;256; 

1.3; 2.3 14  .zj.j26 I .4,q I ;  , 30 .Rz  0 .081 0.8;; 0.50;;6y; 84 R 1510 521 34 0'5oi3jJO 

Mean ... 0'50734;z 

Mean of Day and Hight ... 0.5073472 
. - - - .- .- ..- - -. - -. - - - - - -- - - -- 

>lea11 ... 1 0,50;.3j6; 

B f ~ n r ~  of U I I ~  t~lid S i g l ~ t  ... i0.!j073473 
- .. . . . . . . . . . . - _. . . . . _ - _ . .  . . . . -- . .- _ 2 

0.8;; 
o.H;O 

0.8;q 
lo'Hj9 

0~50;4010 
o.5o;nlog 

o . ; o ; J ; ~ I  
0'?0;5;09 

;\Iron of DBJ. RIICI S i g l ~ t  ... 

-531 
501 

-53.; 
522 

0.5073470 

- 95 
9.: 

- 95 
95 

I 

- O'-151.3 
lo 1510  

- 8 : -  1 5 1 0  
81 151.3 

-341 o 5o;lRzR 

. - .. - 
. ~ - - 

Dehra D u n .  

34 

-,34 
34 

o.'o;,;y+.3 

o~;o;z;01 
0'50j.Z5,37 

I 
Oa;0;;4J(l '-loi2 
O - ~ O ; J J ~ ~ I  1 lo;?. 
0.5o;;R,:,i , 1 0 7 2  

0.50;.3;p I 10 ;z  

o.~o;;.c.32 - I O ; ~  

0 0 8  1072 
0.~0;;85h 1072 
O . ~ O ; . ~ ; ~ I R  1 I O ; Z  

I 1 7 1 1 

Apr . .  1-19 1 1  2.; 

1911: 138 
~ig111:  140 

I 

IALll I 4; 
*I". I t i 9  
Lbap I , ~ R  

140 
hlcnn ... 

Mean nf 1)ng nnrl Night ... 

8 ,  
R O  + I 

34.059 1 8 . ~ 6  
32j2.hl1l  1 8 . ~ 6  

r4-39,1( 1 8 . ~ 0  

3.4.642 +IS . "  
34.063 I 

.3.431.61 1 18.26 
14.34.,;#91 ~ n . l o  

1 2  

1.3 ~8 

1 2  4.4 
2 3  3; 
o 
I 

- 

0 .5o ;zg l~  

0.5072510 

19 
19 
19 
19 

18 
I 
20 

l 9  

I I 1  r 
2 ; ; + 0 0 0 1  
2 , j ' H R '  o.o.:'o.8.30 
25.9.3! 0.051o.R.31 

I - 9'- 1251 

1 0  12.9 
1 1 ,  1265 
I O '  1272 

25.9.3, 0 0 5  

1 
z,i. , ; j ,+o.~:,l  

o.R.30 

o.Rgg -492 
502 
J;J 

;OZ 

2s .69 0 0 2  

z , ~ . A z !  o.l;lo.HzR 
~ ~ . ~ ~ i  o ~ ~ ~ : o ~ H ~ R  

-36 
j6 
36 
36 

0 ' 5 o j l s j l  
0 '~0 ; l f l08  
0.50j409n 
O . : O ; O R ~ ~  
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Table 11.-Details of the Observations-(Continued). 

O' Temperature .? Correction o n  account of 
4 

0 
c v Reduced 

;I w 

Dehra Dun-(contd. )  

e n  . 

A l rn l~  of l )ay  nnd h ' i ~ l ~ l  ... 

lFlt,h 
Apr. 
Night 

19th 
Apr. 

+0'09 
0.09 
0.09 
0'09 

+o.18 

- 500 
472 
501 
491 

Mean 

- 503 
474 
502 
492 

o . , j o ; ~ j o ~  

0 . 5 0 7 2 4 9 9  

-.36 
36 
36 
36 

,.. 

-36 
36 
36 
36 

0.825 
0.826 
o 827 
0.82; 

0.829 

26'.32 
26.45 
26.54 
26'58 

2 j .82 
26.00 

- -1.290 
1297 
1300 
IJOZ 

1254 
1281 
1 ~ 8 8  

S 

34.369 
32.592 

,3734.037 
3 6  

5134'380 
32.600 

0'SO7.38I.3 
0.50;;902 
o'so;~.j45 
0..;0;5j06 

0.50;.3;90 
0~5077881 
0.5074542 
o . ~ o ; ~ J ~ L  

o"jo;0867 
0'5074976 
0.5071jgo 
0.50725j.8 

o '~o72498  

0.50;0867 
o.j0;49;6 
o.50?1602 
o . j o j z j 5 ;  

140 
1.38 
139 
3 

140 
1.38 0 . 1 8  0.829 

0.18 0.829 I o ~ 1 8 ~ 0 . 8 2 1 )  
26.15 
26.29 

h 411 

l o  4R 
II j z  
1 2  

1 7  31 

2 2  

2.3 45 

-I I 10 

1 1 1 0  

r l l o  
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I n  Table 111 are shown the times of vibration of the four pendulums a t  Dehra 11icl1 a t  the 
beginning and end of the  field season. 

Table 1II.-Times of vibration at l.)ch?*n DQla. 

Three of the  pendulums show large changes, a n d  we  shall as usual tabulate the  differences 
of each penclulum from the  mean at  each station in  order t o  see if there is any evidence of 
progressive change. 

l'nble IP.-Diflere~tces bet?oeeg~ the ~ ~ r e a ~ z  and individztal pendu1um.s. 

Date 
I 

137 1 138 I 139 1 140 

There are the  usual fluctuationv in the differences, but n o  definite evidence of a sudden or 

gradual cllal~ge in any OIIC pentlulum during the sea3ou I t  appears, however, that pclldulurn 

199 has changed since thc prerioua seanoll, the amount being ahout 21 x lo-' secs. I t  is 
possible that  some part of t h e  change in this pendulum occurred hetween Dellra DSU and 
Rangoon, but  the evidence is not sufficiently clear to warrant any change heiog made in the 
mean time O F  vihratlon a t  Dehra DUD.  A change during the recess season doea not, of conrae, 
affect the value of gravity deduced. 
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I n  Table V are given the times of viliration of the  mcail and incl~vitlrial pendulums at  
each station and the  values of g deduced. 

Table 7,-Mean tinzes of vibrniion and deducecl z;crk~s of 9. 

The Reduction to  Sea Level. 

Station 1 I 3 i  1 138 1 ' 13!J lieu11 
________I-.- --  

Orographical correctiol~s were computed for  all stations except Rangoon, Henzada and 
Raaaein; they were, however, found to he inappreciahlr. a t  all except Pyinrnana, Mandalap and 
Mogok. The method of con~putntion was the same as tha t  described i l l  Chapter IV, p.nd t h e  
details of thc three stations for which the correction wns found t o  be appreciable are herewith 
ahown. The actual lreigl~ts of the portions of zollea are  givei~,  Ilut for entering the  tables the 
argument  is difference betn een height of s t a t ~ o n  nnd h e ~ g h t  of zone. 
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The outer radius of Zone N is 32 miles and since as a rule tllc investigation ot' the oro- 
graphical correction is not coutiuued beyond 35 miles from the  station, the next zone mas not 
taken into account. Loolting a t  the  totals, however, i t  is most unlikely that  the  third place of 
decimals in the  correction mould be altered by considering fur ther  zones. 

The abstract of the  season's results is given i r ~  'I'ahle V I I .  

I t  will be immediately noticed thnt except a t  the two hill stations the residuals are muclj 
smaller than in other parts of India. This seems t o  indicate the presence of some d e l ~ s e  sub- 
aqueous matter, the more so since the two stat io~ls  which are practically on the coast show 
positive residiinls. At the time of nrit , ing the Hayford 01. compensation corrections for  mass 
have not heen computed owing to lack of maps and i t  will he interesting t o  see how thep will 
affect the rcsiduals. I t  is likely that  the difference between the Bouguer rcsiduals at,  say, Rangoon 
and Maympo mill he very largely reduced. 
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C H A P T E R  V I  

The Pendulum Operations in 1911-12. 

During the winter of 1.91 1-12 only o l ~ e  Imperial Officer was available for  the two geodetic 
parties aud an area had t o  Ile selected where both latitude a ~ l d  per~dulum observations were required. 
Such an area was  found in Bihur and Orissa where two rneridional chains of triangulation are 
crossed by railways at  many points so that  loug road jonrneys could be avoided. A southerly 
deflection of the  plumb-line of 1 I "  (the largest fourld i n  India up to tha t  timc) previously 
observed a t  H n r i l a o ~ ~ g ,  uear Daltongauj, pointed t o  the possii)ility of the "hidden chain" being 
fbund close to  the soutlr and pendulum observations were made to determine, if possible, the 
northern edge. The northern statious are all in the Gangetic plain and deficiencies of gravity 
were t o  be  expected there, t h e  cleficiencies increasing an the Himalaya were approached. 

OF the stations visited, Japla is in flat country close to  the  Son river, the neared hills 
being about 5 miles clistaut. Daltonganj 1s on the hanlts of the Koel river, a tributary of the 
Son, in  country less flat than a t  Japla. Riincl~i is on a high level plateau with a few isolated 
rocky llills rising tllerefrom. Gaya and Snsariim are on the southern edge of the Ganges valley 
ancl the rest of the statious are in  this valley, all I)eiug on abso;utely level ground. Moghal 
Sarai,  Buxnr aucl Monghyr are close t o  the river, and Gorakhpur, the most northerly statiou, is 
about 60 miles from the outer Himalaya, e i ~  that its po~i t ion  compares roughly with that of 

Kaliirna, south of Dehra Diln. 

The observa t io~~s  throughout the season were made by Captain 11. J. Couchman, lt.15. 

'I'he descriptions of the  stations are given helow :- 

Japla. 
Latitude . .. 24' 31' 68" 
Longitude .. . 84' 0' 
Height  . . .  474 feet. 

The pendulums were s w u ~ ~ g  in the south room of the Japla Inspection I~ungalow. The 
floor oE the pendulum room was conuectetl by levelling to  the rail opposite the ce t~ t re  of the plat- 
form a t  Japla Rnilway etation the height of which was given as 439 feet. Some rain and much cloud 
delayed the observations and as stars could only be observed on the nights of  Noveml)cr 22nr1, 
27th aud 28th ouly t r o  iudepcndcut results are obtniuable. The size of the room was 16 fcet x 12 
feet and i t  had a concrete floor and tiled roof. 



CHAP. VI.] REASON, 1911-12. 

Daltonganj. 
Latitude . .. 24' 2' 5" 
Longitude ... 84' 4' 
Height . . . 707 feet. 

Tlie height was determined by levelling from the rail a t  Daltonganj Railway station. The 
ohservations wcre made it1 tlie south room of the dak bungalow. 

Ranchi. 
Latitude . . . 23' 23' 5" 
Longitude ... 85O 19' 
Height ... 2167 feet. 

The height mas determined by levelliug from the roof of the kadahri,  a G. T. S. station, and, 
as the @ could not be found there, also from the railway station. The height given above is the 
mean of the two values obtained which were 2163 and 2192 feet. The observations were taken in 
the north-east room of the house temporarily used as the circuit house which is about 
100 yards north of the Judicial Commissioner's bungalow. 'I'he size of the room was 21 feet x 15 
feet and i t  had a good concrete floor and tiled roof with plaster underneath. 

Gaya. 
Latitude .. . 2 4 O  47' 42" 
Longitudc ... 85' 0' 
I-Ieight ... 361 feet. 

The height was dcterrnincd by levelling from the railway station. The observations were 
made in the north-east room of the opilim godomn. The size of the room was 24 feet x 11 4 feet 
and it liad a concrete floor, tiled roof with a broad rcra~idah outside. 

Monghyr. 
Latitude ... 250 22' 530 
Longitude . .. 86' 28' 
Height .. . 151 feet. 

The height was determined by levelling from the railway station. The pe~idulums were 
swung in the east room of a large double-storied private house situated immediately to  the north 
of the jail in Monghyr fort. The size of the room was 21 feet x 16 feet and i t  had a good concrete 
floor. 

Arrah. 
Latitudc ... 25' 34' 10" 
Longitudc .. . 8-h0 39' 
Height ... 188 feet. 

U M . 1 4  Thc height was determined hy levelliug from the G. T. S. j-s of Main Line 72 (Dildar- 

nagar to Pirpainti). The observatiouv werc madc iu a small room at  the S.E. corncr of an old 
bungalow, belonging to Mr. Solonos, mliich is about 2 miles N.N.W. of the railway atation. The 
bungalow was temporarily heing used as a circuit I~ouse. The size of the room was 
204 feet x 124 feet, and it had a concrete floor and a tiled rooE with thatch underneath. 
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Sasaram. 
Lati tude ... 240 57' 21" 
Longitude . . 83' 59' 
Height ... 340 feet. 

T h e  height was determined by levellirig from thc  railwhy station. The  observation8 
were made in the N.W. room of the  BedRhi11 I'.W.D. Inspection bungalow about 24 miles 
west of Sasaram and on the Grand Trunk Road. The  room mas 14 feet x 14 feet and had apakka 
floor nnd tiled roof with plaster ul~derneath and ceiling cloth. 

Moghal Sarai. 
Lati tude ... 25' 17' 3U 
Longitrlrle . .  . 83' 6' 
Height . . .  257 feet. 

The height was determined hy levellilrg from the Standard Bench-mark a t  Benares viz. 
BM Qr' G.T.S. & oE N a i n  Line 70 (Allahuhfid to  1)ildarnagar) to  the  Ijeuares Railway station aud from 

Moghal Sarai Railway station t o  the pendulum room, assumitig that  the  difference of rail level 
between Henares and Moghal Sarui as give11 by thcr East Indian Railway is correct. The obser- 
rations mere taken in the  east maiu room of the opium bungalow situated about 300 yards south 
of the  Benares road and about  2 mile west oE the railway station. Concrete floor, tiled roof with 
plnster ceiling. Size of room 20 feet x 1-4 fret.  

Buxar. 
Latitude . . . 250 34' . ~ y  
L o l i g i t ~ ~ d e  . .  . 83G t!)' 
Height . .  207 feet. 

I' 11. -.' 
The height was determined hy levelling from the C;.'I'.S. of  Main Line 72 (Dildar- 

nager  to  Pirpainti).  The  observations were made i r ~  the south room OF a private bungalow belonging 
t o  Babu Harihar  Prasid of Dumraon situated on the right bank of the  Ganges and immediately 
t o  the west of t h e  hnza'r. The  size of the room was 214 feet x 14  feet and i t  had a concrete floor, 
tiled roof wit11 boarded ceiling. l 'he  latter heing in bad repair, the temperature conditions were 
not very satisfactory. 

Muzaffarpu r. 
Latitude .. . 2fi0 7' 5" 
Longitude . .  . 85' 26' 
Height  . . .  179 feet. 

H M . 1 2  The height was determined by levelling from the G.'l'.S. -=>- of Main Line 71 (Gorakh- 

pur t o  Purnea) .  The pendulums were swung iu the south main room of the o p i u ~ n  building 
which is situated about 24 miles east of the railway station and on the main Samastipur road. 
The  floor was of concrete and the moE, of tiles with cloth ceiling. The airc of the room was 
20 feet x 161 feet. 

Maj hauli Raj. 
Latitude . .. 26' 17' 46" 
Longitude ... H3O 58' 
Height  . . .  219 feet. 

The height was determined by levelling from Salimpor Railway station. The observa- 
tions were made in a small building situated about 200 yards north-north-west of the  Majhauli 
&j palace. The  building has been used as a store-house for  grain and has brick walls and floor 
and n brick arched roof. The size of the room was 21 4 feet x 10 fcet and the ternperatlire 
couditious were  very sntiaEnctory. 
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Gorakhpur. 
Lat i tude  ... 26' 41' 58" 
Longitude . .  . 83' 23' 
Height .. . 257 feet. 

The height was rletcrmiuecl Ily levelling from the Stnndard Hench-mark a t  Gorakhpur, ,uiz. 
I3M.GL 

G.T.S. .c;3-N- of Branch Line 69A (Gorakhpur to Uharmi). T h e  ohservations were made in the 

11ort11 mail1 room of the P.W.D. inspection bangalow. The size of the  room nna 20 feet x 18 
feet and it  had a concrete floor and  tiled roo£ with clot11 ceiling. 

Gootl observil~g rooms mere available a t  all t l ~ e  stations and tlle cor~trol  of temperature - 

presented 110 difficulties. A t  Japla  and Arrah the  floors were in bad repair, hence t h e  large 
flexure corrections a t  t l~esc  stations. These c o r r e c t i o ~ ~ s  are shewn in Table I anti call for no 

h1cllns before 
I I I I ~  n h r r  work 

B l ! l ! f .  
. .. - - -- - -. . . 

I 

Adopted 
Correcl.~on 

wrs .  

'I'lic time 
of a clock 

- -  - 

I ohscrvationq were made I)y iMr. Hanu~nicn Prasi~d, the mean p. e. 
rate 1)eirlg + 0.018 sec. while that  of a siugle ralue was _f 0.056 

oE the  
sec. 

mean 

The details oE the ol)servations are given in T a l ~ l e  11. 
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Tnble 11.-Details o f  the Obse?*vatiolts. 

Correction o n  account of 

Hcdoced 
Time of 

B 
- -  - -----.--p..-p.--p-p- 

Dehra Dun. 

4th 
Nov. 
1911 

Niglit 

6111 
Nor .  
Day 

137 
139 
138 
140 

13; 
139 
1.38 
140 

Mean ... 
Mean of Day nnd Night .. 

-. -- 

0.30;2518 

0.5072514 

h tn 
o 11 
1 
2 

2 

12 
1.3 
14 11  

15 

P 

0.5072568 
0.5071611 
0.5074976 
0.5070885 

o.jo72510 

0'5072572 
0'5071607 
0~5055003 
0.50jo888 

s 

33.715 
634'1.35 
432,687 

5734.464 

93.3.726 
434.149 

32.684 
434'469 

-QR 
38 
38 
38 

... 
-38 

3R 
38 
38 

+ 19.00 
19'00 
19'00 
19.00 

+ l g . o o  
19'00 
19'00 
19'00 

- 1115 
1115 
1115 
1115 

-1115 
1115 
1115 
1115 

Mean ... o.;ojzgrg 

a 
0.j075266 
0.~074.3z8 
o.soi7671 
0~5073607 

o.jo7.5245 
o.;o74297 
o. joj;67; 
o,50;3596 

8 , .  

19  
21 
2 1  

17 

16 
18 
20 
18 

+0°1.3 
0.1.3 

+o.19 
0.19 
0 .19  
0.19 

o . jo jz514 

0.5072522 

0'50;25io 
0.~07162; 
0.5075016 
0'50708R7 

0'50725a5 

0.5072;57 
0.5071613 
o.f,0;4987 
0'5ojoRi7 

0.507.250t) 

0.6072517 

Mean ... 
BIcun of Do). and N i ~ l ~ t  ... 

2 0 . ~ ~  
21.13 
21.28 
21.32 

20.46 
20.59 
20.83 
20.97 

- j o b  
1 7  
487 
516 

Menn 

-510 
519 
489 
518 

0.8 jz  
0.853 

0.130.853 
o . 1 3 o . R j t  

0.858 
0.85; 
0,855 
0.855 

- 1 0  
1 2  

12 
8 

- 7 
9 
I I 

9 

-1029 
1035 
104.3 
1045 

- 100.3 
1001) 
1021 
1028 

6th 
Nov. 
Xighl 

7th 
Nov. 
y 

Mean ... 
Meun of Day and Kiglrt ... 

... 

20.1.3. jog ,+ lg . .z~ 
121.34'122/ 19.31 

20.32.664 19..31 
1434'454' 19'31 

I 
z,~.t.~.;ao'+ 
az,zq.136/ 19. j1  
0 . 2  6 ,  I 
1434.464: 19..zl 

0.50ioRR4 
0~5Oj497.I 
0.50716.15 
0.50i2568 

0'5Oi2515 

o~~o;o888 
0.5074996 
0~50;1622 
0.50;2581 

0 '50 j2~22  

0.6072518 

+ 19.11 18 21 .10  +o.o() o.Rsz o.50;.160.3 
19'12 19 2 1 ' 1 . j  0.09 0.852 o.~o;;665 
19.11 19 2 1 . z ~ '  0.00 0.852 0.50i436.1 
19.11 17 21..31 0 .090 .851  0.5075aR6 

+ 1 9 . 1 ~  19 20.55.+0' m o.R;R 0.5073585 
19.11 20 10.681 0.11 o.R.56 o.50;;6;0 
rp.ra 19 aoe;61 0 .11  0 . ~ 5 5  o.5oi4.327 
19.11 1 8  20.911 0.11 9,853 0.50;g282 

1.37 
1.39 
1.38 
140 

1.37 
1.39 
1.3 
140 

17 
18 
19 
I@ 

17 
18 
0 
18 

0 

a 
3 

IJ 

1.3 
4 
15 

Mcnn ... 
Mean 01 Day and Night, ... 

-38 
.18 
38 
-38 

... 
-38 

38 
#I 
. ~ 8  

- 1122 
1 1 2 2  

1122 
1 1 1 2  

- I 122 
1 1 t 2  

112r  
1121 

20'92 
21'13 
21.29 
21.3.5 

20.63 

- 9;-  1034 
l o !  10.35 
101 1042 
R 1045 

-10' 1007 
II~-IOI.~ 

l o !  1017 
91 lozg 

0.5075282 
0.5074.358 
0 .5o i i j a7  
0'50;.3629 

0.5075256 
0~50;4.328 
0 0 6 8  
o.50;,3(10; 

-516 
487 
516 
505 

Blenn 

-520 
490 
518 
50; 

20.75 0 . 1 i l 0 ' 8 5 ~  
2 0  O I O R  

21'09 0.1: o.Rg.3 

+0.15 
0.15 
0.15 
0.1; 

0.85; 
0.852 
0.852 
0.852 

-.?A 
38 
38 
38 

... 
-38 

.zR 
18 
38 

-113.1 
11.3 
11.3.3 
113.1 

- 11.33 
11.33 
1133 
11.3.3 

+o.I; o 85; 

- 8 
9 

10 
9 

- 8 
9 

1 1  

9 

-1025 
1035 
1043 
1046 

-1011 
1017 
1025 
103.3 

-508 
516 
48; 
516 

Mean 

-509 
518 
489 
51; 



CHAI'. TI.] SEASON, 1911-12. 95 

Table 11.-Details of the OBee~.vatioas-.(Cogztinned). 

Rrdoeed 
Time of 
Vibrntion 

I 
o 2 Tea~yerat.ure .? Correc1,ion on ucrount of 

4 

o 

,e.= 
2-4 

: a " "  

f = 
2 
. 
3 

$ Observed 

o.so7.z057 
.5072Oj4 
0.50fs4.il 
0'5071.327 

0'5072972 
o . ~ o ; ~ o R o  
0.5072102 
o ~ ; o ; ~ ~ ~ ~  
o.50;13R6 

0.50;.3016 

0.5072994 

0'5071.365 
0'5075522 
0'5072146 
o.jo7.3125 

0.5073040 

0.5071389 
0.50;5;19 
o',;oi2160 
0.50;3121 

0.5Oj.30Jj 

0.5073043 

0.50j.31z.3 
0 . 5 0 i z j 8  
0.50j5j51 
0~50;1420 

o. j~j .3061 

0.50j.3119 
0'5072150 
o ' ~ o i j 4 6  
0 .507141~  

0'507.305; 

0.5073059 

0'50j1425 
0'5075554 

0.50;216j 
o . joj3149 

0.5073074 

Japla. 

Q1 
0, 

0 

I 5 

r 
4: 

-537 
548 
517 
548 

Mean 

-539 
549 
517  
546 

+o .o3  
0'~.3 
0.03 
0 '03  

+ o .  2 1  

0 . 2 1  

0 .21  

-62 
62 
62 
62 

... 
-62 

62 
62 
62 

- 1 2  - 1071 

loI 1073 
1 1  1074 

Mean ... 
Menn of I h y  s l~r l  L\iipl~t ... 

. . . - -  .- - . .. - -. . .. . -.. - 

0.904 
0.904 
0.904 
0.904 

0.90; 
0.906 

0 1 0 0  

0.901 

10 

- 10 

1 1  

I I  

8 

10;s 

- 10.14 
1044 
1054 
1065 

0.507502- 
0'50i40.30 
0.5077398 
0'507.3305 

0 '~0;5008 
0.50j40:,1 
o 4  
0.50j3350 

283 
283 
283 
283 

- 283 
283 
283 
28.3 

t o .  1 6  

0.16 
0.16 

+ o . 1 6  
0.16 
0 '16 

- 8 
1 2  

10 

1 0  

- 1 1  

9 
1 1  

9 

2 2 . 1 6  

22.,34 
22.50 
22.59 

21.90 
21.96 
22.13 
22.31 

1 7  
21  

19 
19 

1 1  . 
Mcan of Dny linrl Night ... 

- - -- 

- 1086 
1095 
1103 
1 1 0 7  

-10j .3 
I O ; ~  

lo84 
109.3 

-546 
51.5 
54; 
5.3, 

blenn 

-548 
51; 
54; 
535 

Z4t,l1 
Nov. 
L)ny 

0.901 
0 .16o . r joo  

0.900 
0.898 

0.904 
0.903 
0'90.3 

0 ~ 1 6 0 ' 9 0 0  

-62 
62 
62 
62 

... 
-62 

62 
62 
62 

1 
140 1 13  
1.38 14 
1.30 15 1 1  

1.7 16  

2&t,I1 
No!.. 
Night 

0.5073350 
o.;o;;qgg 
0.5074149 
0.5075120 

0 .50 ;~366  
0.5077466 
o 'soj4147 
O . ; O ; S I O ~  

I 

2 

j 

3 

1.4 14 
14 
15 
16  

13; 
1.39 
1.38 
140 

Mcan ... 
Mean of Dny ~ n d  Night ... 

- 283 
28.3 
283 
28.3 

- 283 
283 
28.3 
28.3 

?2.3.$.,;;6 
18.qz. j j3  

34'21; 
8 ;  

t o . ~ ~  

0 . 1 2  

0 '"  

+ o . 1 6  
o ' l f ~  

0.16 

+ 4.82 
4.82 
4.82 
4-82 

+ 4.81 
4'82 
8 2  
4.82 

1.333.;91 
6.34.22.3 
3 3 z . j ~ ~  

5434.552 

j.z.796 
9.34'225 

l lJ2 ' ; ;7  
,334,557 

25111 137 
Nov. 139 

Dv/ 
1.38 
140 

25111 
NOV. 
Nigl~l, 

26th 
Nor. 
1% 

0.90.3 
0.120.903 

0.900 
0'1)OO 

0'90.1 
0.90.3 

0'160'90.3 
0,900 

+ q.Rz 
4.82 
4.82 
4.82 

0.50j5097 
0.5074136 
0.50i7516 
O'gOj341; 

o,50;5083 
o.so;qrzg 
o ' ~ o j j s 0 5  
0'507.3406 

- 28.3 
28.3 
283 
28.3 

- 28.3 
28.3 
8 
28.3 

19 
20 

2 1  

2 0  

1 9  
2 0  

1 

?o 

~ e n h  of Dny ~ n d  Night ... 

2 0  

1 8  
2 0  

18 

2 2 . 1 1  

2 2 . 1 ;  

22'.30 
22'37 

21.88 
21.96 
22.15 
22.30 

+ 4'82 
4.82 

+ 4.82 
4.82 

140 
1.38 

1.49 
1.37 

-62 
62 
62 
62 

... 
-62 

62 
62 
62 

- I O I - I O R . {  -5.36 
1 1  I o R 5  (47 
1 2  

I I 

- 10 

1 1  

I 

1 1  

0'901 
0.901 

0.904 
0'90.3 

2 0  

2 1  

zo 
18 

I 2434';<4 
2 I 

-62 
62 

-62 
62 

0'5073411 
0.5077516 

0'50741.36 
0.50j5112 

2 2 . 1 2  

11.24 

at';.? 
21.89 

1.3 2: 

109.3 51j 
1096 545 

Mean 

34'222 
142333'i8.3 

- 1072 
1076 
0 5  
1093 

- 18.3 
28.3 

- 28.3 

-537 
547 
51; 
545 

-546 
515 

-548 

- I I  

1 2  

- 1  I 

5.36 

- 1oR4 
1090 

- 1065 
28.31 9 107.3 



Talrle 11.-Beluils qf the Olse~*'l;ution+(Conlinued). 

a Corrccl~or~ on account of 

Reduced 

m 
v - -- - --- b 

Japla-(contd.) 

11 111 8 I 1 -  3ou -10 - 9,31( - 3 3 9  -4.3 Gjoilllll 
308 1 1  040 550 4.3 0.507~216 iOl 4 946 519 4.3 0';0i~sIjfI 

945 ,550 43 0'50il4ii O 8 1  ''1 
Mean . .  O ~ O ; , ~ I Z O  

- 308.- lo - 891 -54.3 -43 0.5oi31R1 
308 1 2  81); 552 43 o.;o;zz20 
3081 12/ 00; ,521 4.3 0.507;608 

" 1  5sl 4,3 0.s0c4?j 

hlenn ... 
N e n n  O F  Day and Kigl~t ... 

----p-.--ppp.p-----.- ~ -- 

s 

3 . 8 4  
29.34'220 

3.3.32'780 
2834'580 

8 ,  
+ 8 2  

4.82 

+ 4'82 
4'82 

26th 
NOT. 
Night 

27th 
Nor. 
Day 

O ; ~ O ; ~ I ~ G  

0.5073123 
- 

hlrun of 1)ay and Sigh1 ... 
Rlunn of 22nd to 27th Noren~ber ... 

I 
20 

20 

2 0  

0.5073059 

0.5073046 

1 h n l  
I 1 I 
1.39 

1.38 
I 40 

0.~0il~i8 
0'50:56=O 
0.507"24 
0'507.3214 

0.5073134 

0.5071468 
o.;oi5596 
o'~oi221.t 
0.5073210 

0'507.1122 

0.507312( 

-551 
,519 
550 
5.39 

hlenn 

0.914 0.50;.3198 - JIR:-II - ?oql -554 
0.50;;398 3181 1 1  9081 522 
0.50;40.if, 318' rz 917; 551 
O'jOijOjo 3181 1 1 1  y28; 540 

2 

13 
14 

-4.3 
43 
43 
4.3 

... 
-43 
4.3 
43 
43 

0'50;.314~ 
o . ~ o ) z I ~ ~  

0'50;55t; 
0'50;14ol 

I . 

Mean of Dny and Wight ... 

2 1 1  
22.04 

21'.34 
21.41 

0.903 
O.I)OI 

o 008 
o'i)og 

- 0 
1 1  

- I I 
1 1  

O ; ~ O ; ~ I I O  1 -  283 
1 

-10i~l - ~ 6  1-62 
0'5oj41~1 

0,50;;448 
0'50j.3.35; 

1080l 546 

- 10461 -519 
10491 551 

I 

28.3 

- 28.3 
28.3 

62 

-62 
62 
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llaBle II.-Details of the Obseruations-(Contiwued). 

Correelion on nccount of 

Iteduced 

D a l t o n g a n j - ( c o n t d . )  
8 

-4.; o.go;.zaoz 8 th  
Dec. 
Night 

9th 
Dec. 
L)ng 

4.3 
43 
43 

. 
-43 

43 
4.3 

-. -- -- 

-541 
551 
520 
5.51 

M I  

-544 
553 
522 
551 

8 

0.5075061 
0'5074110 
0'5077482 
O'SOi.3.375 

o.50;4998 
0'5074046 
0.507j420 
O.SOi3.141 

1.3; 
139 
138 
140 

137 
139 
1.38 
140 

0'5072<36 
0'50756.32 
0'5071493 

0'507.3 141 

0'50;.3182 
0.5072212 
0.5oi56oR 

h m  
2 19 

4 
j 

14 25 
15 
16 
17 43! 0'50i1490 

- -329 
,729 
,329 
,329 

- ~ 2 9  
329 
.329 
329 

l , y , o  

19 
2 1  

2 2  

21 

19 
21 

21 

2 1  

s 
,33.806 + 5 '61 

+ 5.48 
5.48 
1.48 
5.48 

+ 8 
5.48 

9th 
Dec. 

Night 

10th 
Dec. 

2 1  

21 

21  

19 

2 
2 2  

2 1  

19 

0.50;.3338 
o . s o ; ~ ( ~  
050;4l0.3 
o.:o;:,o;~ 

8 
0.50j7.385 

Dle:~u ... 

MPIIII of DIIJ U I I ~  X ig l l l  .. 
- ~ - -. ..--p..-..-p-.- -. .. .- 

- l o  
12 

1.7 
1 2  

- 1 0  

1 2  

1 2  

1 2  

19. l o  
I()'IO 
19.29 
19'32 

18.16 
18 '31 
18.41) 
18.70 

312.34'2.34 
r)~z.;65 
134'572 

33'834'+ 
1834'26.3 
1232.791 
3.34'588 

18.931 + O . I J  0,909 
19.0;. 0 .140 .908  
I9'l9 0'1410908 
19.29 0.14 0.908 

I 
18'2,? + 0 ' 2 Z i O 9 l 2  
18.34 0 . 2 2  o 911 
18.;6. O . I Z ! O : ~ O ~  

IH,;R 0.22;0.9oR 

- y2R[ -551 
q.1~1 ;I() 

140  550 
345, 531) 

I 

I 
- 8 - 5 ;  

891Ji 521 

- 322 - 1 2  

.qZ2/ 1 2  
,322 1 2  

.z?zj  l o  
I 

- 2 -  

322 1 3  

o..;o;.~I 1 4  

0.5073125 

- 936 
3 
945 
947 

- 890 
897 
906 
916 

5.61 
5.61 
5.61 

5.61 
5.61 
5.61 
5.61 

Dny O.;OHO,~ 1 .3z2/  I; 

0.50i5ojh .322 10 

+oPo9 

0.09 
0'09 

+o.zo 
0.20 

0.20 

4734.589 
242.32.782 

. z S . Z ( ~ ~ ;  
26.3.3.802 

4 3 4 6 1 4  
4432.806 

140 
118 
1.39 
137 

140 
1.38 

-43 
4.3 
4.3 
4.3 

. 

-4: 
4.3 

Ra nc11 i .  

0.910 
0 '090.9o9 

0.909 
0.909 

0.915 
0.913 

o.zoo.91.3 
0.910 

I 

3 
4 

I 

14 

o..io;1.182 
o,,;o;,i61,3 
o . < o i ~ ~ . z f l  
o.io;,?zl? 

0.50;3136 

o ' jo j1 .$60 
o..;o;5;8; 

;; 5 1  
4.1 

5.39 I 4.j 
5.48 0 5 0 i 2 2 0 r ~  

0 ;O;.~ZOZ 
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IL'able II.-Details oJ the Observat,ions-(Corcti?zued). 
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Table 11.-Details of the Observatio~hs-(Contit~ued). 
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Table 11.-Details of the Obsetvations- ( Co&zwed). 

Corroetion on account of 
- 

P -d. Heduued 
5 0 + : Time of 

I 
6 

- -- 

Monghyr-(oonid.) 
h m 
b 
6 
h 

140 ( 7 

22nd I I 
Jnn.1 1.19, 18 
D ~ ~ / 1 . 3 8 1 l 8 5 8 . 1 1 8 2 1  

110 , 19 

8 

0.507298.~ 
o.5ofzo16 
o'jo75.393 
o.50;1280 

0.5072918 

O.SO;.~OOI 
0';071991 
o~iois~~8(~ 
o.so;~r;? 

0.50;291; 

0.50729~5 

0.;071266 
o . ~ o ; ~ ~ ~ , ~  
0.5072024 
0'50j2996 
o. 5072920 

O . ~ O ; I Z ~ $  

050j~3j6 
o.soizo12 
0'5072990 

o.5o;zgog 

0.5072915 

-. 

-36 
36 
-36 
36 

... 
I 

36 
36 
36 

P 

0.5074947 
0.50;.3996 
0.507;3~4 
0+507.326.3 

0.5074961 
0'50;39;z 
O'~07jJ40 
0.5073~62 

" 1  1333.857 + 8 56 
j34.z8bl 8.56 
s931'8231 8.56 

Menn ... 
Menn of Dug und Night ... 

-. . . -. . . . - - -. -. - - -- - -- 

I 

'8 
20 

20 

19 

18 
20  

21 

19 

5034.623 

83.3.850 
934.29; 

1 
- - 86.3 

867 
R69 
871 

- - 161 
I 1 1  86; 1 1 2  *;I 

ozI lo, 878 

8.56 

+ R'j6 
11.56 

Arrah. 

li.62 
17.70 
17.73 
17.77 

-554 
564 
533 
564 

Ucnn 

- 5 5  
565 
i.33 
164 

8.16 
. 1 ~ , ~ ~ 6 t 4  8.56 

Meun ... 
Mesn of Day and Kiphl. ... 

- . - - -- . - 

0.507.3248 
0.~07i.z48 
0'5074012 
o'soi49;s 

0.507.124.3 
0'5077.336 
o.50;4006 
o'50;49;8 

22nd 140 
Jnn. I 138 
Nighl 

23rd 
J n n  

+o'~s 

0.05 
0.05 

- 49; 
49; 
497 
495 

- 497 
49; 
497 

5 6'34.631 

1.39 
135. 

140 
1.38 

" , o  
18 
1.3 
19 
19 

19 
tR 

0'9.32 
0.050.gjl 

0.931 
0.9.31 

1;'5R!+o. I I 
15.70 0.11 
1711 
I;:;;) 0.11 

+ 5-46 
8.46 
8-46 
8.46 

+ 8.46 
8 4 6  
8.46 
8.46 

5 
6 

n a p !  139 
l 137 

0.9.3.3 
0.932 

O'IIO'9.iZ 
0.931 

- 10 - 8771 -562 
121 8;y 5.31 
1 1 1  8~21 562 
9 RR; 550 

Men11 

- 1 0~- 880 -562 
I! 884 530 
" 1  R89 561 

s8.3z.8" 
49.34.278 

74233'845 

9 -  901 $ 908 
I 911 
lo 014 

1R.40 
1 5 . 5  
18.60 
18.66 

l r  rn 

6 * 
7 
8 

I; 41 
lfl 

.s 

3634.566 
.11341.4 
18.34.90.3 
1733.083 

34.5;o 
41.34.822 

I 

19 
21 

20 

18 

19 
21 

ao 
19 

-j6 
36 
36 
36 

... 
-,36 
36 
36 

4971 101 8961 i49 

17 6.34.63.3 
17 59132.8a6 
18 g1~.zq.a81 
19 43'3.3'843 

b1 curl O'~Oj21)Ol 

Menn of Day and Nigl~l : :  I 0.5072893 
- . . . .- - . -- . . - .  . . .. . -- .- . . -. -. -. -. -~ -- -- -.- . - . . 

D I ~ H I I  ... o'5o;zRRr~ 

Melt11 ... 1 0.507~806 

Mean of Day and Bigl~t.  ... 0.5072093 

561 .;J 
528 1 3.3 

c-5oi.4386 
o'so~4.3.31 
0.50;2667 
0.50;672; 

- 2.18 
2'18 
1.18 
2.18 

- 2.18 
2.18 

30th 
a .  
1912 
Nlzht 

Slat  
Jnn. 

36 

O.;O;IZ;.~ 
0.507j.3;~ 

-560 -53 
549 1 5.3 
561 5.3 
529 ( 5.3 

hlcan ) ... 

+o.oR 
0 0 8  
0.08 
0.08 

+ 118- 
128 
128 
128 

0.5072683 
o.50;6;66 

139 
1.3; 
140 
1.38 

1.39 
1.3; 

o.soi1990 
o'07294s 
0.5071260 
0.507534,) 
o.jo;zR~f, 

-562 1-5.7 
i5O I 531 

18-30 
18.45 

0.924 
2 ;  
0.915 
0.924 

0.20 

o.yz8 
0.928 
0.928 

0.080'926 

0.928 
092; 
0.926 

17.90 
17-91 
18.00 
18.10 

17.96 
18.0; 
18.15 

o.$o;I~R~ 
0.50;2()69 

0.915 
o.1oo.g2,3 

0.50;,i.i;R 
O';0;43;7 

19 35 
30 

34.896 
;oj,z-066, 

D.7 1 2 8  lo 

+0.08 
0.08 
0.08 

+O.IZ 
0 1 1  

0.12 

+0.10 
0.21 

1-18, 
19 I ::::; 2.18, 20 

140 914 

18.29 

0.917 
0.926 

I 138 128 1 1 ,  924 

O'll\o'925 

- 897 
904 

+ 128 - 1 0  

128' 9 



[CHAP. VI. SEASON, !911-I?. 1 0 1  

Table II.-Details of the Observcctions-( Cowtinued) . 

Observed 
~lllleof 
Vibrntion 

.k 
4 

r 
- = 
CO 

m 
o 

2 - 

Arrah-(contcl.) 

e 
? ., 

3 "  

Heducctl 
'I'i~~re of 
Vibl.ul;o~~ 

Correct.ion on uccoont of 

~ 

1st 
Feb. 
Niyht 

211d 
Feb. 
Lhy 

s 

< 

Temperature 

0.00 
0'00 

0.00 

+0'13 
0.13 
0.1.3 
0.1.3 

2 
$ E  
. 

; : - a  

- 
c 

.? 
0 

5 

C4 E 

Men11 ... 
Menn of Dny 11nd Sipllr ... 

~ 

t -  
g 
5 

m 
4 

'- " ' 
a .. - 

9 

? - 5 

,P 

U 
au 
5 2  
$ 2  
c &  2 P  z 

1.3; 
139 
1.38 
140 

1.37 
1.39 
1.38 
0 

o.~o;zR88 

0.5072897 

Y 

- 

0.919 
0'919 
0.920 

0 ' 0 0 0 ~ 1 ~  

0.920 
0.920 
..919 
0.918 

h ni 

5 
6 
7 
8 

rj 
18 46 
19 
0 

* 
G 

2.r. 

20.22 

20'24 
20.24 
20.21 

19.00 
I")"); 

.Y 

52.~4.08j 
4834.525 
4433.027 
15,348;1 

5434.099 
3.1'536 

g 

Y 

0.50i443.3 
0'50;.34;; 
0'50;6858 
0.50;2;.3(. 

O'SOi440i 
o..io;.34j1 
0.50;*812 
O'jOj2jq 

o . ~ o ; I ~ ~ ;  
o~;o;.j#~ 
0~50;tooj 
o.go;ryS5 

o . ~ o ; ~ ~ o I  

0 . ~ 0 7 1 2 o ~  
0.50;.i.zoR 
o..io;zo~fi 
0'50iz9ho 

0.~0728;4 

0.5072808 
~ 

4233.046 
, 3 3 4 7 5  

- 2.22 
2'22 

2.22 
2.22 

+ 1.30- 
1.30 
130 
0 

+ 1.30 
1.30 
1 0  

H O  

-5.3 
5.3 
5.3 
5.3 

... 

- j.3 
5.3 
5.3 
5.3 

2.221 20 
2'22 li) 1 i:::: 

8 , .  

1;. 
IR 
20 

19 

b1en11 ... 

hlcnl~ of ])!IS I L I I ~  Nigl~t ... 
~- . - -  - ---- ~- -~~ -- . . ... .~ - - - 

S a s a r a m .  

- 2 . 2 ~ ~  11 
2'22 4 

- 991 
.yo 
990 
992 

- 965 
94R 
976 

2nd 
Peh. 
Sight 

3rd 
Brb. 
Dny 

-55R 
526 
55R 
546 

Menn 

-560 
528 
559 

6 2.34.890 - 2.4% 19 20'2.3 +O.OI 0.920 0.50;26g6 
6 57.3.3'0.4~ 2.44 20 0 0  o o  0 0 6 8  
;51,3.1's25 2.44 19 ZO'ZI 0.010.920 0'50;.~4j.; 
R 44.34.084 2.44 I; 20.25 0.01 0.920 0.30;4441 

18 ; .34'91o - 2'44 I R  19.69 +o,15 0,924 0'5072653 
IR 5833.oR4 2.44 20 19.75 0.15 0.9z.3 0.5076;~5 
19 jo.34'526 2.44 19 19.921 0.15 0.92.3 0,50734j.3 

140 
1.38 
1.39 , 1.2, 

140 
I,~R 
1.3~ 

546 1.3; 

+ 143 
14.3 
143 
I 43 

+ 14.3 
143 
14.4 

+ 78 
jR 
jR 
78 

+ ;A 
jR 
7R 
;R 

Rtlr 
Feb. 
1912 
Niglrt 

10t,h 
Beb. 
Day 

Menn ... 
blenn oE Dny nnd Night ... 

2 0  4334'099 2'44 IR 20'06! 0.15 0.320 0.5074408 

- 10 
I I 

1 0  

8 

- 9 
1 1  

10 

- 1 0  

9 
1 1  

1 1  

- 1 0  

10 

1 1  

12 

- 1 0 1 1  

101.4 
1015 
1018 

- 996 
1000 

1007 
1015 

1.39 
1.3; 
140 
I.?R 

1.39 
1.3; 
140 
1.18 

16 1 20-64 

0.50;zgzr) 

0.5072932 

- I'D.? 
1.3.3 
I..Z.Z 
1..3.3 

- 1'33 
r'.3,3 
1'3.3 
I..z.~ 

18 
2 0  

20 

19 
19 
2 0  

21 

lam n 

6 151.344i.3 

143 

0:oi.3~8R 
0.50;45jR 
0.5071832 
0.5070231 

o.soj.3560 
0'50jJ515 
0.50;28,32 
0.50;6926 

-555 
542 
553 
522 

AImn 

-556 
545 
535 
522 

20.69 
20.72 
20'j$ 

20'32 
20.41 
20'56 
20.72 

; 
8 I 

8 5; 

18 15 
(9 
20 

2 0  55 

0.~16 
0'91.3 
0.913 
0.g1.3 

01 9K3 

j.z.~.o.i,< 
3q.826 
.3j.000 

.+$'486 
834.050 
234'825 
.32.91)9 

+o.I; 

0.50;5412 
0.5071295 
0'507.300.3 
0'507202.3 

o . ~ o ; ~ Y J ~  

0.5075399 
0~5071290 
o.jo7.3oo,3 
0.5o;zozr 

0.5072929 

0.5072931 

-48 O , ~ O ; ~ O ~ Z  

48 I 0.5oi.io13 

0.917 
0.150.yl; 
0'150'ql6 

101.h 
I b b  
Night 

llth 
Feb. 

4R 
48 

. . . 
- 48 
48 
4R 
4R 0.1;,0.91.3 

Mean ... 
Mean of Day end Night ... 

o.s0;1283 
0.50;5402 

0'50i2935 

0. joj2028 
0'50jz990 
o.50;12R9 
o.~o;~Jo; 

1.38 
140 
1.3; 
I39 

138 
140 

6 I; 
; 7 
8 

18 1 7  

19 
1% 137 I [in 

0.912 
0,912 
0'91.3 

0.080'913 

O'9li 
0.917 
0.916 

o.lro.913 

jz.qg.3 
.34'815 

194'0.33 
R6434'472 

.33'004 
R.14.82.3 
.1,34.604 

zor;n.4;6 
20 

- 1.19 
1.19 
1.19 
1'19 

- 1.19 
1.19 
1.19 
1-19 

0~50769~38 
0.5072856 
0.507455s 
0'507,358c) 

0.5076912 
0.50jz840 
o.jo7454j 
o.~o;.3s81 

+ ~ . O R  
0.08 
0.08 

+O'I.3 
0.1.1 
0.1.3 

2 0  
22 
18 
20 

20 

20 
19 
20 

20. jz 
20.76 
20.87 
20.90 

20.39 
zo.go 
20.62 
20.r~ 

+ jo 
70 
jO 
70 

+ jo 
70 
70 
70 

- 1 1  

1.3 
9 

I 1  

- 1 1  

1 1  

lo 
1 1  

-1015 
1017 
1023 
1024 

- 999 
1005 
lolo 
101; 

-522 
jg.4 
542 
353 

Mean 

-525 
5j6 
544 
553 

-48 
48 
48 
4R 

... 
-48 
48 
48 
48 



Correctiot~ or1 ~ r e o u t ~ t ,  O F  
--- 

0 
i .a Redlrced = 3 o Tlrne of - 
c? hi i 

, . ~l Vibr~biorl 
" 4  2 

- -- - - -. - .- -- -. - - - -- --- - -. . . . - .- - - - 

Sasa ram-(coo td . )  

1 1 Y 

M I  . o.,;o;z~)Jo 

Meall ... 0.50729~3 

Rleun of D H ~  a1111 Nigllt ... 0'5072931 
.- - -- -- . . .- 

~ 

Blesn ... 
Moall of Dog ant1 Night ... 

0.5072925 
0.5072928 

I S 

hlenn ... 0'5072894 

- . . - . - - -. - - . - -- -. . - - .------..-----.p---.-.pp..- 

Moghal Sarai. 

Menn ... 
Meno of Day ancl Niglit ... 

o.so;rRgR 

0.5072896 
-- 

0 ~ 5 o ; ~ ~ h o  
0.507124; 
0'50729i4 
0'50;19~(1 

o~go j r804  

0'.50753;,5 
O'.i0712.i0 
0'50;29fl2 
O',jOj1982 

o.50jzR8; 

0.5072091 

--- - 
19th 
Feb. 

Xicht. 

1.38 
140 
13; 
139 

2r .M 
22 .BR 

2 2 ' 9 ~  
22.94 

- 2 .06  

2 . 0 6  

2'06 
2 . 0 6  

M ~ n n  ... 

Mron of Dng nnrl Ni~lll .  ... 

21 .2 .3  
22.30 
22.40 
22'54 

+ ~ . O R  
o.o.3 
0.0.3 
0.0.3 

2ot,h 
Feh. 
Uny 

30 
19  
19 
20 

6 40'3a.qgf1 0.909 
0.909 
0.909 
0.908 

+ O . I I  
0 . 1 1  

; 31 
8 
9 

0.912 
0.912 

0 ~ l l o ~ g 1 1  
0'110'1)09 

138 
1 4 0  
13; 
139 

j4 .818 
.qa34.02; 
15.34.46; 

-520 
551 
540 
550 

Menn 

0.50769.3~ 
o.so7zRq9 
0.507456; 
0.50j.3601 

-41 
41 
41 
41 

. . .  
-521 

55.3 
541 
551 

+ l a ~  
1 2 1  
1 2 1  

1 2 1  

o '~oi6R9;  
0.50;zRz; 
o . j o i q s , ~ o  
0'507.356i 

- 1 1  11r1  
1 0 1 - 1 1 2 1  

-41 
41 
41 
JI  

+ 1 2 1  

1 2 1  

1 2 1  
1 1 1  

t o  
20 

18  
19 

18 
19 

2 1  

l o  
1 1  

- 1 1  

1 1  

9 
10 

~ l j j ' 0 l t l -  2.06 
,3,334.82RI 2.06 

roap.qq.oqj 2.06 
2134'48,3i 2.06 

112.3 
1124 

-1089 
1093 
tog8 
1104 



CHAP. VI.] BEASON, 1911-12. ' O 3  

I1cr.ble 11.-Details of the Obseruation8- ( Contkued) . 

Roduced 
Time of 
Vibration 

:: Temperature .i. 

;I, 

. 

m 

3 

Ohserred 
l ' i ~ n e  of 

, . o n  

Mogal Sami-(colltd.) 

Meurr o ~ ~ o j ? B A ?  

2 1 s t  1.3; I R  4; ,34'0.)5 - 1.88 18 22.32 +0 '14  0.914 0'50;452; + 1 1 0 1 -  91-1094 -54.3 -41 O'jOi2950 
Vt.b, 1.39 19 40.34.465 1.88 2 0  22.44 0.1.1 0.91.3 0.50;.360; 110 1 1 )  1100 55.3 41 0'50;2010 
Day 1.38 20 ,35.3.3.001 1.88 2 1  22'55 0'1.1 0 ' 9 1  I 0.50j0922 1 2  1105 . i Z l  41 O'jO75.353 

I I I 8 9 2 0.14 0.911 O.v;2849 1 0 I / / I  41 O.<Ojl24.3 

Correction on uccount oE 

o.jo72889 

0.5072886 

o . jo j1181  
0.5075321 
0'50719j9 
o ' j07296~  

o ~ ~ o j z 8 6 ~  

O . ~ O ~ I Z ; . ~  
0.5075.~71 
0.5oj1991~ 
0.507zgRz 

0~5oizgo6 

0.5072084 
- 

Mean ... 
Mean o l  Uuy anrl N / ~ I I I .  ... 

.- -. . . .- - -. - -. - - .- 

0 2 ;  
I 3 

-- 

Z 
5 

F 

-41 
4 1  
41 
41 

... 
-41 

41 
41 
41 

Buxar. 

- 
0 

,e.i 

- 

Meall ... 
blear1 of 1)sy nnrl Nighl. ... 

- . -- --. - . - . -. - - ..--.-..-..-..---.-p-p.-. -. ... - 

u b 
a - 
e 

$ 4 & 2 4 S  

, * 
& 

-551 
Sro 
551 
540 

Wean 

-55.3 
521 
552 
540 

21st 
FcII. 
S ~ , ~ l l t  

2 n d  
Fch .  
Uny 

22.1); 

z.3'09 
2.3.13 
2.3.22 

22.63 
22.72 
22.85 
2.3.00 

0'5o;rnt I 

0.50;6927 
0.50;.3616 
0.50;~59;  

o..jojfXRtI 
0.50;60;9 
o.j0;.36?; 
0.50jq601 

A m  

; 
8 
g I 

19 
2.0 
2 
21  

27th 
Feb. 
1912 

Night 

28t.h 
F e b  
1 )  

:: 

qo,34.8.36 
3632'999 
2934.460 

.3.).01.3 

184').34.599- 
32'984 

.35.34'456 
z8.34.011 

P 

1 0 3 r - ~ 6  
?.3~.ogh 

,34'88,; 
"6.3.3.0;s 

1.3.74'572 
6 1 4 . ~ 9  
7 

533.3'077 

139 
1.37 
140 
138 

199 
1.37 
0 
1.38 

Mean ... 

+ ~ . o n  
0.08 
0.08 
0.08 

140 
138 
139 
1.37 

140 
1.38 
1.39 
137 

+ y 8 1 - ~ ~  
98, 1 1  

98, 10 
98, g 

I 

+ g 8 1 - ~ ~ - 1 1 0 ~  
0 8 ~  1 1  

91 1 1  

9Ul 9 

:507.34sz 
0.5074412 
0'5072706 
0.50;6;95 

0.507.337.7 
0 0 1  
0 0 2 6  
0.50767~1 

0.50;28j1 

- 1.6; 
1.6; 
1.6; 
1.6; 

1.6; 
1.67 
1.67 
1.6; 

0 . 9 1 0  
0.909 
0.909 
o 909 

6 
7 
8 
9 21 

19 41 
20 
2 1  

-1116 
11.31 
113.7 
11.38 

111.3 
1 1 2 0  

1 1 2 ;  

19 
20 

19 
18 

19 
2 0  

2 0  

18 

0 .915  
0.13 o . 9 1 !  
0.1.3 0.911 
0 . 1 . ~  0.909 

+ 118 
218 
218 
218 

+ 218 
218 
2 1 1  

a18 

,v , 
- ~ 7 1 1  20 

.3.;1! 19 

hleun ol 1)a.y ant1 Nigl~L 0.5072060 
~- .  .--. . . - .- - - - -.-. - -. -. ". I 

" 
22.3.; 
z2..34 
22'3.3 
22.32 

2 1 ' 1 2  

I 

2 . 3  

21'44 

3.71 
3.71 

- 5.71 
7 
3 
3'71 

I 
-11!-1o9j 

101 1095 
1 1  1094 
1 2  1094 

I 
- 1 1  -10.35 

1 0 1  10.3; 

1 1  
1044 

1 2 ,  1051 

2 0  

2 1  

2 0  

I 
0 
2 1  

0 . 5 0 7 j ~ 3 ~ ~  
o . ;o j l r ,o  
O.Sojz9,37 
0 .50719~8  

o-50728j6 

0.50j52;5 
O . S O ~ ~ ~ O Z  
050729.35 
o.jo;t*r 

0.5072844 

0.507205 I 
+ 234 - 1 2  

10 
2.34 11  

+ 2.34 - 1 2  

234 i I I  

2.34 10 
. 2 

- 0 6 1  
0.01 

0 . 0 2  

0 . 0 2  

+0 '12  

0 1  
0 ' 1 2  

0.910 
0.910 
O'y10 
0 .910  

0'()15 
0 1 1 0 1  

I 

0.912 

-551 
541 
I 

521 
Mean 

-564 
544 
553 
512 

JIeun ... 
bIean of Day o n  i t  ... 

- 1090 
1094 
0 9 5  
1097 

-1054 

-441 a 5 0 ~ 1 ~ 6 ~  
441 o.jo92940 

-519 44 
0 1-44 

44 
41 

... 
-44 

44 
44 
44 

5.39 
549 

Mean 

-521 
I O ~ ;  551 
10641 541 
t o ;  ;so 

0'5071224 
0.5075.342 

0'5072869 

0.5071947 
0.50~2914 
0.507110.3 
0.5075330 

44 
44 

... 
-44 

44 
44 
44 



1 04 PENDULUM OPERATIOSS. [CHAP. VI. 

Table II.-Details of the Observations-(Colztilzued). 

Correction 011 account of 
4 

'o Observed Reduced 
_R Time of - Ti111e of 

Vibrntion 

- 
s! u 3 5 a 

- . 
Buxar-(contd.)  

* I "  

19 
21 
21  

2 0  

18 
2 0  

2 1  

2 0  

2I lh  
Feb. 

Niybl 

l z t  
hlnr. 
1)ny 

22'52 
22.5; 
22'62 
22.64 

21.46 
21.49 
21.55 
21.72 

1.37 
139 
1.38 
140 

1.37 
1.39 
1.38 
140 

h m  
; I ;  
8 
9 
9 

+0.04 
0.04 
0'04 
0'04 

+o.o9 

0'5072834 

0.5072846 

o.50;1206 
0.50;5312 
0~5071~);o 
o . ~ o ; ? ~ J o  

o.,;oizR52 

O ~ S O ; I ~ O Z  

0.50;53?7 
0.5071943 
0':,0;29.32 

Mcnn ... 
Mean of Dny arid Night ... 

- -- - - ----- -- 

0.906 
0,906 
0'906 
0.906 

0.912 
0 ~ 0 9 0 ~ 9 1 2  
0 .090 .911  
0 ' 0 ~ 0 ' 9 1 1  

.F 

,34'01)2 
934'545 
7.33'05j 

57.34'894 

o . j o j 4 ~ 2 2  
0'50;34y 
0.50;6;Y7 
0.507268; 

1st I 1 4 0  
Mar. 138 

Night 139 
1.3; 

2nd 140 
Mar. I . ~ R  
Dny 1 1.39 

! I 

-- - -- - - -- -- A 

M u z a f f a r p u r .  

- 3.78 
rfi 
.z '7R 
3.78 

1') 2 :  r~'1.z.5 
20 1.3l::q';iz 
2 1  ~;.3.3.0~3 
2 1  .i8;.34'911 

-44 
44 
44 
44 

. 
-44 

44 
44 
44 

; 
R 
9 

10 I 

I 
2 0  

2 1  

2 2  

- 3'7R 
3.78 
3 . 5 ~  
3.78 

+ 2 2 2  -10 

2221 1 2  

2 2 2  I ?  

2221 1 1  

0.50;2949 
:50;1942 
0.50;5327 
o ' j0j1196 

0.50;2854 

o . ~ o ; z ~ o , ~  
0.5071936 
0.5oi5.315 
0.50i1201 

2;,34'889 
1R.3,;.061 
10.34.5.36 

34.090 

I 

1X.33.o;: 
lo34',561 
l o  

8th 
blnr. 
1912 
Sigh1 

9th 
Mar. 
I)ny 

- 1103 -538 
IIo6i 549 
I I O R ~  518 
llo9j 549 

0.50jj.328 9 
0.50;3.3;5 1 1  
o . , so ;~ j=b  1 2  

0.50;2650 1 1  

- 3.69 2 0  

3.69 21  
3.69 20 
3 .69 18 

I - 6 2 0  

3'69 2 2  

3.60 2 1  

. ~ . 6 ~ (  19 

i e n  

- 1052: -542 
10~~31 553 
10,561 521 
1064 5 5 2 ,  

22.53'+o.oR 
22.6b' 0.08 
22.69' 0.08 
2 2 . ; 2 \  0.08 

Z I . ; ! + O . I . ( O . ~ I Z  
21.6oi 
z ~ ' ; . z .  0.14 

Mean ... 
Mean of Day nor1 Night ... 

I . ~ R  
140 
1.;; 

1.39 

1.48 
140 
1.3; 

21.46 
21'54 
21'66 
21';o 

20.91 
20.98 
21 '1 .4  

21.20 

0 . 5 0 j 2 8 ~ 1  

0.5072057 

- 2'25 
1'25 
2'25 
t ' ? ~  

- 2.2,; 

2.25 
2 . 2 ;  

21.90 0.14 

0.908 
0.909 
0.909 
0.9oR 

o . 1 4 0 . ( ) 1 1  
0'911 

- 1 1  

1 2  
11 

9 

I 

13 
1 2  

+ O ' I O  

0 . 1 0  

0'10 

+ o ' I ~  
o . l j  

0.15 

# f l 0  

17 
20  

19 
20 

20 

20 
2 0  

A n 1 1  x 

-1104 
I 10; 

1 1 1 2  

I I 13 

I 
IO;R 
1065 

-550 1-44' 

-46 
46 
46 
46 

... 
-46 

46 
46 
46 2.25: 2 0  

; 
8 
9 

lo  

1 9  56 
20 48 
2 1  

1.39 1 2 2  

081)10 

0.50;2698 
o.:,0;6;;R 
0'50i.3451 
o..coj~q?R 

0.50j264R 
0.50;6746 
0.50;.3399 

520 
551 
539 

Mean 

-55.3 
521 
552 

s 

0.5075352 
o'5071?19 
0.50;z949 
0.50719;o 

o 'so;z8;~ 

o.50;.<.<14 
o . ~ o ; I I ( ) ~  
oe50;2911 
0.5071946 

g633.031 
4734.862 
4434'067 
.35,jj'.;oR 

.3.3.056 
j4.RH6 

41.34.095 
.zj3q.fizH 

0'50j2940 
O'sOil957 
0'5375371 
o'j071221 

0.507fl62 

o ' ~ o ; z R ' ) o  
o . ~ o ; I o ~ ~  
0'5075315 
o.50jl19.3 

0'5072831 

0.5071047 

+ 217 

217 
21 ;  

21 7 

+ I 

21; 

217 

44 
44 
44 

... 
-44 

44 
44 

0.916 
o . l o o . g 1 5  

0.915 
0,914 

0,921 
0.919 

o '150")18 
o.91R 

0'3074383 

-1052 
1055 
1061 
106.3 

- 1025 
1028 
1035 
1043 

Mean ... 
Mmn of DRY and Night ... 

21; 10 1013 541 

F 

0.5076850 
o.50;2753 
0.50744;R 
0.507.3512 

o'50;6791 
0'50jZi0.3 
0.5074416 
O'jO734;O 

- 524 
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544 
554 

Menu 

- 52; 
55; 
545 
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-46 
46 
46 
46 

... 
-46 

46 
46 
46 

0.915 
0 '91s 
0.915 

0 . 0 9 0 . 9 1 5  

0.919 
0.918 
0.918 
0.917 

- 1064 544 
106;~ -,5s4 
1oj21 ga.3 
lol4! 154 

9111 1.37 
~ 8 r . l  I39 
Xighti 138 / 140 

-10.34 10th 
Mar. 
Dsg 

+ 132 
132 
132 
132 

+ 1.32 
1.32 

132 
1.32 

0.50744;8 
O . S O ; . ~ S O ~  
0~50;6858 
o . ~ o ; z ~ R I  

0.5074399 
o.~b;3450 
o.50;6816 
o-5o;a;~o 

R 1,34.06; 2 .14 
8 14!34'509)- 2 . t '  

Mean 

-546 1.37 
1.39 
138 
140 

- 8 
1 1  

10 

11 

- I I 

I I 

1 1  

1 1  

19 I 

2 0  

2 1  

2 1  

I R  
10 
11 
2 0  

9 4;:.73,ozR 
10.3;,.34.850 

ro I ' ~ ) . I o ~  

a0 53134.33; 
21 46/33.045 
aa J6'34-8;.7 

1 0 . 3 ~ ~  556 
1044, jrS 
10501 556 

+ 126 
126 
126 
126 

+ 126 
116 
116 
116 

~ I ' ; z ~ + o . o ' )  
2 1 . ~ 8  0.09 
21.k;/ 0.09 
21'92; 

a1.10 t o . 1 4  
11.16 0.14 I 11.31, 0.14 
21.411 0.14 

2.14 
2.14 

- 1.14 
2 . 1 4  
2.14 
1 -14  

- l o  
I I  
1 2  

1 2  

- 9 
1 1  
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I 06 PENDULUM OPELbTIONS. [ C ~ I A P .  VI. 

Tcldle 11.-Details oJ the Obse~~ocitions- (Contilmed). 

Correction on aceollnt OF 
--- 

. - 

Majhauli Ra.-(contd.) 

18th 
Mar. 
Nigl l t  

h m '  
8 
9 

l o  
II fl 

140 
138 
1.39 
13; 

s 

,36.q4';84 
2832'9;5 
19.34'445 

33"989 

- jq; 
516 
547 
5.36 

19th 
Mnr. 
D ~ J  

S I ,  

no 
2 1  

140 
1.38 
1.39 
I 

- 1'88 
1.88 
I'RB 
1-88 

. 
24'53 
24'.<7 
24.60 
24.59 

-41 
41 
41 
41 

l y  
20 
20 
15 

0~507~85.1 

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

Gorakhpur,. 

+ IIO 

IIO 

IIO 

IIO 

s 
0 . 5 0 7 1 ~ ~ 1  
0.5075320 
0-5071951 
0.507zy7q 

- 1 0  
11 

11 
6 

3i.34'80; 1.88 
z g j z . q ~ b l -  1.88 

-12oa 
1204 
1205 
1205 

I 
Mesn ... 0.5072870 

l y  24.ao+o oy 0.90; 0.5072871 + 110-10 -1186  -550 -41 o..jo;l194 
20 24.29 o.ogo.906 o.~o;G957 110 1 1  1190 518 41 0.5075.307 

2 ~ 2 0 ' 7 4 ' 4 4 3  1'88 
2 1 1 0 0  1 ' 8 l  

19 z ~ ' . z j  0 ~ 0 9 0 9 0 6  0.5073655 IIO 10 119.3 54') 41 o.50719;2 
l g  24.18 0 ' 0 ~ o ' 9 0 . i  o'yo;d61R 110 10 1200 538 

25th 
Mar. 
1912 

Nj@ht. 

1.39 
1.37 
140 
1.38 

h m  
9 

10 11 

11 
11 

i 1Wcn11 ... 0'507284; 

- 9 
9 

10 
11 

s 
18.34'.3;5 

.3.Za94.3 
5.34.724 

593a.910 

- c.78 
0'78 
0'78 
0'78 

Menn ... 
Menn o f  Day nnd Night ... 

- 

0.890 
0.890 
0.890 
0.889 

0.50;285.3 

0.5072850 
- 

I 

18 
18 
19 
20 

0 '~07~802  
0'50i4752 
o..io7.3048 
0.507713; 

0'~o;19~y 
0.j072918 
O'50;"99 
0.5075.~1.3 

- 1 2 ~ 9 1  -.;33 
1.~001 529 
13041 5.39 
1.308 509 

+ 46 
46 
46 
46 

-41 
42 
42 
42 

. , I '  26.52 +one; 

0'5075.~01 
o ' ~ o i 1 2 2 i  
o-yo72880 
0'50;1940 

0.50i28.3i 

o '~07s300 
0'50i1195 
0.50728yb: 
o.,~0;1()26 

0.5072832 

0'5072834 
---- -- 

26'.i4 
26.6a 
26.;0 

26th 
I 

i t  

37th 
Mar. 
Dng 

0.0; 
0.07 
0.07 

Menn ... 
Mean of Dny and Night ... 

~-~ _ -  

0.50;;14g 
o-507.310; 
0.5074756 
o'l;ojjR.3z 

0'507;14$ 
0.5073065 
0.5074762 
O.~;O;~RII 

0,5072938 
0'5071949 
0'5075333 
0'5071220 

o.s0?2Rfio 

0'50i2921 
0.5071943 
O'.5075314 
0'5'Ji11q9 

o.;oj2R44 

0.5072852 

-13141 -506 
1.319 5-36 
i3zS/  525 
-29, 5.36 

Monn 

- 1300 -509 
I jOs! 538 
1.412 526 
1jz11 5.16 

0.885 
o . 8 b  
0.884 
0.884 

0.889 
0.RR; 
0.886 

138 
0 
1 ;  
139 

1.38 
140 

-42 
42 
42 
42 

... 
-42 

41 
42 

27th 1.3; 9 1933.914 - 0.60 19 +0 .06 '0 .88~  0.5074820 
M r .  I I 0 4  0.60 18 0.06 0.881 o-so;.~W 
Nigh1 138 11 532.881 0.60 21 0.06 0.885 0'5077106 

140 1 1  5534.689 0.60 2 0  0 '060.886 o.50~.~123 

28th 13; a1 1 3  33.932 - 0.60 19 +omo8 0.899 0'5074778 
Mar. 139 a? 15 14.370 0.60 2 1  0.08 0.891 o.soi38tz 
Dny 138 13 931.901 0.60 a2 o 'oRo'89 l  0'.501;157 

-41 
42 
42 
42 

, 

-42 
42 
42 
42 

+ 26 
26 
a6 
26 

+ 26 
26 
26 
16 1:zY 1 b I . ; \~~ .~ ; I~  0.45 

- 12 

11 

l o  
11 

-I I 

11  

l o  
1 2  

140 23 5934.;11 0.60 18 0.08 0.890 o.~~;,zo;.z 

+ -3s 
-3s 
.35 
35 

+ -3s 
35 

13: 23 a4 33.940 

9 .zil.zz'go.5 - 0.45 
0.45 
0.45 
0.45 

- 0'45 
0.45 

2 1  

10 
I 

12 

2 1  

, 2 1  

Mean ... 
Menn of Day and Night. ... 

-10 
9 

12 

11 

- r o  
IZ 

13 

0.45 
26.951 o.16,o.RRi 

2 

y 
1434.361 

40.3z.go; 
,(034.;16 

41 .15 

21 
2 0  

i 9  
20 

20 
20 

- 1340 525 
I 6 
13481 506 
13481 537 

19 

g 

-1,310 

26.78 0.16 

26.81 +0'12 
26.921 0.12 

I3lgr 5.39 

Mrnn 

-530 

zi.05 
27'13 

1310 540 
1.313) 510 

0.11 

0 ' 1 2  

26.5.3'+0.16 
26.641 0.16 
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Table 11.-Details of the Observatiom-(Contintled). 

2 Ten~pe~.at.~~~.e .: Correction OII occounb of 
a: 

Reduced 

a 0 
I U 

I I _ __. . .. _ . _ - - - - . 

Gorakhpur-(coot,d.) 

- ,;j9 
509 
539 
528 

Mean 

- 543 
51.3 
544 
5.32 

' 
-42 
42 
42 
42 

... 
-42 
42 
42 
42 

I 

0.~oj1~06 
0'50753.37 
0'507lO5l 
0.5072934 

0.507285; 

o'.;o;m91 
0'5075.322 
0'50i1931 
0'50i2909 

Menn ... 
Mean of Day and Night ... 

\. 

0.507.3076 
O. 5077182 
0..<0;3826 
0.5074;96 

0.507.30.36 
0'5077135 
0.507.377.3 
0'5074737 

0.889 
0.889 
o.RR9 

o.oz0.881) 

0.896 
0'040'896 

0,897 
0.896 

o.50jzR.z8 

0.5072848 

+ 45 
45 
4.5 
45 

+ 45 
45 
45 
45 

I 7 
2 0  

19 
17 

18 
20 

19 
18 

8 ,  - 0.7; 
0.77 
0.7; 
0.7; 

- 0.7; 
0.7; 
0.7; 
0.77 

28th 
Mnr. 
Night 

291.11 
Mar. 
Day 

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

Dehra Dun. 

- 8 
1 1  

10 

8 

- 9 " 
10 

9 

0 

27.0; 
27.10 
27.13 
21.1.3 

26.44 
26.37 
26.34 
26.33 

140 
138 
139 
13; 

140 
1.38 
139 
I 

- 1326 
1.328 
1329 
1.329 

-1296 
1292 
1291 
1290 

0 

+o.oz 
0'02 

0.02 

-0.04 

0'04 
0.04 

-510 
0 0  

510 
481 

Mean 

-512 
502 
511 

- 1  124 
1129 
1135 
1141 

1122 

11.30 

A * i  I .r 

- 10 
9 

10 

1 1  

184-10-1114 
9 

10 

9 
10 32 
1 1  

2 1  

22 

23 
o 

138 

-36 0.5071613 

3 6  

o'jo;zj60 
36 0.50708;7 
.36' 0'50;4984 

39'34.711 
32.891 

2234.364 
121433.924 

4434.729 
.3;.32.911 
3034.388 
243.3'950 

4.84 

s ,  
+ 4.84 

4.84 
4.84 
4.84 

+ 4.84 
4.84 
4.84 

8th 
Ap: 
1912 
Ki:hI. 

9th 
Ayr. 
J)np 

... 
-36 
.?h 
36 

o 54 

1~ n1 
lo 21  

1 1  

12 

1.3 

22 

2.3 
o I 

139 
137 
140 
1.38 

1.39 
1.3; 
140 

0.50;2509 

o'.i071600 
O . ~ O ; Z S ; ~  
o.50;0889 

- - -- -- 

,3?.992 

s 

34'478 
1 3 4 0 4 8  
634.816 
0.32.99~ 

1634.488 
9.34.044 
,34.812 

20  

19 
18 
19 
2 0  

19 
18 
19 

9th 
Apr. 
Night, 

10th 
Apr. 
nay 

13.2.3 

0 

22.93 
2 0  
23.16 
23.29 

22.73 
22.89 
23.07 

0.19 

0 1  

+o.1.3' 0.842 

0'5074996 
o.jo7oRj4 
o.sof258; 
0.5071618 

0'5072519 

0.5074995 
o.5ofo866 
0.50jzj98 
o'jo;1605 

138 
140 
13; 
1.z~ 

138 
140 
1.37 
139 

o.50;6941 

0.50;.35;; 
0 0 7 8  
0.50;28jz 
0.50;693; 

0.50;.3556 
0.50;4528 
o.$o;z860 

0.841 

0.13 

+o.19 
0.19 
0'19 

0.5072516 

0.5072517 

0'5072589 
o.$0;1607 
0'5074982 
o-jo70865 

0.507zj11 

o*~o;z~RI 
0.5071623 
0.5074989 
0.5070864 

0.507~51j 

0.5072512 

0.5076962 
0.50jz8~~ 
o.jo74580 
0.5073629 

0.5076955 
0.5072861 
0'50j4591 
0'507.3618 

Mean ... 
Mean of Day and Night ... 

284 1 1  I 138 481 

- 284 
284 
284 
284 

- 
284 
284 

0 0 8 1  
0.1~0.841 

oa8j! 

0.845 
0.845 
0.844 

lo 28 
I I  

12 1 1  

1.3 

22 31 
23 21 

1 

'0th 
*pr. 
Night. 

llt,ll 
A P ~ .  
Day 

-36 
36 
36 
56 

... 
-36 
36 
36 
36 

- 1152 
1157 
1163 
1169 

-114; 
1153 
1163 
1171 

- 2851-11 -482 
51 I 
500 
510 

Menn 

-483 
5" 
501 
5" 

285 
285 
285 

- 285 
285 
2Rj 
285 

Mean ... 
Mettn of Day snd Night ... 

4 

9 
9 

1 1  

- 1 1  

lo 
8 
lo 

2.3.51 
23.62 
2.4.7.3 
2.3'86 

23.36 
2.3'54 
23'7.4 
23.89 

+o. 13 
0.1.3 
0.13 

+0.20 
0'20 

0.20 

jz.98.3 
1834'8~6 

94.021 
234.454 

.32.987 
34.812 

016.34.016 
7.34'459 

1-17 
139 
158 
140 

1.37 
1.19 
1.38 
140 

0'843 
0.84.3 
0.842 

0.1.30.842 

0.845 
0'844 

0 ~ 2 0 0 ~ 8 4 4  
0'84.3 

-36 
36 
36 
36 

... 
-36 
36 
36 
36 

3934.001 
32.34'440 
2532.962 
1534.781 

34.007 
.1434'436 

32.962 
1934.781 

10 

1 1  

12 

13 

21 43 
23 
0 27 
1 

+ 4.85 
4'85 
4.85 
4'85 

+ 4'85 
4.85 
4.85 
4.85 

-501 
510 
481 
510 

Mean 

- 502 
511 
482 
510 

24'14 
24.30 
24'.38 
24-51 

24.03 
a4.19 
24-36 
24-54 

20 

18 
18 
2 0  

2 0  

19 
17 
19 

+ 5'22 
5.22 
5.az 
j.22 

+ 5.22 
5.22 
5-22 
5'22 

17 
19 
20 

18 

1 7  

19 
20 

18 

+o.1.3 
0.13 
0.1.3 

+oa19 
0.19 
0'19 
0.19 

0'84.3 
0'842 
0.841 

0'1.30.841 

0.845 
0.843 
0.842 
0.841 

0.507462.3 
0.5073660 
0'5077011 
0.507292; 

0.50;4610 
0.5073671 
o ~ ~ o ; ~ o I ~  
0.5071927 

-118.3 
1191 
1195 
120, 

- I  177 
1185 
1194 
1202 

- 306 
306 
306 
306 

- 306 
go6 
306 
306 

- 8 
10 

H 

g 

- 8 
10 

fl 

9 
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Table II,-Details of the Obse~vatio9~e-(Co9ztiltued). 

e Tempernture ,? Correction on account of 
4 - 

Reduced 

U 
-- 

Dehra Dun-(could.) 

h sa s S , o  

11th 140 lo  44 , ~ J . ; s I  + 5 .41  18  25.11 +oPo8  o.83i o . ~ o ; z ~ ~ I  - 318 - 9 - 12.30 - jo7 -36 o.go;o8r)1 
Apr. 1.38 1 1  3732.9.3; 5-41 21 25.1; o ' 0 8 0 . 8 ~ R  0'50j7o;z 318 121 12.13 470 36 0'50i4994 

Night 1.39 1 2  2834.40; 5.41 19 25.24 0.08 0.838 0.5073729 318 lo  123; 508 36 0.j071620 
1.3; 13 2 1  .13.970 5.41 18 25.31 0.08 0.838 0.50;4695 318 9 1240 qg8 36 0.5072594 

Mean ... o. joj2j25 

121.11 140 22 46.34.;60 + 5.  J I  2 1  24.88 +o .19  0.842 0.5072971 - 318 - 1 2  - 1219 -510 -36 0'50;08;6 
APT. 138 z . z . z ~ . z ~ ' ~ J ~  5.41 2 1  25.03 o.lr)o.Uqo 0.5077058 318 1 2  1226 480 36 0'50749R6 
Day 1-39 0 2934.412 5 .41  19 25.21 0.19 0.840 o.joj.3721 ,318 10 1295 509 .z6 0*50;161.1 

1.37 1 ~O.~.Z.!I;; 5.41 18 25.36 0 . 1 9  0.8.39 0.507~6;B I g IZJ.ZI 498 36 o'50iZj74 
Mean ... 0'50;2j12 

Mean of Dny and Night ... 0.5072519 
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I n  Tahle 111 are shown the  times of vibration a t  Debra Diin at  t h e  beginning and end of 
the eeason. 

Table In-Times of vibration at Uehra D4n. 

The agreement hetween the two valucs is satisfactory, but me shall as usual tabulate t h e  
differences between the mean alld individual penrlulums. These are shown i n  Table IV. 

Mesn 

J 

0.6072514 
2622 
2517 
2618 

-- 

0.6072518 
- 

0~6072511 
2617 
2612 
2519 

0.6072516 
-- 

0.5072516 

- 3 

Date I I37 1 138 1 130 1 140 

The variations in tlie differences are  of about the  same amount as in previous years and 
there is no evidence of progressive change in any one pendulum. The observa t io~~s  a t  Majhauli 
R i j  appear to  have been bad. 

S1.nLion 1137  1 e I I i S  I, 1 1 9 1  " 1  1 4  1 u 

1 

o 
0.5070887 

0877 
OW2 
0886 

0.6070883 
- 

0.5070883 
0870 
0866 
0883 

0.5070875 

0~5070879 
- -- - 

- 8 

- - - - - - 

1911.12 
November, 4.6 

,, 5-6 
,, 6-7 
$ 9  7.8 

Mean 
- -- 

April, 8- 9 
,, 9-10 
,, 10.11 
,, 11-12 

-- --- - 

Nean 
-- - -- 

General Mean 

D~fferenca, Apr.-Nov. 

-- . 

P 

0.5074990 
4998 
5001 
4984 

- --- 

s 
0.5072570 

2593 
2564 
2574 

-- 
0.5072575 

-- - -- 

0.5072568 
2592 
25S5 
2584 

0.5072583 

0.5072579 

+ 7 

I)el~l.a Uiin . . . 
.Tnpla ... 
Daltonganj . . . 
R i n r h i  ... 
O R  j a  ... 
Mo11g11yr . . . 
Arrnh ... 
Saeari~m ... 
Moghal 8nmi ... 
BIIXOT ... 
nf~lznffnrpur ... 
Mnjl~nuli  Riij ... 
Qornkhpur ... 
Dehra Diin ... 

Mouna 

Means of 1910-11 

+16,qj 
+ 1648 
+1646 
+ 1 6 5 o  

+1647 
+1647 
+r647 
+1642 

+1649 
+ 1646 
+1642 
+ 16.36 

+1643 
+ 1643 

-- 
+ 1644 -- 
+ 1636 

r 
0.6071609 

16L9 
1620 
1629 

+Sgg 
i 904 
+906 

+ g o 9  
+909 
+go2 
+goo 

+qo.q 
+894 
+ g o t  

+ 9 o j  
+goo 

+904 
+9o.q 

~ 

+ 90.3 
-- 

+ 902 

- 9 
+ 4 
+ 2  
+ 6 

+ 3 
+ -3 
+ 3  
- z 

+ j 
+ 7. 

- 2 

- 8 
- I  

- 4 

0.5074993 1 0.6071619 

0.5074087 1 0 5071607 
4996 1611 
4982 l 6 : 5  
4990 1 1617 

0 5074989 1 0 5071612 
- 

0.5074991 1 0.5MlBlG 
- - - - - - - - - -- 
- 4 1 - 7  

- 4 
+ I 

+ . 3  
+ 6 
+ 6 
- I 

-.q 
0 

- 9 - 2 
+ 2 

- 3 
+ 1 

0 

-5; 
-71 
-72 
-74  -.- ,.s 

- r >  - -  
-74 
p i 0  
-80 
-81 

-6.3 
-86 

-70  
-67 

- 71 
-. .- 

-ha  

- 2 4 i j  
- 1 4 8 . 3  
-2481 

-248.3 
-2479 
-247.3 
-2471 
-2477 
-2~6.3  
-2466 
-2482 

-24.51 
-2477 
-2474 
. 

- 2414 
- 

-2477 

+ I S  
+ 1 

o 
- z 

- .Z 
- 3  
- 2 

+ 2 

- 8 

- 9 
+ 9 
-14 
+ 2 

+ 5 
-- -- 

- 

- I 

- g 
- 7  
- 9 
- 5 
+ I 

+ . z  
- ,Z 
+ I J  
+ 8 
- 8 

+ 2 3  

- 3 
0 

-- 
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In Table V are shewn the times of vibratio~r of the mean and individual pendulums at 
each station with the values of g deduced. 

Table 7,-Mean time8 of v i b r u l i o ~  ancl deduced values of g. 

The Reduction to Sea Leuel. 

The orographical correction was only computed for Rgnchi, this being the only station at 
which it was at all likely to be appreciable. It was, however, found to be only 0.0001 which is 
negligible. 

13!) 

0. 5051616 

0'5052 147 
+531 

978.858 

0'5072221 
+ 605 

978'829 

o',j0725;1 
+ 955 

978.674 

0.5ofzoj1 
+ 455 

958'887 

0'50jzo14 
+ 398 

958'909 

0'5071993 
+ 3; i 

978.9'7 

o'50;roz; 
+411 

978.901 

0'5071995 
+ 3i9 

958.917 

0'5051951 
+ 33.; 

958'934 

0'5071946 
+ 3.10 

978.9.36 

0.50;1966 
+ 350 

978.928 

0'50i1942 
+ ,326 

958.938 

station I 137 I 13.3 110 / Mean 

0.50708j9 

0'507f40.3 
+524 

958.861 

0'50i1481 
+ 602 

978.8.31 

0.50;1830 
+ 45 1 

958.696 

0'.50i~.333 
+ 4.54 

978.88R 

0. j071269 
+ 390 

9;8,912 

0.5071246 
+ 36; 

958'921 

o'j051288 
+ 409 

978'905 

o'go71240 
+ 361 

978'924 

o.50;1 206 
+ 327 

918.937 

O ' S O ~ I Z O ~  

+ 3.10 
978.936 

0'507 '2.30 
+351 

978'927 

O'~O;IZO~ 

+ 324 
978.938 

0'5074991 

0'5075534 
+ 543 

9;8-8;.~ 

0' 5075608 
+617 

978'825 

0'50i596.~ 
+972 

~78.688 

0'5055459 + 468 
978.882 

0'50i5389 
+ 398 

978'909 

0'5075364 
+ 37.3 

978.919 

0'50i5407 
+416 

978,902 

0'505.;.352 
+ 361 

958.924 

0'5075318 
+327 

978'937 

0'5075.333 
+ 342 

978.9.3.' 

0'5075.317 
+ 326 

978.937 

0'5075321 
+ 332 

978'935 

Dehrs D i n  ... 8. 

Japle ... 8 .  

' 9. 

Doltonganj ... 8. 

9. 

Ranchi ... 8 .  

9. 

Gays ... @. 

9. 

Monghyr ... a. 

9. 

Arrah ... s. 

9. 

Sasarim ... P. 

9. 

hfoghnl Serai ... a. 

9. 

Buxar ... 0. 

9. 

Mnzaffllrpnr ... 6. 

9. 

Mnjhnnli R5j ... s. 

9. 

Gorakhpnr ... 8. 

9. 

0.50jzj16 

0'5073051 
+ 5.35 

978.856 

0'5073f27 
+611 

978'827 

0' 5073480 
+ 961 

978'691 

0'50;2980 
+ 464 

978'884 

0'5072916 
+ 400 

978.909 

0'5072993 
+37; 

958.918 

0'50729.30 
+4I4 

958'90.3 

0'5052889 
+ .17.3 

978.919 

0'5072852 
+ 336 

978'933 

0'5072851 
+ 3.15 

978'934 

0'50;2866 
+ 350 

978.928 

o'5of~846 
+ 330 

978-9.36 

0'5072579 

O.~O;.~IZZ 
+ 541 

958'83.3 

0'5053199 + 620 
978'8a4 

o'jOi35.i4 
+975 

978.687 

0'5073055 
+4i6 

978'859 

0'5072991 
+ 41 a 

978'904 

0.50;296; 
+ 388 

978'913 

O'~O;.~OOO 
+ 421 

978.900 

0,5072969 
+ 390 

958.912 

0'5072933 
+ 3.54 

958.926 

0'5072914 
+ 635 

918.934 

0'5012952 
+ 373 

9iR.919 

0'5071pf6 
+ 3-77 

9iR.933 
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The abstract of the season's results is given in Table VI. 

TubEe 7 . - A b s t r a c t  of results. 

At the elld of Chapter IV, i r ~  the discussion of the results obtained in the Central Provin- 
ces, it  was assumed that a residual of - ,030 represented normal gravity. With the same 
assumption here, we see that gravity a t  Daltonganj, R inc l~ i  and Sasarim is relatively ill excess 
and at Gaya, Japla and Moghal Sarai i t  is only slightly in defect. There seems to be no doubt 
that Daltonganj and Rinchi are on the belt of high density and this may extend north of 
Sasariim on the west and nearly to Gaya or1 the east. I n  conllection with this uncertainty as to  
the northern edge of the belt i t  may be noted that at AllabRb%d a relative excess of gravity mas 
found, although a t  Maihar to the south there is a relative defect (7;ide Chapter IV) .  

The case of Sasarim and Japla is exactly similar aud it is possible that the area of high 
density indicated by the residuals at Sasarsm and Allahabid is separated from the "hidden chain" 
by a cegative belt passing through Japla and Maihar and on to Saugor. We have, however, only 
slight evidence of this. 

9 - Y n  

dyne* 

-0-022 

-0.017 
-0.036 
-0.032 
-0.025 
-0.038 
-0.061 
-0.062 
-0.047 
-0.086 
-0.101 
-0-125 

The large values of g-y ,  at  the three most northerly stations, Muzaffarpur to Qorakhpur, 
show that gravity is in greater defect than a t  other stations similarly situated with reference to 
the FIimillaya. At  Kalinna, which compares with Gorakl~pur, the defect is only .081, a 
difference of .024i and a t  KesarbSri which is slightly nearer to the hills the defect is .067. The 
whole of this season's area uorth of the Ganges may, therefore, be considered as a trough of un- 
usually low density and this fact helps to account for the southerly deflections of the plumb-line 
which have been found as fnr north as Muzaffarpur, since the trough masks the northerly attrac- 
tion of the Himiilaya. 

Station 

Rinchi ... 
Daltonganj ... 
Japla ... 
Gaya ... 
Sasarim ... 
Moghal Sarai . . . 
Mol~ghyr ... 
Arrah ... 
Buxar ... 
Muzaffarpur ... 
Majhauli R i j  .. . 
Gorakhpur ... 

.'I 

dynes 

978.691 
978.827 
978'856 
978.884 
978.903 
978'919 
978.909 
978.918 
978'933 
978'934 
978.928 
978,936 

~ o r r e c t ~ o n s  I 
- 

for 1 for 1 n i -  1 yll 
h e ~ g l l t  (Yougner) I I I e ~ g l ~ t  yo 

d i ~ s e r  

-0.203 
-0.066 
-0.044 
-0.034 
-0.032 
- 0.024 
-0.014 
-o*o18 
-0-019 
-0.017 
-0.021 

-0.024 

feet 

2167 

707 
474 
361 
340 
257 
154 
188 

I 207 
179 
219 
257 

dynes 

978.843 
978'886 

978.920 
978.938 
978.949 
978'972 
978.979 
978.992 
978.992 
979.031 
979.043 
979.076 

rlywrs 

+o-073 
+0'024 
+o.o16 
+o.o12 
+O.OII 
+o*ooy 
+o.oo; 
+o-006 
$0.007 
+oSoo6 
+om007 
+0.009 

d!/acs 

978.713 
978.844 
978'892 
978.916 
~78.928 
978.957 
978.970 
978.980 
978.980 
979.020 
979.029 
97.9-061 



C H A P T E R  VII .  

The Pendulum Operations in 1912-13. 

The area selected for  determinatious of gravity for  this year was t h e  gap lef t  between 
Ma,jor Lenox Conyngham's work south of Dehra DBn which extended t o  Gesupur, near Delhi, 
and Captain Cowie's observations i n  tlie ~lorth-western portion of the  Central Provinces. 

The results obtained in the former area (ride Chapter I) shewed t h a t  the  defects of gra- 
vity decreased in the  usual nianner ils we recede from t h e  hills and pointed to  the probability 
of a relative excess of gravity being fonnd not f a r  south of Gesupur, while the  observations from 
Amraoti t o  Hosbangiibnd indicated tha t  this area formed part of t h e  "hidden chain". The 
proposed observations were, therefore, intended t o  define the northern edge of the "hidden 
chain" and t o  determine whether the  decrease i n  the  deficiencies of gravity continued south of 
Gesupur. 

Latitude observations had indicated the existence of an area of high density extending 
f rom JhBnsi to  Sipri, this area being, however, separated from the main "hidden chainJJ; i t  was 
hoped that  the  pendulums would define this also. 

Observations were also made a t  Kaliiinpur, the statiori of origin of the  Indian Triangula- 
tion, a t  which place Captain Basevi swung his pendul~ lms  in 1867. A reference to  the  previous 
value of gravity, and also t o  those at  the other old stations which have been occupied during the 
present series of determinations, will be found a t  the  end of this chapter. 

Of the  stations visited, Kaliiinpur is on thc  western edge of t h e  high ground which runs 
u p  through Sipri  almost t o  Gwalior and which divides the  Retwa and Chambal rivers. BhopiLI, 
Goona and Sipri  a re  i n  undulatine country with scattered hills, the rest of the stations being on 
level ground. f 

The  observations throughout t h e  season were mode by Captain H. J. Couchman, R.E. 

The deacriptions of the  stations are given below:- 

Bhopal. 
Lati tude ... 23' 16' 58" 
Longitude ... 77' 25' ON 
Height  ... 1630 feet. 

The  pendulums were swung i n  the  second room from the  south end of the  Bhopil  Dak 
bungalow situated about 200 yards east of the railway atation. The aize of the  room is 
151 feet x 144 feet and it has a concrete floor, tiled roof and ceiling. The  height was determined 

BM.29 
by levelling from t h e  G.T.S. -66-i of Main Line  34 (Nandgaon to Sironj).  



Kalianpur. 
Latitude ... 24' 7 '  11" 
Longitude .. . 77 ' 39' 17" 
Height  ... 1763 feet. 

The observations were made in tlle west err^ of the two buildings a t  Kaliiinpur, which was 
built as an office and where Captain Hasevi xn.u~lg the old pendulums in 1867. The 

size of  the room mas 30 feet x 12 feet ant1 it  had a stoue floor, stone walls and flagged stone roof. 
The pendulum stand mas placed -1' feet from the south wall. 

Bina. 
I~atitrrtle .. . 2.1~ 1 O' 41" 
Lougiturle . .. 78' I 1 '  16'' 
Height ... 1333 feet. 

EM 18 The heiglit was determined 11y levelling from the (;.'r. S. of' Main L i l ~ e  80 (Katni  t o  
0 4  L 

Sironj).  The pendulums werc s s ~ u r p  in the westeru room of a semi detached house situated a t  
the eastern end of Bina Baziria alld I~elollgiug to Haln~ Hall1 Chand, Railway Yermaneat 'Way 
Inspector. The floor was of stone flags and the  roof also, hut t!~e latter being in bad repair with 
many holes, the temperature col~ditions were somewl~at unaatisfactorg. The size of the roonl was 
20 feet x 14  feet. 

Goona. 
Latitude . . . 3-1." 38' 4.8'' 

--0 Longitude . . . r r 19' 13" 
Height . . . 1.569 feet. 

The height was detern~iued from a P.W.D.  bench-mark io the verandah of the  dak bungalow, 
the height of which mas given as 1567.8 feet. The peudulr~ms were smuug in the second main 
room from the south end of the dalr bungalow. The size of the room was 16 feet x 16 feet 
and it  had a col~crcte floor, tiled roof with ceiling. 

Lalitpur. 
Latitude . . . 24 '  ‘b1'  29" 
Lougitudc ... 7H0 24' 26" 
l le ight  . . . 11'39 feet. 

'lllre height was determine11 by levelling from the  railway station. The pendulums were 
swung in the south room of the l'.W.D. inspection bungalow. The building stood on a high 
plinth, had a stonc flagged floor, tiled root with ceiling r~nderneath and the size of the room was 
22  feet x 12 feet. 

Sipri. 
Lati tude ... 25' 35' 53" 
Lo~tg i tude  .. . 77' 39' 25" 
Height ... 1533 feet. 

The height was determiued by levelling from the supposed poeition of the G. T. S. bench-mark 
in the  old dak bungalow compo~rnd, which no longer exists, and also from the rail level a t  the 
rrilwlry station. The pendulums were swung in t h e  Room No. 2 of t h e  ground floor of 
the  Sipri Hotel. The  size of the  mom ran 24 feet x 16 feet and it had r stone floor and pla&er 
ceiling. 
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Jhansi. 
Lati tude ... 25" 27' 2" 
Longitutle .. . 78' 33' 43" 
Height ... 8.58 feet. 

DM 47 The  height was determined levelling from the G.T.S. -:YE of Branch Line 63 A (Gmalior 

t o  Jhiinsi). The  observations were matle i n  the soi~tli-east tlressing room of the  P.W.D. iuspection 
house a t  Jhiinsi. The size of the roo111 was 16 fert x 12 feet and it  had a stone floor, tiled roof 
with ceiling underneath. 

Gwalior. 
Lati tade . . . 26' 13' 57'' 
Longi t~ ide  . . . 78' 12' 49" 
Height  ... 6.58 feet. 

Bb2.22 The height was determined I)!. levelling f r o n ~  the G.T.S. T4-J of Branch Line 63 A 

(Gwalior t o  Jhsnsi).  The pendulun~s were swung in the south room of Mr.  Smith's bungalow, 
Mor i r ,  which was situated on the  south side of the main road from Gwnlior fort t o  Mor.:ir and 
about  300 pards east of t h e  road Iearling to  the Alijah Club. The size of the room mas 
16; feet x 12 feet and i t  had a stone floor, flat roof with plaster ceiling underneath. 

Dholpur. 
')fjO .b2' 1 "  Latitude . .  . - 

Longitude . . . 770 5.h' .&7" 
Height . . . 577 feet. 

The height was determined by levellilrg from a hetlch-mark a t  the railway station. Tlre 
pendulums were swung in the east-central room of t , l~c  h i i i l d i ~ ~ g  originally usccl as thc Political 
Agent's office i n  Tewiri Biigh, D h o l p ~ r .  The size of the room was 15 feet x 12 fect and it  had a 
stone flagged floor and a flat atone roof. 

Agra. 
Latitude . . . ?To 10' 20" 
Longitude ... 78' 1' 7" 
Height  ... 536 feet. 

The height was determined I)y levelling from the  Standard Bench-mark a t  Agrn vi r .  

G.T.S. FiY of Main Line 63 (Agra t o  Sironj).  Thc  pendulums were swung in the north room 

of the  north wing of the  District Engineer's oHice situated a t  the junction of M e t c ~ l f c  and Olia 
roads. The size of the room was 20.f feet x 19 feet and it  had a stone floor and flat stone roo€ 
with plaster ceiling urlderneath. 

Muttra. 
Latitude .. . 27' 28' 25" 
Longitiide . . . 77' 41' 48" 
Height ... 562 feet. 

The  height was determined by levelling from the  Standard Bench-marlc at  Muttra viz. 
I'M 25 G.T.S. -,, , of Branch Line 62 B (Hithraa t o  Mut t ra  & Delhi). The pendulurna were swung in 

the Sessions Circuit house, t h e  room being on the east side and second from the north-east corner. 
The aize of the  room was 16 feet x 13 feet and it  had a stone floor, flat stone roof with plaster 
ceiling underneath. 
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Hat hras. 
J,atitude . .. 27' 36' 52" 
Ilougitude . . . 78' 3' 22" 
Height . .  . 587 feet. 

U M . 2 0  
The height was deduced from the  G.T.S. -;,, of Branch Line 62 H (Hsthras  t o  Mut t ra  & 

Delhi). l 'he  observatio~ls were made iu the uorth main room of the  P.W.D. it~spection bungalow 
a t  Hathras which is ou the Aligarh road 1 mile 11ort11 of the metre gauge railway station. The size 
of the room was 16 feet x I6 feet and i t  had a coucrete floor, and a thatched roof with plaster ceiling 
underneath. The Aligarh-Agra 19oad was withiu a fern fcet of the I)ungalow, hut no effect seemed 
to be caused by the traffic. 

Aligarh. 
' , F O  JJatit~lcte . . . - 1  53' 32" 

Longitude . . .  78' 0' 31" 
Height . .  612 feet.  

t a r .  6 The llcight mas determined hy levelling from the  G.T.S. -6,ki O F  Mail1 L ine  62 (Meerut 

t o  Agra). 'I'he pendulums were s\vulig in the second room from the north end of the Aligarl~ Dak 
bungalow. The size of the  room \Isas 20 fect x 12 feet and i t  had a concrete floor, stone roof with 
plaster ccilir~g underneath. 

Khurja. 
Latitude . . .  28' 14' l g U  
Longit l~de . . . 77' 51' 63" 
FIeigh t . . . 659 feet. 

I'b1.10 The height was determined by levelli~lg from the G.T.S. -i-3 11- of Maiu Line  62 (Meerut to  

Agra). The observations mere made in the east room of the P.W.D. inspectio~l bungalow a t  Khurja ,  
situated close to  the junction of the mail1 roads from Dclhi atld Rleerut to Aliga1.11. T1-e size of 
the room was 20 feet x 1 2  fect and i t  had a concrete floor and flat roof. 
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Satisfactory rooms were available a t  all the  stations, the  one exception being Bina 
where t h e  roof was of loose stone slabs illdifferently weatherproof. 

I n  Table I are  shewn the  results of the rleterminatious of the  flexure a t  each station. 
These call fo r  no comment. 

The t ime observations tllroughout thc  srason were made by Mr. Hanuman Praslid. The 
mean p. e. of the mean value of a clock rate was k0.016 sec. while that  of a single value 
was + 0.063 sec. 

i 1 8 after work 

.4d:pteb ( 
Plnlioll 

and Correct ion St ut,iol~ 

- 7 
I 1 10 eec-a. 

lo- '  s e t s .  
-- 

The details OF the observations are given in Table 11. 

I I 
- MI 

Dcl~ra  DLn I S n i .  11111, 1!)12 
,, 15t.11 

- 39.4 
40'~; 

G n ; ~ l ~ o r  ... .Jnn. 281b, 1913 
Feb. 1st 

1)110Ipi1r ... Feb. 10tl1, 1013 
,, 23rtl 

Ap1.n ... ; Feb. 261.11, 1913 
, blnr. 2ncl 

J l t~ l l rn  ... Mar. Gt.11, 1913 
,, lObh 

Hit.111.nr ... Mar. 13Lh, 1913 
,, 1 it11 

Aligarll ... / AIRY. 21at, 1013 
, ,, 25th 

K1ll11.j~ ... Blnr. 20111, 1913 
April 1st 

J)rllru Dill1 i April 9111. 1013 
, ,, 17th 

~ l l 1 ~ p 5 1  ... 

Knli8opnr 

0in11 ... 

Goonu ... 

Lnlitpur ... 

Sipri ... 

J h n ~ ~ s i  ... 

- 4 6 . 8  
47 '7  

l ) c o .  10th. 1912 
,. 2Pnd 

J a n .  tith, 1913 
,. 11th 

Dee. 111.11. 1912 
,, 15th 

Dec. Z t h ,  1912 
,, 31et. 

Dec. 4tl1, 1912 
,. 81.11 

Feb 7tl1, 1913 
,, 13th 

J an .  l!lth, 1313 
,. 23rd 

- 5 1 ' "  
5 0 . 2  - 61 

- 4 0 ' 3  

- 47 

- 5 7 . 4  
5 6 . 5  

- 4 4 . 6  
4 3 ' 8  

- 4 0 . 6  
41.3 

- 4 5 . 2  
4 4 ' 6  

-47.1) 
4 8 . 4  

- 4 4 . 2  
4 5 ' 1  

-42.1 
4.1'4 

4R . .; 

- j~ . i  
40 ' 9  

- 4 6 . 3  
45 '.i 

- 58 ,  I 
. i 7 ' 2  

- 4 0 . 8  
4 1 . 8  

- 46.2 
4 5 ' 5  

- 67 

- 44 

- 41 

- 45 

- 48 

- 45 

- 43 

- 4:) 

-61 

- 41; 

- 68 

- 41 

- 4G 
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'I'alrle 11.-Details of the Observations. 

o 2 Trrnperatul.e ,: Correct,ion on accollnt o l  
C 0 c: 

Observed ? 
U- Reduced : Ti111e of I 3 ' 0 Tinie of 

g ; Vib~natinn 1 i - I( Vibration 

6 
a - 

2 
-- .- . - -- A 

Dehra Dun. 

-5" 
521 
492 
j 2 1  

Mean 

- j14 
2 
493 
522 

- 928 
9-32 
9.16 
941 

- 918 
92.3 
927 
929 

o .  jo72498 

0.5072507 

o' jojo868 
0'3074982 
0 ' 5 0 i 1 6 ~ 6  
0'5072609 

o. jo72j21 

0'50fo859 
0'50i4989 
o..;o71616 
o jo72601  

o . jo i2516  

0.5072519 

o.50;2590 
0 ~ 5 0 7 1 6 0 ~  
o.jo;,ghR 
o-50;0860 

o..jojzjo6 

o'50;,,;8~ 
0.~o716oR 
0.50;~qR; 
o- jojo868 

o .go j t511  

0.5072508 

-40 
40 
40 
40 

... 
-40 

40 
40 
40 

- 198 
198 
198 
198 

- 198 
198 
198 
198 

hican ... 
8lesn 01' Day and Night ... 

P 

0.5072585 
o ' joi1611 
0'5074991 
0 '50i08i6 

o ' joi2516 

0'5072564 
o'joil59.3 
~ 5 0 7 ~ 9 7 7  
o.jo708gg 

0.861 
0 . 1 0 0 . 8 6 0  
0 . 1 o o ~ 8 6 0  

0.8h0 

0.865 
0 86.3 
0.862 

0.080.862 

- 1 0  

8 
9 
7 

- 7 
1 2  

1 2  

lo 

11th 
NOV. 
1912 
Night 

12th 
NOV. 
Dop 

7 

o.jo74271 
0.5073.110 
0'5076666 
0.j072583 

0.5074241 
o'j07.3289 
o.jo76647 
o-jo5.2558 

s 

4634.160 
.39~4.60z 

~ 3 . 1 3 3 . 1 0 9  
2J .14 '9~4 

~ 4 . l i . 1  
~ C J ~ J . ~ I Z  

3233.118 
1,;z.q,j4.g.;j 

1.37 
1.39 
138 
140 

1.37 
139 
138 
140 

- j 2 2  

492 
522 
511 

Mean 

-525 
495 
524 
51.1 

1 5  
2 

10 

1 8  

19 
2 

2 1  18.34 o.oRo.Rhz 0.5073281 19.1 1 2  9 522 40 o . . i o i 1 6 1 ~  
9 1 8 1  0 0 0  6 2  0 0 2  19, 1 0  902! ,512 40 O'jO72j84 

0 

18.93 
19.03 
19.11 
19.21 

18.74 
18.84 
18.91 
18.95 

h, m 
o 
1 

3 

1 2  4.5 
13 
14 

0.5072550 
0.5076641 
0 j o ; ( / 1 7  
o.5o;qzgz 

o . ~ o ~ z . ; , ~ z  
0'50766.36 
o.5oj.qzgg 
0.50;42;0 

-40 
40 
q 
40 

... 
-40 

40 
40 
jo  

hlenn ... 
hlenll of I)ng and N i ~ l ~ t  ... 

+ .3',31 
3 .  
,331 
3 31 

+ .3*j1 
I 

3.31 
3 

+ O . I O  

0.10 

+o.o8 
0.08 
0.08 

," 

+ 3.37 
.3.37 
3..37 
3.,3i 

+ 3.37 
3.37 
,1.,3; 
.3..3i 

18.81 
18.91 
18.98 
19.00 

18.58 
8 . 6 2  
18';o 
18.73 

12th 
Nov. 

Nigh  

131.11 
N o v .  
Dny 

1 4134'9jl) 
1 S S ~ 1 ' 1 2 I  
z I ~ ; J I . ( I O ~  
.z 3 8 ' 3 ~ ' 1 6 4  

I,: 0.34-964 
14 :'33'125 
14~4 ' .34 .616  
5 4 4 . 3  

14111 
FOV.  

Night, 

15tl1 
Nov. 
Day 

Mean ... 
Mean of Day and Night ... 

, 
19 
17 
18 
16 

16 
2 1  
2.1 

19 

- 188 
188 
188 
188 

- 188 
188 
IRS 
I R H  

13t,l1 
Nor. 
Vigi~t. 

14t.h 
~ O V .  

1 ) ~ y  

140 
3 
1.30 
1.37 

140 
1.38 
1.19 
7 

o . j 0 ; ~ j 1 8  

0.5072521 

- lo  - 922 
927 
930 

9 g j j  

1 
- 10 - 910 

1 2  9.2 
1 1  916 
9 918 

19 
2 1  

20 
18 

19 
2 1  
2 0  

18 

b o .  lo 
0 .10 
0 0  

0.10 

+o.o;  
0.0; 

0.0; 

o , o ;  

34.959 
4j.33'120 

8 
29.14.151 

.zj.g67 
2 2  

,3634.609 
z8,34.1(~1 

140 
1.38 
139 
I ;  

1.40 

138 
1.39 
137 

blcnn ... 

hlrnn of l)ag t111rl Siglll ... 
. -~ - 

~ - . . - . . -. - 
~ . - ~ .... ---..--.p--p.p-p 

0.862 
0.861 
I 

0.860 

0.866 
0.866 
0.865 
0.865 

+ 3.21 
. 3 ' 2 1  
3 
.;.zI 

+ 3.21 
/ I 1  
3 .21  
, ? . ? I  

o 51 
I 

2 3 
.3 

I ?  52 
I 4 
14 
I.; 

1.37 

1.39 
1.38 
1.10 

1.1; 
13') 
1.38 
1 4 0  

+ ~ . O R  
0.08 
0.08 
0 .08  

+O.oR 
0.08 
0.08 
0.08 

0.50;4~68 
o . ~ o ~ , ~ , ~ o o  
O.;O;( ,~,~(B 
0'5o;zjhz 

0.50;424g 
O'jO;3lC)l 
o.;oihhq,~ 
0.5072556 

0.86.3 
o . l h  
o 861 
0 - 8 6 1  

0.864 
0.86.3 
0.8h2 
0.862 

o 
I 4; 

41 
.3 

1 2  

1.4 

14 4 2  

1.5 .?I 

- zob 
206 
0 

206 

- zoin 
?Oh 
206 
zof~ 

56,:4.162 
,34.607 
3 3  1 1  

32.34"),;,l 

5534'1;o 
48.14 'ho 

,3.T 119 
.z~.q.;7 

- 0,- 910 
916 1 ~ ~ 1 8  

I I ,  m.: 

- gi- Rgg 
lo  904 
1 2 '  qo; 
111 909 

+ ;.- 1 8  
J I : ~  20 

i . 51  2 0  

. j ' s1  2 0  

+ 3.51 18 
3.51 I9 
3',;1 2 1  

.;.;I ! 2 0  

18.58 
1R.69 
1s 7.3 
18.8.3 

18..zj 
18'45 
18.52 
t8.,;h 

-51.3 
52.3 
49.3 
522 

BIVHII 

-51.1 
j l j  

493 
j r 2  

-40 
40 
40 
40 

... 

-40 
40 
40 
j o  
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Il'able II.-Details of the Obseo-uatioaa-( Conthmed). 

Rsdrlcud 
Tirlle of 

~ i ~ , . a t i o I l  

a y 'I 'auiperat~~re .: Oorl.ect,io~l 011 11ccou111 of 
E .e e 2 4r -- .. . -- - -- .- - < 

2 r g-r; 
u ? - 0 

Y 

: .- 5,- 
2 4 E  
0 c" 

b - -. - - - - .  - -  -~ . . - 

a 
2 - 
R 

L a l i t p u r 7 .  

1 1 1 n  s I s 1 ,  

I 8.j4.215:- 8 . t y !  rg 
2 4 6 ;  6 .19 '21  
z 5; j . 6 8  8 . 1 9 ~  19 
.z 55.35.006, 8.19; 18 

e n  . 0'50i.3161 

Dlean of D H ~  nnd Kigl11. ... 0.5073162 
- - ~- - - -- - - ~ .  - - - - - -- - - - - -- - 

543 -58 0,5071522 
58 0 . ~ 0 7 5 6 ~ 0  

542 58 0'5ojz24j 
532 58 0'5073227 

b l e n ~ ~  ... 0'507.31 j j  

0'507.3160 

0.5073157 
- -  . . . .. 

0'5073z~A 
0.5072264 
o 50;5661 
0'507153,3 

0'50731 74 

Meen ... 
Alean of I)ay and Kiglrt ... 

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

GI11 I 1.3; 
c I I Nightl 138 

140 

I I I 

2 2 

r 5; 
3 

7th 
Dw. 
Day 

0.896 
0.895 
0.895 
0.815 

- 8.09 
8.09 
8 0 9  
8.09 

34.188 
34.630 
~ 3 . 1 2 9  

4 . 9  

1.3 
14 
14 
15  

1.3; 
1-39 
138 
140 

Yenn ... 
Melrn af Day und K i ~ h t  ... 

0.898 
0 '100 '8* 

0.89; 
0.897 

o . s o ; q z ~ o  ( +  475 
0.5053249 475 
0.50766m 1 475 
0'50i252.3 I 4;s 

- 8.09 
8'09 
8 . ~ 9  
8.09 

I Z . ~ ~ . P O ~  

334'657 
~;;.33.15) 
4734.388 

o.go7.3148 

0.5073161 

-532 
542 
5" 
542 

Mean 

I ;  

19 
2 1  

18 

-58 
58 
58 
58 

... 
-533 

544 
jl-3 
544 

r t . j z j + o . o j  
17.35' 0.05 
1;.3I)I 0.05 
17.46, 0.05 

17 
19 
20 

19 

- 8 
10 

I Z  

9 

0.50;41;2 
0 0 1 2  
0.5076560 
0.5072481 

- . . . -. . . . .. .- -- -- 

-58 0.5073225 
5 8  0'5072228 
581 0'507562.3 
58, 0.50i1514 

16.71) + O . I O  16'li 
16.94 0 .10 
17'07\ 0 . 1 0  

- 849 
850 
85' 
856 

- 8 
I 0  
I I  
10 

+ 475 
475 
475 
47j  

- 825 
827 
8.30 
836 

t o . ~ ~  
0 . 1 2  
0.11 

+ 0 . d  
0.08 
0 8  
0.08 

18 
19 
18 
17 

18 
2 0  

I 

17 
MCUII ... 

Mean of Dsy and N i ~ l l l  ... 

i l l ~  ! 1 4 0  l I + 465 
46.5 
465 
465 

+ 465 
46; 
463 
4 6  

17'53 
17.61) 
17.76 
17.90 

17.49 
I;.,;? 

I ;  

1 7 . 7 1  
o ~07.3162 

0.5073162 

Dee, 1 1.38 
N i ~ h t ,  1.3? 

1137 

140 
1.38 
139 
1.1; 

2034.974 - i . 93  
3.132I 7.9.3 

0.895 
0.894 
o.Rgq 

0 .120 '894  

0.897 
0.897 
8 
0.896 

2 11  

.q 

13 
14 
15 
15 

1.q4.617 
355.14'170 

20.U.973 

o . g o i a ~ 1 8  
0 . ~ 0 7 6 6 1 ~  
0.5073278 
0'5074249 

o'j072322 
0.:076605 
0 0 ;  
0'5074228 

i.9.3 
5'9.3 

- 7.93 

- 9 
10 

q 
8 

- 9 
1 1  

9 
8 

123.3.1.35 !:93 
3~4.6171 , j 

5334.180 i . 9 3  

- 860 
867 
870 
877 

- 8 j i  
858 
861 
R68 

-542 
511 
542 
531 

Mean 

-544 
513 

-58 
58 
58 
58 
... 

-58 
58 

0'5071514 
O . ~ O ) S ~ . X I  
0 . ~ 0 7 ~ 2 6 4  
0'$073z40 
o.so7j162 

0'507151() 
0 ~ 5 0 7 j 6 ~ 0  

34.4 1 58 
532 58 

0.5072~71 
0'507.3227 



C u r l . e c l i u ~ ~  UII accuulll, u t  

l ~ e l l l l c ~ l l  
' L ' i l ~ ~ r  of 

C- 

Bina. 

0.5074216 
O"SOi.32.33 
0.50;6565 
0 ~ 5 0 j 2 4 9 0  

0 . 5 0 7 ~ 0 g 6  
0.,<07.3133 
0.5oi6jo.3 
o'jo;z4zy 

11 th  
Dee. 
1912 
SiKlrt 

12th 
Dec 
L)uy 

I . 
h l r ~ u ~  of Day urlrl N i p l ~ L  ... 

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

0.89; 
0%. 

0.898 
o.Xg8 

0.905 
0 . 2 8 0 . 9 0 4  

0.00.3 

1.3; 
I 

1.38 
140 

13; 
1.39 
138 
140 

16.1.3; 0.1: 

0.507.320n 

0.5073212 
-. - - - 

13.o. ;~ o.zRlo.qoo 

, 
10 
2 1  

18  
2 1  

2 0  

19 
2 2  

1 1 )  

t 4 8 j  
4.5 
485 
485 

+ 485 
4 8 j  
485 
48,; 

11 111 

I 

2 ,, 
.3 2.4 
4 

1.3 43 
14 
15 
16 

- 810 -53.3 
4 4 
797 514 

14.34 
14.48 

-10  

1 2  

Y 
11 

- I  I 

IC  

13 
10  

;yo 

- 703 
7 1 0  
72.3 
7.36 

+0.28  

-511 O.~O;,~ZI); 

51' O"5072.Wi 
511 O~.;O;~~J;II 

511 0.5oi1j ;H 
... / 0'507.3213 

-511 o . ~ o i 3 ? ; 8  

8 

3534.186 
34.63; 
3.3.152 

1334.98; 

.34.240 
3434,684 
2 9 . 3 3 . 1 7 ~  
r8.15'01; 

544 

h leu l l  

-5.18 
548 
51; 
545 

1q.;5, 0.28 
51 
5 1  
5 1  

0'50;1,;;2 
o . ~ o ~ ~ ; o o  
O . . ~ O ~ Z , ~ O Z  

0'5oi3.301 

0.507.321R 

o.so71:gR 
0.5075665 
0.50;2306 
O . S O ; ~ Z ~ ~  

o . j o j 3 2 0 6  

0.5073212 

*' 

- 8.26 
8 2 6  
8.26 
8.26 

- 8.26 
8 .26  
8.26 
8.26 

0.5072299 
0'5075684 
o . j 0 ; 1 j 7 ?  

-51  
5 1  
5 1  
5 1  

. . 
- 5 1  

51 
jl 
51 

blenu ... 
hlenu of  Dey nnd Bipht ... 

- .~ - -- - - --- . ------....-.-..-----p-p-----p 

121111 140 
Uer.  1.38 
51gl1l 139 

! 13; 
I 

13L11, 140 
I)ec. i IJX 
~ U J  ; 1.1') 

o 'go ;~ ,zo ,~  
O.~O;Z ,~Z I  

0'5075681 
o.50;1580 

0.507.3~21 

o.5073266 
0 . 5 0 ? ~ 2 6 ~  
0.5075661 
o-50;1550 

0'507.319~ 

0'5073207 

- 10 - jr);, -543 

121  

7 9 4  514 
1 1  ;06, 545 
8;  793, 5.34 

8 i h l e n l ~  
I 

- 9 - 7.31' -348 
I I! 736 I 

1 0  7471 547 
8 750 535 

I 43 
2 

.z 
4 

1.3 
14  33 
15 

16.18 +E 'OI  
6 0  I 

16.241 0.01 

10.191 0 . 0 1  

I 
I .+ ' r )z;+o'22 
I 5'0.3 0 - 2 2  
15.74l 0 . 2 2  

1 5 . 4 9  0 . 2 2  

- 5 1  
51 
51 
51 

... 
-51 

51 
5 1  
51 

1-37 
1.39 
I.~R 
140 

Idth l  137 
1,ec.j 1.39 
Day 1.38 

140 

19 
2 1  

20 

1; 

IR 
zo 
1 0  

I; I 1 I 

.34'~)96 
3 , 3 3 4 9  
27.34'050 
18.14.198 

403,;'0.32 
3.3'188 

24.34.6io 
1 6 , 2 1 6  

M e u n  ... 
nlenn of  U a y  and H i g h t  ... 

- . ~  

16th  
D ~ c .  
Day 

- 8.50 
8.50 
8.50 
8.50 

- 8.50 
X 50 
8 . 5 3  
8.50 

C 499 
499 
499 
499 

+ 499 
499 
499 
499, 

0 899 
0 8  
0.899 
0 .899 

0.904 
0.90.3 
0.902 
0 . 9 0 1  

-5.33 
544 
51.3 
544 

M e u n  

-536 
547 
515 
545 

I 

2 

4 

1.3 

16 
16 2 2  

I . Z i  

140 
1.38 
1.39 
137 

0 '50 i2472 
0 5 0 6 ;  
o.50;,3~06 
0~50;4188 

0.5072.398 
o..io;6481 
0.507,~162 
0.5074148 

M e a n  ... 
M e n n  o f  Day a n d  Night, ... 

4 

1.1 
14 
15 
16 

0.50;.~204 

0.5073204 

45.34'186 
.36.~4'(1.30 

.33.3.%.3'146 
24.14.yRo 

47.34.2.3' 
1439.14 '6 i9  

32.33.176 
,3;'00; 

- 8 ' 4 9  
8 ' 4 9  
8.49 
8 ' 4 9  

- 8.49 
8 - 4 9  
8 ' 4 9  
R' . l9 

Zi.34.194 

55.35.027 
46.3.3.184 
37.34'664 
.30.34'210 

I; 

10 
2 1  

18 

I; 
20 
Z I  

19 

8.64 

- 8.64 
8.64 
8.64 
8.64 

l(1.72 
16';s 
16.76 
16';4 

15.29 
15.39 
15'65 
15.96 

- 8 1 9  
8" 
X u  
820 

+ 498 
498 
498 
498 

- 8 
10 

1 2  

9 

I; 

18 
20 

19  
1; 

+ 498 
498 
498 
498 

0.50;jz16 
0'507.3249 
0.5076580 
0.5072506 

o. jo7411z 
0.507,~147 
0'5076508 
0'5071449 

- 8 - 749 
111 754 
12 76; 
101 782 

+O.OI 

0.01 

0'01 

+o 'a7  

0 '27  
0 .2 ;  

16.88 

IF;..IS 
15.50 
15.53 
16.02 

0'897 
0.897 

o . o l o . 8 9 7  
0.897 

o.go.3 
O ' a 7 0 ' 9 0 2  

0 ' 9 0 1  
0.900 

0.03 

t 0 . 2 6  
0.26 
0.26 
0.26 

0.896 

0.901 
0.900 
0.899 
0.89; 

0.50;41~8 

0.;0;1408 
o.j0;64go 
0.5073178 
o.;o;q161 

50; 

+ 50; 
50; 
50; 
50; 

R 

- 9 
11 
l o  
8 

827 

- 751 
760 
771 
78s 

532 

M e a n  

-547 
515 
545 
5 ,  

51 

... 
- 5 1  

5 1  
51 
51 

0'50;328i 

0 '5073to4  

0'5071556 
0'50;j660 
0.5072308 
0'50;.3?q1 



120  PENDULUM OPERATIONS. [CIIAP. VII.  

Table II.-Betails of the Observatione- ( Contigzqced). 

Correction on account of 

o Reduced 
Time of 

Vibvetion 

- - ~ - - - - - - - - - 

Bhopal. 

0.507.35.36 
0.50j2537 
0.5075912 
o.;oi1i98 

0.5073446 

0.507.350.3 
o'j0;251j 
o,,ioj5881 
0.5oi1719 

0 '507.~~22 

0'5073434 

18th 
Ilec. 
1912 

Night 

19th 
Der. 
l)q 

9 1 0 0 1  51; 51 0'5073504 
Aleon ... 0',50i34.3.i 

520 51 0',;07.3519 
J l rnn  ... 0'.;0;.3424 

3lrn11 of 1)n-j RIICI Nigllt . . .  0.5073430 
.- 

Mean ... 0.,;0;3414 

l lenn of Day rlncl N i y b t  ... 0'5073422 
~ ~ --- .. . ~ ..~ 

h11-un ... 0'507.14.3 1 

Menn ... 0'507.3413 

Mesn of Day and Night ... 0'5073425 

Mean ... 
Meon of l)ny nnd Kight ... 

1.3: 
1.39 
138 
1 4 0  

1.37 
1.39 
1.38 
140 

, 
18 
20  

15 
1 9  

1.3 
2 1  

I 

19 

h m l a i  r 

20 .52+0 .0  
20'54 
20'57 
20'6.3 

19'7.3 
19 '82 
19.96 
20.16 

0.870 0'5074449 
0.04 0.870 0'507346.3 
0.04 0.869 0.5076805 
0'04 o.86@ 0'5072;27 

+0..17 0.874 0.5074376 
0.1;  0 .87 .~  0'507.3409 
0.1: 0.87.3 0.j076752 
0 . 1 7  0.870 0.50;2697 

1 1  '39  
11 '39 
11'39 

- 11'.39 
11.39 
I .  

1 1 . 3 9  

? 

3 o 

.I 

14 1 I 

I5 
I 
16 

+ 669-  
669 
669 
669 

+ 669 
669 
669 
669 

834 '080-11.39 
.34'530 

.q543.3'0.50 
44.:4'87F; 

34.113 
5.31'555 

8 . 0  
48.34~890 

I I 

6 
lo 

- 5 
1 2  
11 

lo  

- j l  

51 
51 
51 

... 
- 51 

9-1005 
loo6 
roo8 
1 0 1 1  

- 967 

-517 
jz7 
497 
526 

Mean 

-519 
971 51 
978 :;i 1 51 
9 8 ~ 1  52; 51 



CHAP. VII.] SEASON, 1912.13. 121  

l'able 11.- Details oJ the Observations-(Continued) . 

2 Temperature .Z Correction on account of 
4 

Wo Observed 

Goona.  

- 525 
5.15 
5 o j  
5.35 

Meall 

- 526 
5.37 
507 
5.36 

-46 
46 
46 
46 

,.. 

-46 
46 
46 
46 

8 

0'50i3258 
0'50i2280 
0 .5055~43  
0'50.11545 

0.507.?182 

0'50j32JO 
0'50i2~6.3 
0.5075644 
o'So71557 

Nenn ... 
UIesn oI Ilny srld N i g h t  ... 

0'507.31;6 

0.5073179 

27tl1 
Dee. 
1912 
Night 

28t.h 
Ike. 
D0.g 

+oCo9 
0.09 
0.09 
0.09 

+o.o9 
0.09 
0.09 
0.09 

1 8 0 ~ ~ 3  
18.58 
111.68 
1 R . 7 2  

1;.').3 
17.95 
18.04 
18.14 

s 
.3.334.144 
2634.586 
193g.103 

34.929 

3434'166 
34.60; 

18.3.7.1 14 
;,34.1jd6 

0'8R3 
0'88.3 
o AR3 
0.883 

0.886 
o.RR6 
0.886 
0.884 

137 
139 
138 
140 

137 
139 
1.38 
140 

- 908 
910 
915 
917 

- 879 
880 
8R4 
889 

8 

0'50iJ.309 
0.50;3.346 
0.5076682 
0.5072615 

0.5074261 
o'g07.3298 
0.5076655 
0.507~600 

h WI 

2 

3 
4 
5 7 

1 4  
~j 25 
16 
17 

s ' ,  

-534 
504 
514 
$23 

MCUII 

-536 
506 
536 
525 

+ 4.37 
4.37 
437 
4.3; 

+ 437 
43; 
43; 
4.37 

- 7.44 
7.44 
7.44 
7.44 

- 7.44 
7.44 
7.44 
7.44 

18.6;  
r R . 7 4  
18.88 
18.92 

I R . z ( )  
18 31 
I R . . ~ . ?  
18.43 

- 9 
1 2  

l o  
. 9 

- 7 
9 

1 1  

9 

18 
21  

19 
1 8  

16 
111 
20 

I R  

28th 
Dev 
Night 

20111 
Dac. 
Day 

+ o . ~ z  
0 . 1 2  

0 . 1 2  

+o.o; 
0.05 
0.05 
0.05 

o ' ; o ; ~ I ; z  

0.5073176 

o ' s o ~ . : z ~ "  
0 ' 5 0 7 ~ 2 6 1 ~  
0'5075650 
0'50;1546 

0'507.11 71) 

0'50;.324; 
0'5072267 
0.50;;64R 
0 . 5 0 7 1 5 ~ 6  

0'507.31 77 

0.5073178 

O . ; O ~ I , ; Z I J  

-46l 
46 
46 
46 

... 
-46 

46 
4 
46 

Mean ... 
hlv:rn of Ilng aud X i ~ h t  ... 

2 

3 

5 ; 

14 
15 .3o 
I I 

I ;  

o.jo;26.38 
o.soi67.32 
0.~0733q6 
o.jo;4.381 

0.5072623 
o.:,o;6692 
o.;o;.3.367 
0.50;4.q49 

140 
1.38 
139 
1.37 

1 4 0  
1.38 
I 

1.37 

0.R82 
0.881 

3.120.8R1 
0.881 

0.884 
o.RB4 
0.984 
o.RP.3 

0'50;1528 
0'5075648 
0.50722;6 
0'50732;I 

o.50;.3181 

0'50j15.30 
0.50;5626 
0'.<0;2271 
0';0:,3z61 

1)er.I 1x8 ,? ,3,3,q,3.of16 (1.261 11) I R , R +  0.10 o.RXz o.;o;h7hh ,367 92.3 505 46 0'50;5649 
1 9 4 3 I 6.26; 14  1R9.3 0.10 0'842 0 0  36; 928 4 46 o.:,ojzzgh 

5 1;.1.('Ov.~ O ~ z ( ~ ' 1 8  1R.97 o , l o o , R R z  o.;oi4421 6 ;  9 9.30 524 46 o . so ; j l j r )  

I Blcnu ... o',;o;3188 

+ 394 
394 
394 
594 

+ .3()4 
394 
JI( 
,394 

I l l  . 

h l ~ n l ~  of I)ng I I I I I ~  N i ~ h t  ... 
-. -- - -. 

30th 140 1 2 J .~ .?J . ' )o .~ - 6.26 I H  I R  7.3 + o . ~ o  o.RB.3 o ~ ; o j ~ 6 ; 0  + ,367 - I) - ,9181 -:.<,i - 46 

Meen ... 
hlcnn of Dny and Night ... 

r 

1 8  
1 9  
18  
1 7  

1 8  

3634.917 
26.33.081 

41734 .561  
34 110 

39.34.924 

-.16 
46 
46 
46 

... 

-46 
411 
46 
46 

- ; 
9 

1 1  

9 

- ; 
; 

I I  

(1 

211t.11 
Dee. 
S t  

30t811 
Drc.  
I)ny 

o'jo7.317R 

0.5073183 

- 6.72 
b.72 
6.72 
6.72 

- 6.72 

- 91- 915 

2 ,3; 

4 
5 ; 

1 4  
15 
16 

+ o . o ~  

0 . 0 7  
0 . 0 7  

+ o . o O  
o.00 
0.00 

137 
139 
138 
140 

137 
139 
138 
140 

,,j.o1)8 
,345;; 

"34.125 

1 0  

9 
8 

- 9 
1 1  

I O  

R 

o.RR2 
0 ~ 0 7 0 ~ 8 8 1  

0.1181 
0 , 8 8 1  

o.RR6 
o-R46 
0.8R5 

O . O ( I O . R R ~  

- 919  
925 
I 

1jz9 

- 885 
UR,< 
RBR 
R ~ z  

0.50743;1 
0.50;,3406 
0.5076;61 
0.5oi?hRj 

0'60iJ.l.32 
o.gog.z.36.3 
0.50;f*jzz 
0.;072652 

6 .  jz' ro 
6.;2( 19 
6.72 I ;  

918 
925 
927 

- R96 
89; 
898 
903 

, ; 4 . 1  16 
32634 .55 ;  

IR,Z,;.OIIR 
34.H1)5 

. z i . ; . ~ . ~ . i . ~  
28.34.577 
103,3.0R5 

l i l 0 . < 4 ' 9 I 1  

-52.1 
, ,  

504 
53.1 

~ I ~ I I I I  

-526 
537 
,;oh 
6 

+ 3;; 
3 
,477 
,377 

+ ,377 
7 ;  
.3j; 
3;; 

- 6.43 
6.43 
6.43 
6.43 

- 6 43 
6.43 
6.43 
6.43 

~h 
I R  
20 

I H  

1'' 

1.3 
20 

18 

1R.75 
1R.87 
I R . I , ~  
18.05 

I R  06 
18.07 
1 R . 1 2  

1 R . 2 0  





CHAP. '11.1 YEABON. 1912-13. ' 23 
Table II.-Details of the Obeercatims--(Continued). 

U, Temperalure ,L Correction o n  sccount of  

2 . -  Herluccd 
3 w Time o f  

0 

a -- 

Jhansi. 

C 

0 '50 i2971 
0 - ~ 0 ; 1 ~ 8 8  
0 '507 j361 
0.50712.52 

0.5072893 

0'507.3007 
o'SOf2012 
0'50754oo 
0.5071281 

o':o72yz8 

0'5072910 

&lean ... 
Mean of  Day and h'igl11 .. 

? 

0.5074268 
0.5073301 
0'5076651 
0 .507~576 

o.joj4.708 
0'50i3.340 
0.50j6690 
0 ~ ~ 0 ; ~ 6 o z  

-46  
46 
46 
46 

... 

-46  
46 
46 
46 

-5.32 
543 
51.3 
,442 

Dlenn 

-53.3 
j 4 4  
513 
543 

+ 316 
316 
j 1 6  
316 

+ .716 
316 
316 
.716 

+ o . I ~  

0.1.3 

+ o e o 6  

0.06 

19tlt 
Jan. 
1913 

Night, 

2 0 ~ h  
Jnn. 
1)ap 

-541 
510 
541 
529 

I 

0.896 
0.1.30.896 
0 . 1 3 0 ' 8 9 6  

o.Rc)j 

0.897 
0.060.897 

0.897 
0 . 0 6 0 - 8 9 6  

137 
139 
138 
140 

1.3; 
139 
1.38 
140 

- 1 0  
1 2  

10 
9 

-10 
11 
1 2  

1 2  

- 9 
10 

I 2 
10 

h m 

4 
5 

6 

16 
17 
17 57 

- 1049 
1056 
1064 
IO;I 

4 28 
5 
6 
7 

2Otl1 
J : I ~ .  

Aipht 

-46  0.5071 264 

- 5.38 
5 . ~ 8  
5.38 
5..38 

- 5'38 
5 . ~ 8  
s..zR 

-1025 
1029 
1035 
1040 

- 1029 
10.34 
10.35 
1038 

s 
1234.162 
.334'606 

5563.3.116 
4534.945 

1434.144 
534.588 

33.099 
1 8 4 6 9 4 . 9 3 5  

16 27 
17 
18 
19 

34.920 
rnm.08.3 
11.j4.568 
234.118 

140 
1.38 
1.39 
I 

21st 
Jnn. 
Day 

46 
46 
46 

. 

0.89.3 
0.892 

0 . 1 8 0 . 8 9 2  
0 . 1 8 0 . 8 9 1  

34.917 
18.3.3.070 
1034.578 
1 3 4 ' ~ ~  

140 
1.38 
1.39 
I 

o.~o;5.:80 
o ' ~ o ~ I ~ ) ~ I J  
0 . ~ 0 7 2 f ) 8 8  

0.50iz908 

Blcan ... 
Mcnn O F  l )nx and f i i ~ h t  ... 

S # O  

19 
20 

21  
2 1  

18  
19 
2 1  

1 9  

0.894 
0.893 
0.893 

o .oh ,o .Rg j  

- 4.72 
4 .72  
4.72 
4.72 

o . jo7zgog 

0-5072908 

20.92 
21.01 
21.13 
21.2.4 

2 1 . 0 1  
2 1 . 1 0  

21 .13  
21.18 

- 4 .  j z  
4.72 
4 ' 7 2  
4 ' ; ?  

0.5072633 
0.5056;27 
0.50i3.383 
0.5074366 

+ 277 
277 
277 
2;; 

0.50;2638 
0.5076;59 
0.50j.3360 
o.go;q.3;8 

+ o .  18 
0 . 1 8  

+ 

46 0 ' 5 0 7 1 9 i ~  

19 1 21.40 

+0.06  
0.06 

2 1  

19 
18 

19 
21 

0'5075407 

21.55 
21-;I 
21.85 

21.66 
21.71 

4 
5 
6 
; 2 

16 
17 1 7  
18 : I  

19 

21st 
Jim. 

1 

22nd 
Jbn. 
I)ny 

... 
-46  

46 
4 6  
46 

Dlean ... 
Menn of Day and &iglrt ... 

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

I? I, 

1.3; 
1.79 
1.8 
140 

137 
1.39 
1.38 
140 

28.34.10.3; - 4.681 I; 

o. 5072940 

o . 5 o i 2 9 i ~  
0.5071992 
o.j0;;381 
0.50j1287 

0.50jz908 

0.5072924 
--- 

21'741 0.06 
, 21'43 

19.~4.:381 4.68 
1 2 j j . o g ;  4 '68  

,44.887, 4 ' 6 8  

I 

27.34'116~- 4.68 
.:4.5~;1 4.68 
;.7 066: 4.68 

2 1 - 9 2  
22.09 
22.24 
zz..zq 

22.24 
22.29 
22.33 

19  
20 

18 

l i  

19 
20 

0.5074399 
0.5073448 
0.5076;88 
0.5072702 

O.SO;J~;I 

0.507.3406 
0.5076768 
0.5072706 0.;+.88;! 4.681 18 

22nd 
-Jan. 

Niglll 

23rcl 
Jan. 
I ' U Y  

t o . 1 7  
0.1; 

0.1; 

0.1; 

+o .o6  
0 . 0 6  
0.06 

140 
1.38 
I,:O 
1.37 

140 
1.38 
1.39 
1.77 

+ 2;s 

275 
275 
2;s 

+ 2;: 
275 
2;s 

275 

0,890 
0.889 
0.88q 
0 .888 

0.892 
0.893 
o.8o3 

2z.42! 0.06 

Mean ... 
Meen oE Day end Night ... 

0,891 

18 
2 1  

zo 
rR 

19 
20 

19 
I; 

4 .;4.11.8;2 - 3.84 
5 2;,3j'o39 ,3.84 
6 1 8 j 4 . 5 1 5  .3.Rq I I i R.74.0bg 3.84 

0.5072902 

0.5072910 

22'50 
22.60 
22.69 

Z Z . . ~ Z  

22.32 
22'.7.3 
22..38 

16 
17 
18 21 

-529 
5.39 
509 
j 3 8  

Mean 

-530 
541 
I 

540 

- 8 
10 
11  
9 

- 8 
10 
11 
9 

0.892 
0.891 
0.890 
0.890 

0 .894 
0.894 
0 .894 
0 .894 

2 2 . 3 5 ' + 0 . 1 . ~  
0.1.3 
0.13 
0.13 

+O.OZ 

0 . 0 2  

0.02 
0 . 0 2  

- 10i4 
1082 
1090 
109; 

- l o g o  
1092 
1094 
1099 

,36,34.869 
28.33.041 

34.5.31 
13.44.096 

0..;07~;.35 
0.5076829 
0.1;07.3498 
0.50i447.3 

0.5072738 
0.5076826 
0.507.3461 
0.50j4q1.3 

- 3.84 
3.84 
3.84 
3.84 

+ 

0'5072918 

+ 

225 8 5.31 46 0 . 5 ~ 7 ~ 9 5 6  
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FaBle 11.-Betails of the Obsematioaa- ( Colztitzeced). 

o 2 Tempernture .= Correction on accoul~t of 

v C 

. - 

Gwalior. 

Beth 
Jan. 
1913 

Night 

29th 
Jan. 
n a y  

1.37 
139 
1.38 
140 

1.37 
1.19 
138 
140 

o.j0;2;94 

0 .5072785  

0 . 5 0 ~ 1 1 0 0  
0.50;.;259 
0.5oi1R8; 
o . ~ o ; z R ~ ~  

o.so;z;g~ 
0.5071129 
0..60;52(15 
0'50718;i 
o'ioi2861 

O.;O;Z;R.Z 

0 .5072787  

Mean ... 
Mean of Day a11d Night ... 

- -- 

hl e11n ... o.;o~2;1jo 

Rlean ... 0'5072i97 

bltban of Day nnd Night  ... 0 . 5 0 7 2 7 9 3  
. .. -. . - - - 

1.77 7 4o8,34.1.~i 

Mean ... 0.5071792 

Moan of Day an11 Right ... 0 .5072787  

h WI 

4 
5 

7 

16 
1.1 3.9 
I R  
19 

'T 

2.71 
2'78 
z.;R 
2.18 

- z.;R 
2.78 
z 78 
2'78 

s 
3994.194- 
3034'633 

6 2 3 3 3 . 1 2 5  
1334,967 

. z ~ . ? J . I R I  
34.624 

.40.4.3.1.71 
19.34'9s.7 

IYIIICIIII ... 

n l e ~ ~ n  of Dny and Nigl~t. ... 

29bb 
d n n .  

Yicht 

3oll1 

, 
1; 
19 
a0 
18 

16 
18  
16 
18  

I 4 0  

1.18 
139 
13; 

1 4 0  

4 
5 

7 

16 
Jen.  
I 

.:8.~4.c)gl 

. ; O . Z ~ ' I I Q  

641.74.604 
. ; ~ 3 4 ' 1 h o  

,58.34'q;5 

19.54 
19.68 
19.77 
1 9 9 1  

1 9 . 1 0  
1 1 . 1 2  

19.20 
19 '33  

+o.oq 
0'01r 

0.09 
0.09 

138 1 7  ,5oi3.3~128 
I I 0 

7 9 4 ;  

0.50;2;66 
o.soiO6q3 
0.507.3.406 
o . j o j ~ z i 2  

0 . 5 0 7 ~ j l f  
o . , < o ; h h ~ ~  
0'50;,?2hg 
0 ~ 0 i 4 2 4 7  

- 2.71 
2 . 7 1  

2.71 
2 ' 7 1  

- ? . ; I  
2 . 7 1  

2 . 7 1  

2.71 

b:so;r837 
0.5071861 
0.507526R 
0 '50711~0 

0'5072777 
0 . 5 0 i ~ 8 6 0  
o..i07188z 
o.joj;z64 
o ' j o ; l ~ ; z  

0 

18.94 
19.11 
19.26 
19.35 

19.06 
19.09 
19.14 
19'2; 

+ o . I . ~ o . ~ I o  
0~1.30.909 
o . i . lo .gog  
0.1.7o.gog 

o . c ) l ~  
0.013 
0'91.3 
0.91) 

+ 
159 
159 
159 

+ 1,;9 
159 
1.59 
159 

I()  
2 1  

zo 
18 

19 
20 

19 
I *  

I ; ~ - J o ~ -  957 -551 
520 
jgl 
540 

Mean 

- j ; ~  

522 
55.3 
542 

1 2  

1 1  

g 

- 1 0  

1 1  

lo 
q 

+0°16  

0 .16  

-47 
4; 
47 
47 

... 

-47 
47 
47 
17 

964 
969 
q;h 

- 9.36 
937 
q 4 l  

90 

0 ' ~ ~ o ~ ~ 1 9 8  
0.5073142 
0.5056628 
0 . 5 0 j ~ j 3 z  

0.5074227 
0.50j~z6.3 
0.5076615 
0'5072562 

0.911 
0.160.910 
0.160.910 

0.909 

+ o ~ o ~ / o ~ ~ 1 . 4  
0.08lo.q12 
o . o R l o . 9 1 ~ ~  
o.oRlo.qlz 

8 -  928 
9 6  
944 
948 

- 9-34 
9.3; 
9-30 
944 

-541 
551 
521 
551 

Mrnn 

-5.42 
55.3 
622 
553 

+ 1631- -47 
47 
47 
4: 

... 
-47 

47 
q; 
47 

16.1. 
163 
163 

+ 163 
163 
16.3 
16.3 

lo 
1 1  

g 

- 7 
g 
7 
9 
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Table I1 .-Betails of the 0 bsevvations-( Continaedj. 

0 Temperature ,: Co13recLion on account of 
c 2 z 2 4  c < 

0 2 1; 2 ;  Fe - 3 - . -4  
" c  ."o 

0 m 
I 

-- 
a .- - . 

Sipri. 

P 

I i Mean ... 0.5oi.3002 

loth 137 17 35 .14'120 - 5.38 18 21 '10~+0 '14  0'87.3 O.50i43(10 + .Zlhl- 9 - 1034 - j19 -41 0'507.3073 
Fob, 1.39 18 25 34.56j 5.38 20 2 1 . 1 6  0.14 0'872 0.50;.3.3')0 316 1 1  10.37 jz8 41 0.50;208g 
Dny 1 .~8  19 18  ,:l.o;o 5.18 Z I  Z I ' J I  0 . 1 4  0.872 o.j076;57 ,3161 1 2  1044 499 41 0' j0754ii 

O'jOi13i3 

o.so7.300.3 

0.5073002 
- 

0.5071.348 
0..;075468 
o.50;201)1 
0.~07.308i 

0.5072gg8 

0.5071327 
0.50;5471 
o.jo72098 
O'jO73074 

0 '  507 2993 

0.5072996 

0.507.qo5j 
0.5072100 
0.5075477 
0.5071359 

o.ro72gy8 

0.50i.3076 
0.50j2086 
0.j075484 
o . jo j r360  

0'5oi3001 

0 . 5 0 7 3 0 0 0  

0.5071353 
o.soijq72 
o. jo;zm,~ 
o.soi.308q. 

o~ jo7 .~oor  

o.jo71353 
0.5075481 
0'5072108 
0.507310a 

o.507.3011 

0 .5073006  

140 20 734.893 5.38 19 21.44 0 ~ 1 4 0 . 8 7 1  0.5072687 .310 101 1051 5281 41 
t 

Alcun ... 
Mean of Dny und Fipht  ... 

- - - -. .- - - 

- 10 

1 2  

1 1  

I) 

- 10 
1 2  

1 1  

9 

lot11 
Fcb. 

Night 

11l.h 
Frlr. 
Ilay 

Mean ... 
Mean of Day and Night ... 

- - -- - - pp 

-1052 
1054 
1057 
106.3 

-10.15 
1045 
1047 
I O ~ I  

140 
1.38 
1.31) 
1.37 

140 
1.38 
1.39 
1.37 

.3734.9oj 
2R,33.0;0 
1834.555 
8 .31  I 0 2  

,q8.34.r)18 
30.3,3~072 
~ 0 . ~ 4 . 5 5 5  
12.34.11.3 

21'.+71+0.08 
2 1 . ~ 2 1  

2 1 . ~ 8 '  
2 1 ' 6 9  0.08 

i 
Z I . . ~ Z ; + O . O ~  
21'3.3' 0.05 
21.36: 0.05 
21'451 0.0.5 

j 
6 
; 
8 

I ;  
18 
19 
20 

-528 
498 
527 
51; 

Mean 

-529 
499 
529 
518 

- 5.38 
s..qR 
j-.38 
5.38 

- 5.38 
5..38 
5..38 
5',38 

o'jo74.3~7 
0 0 . 0  

0'507675; 
o~50726;o 

0'5074.352 
O.j07,?.3;7 
0.j07675.3 
0.5072661 

0.871 
0 8  

0 ~ 0 6 0 . 8 ; o  
0.0h0'8;O 

0.873 
0 '120 '872  

0.872 
0 . 1 2 0 . 8 7 ~  

-41 
41 
41 
41 

... 
-41 

41 
41 
41 

19 
2 1  

zo 
' 8  

11) 
2 1  

2 0  
18 

llbh 
Feh 

Nigllt 

Menn ... 
Menn of nay and Night ... 

+ 316 
316 
316 
i l 6  

+ 316 
.qlh 
.~16 
316 

0 . 8 i 1  
o . 0 8 0 . 8 ~ 0  
o ~ o 8 o ~ R ; o  

0'870 

0.873 
0'872 
0.87.3 
0.872 

6 2 

6 2 

18 

19 

137 
1.39 
1.38 
140 

0.507266.3 
0.50;6i57 
o.50;3,11 
O'/Oi44OI 

0.5072636 
o . j o 7 6 i j ~  
0.50j.3410 
o.j0;4,zii 

i 12th 1.37 
Frb. 139 
I'nY 138 I I;O 

+ .328 - 8 
,i281 i r  
R 1 2  

328 1 0  

12dl1 
Feb. 

~ i g h l .  

1 a ~ h  
P*b. 

34'126 
, I  

; 4 6 3 j , o j o  
8.3534'90,3 

2.14'124 
1854.34'571 

443.3'072 
20.36.74.906 

+ 328 
.328 
328 
328 

Mean ... 
Mean of Day and Night ... 

-41 
41 
41 
41 

... 
-41 

41 
41 
41 

-1054 
1055 
I 
1061 

-1035 
1040 
1045 
1051 

- 9 
10 

1 1  

9 

140 
138 
1.39 
1.37 

140 
138 
I39 
137 

5934.913 
503.3.0;8 

7 4 0 . 3 ~ . ~ 6 4  
.30.14'1 15 

34.925 
52.3.3.084 

1941.34.$67 
,34'115 

- 5'58 
5 . 8  
5'58 
5'58 

- 5'58 
5.58 
5.58 
i . 5 8  

-517 
128 
498 
527 

hlenl~ 

-519 
518 
499 
5213. 

5 
6 

8 

18 2 

18 

2 0  34 

18 
zo 
20 

18 

19 
21  
an 
19 

- 5.58 
5.58 
5.58 
5'gR 

- j .58 
5.58 
5.58 
5.58 

21.93 
21.34 
z1.,36 
21'.38 

20.76 
20.80 
20.89 
20.94 

+0.06 
6 

+0'12 

0 ' 1 2  

I ;  
20 

2 1  

19 

18 
19 
21  

I R  

2 1 ' 5 1  
I 
21.58 
21.66 

21.13 
21 '2 .3  

21'33 
21.45 

+0.02 
0 . 0 2  

o.oa 

+o.oR 
o.oR 

0.08 

0.870 
0.871 

0.020.871 
o.R;I 

0.874 
0.874 

0 .080-873  
0.87.3 

0.5072647 
0.5076740 
o.jo7.339.3 
0.507.1.371 

0.jo7262.3 
0.5076725 
0.507.3386 
0.5074.370 

-104; 
1046 
1047 
1048 

-1017 
1019 
1014 
1026 

+ 328 
,328 
.328 
328 

+ 328 
328 
.?zR 
328 

- 9 
1 1  

1 1  

9 

- 1 0  

1 2  
1 2  

l o  

-527 1-41 
498 
528 
517 

Menn 

-5.70 
500 
529 
519 

4 1  

41 
41 

... 
-41 

41 
41 
41 
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Table 11.-Details of the Observatione- ( Continued). 

Correction on sccou~it of 

0 
L i- Reduced 
i 0 

Dholpur. 

19th 
Feb. 
1913 

Night 

30th 
Feb. 
Dfly 

1.3; 
139 
138 
140 

1.3; 
139 
1.38 
140 

o.;o;z6~5 

0.5072642 

o.joi1066 
0.50i~z~z 
0.~071R14 
o'soi~f46 

0.50;zjlz 

0.5071085 
0.50i5190 
O'50718.i.3 
0'507ziY9 

0.5o;zi~j 

0.5072719 

0.5072681 
-- - .. 

Mean ... 
Mean of Duy und Night ... 

0.905 
6.905 
0.903 

o.zoo.go.3 

0.906 
0.905 
0.904 

0.15.0.1~02 

Ib m l  s 

- 5; 
5 1 4 5 7  

57 
37 

. 
-57 
5; 
ji 
Si 

Mer~n ... 
Mean of Day and i i ip l l t  ... 

+ 0.03 
0.0.3 
o 03 
0.0.3 

+ 0'03 
0'03 
0.03 
0.0.j 

6 
; 
R 

18 57 
19 
20 
2 1  

Mcalr ... 
hlenn of Dey nnd PiigliI ... 

hlenn of 19th to 2let F c b r u n y  ... 
- -- - - -- - . -. -. . . - - -- . .- - - - -. - - - -. -- - .. - -. . -. - -. - . - . . - - 

2Otl1 
Fob. 
X i ~ h t  

21et 
Feb. 
Day 

0.50726;9 

0'5072678 

8 

0.50ijz92 
O'jOi.33.37 
0.50;6;05 
o.goj26~0 

o 5054289 
0.5073353 
o..;o76;50 
O.SC;Z~;I 

5834.151 
+";4.589 
4133.093 

9.30.34.9R1 

.34'1f;z 
49.34.582 
403.3.oi3 
29.34'902 

j934.881 
33'0.11 
34'523 
~4.099 

5934.864 
.33.037 

4234.509 
3534.061~ 

140 
1.38 
139 
137 

140 
1.38 
139 
1.3; 

+oO2o 
o 20 
0.20 

+o. 15 
0.15 
0.15 

a , ,  
16 
1 9  
21 

20 

18 
21 

21 
I; 

6 
7 51 
8 41 
9 31 

18 
19 51 
20 

21 

0'50;10;9 
O . ~ O ; ~ I R ~  
0'50ili9i 
0.;072;.39 

0.5072695 

0'50i1024 
0'50751.12 
O'SOil7i.3 
0's0;2;4.3 

0',;0;26;1 

0.5072603 

_ _~ - - - _ -  -. .- 

20.07 
20.23 
ao.41 
20.56 

20.52 
20.63 
20.74 
20.90 

- 2 
z 
z 

- 

+ 0'0.3 
0.0.3 
0'0.3 
0'0.1 

+ 0.03 
0.0.3 
0'0.3 
0'0.3 

Meeri ... 

18 
19 
18 
17 

1; 
20 
14 
17 

0.5072639 

a1.15 
II..ZJ 
21.49 
21 .h.3 

21.51 
11.67 
1l'ii 
21.r11 

Mcon ... 
Mean of Doy and Night ... 

zl 81 1024 

- 9 
I Z  

12 

-57 
5; 
57 
57 

... 

-57 
57 
5 1  
57 

22.46 
12.56 
22.;l 
8 

12'4.5 

-53R 
548 
517 

- 1005 
1011 

1016 

-545 

,544 
5.33 

M e  

-546 
5 1 4  
545 
53.3 

O-j072715 
o.soi6Rjo 
0'50734i9 
0~5oj4406 

O.SO;Z~~Z 
o.50768;6 
0'507.4509 
0';0;44;.3 

+o.19 
0.19 
0.19 
0.19 

+oa14 
0.14 
0.14 

-541 
510 
540 
519 

Mrnn 

-541 
510 
541 
5.70 

+ 0.64 
0.64 
0.64 
6 

+ 0.64 
0.64 
0 6 4  
0.64 

26,z4.R,38 
181.j.ooj 
7.34.487 
3.062 

34.856 
33.026 

16.34-499 
R34.061 

22nd 140 6 
Feb. I.~R 7 

Night 1.39 8 ' 1 1 8 57 

j4; 

0.899 
0.899 
0.898 
o 898 

0,901 
0.899 
0.899 

o.140.Rq8 

o. jojzRo5 
0'~o;6~06 
0'.507.3.j~6 
0 0 ;  

0.~oizi6R 
0.~oj6HAz 
o'~o~.z~.?I 
o.soi4490 

+o.14 
0.1) 
0'14 
I 

+0.13 

18 
19 
20 

I 

17 
20 
19 
16 

23rtl 
Feb. 
Day 

- j; 
5; 
57 

- 2 - 9 
2) 10 

2 9 
Z1 8 

! 
- I 

8 

- .q8 
.3R 
38 
3" 

- 38 
38 
.zR 

0,892 
0,891 
0'891 
I 

0.893 
12.3.3 0.1.3 
22.b9l 0.1.3 
22.;51 0.1.3 

- 9 1101 

I ~ - I ~ ~ ;  

0.50726;8 
0'5071;23 
0.5075146 

jj 

- 1036 
1045 
105.3 
1060 

-1054 
1062 

o.Rgz 
0.89.3 
0.89.3 

1 1  

8 

- 8 
1 1  

1 0  

j 

140 
1.38 
~9 
1.3; 

o.:o;Io~~ 

:, 51 lobi 
1074 

I 
1 6  

- 1100 
1104 
1 1 1 2  

1 1 1 s  

I R  .31 
19 14 
20 

21 
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Table 11.-Details of the 00~e?-2iutions-(Co~~ti1ztced). 

y Tr~nprralure  -5 Co1.1.ccllon OII  ucco1111t of 
4 --- 
.;; Ohae~ved 

Time of 

J) I 

Agra. 

- 93; 
944 
949 
955 

- 917 
918 
921 
925 

- 82 
82 
82 
82 

- 82 
82 
8: 
82 

O'jOj4227 
0.5073249 
0.5076626 
0'50;2,<31 

0.50;4205 
0'50532.3~ 
0 . ~ 0 7 6 ~ ~ 6  
o.j0;2512 

tklenn . .  

Mean oC Day and Night  ... 
-p 

-542 
553 
522 
,553 

Mcnn 

- 8 
10 

1 1  

1 0  

- 8 
1 0  

15 
lo  

0'91.3 
0.913 
0.912 

0 .130 '912  

0.915 
0.915 
0.1 4 
0.91 .3 

o.so;z.;,~; 

0.5072536 

+0'1.3 
0.13 
0 .13  

+ 0 . 0 f  
0.07 
0'0: 

0.0; 

I X .? 

+ 1..39 
1..39 
1..39 
1.39 

t 1 .39  
1',39 
I..?. 
1 .39 

-44 
44 
44 
44 

... 
-544 ,-44 

44 :':: 1 43 
553 44 

, I  o 

26tll 
Feb. 
1913 
Night 

2ft,l1 
Feb. 
D r y  

0.5072614 
0.5071616 
0'5075018 
0'507088; 

0.5072.;34 

0 . ~ 0 ; 2 6 1 0  
0~507~6.30 
0',50i,50~ 1 

0.50;0898 

17 
19 
20 

19 

17 
19 
24 
19 

1.3; 
1.39 
1.38 
140 

1.37 
1.39 
1.38 
140 

19.12 
19.27 
19.3; 
19.48 

18.72 
18.73 
1 8 8 0  
18.88 

h n~ s 
6 52134.180 

0.50;2540 
050;66.32 
0'507.3.30.3 
0.5074265 

0 .50 j2 j18  
0'50;65R6 
0.5053248 
0 0 8  

+0 '09  
0.09 
0.09 

+ O . I C  
0 ' 1 0  

I 

87bh 
Frb. 

Night 

28t.11 
Frh.  
Ilay 

7 42 
R 

18 
tg 
20 

2 1  

0'910 
0 909 
0.909 

0 ' 0 9 0 - 9 0 9  

0 . 9 1 , ~  
0 '912  

O . I O O . ( ) I ~  
I 

1 40 
138 
139 
1.37 

140 
1.38 
1.39 
1 ,  

o.,;o;zgzq 

0.5072530 

o ' j o i 1 6 1 1  
0 . 5 0 7 1 6 ~ ~  
0.5075022 
o.jo;oRgh 

o..;0;2g.)1 

0 . 5 0 i 2 6 ~ ~  
0';0;1624 
0~5075006 
0~50708;o 

O . S O ; Z ~ Z ~  

0.5072533 

-44, 0'.;0;0898 
44 0.  jO;i01,3 
44 0 .50716 ;~  
44, 0 '50 i~h= .<  

... ' o.;oj254; 
I : 

e n  . 

Mean of Dnj snrl Wig111 ... 
-~ - . -  - -- . . 

34.630 
3733,126 

92934 .968  

5834.191 
5034.635 
4333.139 
,~ ,3~4 .9 ; ;  

v . 3 2  
19'4; 
19.52 
19.58 

18.94 
19 01 

19.11 
I 

-44, 
44 
44 
44 

-551 
520 
S.<I 
540 

81van 

-,:5,3 
522 
5 
542 

- 

90 
90 

- 90 
90 
90 
90, 

19 
2 0  

19 
18 

19 
20 

20 

18 

,4 964;+ 1'53 I I I 5.3 

0 50f089.3 
0'50749SB 
0 .50 j lh14  
o ~ o j 2 6 ~ ~  

31ena ... 
Mcnn oE Dnp and Night ... 

-- 

o.50;08;~ 
o.roi ioo2 
0.507163 
o.50;z604 

0'5J7252j 

o..5oi0860 
o ~ 5 ~ ; . 5 0 1 0  
0.5oi16.38 
0.50;2620 

0'50725.14 

0.5072530 

1.5.3 
1 .5 .~  

+ 1.5.3 
1.53 

8 

19 
19 

- 947 - 1  954 
10 956 

t o . 1 1  
0 . 1 1  

0 .11 

+ 0 ' 1 0  
0 . 1 0  

0 .10  

0 . 1 0  

19.62 
19.72 
19.80 
19.91 

19'32 
19.38 
19'50 
19'55 

- 8 
10 

r l  

1 0  

- 8 
1 2  

1 1  

l o  

2 0 4 0 ~ 4 . 6 3 1  1.53 
2 6 0  I 

40.34.605 
9.3234'164 

o>q.g;d 
5033.144 

9 

-10  

1 1  

1 1  

9 

-539 
550 
519 
550 

l a 1  

-542 
55.3 
521 
551 

- 961 
966 
970 
976 

- 047 
950 
956 
958 

Mean ... 
M e a n  of Day  a n d  Night ... 

l e t  
Mar. 
Night 

2nd 
filar. 
nay 

959 

- 928 
9 . 1  
93O 
941 

0.908 
0.907 
0.90; 

o . l l 0 . 9 0 ;  

0.912 
0.912 
o.910 
0'910 

-44 
44 
qq 
43 

. 
-44 

44 
44 
44 

281.11 
Feh. 

Night 

1 s t  
Mnr. 
Day  

+ 1.09 
1.09 
1.09 
1.09 

f 1'0') 

1.09 
1.09 
1.09 

+ 1.35 
I..% 
1'35 
1-35 

+ 1.35 
1.35 
1'.?5 

7 
8 
9 

19 
2 0  1 4  
2 1  

2 1  57 

140 
138 
1.39 
137 

140 
1.38 
1.39 
137 

1.37 
1.30 
138 
140 

137 
1.39 
138 
140 

; 

8 

19 
19 
20 4; 
21 ,:1 

I ;  

19 
7.0 

19 

1 ;  
21  

zo 
19 

0.908 
0.908 

0 '100 .90 ;  
o ' l o 0 . 9 0 6  

0'91 1 

0.909 
0.909 

23.34'968 
14.z.3120 
434.605 

955.34.164 

23.34'976 
3.z.123 

4.14'608 
34.161 

0.50;422; 
0.507.3~68 
0.50766.30 
0.5072540 

0'5Oj4207 
o.g05.3=4; 
0.5076602 
0.5oi249; 

2.34.180 
6 1  
453.3.124 

9.3634.964 

334,190 
55.34.631 

.zj '1.~6 
34.984 

- 64 
A4 
64 
64 

- 64 
64 
64 
64 

0.50;25.31 
0. jojh641 
0'505.3.303 
0.50f426.i 

0 ' 5 0 7 2 ~ 1 3  
0.5076632 
0'505.3296 

1.35 

+ ~ . l o  
0 .10 

t 0 . 1 . z  

0.1.4 

0'1.3 

19 
21 

19 
18 

19 
21 

2 0  

0'5074269 

19.96 
2 0 . 1 0  

20.15 
20'2.3 

19'6.3 
19.13 
19.86 

18 

- 791-10 

0'1.3 10.95 

79 
79 
79 

- 79 
79 
79 
79 0.908 

,-J.I 
44 
44 
44 

... 
-44 

44 
44 

978, 539 

1 2  

10 

9 

- 10 

1 2  

1 1  

9 

- 978 -550 
98r/ 519 

44 

98; 
991 

- 962 
967 
97.3 

550 
5.38 

Mron 

-552 
520 
561 
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Tcrble 11.-Details of' the Obse,*vations-(Contittued). 

Correetiol~ on aocount oE 

Reduced 
Tillle of 

Vlbrution 

m 

- .- 

Muttra. 

0.903 
0.902 
0.902 

0 1 1  0 9 0 2  

S 

0.5074138 
0'.;07330.3 
0.5076652 
o.soinr86 

O.,;O~JZ;Z 
0'507,7700 
0.5076655 
0.5072587 

5111 
nlnr. 
I)ay 

o.jo;zg~ I 

0.5072505 

0.50;08~j 
0.50i4931 
o.50;1560 
0.50725j1 

O'5072474 

0.50ioR40 
o.joj,g;~ 
0.50;15q.< 
o.,jo;z564 

0 -  jo;2411r 

0'5072483 

0.5072538 

1.3; 
1.79 
1.38 
140 

bleun ... 
Mean o t  Day nllcl Night ... 

-- -- 

S 

0.50;2551 
0.50;1j9~ 
0.50;4979 
0.50708i2 

0.5072500 

0.50;2,589 
0.5071599 
o . j o ; ~ g ; ~  
o.g0;08;6 

- 1 2 2  

1 2 2  

1 2 2  

I 

- 1 3 2  

1 2 ~  

1 2 2  

122 

19 
20 
2 1  

2 z  

7th ( 140 

blnr. 1.39 8 2 1  34.597 1'9.31 2 0  2 0 8 1  0.16 0.896 0.50j.3321 I 1.3 I I 1020 545 41 0 . 5 0 j 1 ~ 9 . ~  
.\iglll. 1.38 9 1.z.~.3.120 1.9.3 2 1  20'94 0.16 0.f496 0.50i6641 113 1 2  1026 51.3 41 0.5074936 

140 10 2.34'952 1'93 19 2 1 . 1 1  0 '16 o.Rg(1 o.joj256.3 11.4 l o  1034 54.4 41 0.5oioRaz 
I blenn  ... 

O.~O;ZJ;Z 

M a r  1.39 2 0  20.34.598 1'9.3 20 20.94 0.12 0.89; 0'5073.717 11.3 1 1  1026 544 41 o'.soj1582 
I )ay  1.38 2 1  12.3.3.095 1.9.1 2 1  21'09 0 '12o .Rg i  0.5076699 11.3 12 10.7.3 51.7 41 0.5074987 

I40 22 I .34.9.33 1'9.3 20 21'15 0'12 0.897 o.jo72605 11.3 1 1  1036 544 41 o',s0;0860 

SiL!lll. 

~ t h  
Mar. 

hlcan . . 
Menn of Dny and N igh t  ... 

- 9 
10 

(1 

I 

- 8 

11 
l o  

2;,74.160/+ 2.0; 
1;.74.60;; 2'07 
103.3'114 2.07 
034.1)4?1 2.07 

7 
8 
9 

19 
2 0  

1.38 
1.39 
I 

140 
1.38 

0'5oiz499 

0.5072486 

- 979 
985 
988 
994 

- 976 

986 
991 

-5.76 
j4; 
516 
54, 

Mean 

- j36 
547 
516 
547 

0'5072562 
o'go76609 
0.50;.32;8 
0.5074261 

0'50725.iJy 
0.5076657 

- 4 1  
41 
41 
41 

... 
-41 

41 
41 
41 

I; 

19 
20 
19 

3Iea11 ... 
Menn of I)ny unrl N i ~ h t  ... 

- - - - 

8 th  137 7 31 . 1 4 ' l i l l +  1'93i I f 4  20.70 + o ' l h  0.897 0.5074248 - rl.3 - 9 -1014 - 5.33 -41  

43.44'95.31+ 1.9; 
34.3.3'1.1.3l 1.97 
25.34.617, 1.97 

1 0 1 ~ 4 1 6 6  1.97 

i 

4 5 3 4 . 9 6 ~ i +  1'97 
37.33'114 1'97 

05073.312 
0.5074278 

1 )  7 4  ' ' 97  

- 116 
116 
116 
116 

- 
116 

9 

9111 
M n r  
Night 

10th 
Mar. 
Dry 

10.92 
20.02 
20.12 

I ;  1 2 2  

10 
1 7  
20 
18 

1') 
2 1  

116 
116 

11'2.1 
21..7( 
21.51 
2 1  ' 53  

21.48 
af.fi.3 
21.66 
11 '7 :  

20 

- 1 1  

8 
1 1  

9 

1 1 6 - 1 0 -  
1 2  

140 
138 
1.39 
137 

140 
1.38 
1.39 
1.37 

Mean ... 
Mean of Day end Night ... 

1 : 2 2 0 ' 2 . 7  0.12 0 1102 

+O ' IZ  

I 1.9; 

20'28 
20..76 
20.51 
2c.61 

20.3.3 
20.43 

11  

9 

0 .50 i rg11 

0.5072494 

0'90.3 
0.120.90.7 

20'5.3 

- 994 
c,gB 

1005 
1010 

996 
1001 

7 55 
8 
9 

10 

1') 51 
20 

2 1  31 
az 11 

0 . 1 2  0 90 

18 
o ' l l O ' 9 o O  

+0 '14  
0.84 
0.14 

+o' l . :  
O ' i 3  

1006 
101,; 

- 1041 
1046 
1054 
105.; 

-1053 
toss 
1061 
1066 

- 542 
311 
541 
5.30 

Mean 

- 342 
511 
542 
I 

0.900 
0 '000 
0.899 

0 '140 '8g9 

0.901 
0.902 

-545 
51s 
545 
5.34 

Blmn 

-546 
5 1 6  

34.949 
h . 3 ~  10; 
36.34.59.1 
a7.34'1.36 

34.919 
JZ~J .ORR 

34.571 
34'115 

+0.1.3lo:B95 

2o.f~; 

-41  
41 
41 
41 

... 
-41 

41 
545 
5.35 

0.1) 

0'1.3 
0'1.1 

+O.H 

0 . 1 2  

0.11 

-41 0~5070818 
411 o.~o7~$9sO 

41 
41 

- 10 

7 
10 

10 

-10 
1 2  

11 

9 

+ 2.00 
2.00 
2.00 
2'00 

+ 1'00 
2.00 
2.00 
1.00 

0.5072569 
o~so766 iz  
0.5oi3329 
0'5074.326 

0.~0726.36 
0.5076716 
0.5075.376 
0.5oi4.349 

o 8.4 
0.89.4 
0.89.3 

0.895 
0.120.894 

0.894 
0.894 

41 
41 

... 
- 4 1  

41 
41 
41 

0.1.3 

19 
16 
19 
19 

19 
2 1  

20 

18 

- 1 1 7  

11; 

11; 

I 17 

- 187 
117 
117 
11; 

0.5071~66 
O'.iO7257.1 

o.soiz47i 

0.50;0R7.3 
0.5074980 
0.5071604 
O . . S O ; ~ ~ ~ S  

0-900 
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l1able 11.-1)etails of the Obse~.ratio,ts-(Cog~tit~ued). 

I of 1 1 N i l  . .  1 0.5072401 

151.11 I,;; j 50i.34'171 + 1.6') I; 20.45 +o.I;'o.R~R 0.5oi4zq) - 01) - R -1oorl -5.33 -4; 0 ~ ~ 0 ; 2 ~ 6 z  
blul.. 1.49 8 I J I  1,flr) 19 20.5; 0 .15 0.899 0'507,32;7 09 10 100; 545 45 0 .50 j I j 71  
Niphl I j 8  I . . I  I 1.61) 1 7  20.70 0.1; 0.899 0.50;6659 91) A 1014 I 45 0'5054979 

1 0  I 2 1 1 j . j  I )  I 0 9  I O R  O O ; ~  1 I)I) 11 544 45 05*;0846 

I Neun ... 0~50;q i )o  

1ti1.11 1.37 19 .;3.;4.161~ + 1.h9 I; 20.29 + O . I  4 0.900 0.50;42,;1 i -  01) - H - 994 -5.35 -43 0.5072,;70 
h1Ul 1.39 0 3 , 4 6 2 .  I t 19  19 2 0 3 (  0 0 1 0 0  0 0  1 4  91)j i45 45 0'50;'564 
~)IIJ I.ZR 2 1  ,351.3.3.1.32 1.69 20 20.50 0.14 o.RI)~ 0.50i6611 09 I I IOO;~ 45 0.50749.17 

1.10 2 2  2 3 , 3 ~ ' 1 ~ i ~  1 . f ~ )  19 20.62 0 .  14lo.R0 0.5072557 1)g 101 10101 5 5  45 o';o;oH~R 

Jlcun ... 0.50;24Ho 

1lr11n o f  llsy a ~ l d  Nicllt. . .  0 '5072405 
. -~ - - - - -- . _ . - 

lGt.11 
n 
YigIlt 

17t11 
Mnr.  

140 
I 

139 
1 . 7  

140 
1.38 
1.39 
1 . 7  

7 
8 
I) , q I  

o 

10 

2 1  

2 

;ojq.r)jO 
42.3.1.121 

.34.601 
I 

5434.058 
2045.33'1.31 

.? i .Z4 ' (~ l i  

b l e a ~ ~  ... 
J I rn l l  of 1)ay 8113 N i p h t  ... 

. I  1.49 

0.507 2468 

0.5072400 

+ 1.41) 

1.41) 
1.49 
1.49 

+ 1.49 
1.41) 
1.49 

17 0.1.4 2 1 ' 2 0  

19 
20  

19 
I; 

19 
20 

19 

+ o -  16 
0 . 1 6  
o . 1 0  
o . 1 0  

+O.I.Z 

0 ' 1 . 3  

20.90 
21.00 
21'1,7 

21.28 

zo*RH 
20.04 
31.oR 

0.R9.j 

0.806 
0.896 
0.R96 
o.Rc),: 

0.897 
0.1.1o.R96 

o'Rg6 

O'j072;JI 

0.50;0847 
0.5074951 
o ' jo71ggo 
0'50;2j;8 

o. ;072)92 

0'50j084.3 
0 ' ~ 0 ; 4 9 ~ 1  
0.5071558 

0.5074152 

o..ioiz556 
0.50766.46 
0 - 5 0 7 ~ . ~ 1 0  
o';oi4r9.3 

0.5o jz5;~ 
0.;07661.3 
0.5073276 

. 87 8 45 

-.;J.] 
51.3 
4 
5.3 

3lea11 

-544 
I 

54.3 
10.39 

- 87,- l o  
R71 II 

A;! 10 
S 

- - 1 0  
I I 1 0 

-45 
45 
45 
45 

... 
-45 

4.G 
45 

- 1024 
1029 
10.3; 

104.3 

-102.3 

1026 
103.3 
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& 1 2 Ten~perot,ure .f Correction on account of 
- E : - z ?  4 -- - - .- .- .. 

L 
- 

L L. Redr~rrtl 

;c: c 

G 
.- -- -. - -- - . - .- -. -- - - 

Aligarh. 

I - 84 - 5 - 1013 - 538 
84 l o  1016 5.18 
84 11 1020 517 
84 l o  1024 548 

Menn 

0.50;24;6 

0.5072483 

o.jo;oH,33 
o.so;qqs; 
0.50715,;o 
0 . 5 0 j ~ 5 3 q  

0',:0;24;0 

0.50ioR68 
o.so i j960 
0'50i1551 
0.50;25,34 

0.50;2~;8 

0.5072474 
A - - - 

o '50 i~59.1 
0.507160.3 
O '~O;~QUR 
o ~ ~ o ; o l l ~ R  

0.50;2508 

o.50;~606 
0.5071555 
0.50;4960 
o.g0;0848 

o.5o;z~qz 

0'5072500 
... -- -. 

0.50;oR48 
0'50;4q,:5 
0~50;1606 
0.50izs61 

o ' ; o ~ z ~ Q ~  

o'gO;01)14 
o'50;4920 
o ' ~ o i 1 5 6 2  
0'50;2512 

0.50i24;; 

0.5072485 

Mean ... 
Blron ol' I)np nnd IVig11t. ... 

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

9211tl 
Mar. 
iVig11t 

23rd 
Mnr. 
1'ny 

18 
20 
20 

I; 

18 
20 
19 

Mean ... 
nIe11n o f  D : I ~  and N i ~ h t  ... 

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

140 
1.38 
1.39 
I.;; 

140 
1.38 
I39 
I 

8 
u 

10 

II 

20 
21 

2 .  24 

5234'954 
4 3 3 3 ' ~ 2  
.33.34'612 
2434.164 

51.34'946 
423.3'119 

2~33 .34 '622  

2 0 . 6 ~  
20'75 
20.88 
20.92 

20.30 
20.32 
20.39 

+ 1'8; 
1'8; 
1'8; 
1.8; 

+ 1'8; 
1.8; 
1.87 

17 I ? 0 . j O 1  0.08 I I .S;  0.005 

+ o ' l l  
0.11 

0 .11  
0 .11 

+o.08 
0.08 
0.08 

0'50j2g61 
0.5076659 
O ' ~ O ; . ~ Z R ~  
0'50;-126j 

0.50;25;8 
0'.i0;604.3 
0.50;.?266 

Mrnn ... 
Mcnn of D : I ~  and Nipl~t ,  ... 

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

0'90.3 
0'902 
0.902 
o .qo l  

o.qo5 
0'905 
0 905 

0'50;424j 

o'qoz 
o .qo l  

0 .12o .go1  
o.qol 

oO.o,z 
O . ~ O Z  

o.()oz 
o ,qo? 

0~50;.42h,~ 
0.5073291 
0.50;6051 
0.50;?54.; 

O.~O;JZ;O 
0.507.zz3; 
0.50;6615 
O'50;23.:,5 

-536 
546 
51s 
5.16 

Mcnn 

-5.46 
54; 
510 
5.47 

2 0 ' ; ~  
20.84 
20.9.3 
21 '05~  

20.61 
20.69 
to.;.? 

8 3.3 
9 

1 1  

20 

2 1  

22 3; 
23 

34 '164\+ 1'08 
45.34'6101 1.08 

t o . z ; . ? ~ . ~ r h l  1 . 0 8 2 0  
2634'962j 1.08 

i 5 5 3 j . 1 6 1  + 1.08 
46.34.6.45 1.08 

3.q.1.111 1.08 
z h . ? ~ - g h O  1.08 

ZRrd 
Mnr. 
Nikht  

24th 
Msr. 
Dng 

I 10; h 

-48 
48 
48 
48 

-48 
48 
48 

q-101.4 
101; 

' 102.3 
1023 

- 995 
996 
999 

- 110 ' -  

IIO 

IIO 

110 

- 110 
110 

- 63 
63 
6.3 
6.3 

- 63 
63 
0.3 
63 

-48 
48 
48 
48 

... 
-48 

4R 
48 
48 

+ O ' I Z  

0 ' 12  

0.12 

+oOO; 
0.0; 

0.0: 

I; 

19 

18 

16 
1q 
2 1  

19 

1.3; 
1.39 
138 
140 

1.37 
139 
138 

, 140 

- 
10 

11 
p 

- ; 
10 

1 2  

48 

-5.4; 
516 
.;~7 
535 

Menn 

-548 
518 
548 

1005 

1 1  

11  

8 

- q 
1 1  

70.80 0.0; 

8'-101.5 
1 0 2 1  

1026 
1031 

- 1010 
1014 
1016 

Menn ... 
Dlesn of Dny a n d  Kigllt ... 

538 
1101 10 

101 1019 

0.900 
0.899 
o.8qA 
0.898 

0.901 
0 ~ 0 9 0 ~ 9 0 0  

0.899 
0 '090 .8g8  

t q  
20 
19 
16 

18 
21 
13 
I; 

24thI 140 9 
q 

l o  
1 1  

2 1  

21 
22 47 

z r . l g i + o , ~ h  
21..121 O . I ~  

ZI .~ ; !  0.16 
21.55, 0.10 

I 
2l',31 + 0 . 0 9  
~1.3.3 ,  
21.4.31 0.09 
2 1 . ~ 2 1  

-545 1-48 
Mnr.  

h.1g11t 

26th  
Mnr. 
Dny 

o.5o;zsor) 
0.50;b~qs 
o'5o;~zRz 
0.507422; 

0.50j258.3 
0.50;6,562 
0.5oi.323; 
0.50i41;; 

51.1 
54.4 
5.3 

I 

-546 
515 
545 
533 

138 
1.39 
137 

140 
138 
1.19 
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'I'able 11.-Details of the Obe~veatioms-(Contbgbed ).  
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I t  will be noticed that  a t  some stations, notably Aligarh, Muttra  and Dehra Diin in April, 
the differences between the  daily means arc large. Thus, a t  Muttra  there is a range of 

22 x lo-' secs., a t  Aligarl~, of 26 and a t  Dehra Diin, of 25 .  These discrepancies are  believed t o  
be mainly due to variations i n  the  clock rate o r  possihly to  the flash ~ ~ o t  norlting uniformly. 

I t  should be possible to  form some idea as to  the  variations in  the ratc of t11c clock by 
deducing the rate from the time of vibration of a peudulum a t  Dehra Diin where the  t rne time 
o( "ibratiou is ~ I I O W I I .  This method, of course, assumes that  the  wl~ole  source of error is in  the  
rate and is, therefore, only a rough one but i t  is difficult to  see what other cause could account for  
the  large variatioi~s in the times of v i b r a t i o ~ ~  of : L I I ~  one peudulum on differei~t days. The 
temperature of the peudulum room is near]!- always so steady that  i t  is impossible tha t  ally large 
errors are iutrotluced by t l ~ c  pendulum uot Ijeiug a t  the same temperature a% that  s h e l v ~ ~  by the  
thermometer iu the t l ~ m m y  pendulum, and i t  is quite impossible for other u ~ ~ c e r t a i n t i e s  s u c l ~  as 
air pressure, flexure and the actual estimation of the coincidences to  produce anything approaching 
the variations that we find. A probablesource of error ?:iz., lack of uniformity i ~ r  t he  movement 
of the flash shutter is practically the saruc thing as a variatiou of clock rate and C H I I U O ~  he 
dissocirted lrom it. 

We have some excellent data for determining the fluctuations in clock rate in some otserva- 
tions tha t  mere made in Dehra Diin in  August, 1913 during the visit of 2 members of the de  Filippi 
expedition. On each day our pendulums were each swung once a t  3 hour intervals and both our  
clock !S & R) and theirs (a chronometer by Poole) were used for each swing. On 3 out of the 4 days 
work the mean rate for  the day of each clock was determined by star  observations (on the  4th night 

clouds prevented this), and the mean time of vibration by each clock agreed to 1 x lo-' sec., while 

the meau difference between the  means of the  individual pendulums was only 3 x 10-'secs., the  

greatest differelwe being 6 x lo-' secs. We can, thus, assume with confidence tha t  the mean t ime 
of vibration of each pendulum was correct, and we can deduce the actual rate of t h e  clock a t  the 
time of swinging each pendulum. 
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These deduced rates are  herewith shewn :- 

[CHAP. VII. 

W e  notice a t  once that  the  deduced rates of our clock S & El show large variations. Thus, 
o ~ t  August 29th there is an apparent change in rate of I seco~td I~e tneen  I 1  a .  m. and 5-30 11. rn. 
and a larger change on the  30th.  A cllatlge irt rate of I second per diem is equivalent to a change 

of  59  x lo-' sccs. in the  time of vihratior~ of our  pendt~llrms. W c  also notice that  our clock has a 
greater losing rate d u r i l ~ g  the mornirlg than in the afternoon, and that  the  actual rate approaches 
the  mean rate a t  al)oilt 1 p m. If  further ohservatiolls were to point t o  this, i t  would he 
sufficient t o  swing each ~ ~ e n d u l u n t  once daily, the hours of oh~ervat ion extending from 11 a. m. 
t o  3 p .m.  hut a t  present i t  would I)e nnsefe to d o  tltis. 

E n o ~ ~ g h  evidence has, however, beengiven to show that the rate of our clock does vary 
largely throughoirt t h e  day but  i t  is unlikely that,  with the four completc sets of a w i ~ ~ g s  that w e  
t ake  a t  present, our mean time of vibration is much in error. 
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111 Table I11 are show11 the times of vibratiou a t  Dehra 1)1in at the  beginning and end of 
the season. These observations were made ill the new pendulum room which forme part of t h e  
building containing the bar alley and seismograph room. The new room is about 300 feet south 
of the  old pendulum room. It will be noted that  there ie no d~fferellce between the  mean t imes 
of vibration i n  the two rooms. 

Table III.- 2'imes of vibration at Debra Dzin. 

It \\.ill he noted that  the  meall time of  vil)ratiou for  the season is t h e  same as fo r  the  
previous year, though the individual means ;ire tlot in good agreement. The differeuces between 
t h e  mean aud irldividual pendulu~us are sho~vu  ill Table IV.  

l'able 1 Y.-Dierer~ces hetweeg~ the mean ci91cl i~rdivrdual pendulums. 
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I n  Table V are shown the mean time of vibration of each pendulum at each station and 
the values of g deduced. 

Table 7.-Mean t in~es  of  .l;ib~*aiion and deduced v a l u ~ s  cf g. 

The Reduction to 8ea Level. 
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CHAP. VII.]  SEASON, 1012-13. 

The ahstiyaot of the season's results is given in Table VI. 

I'ctBle YI.-Abstract of  results. 

Once again we make the  same assumption that  a residual of -0,030 represents normal 
gravity, and we see that  we have three areas where gravity is in  excess. The first, comprising t h e  
statious Bhopkl to  Goona, undoubtedly forms part of the  main "hidden chain" and again, as at 
Mai l~ar  and Japla, we find a small negative belt indicated by the residual a t  Lal i tpur  dividing 
the main hidden chain from a detached area of high density shewn here by the  residuals a t  
J h i n s i  and Sipri. Until  the country between Jhtinsi and Allahabad and on to Sasarim has been 
examined it  is impossible to  say whethcr these three areas of high der~sity form one continuous 
belt or whether they are isolated. Similarly, the negative residuals a t  Lalitpur, Maihar and Japla  
may indicate a continuous trough ol' low density. 

The third area of high t l e ~ ~ s i t y  lies round the  stations Agra to  Hkthras and may, of course, 
extend to the east and west. As was statcd a t  the beginning of this chapter, the  residuals a t  the 
stations Kaliiina to Gesupnr indicated tile existence of such an area not  fa r  south of Gesupur and 
the penduhms, while locating t l ~ i s  area of high density, have also indicated a small trough of 
relatively low density between Gesupur and Hitliras, the value of 9 -y ,a t  Gesupur being 
-0.043 whereas a t  Khurja i t  is - 0.065. 

y, Station S - Y E  

-- 

Corrections 

for I tor nlrv  
height (L3ouguer) 

Height 

rI! t~es  

-0.026 
-0.009 
-0-020 

-0'027 

-0.045 
-0.014 
-0.os.z 
-0.041 
-0.038 
-0.019 
-0'023 
-0'029 
-0.04g 
-0.065 

13 !7 

-- 

dynes 

978.737 
978.786 
978.815 
978'834 
978.859 
978.890 
978.932 
978.999 
979.037 
979'075 
979.095 
979' 104 
979.124 
979.147 

dylrcs 

+0'05.j 
+oeojg 
$0.046 
+0.053 
+O.O~O 
+0.052 

+o-029 
+0.022 

to.019 
+0.018 
+0'019 
+0.020 

+O.OZI 
+O.OZZ 

dynes 

3 hops1 -0.153 

(E!/NCS 

978.711 
978.777 
978.795 
978.807 
978.814 
978.876 
978.910 
978.958 
978.999 
979.056 
979.072 
979'075 
979'075 
979.082 

Kaliiinpur ... 
Bina ... 
Goona ... 
Lalitpur ... 
Sipri ... 
Jhiinsi ... 
Gnalior ... 
Dholpur ... 
Agra . . . 
Muttra  ... 
Hiitliras ... 
Aligarh ... 
Khurja ... 

1763 
1355 
1569 
I 199 
1533 
858 
658 
577 
535 
562 
587 
612 

649 

978.892 1-0.165 
978.896 1 -0'127 
978.928 1 -0.147 
978.931 1 -0.112 
978.982 -0.144 
978.983 -0.080 
979.~39 1 -0.062 
979'072 
979.107 
979'129 

-0'054 
-0.050 
-0'053 

979'139! -0'055 
979-1601 -0.057 
979.186 0.061 I - 
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Regarding the observations a t  Kaliiinpur a list is appended showing the values of gravity 
obtained by Captains Basevi and Heaviside with the old seconds-pendulums and those with the 
present half-seconds apparatus. 

Station 

Dehra DGn .., 
Madram .. , 
Colibe .., 

Kaliiina . . . 
Nojli ... 
Musnooree (Camel's 

Back) 
Miiin Mir . . . 
Bangalore ... 

I 
Value of g 

dynes i dynes 
978.962 979'06.3 

with old 
seconds.pend~~lurns 

Difference with 

pendr~lums 

The values of g in both series of observations depend on the value at Dehra Diin. There 
is, however, a large discrepancy in this base value and the differences between the old and new 
values of dg (gravity a t  Dehra Diin minus gravity a t  station) are, with the exception of Mian 
Mir, even greater than the differences of g. With regard to Miiin Mir i t  is to be noted that at 
this station a specially light stand for the pendulums was used by Captain Basevi, and as this 
stand was not used a t  Dehra Diin the obvervations at Mi6n Mir are not strictly comparable with 
the rest of the series. It is not proposed to attempt to explain the discrepancies between the old 
and new series of observations ; and with regard to Kaliinpur, the last old station to be reoccupied, 
it ie only possible to  say that the discrepancy is of about the same order of magnitude as at the 
other stations. 



C H A P T E R  V I I I .  

The Hayford Correction for Topography 

and Isostatic Compensation. 

Hitherto, in  the  abstracts of each season's work, the Bouguer hypothesis for  topography 
has alone been used. This hypothesis assumes that  all surface masses are  u~icompensated and 
takes n o  account of t h e  curvature of the sea-level surface. The first correction, for height, 
allows for  the increased distance of the  station from the earth's centre; the  second, for mass, is 
based on the  assumption that  the station stands on an indefinitely extended horizontal plain 
whose mass is uncompensated ; while a third correction is occasionally necessary t o  allow for  the  
departure of t h e  actual surface of the earth from this assumed plain. 

The fact  that  all Bouguer residuals close t o  the  Himalaya or other high mountains are  
negative, points t o  the  strong probahility of some sort of underground compensation, and this 
chapter shows the method which has been employed to correct for this. 

I t  is, first, necessary to  make some definite assumptions as  to  the extent and depth of 
cornpensatiori. M r .  J. F. Hayford, late of tile United States Coast and Geodetic Survey, t o  whom 
we are much iiidebted for  his investigation into t,he "isostatic" correction to gravity results, has 
assumed that  compensation is complete a t  a depth of 113.7 kilometres below the earth's surface, 
and, with small modifications which will be dealt with later, we have accepted his assumptions. 
By complete compe~isation we mean that a t  and below the depth of compensation any element of 
mass is subject to equal pressures from all directiolls, and from this i t  follows that  the mass i n  
any prismatic column standing or1 a base of unit area a t  the depth of compensatiou arid exteuding 
up to the actual surface of earth o r  sea is always the same, whatever the height of the  column may 
be. Therefore, the highcr the column the smaller the  density, or in other words, excesses of mass 
(mountains) are compensated by deficiencies of density, and defects of mass (oceans) by excesses 
of density, the actual value of density in each column being derived directly from its height, 
sincc the mass equals height x density and is constant. 

Other assumptions made by Mr. Hayford are  :- 

(a) The earth is a sphere of radius 6370 kilometres. 
(b) The  mean surface density of t h e  ear th is 2.67. 

(c) Ratio of surface density t o  mean density of the earth as a whole is 
2.09' 

(d) Value of k the "gravitation constant" o r  the acceleration due t o  t h e  
attraction of unit mass a t  unit distance ia 6673 x lo-'' i n  the  C. (3. S. system of 
units. 
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The  computation of the effect of topography and its isostatic compensatioll on the value 
of gravity a t  a sttrtion can be divided into two main heads :- 

I. The effect of masses near the station where curvature need not be considered. 
11. '1 he effect of distant masses where curvature must be allowed for. 

Taking distant masses first, i t  is  necessary t o  s tate  here that  me have so f a r  accepted all 
M r .  Hayford's assumptions and reduction tables fo r  the  effect of masses situated outside a radius 
oE 103.6 miles from the station. Within this radius we have computed new reduction tables 
based on slightly different assumptions. This radius of 103.6 miles o r  166.7 kilometres is the 
boundary between near and distant masses in maill heads I and I1 above. 

It is advisable t o  give a short description of Mr. Hayford's method of computing the 
effect of distant masses, and the  followieg is abstracted from his ~ubl ica t ion*  on the subject. 

The attraction of an elementary mass dm situated a t  B (fig. 1) acting upon a mass of - - 
1 gramme a t  the station of observation, S, is 

kdm - ... ... .a .  (1) 

where k is t h e  gravitation constant and D the distance of the  elementary mass from the station, 
i.e. SB in the  figure. The vertical cornpollent of this attraction, which is all tha t  is concerned 
i n  this  investigation, is 

sin fl 
kdm- ... ... ... 

L)" (2) 
i n  which fi  is the  angle of depression, below the horizon of the s tat ior~,  of the straight line from 
S t o  B. If the  station and the  elementary mass are  a t  the same height above sea-level, we hsve 

8 p = - 
2 

and D = 2 R .  
8 

sln 7 
Substituting in formula (2) the vertical attraction becomes 

8 sin - 
kdm Pg o r k d m  E ... . . 

4H2 sin2 - 
2 

where E depends only on the direction and distance of the elementary mass from the station. 

* The Effect of Topography and Zaoalntic Compenaal~on upnn the Intensity o f  Qrmlify by J .  F. Hsyford 
and W. B o w ~ e .  



CHAP. V l l l . 1  THE HAYFOHD COMl'ESS.4 1105 CORILEGTIOH. ' 4 I  

If tile e lerne~~t .ary  mass i s  higher  than  the  station, t he  difierellce of height being h, 
we have (fig. 9 )  

d 
11 cos -;r 

d 

sin 6, = - 
1) 

autl i l l  t he  same triaugle,  
. d 

1)" DD"l + h' + 21), 11 , - 

9 ,  1 Ilrret'ore, s u l ~ s t i t l ~ t i n g  ill formula  (2) ,  t he  vrrt lcal  a t t r a c r i o ~ ~  hccornes 

6, 
h ells ;, 

sin {I i :-- ~- 

+ 112 11 - 

ktlm 
d o r  kdm El . . .  (4) 

I)', + 11' + 3Lj1 h srlr -7 - 
s imi lar ly ,  wllell thy elemeutar!. mass is lower I I I ~ I I  t l ~ r  statiou, t he  vertical a t t rac t ion may  

he she ie l~  to  he 

H 
h cos 7 

-. 

J I ) , ?  + k12 - 2 h s in  -T 

kdm o r  k d m  15, ... (5) 
e 

D l 2  + 11" 2D, 11 s iu - 
2 

'rile rruly a s s ~ ~ m l ) t i o n  made in t l ~ c s e  formr~lae is t ha t  t he  earth is a sphere.  M r .  Hayford 
sllows t h a t  the  er ror  in th is  a s s u m p t l o ~ ~  is very small and may 1 ) ~  negiected. 

If 1 1 1 , ~  t he  surface o f  t he  ear th  1)e tlivideil u p  i n t o  zolles I)? concentric circles with t h e  
st; t t io~l as aerltl.r, t o  ol~triiu the  vertiral  a t t r a r t i o l ~  in any sur11 zolle i t  is  necessary t o  in tegra te  
the  e ~ ~ ~ r e s s i o n s  (3 ) )  (4.) a1:ti 15)  withi11 the  Ilecc,ssary liniirs o f  d a r ~ d  h .  T h e  expressions E. El 
arl(l 15? ~ ~ l l l l O t * ,  however, ac~cordillg 1 0  t l ~ e  writ,rru o f  t he  Amcrican puhliration referred to ,  he 
tlirectly i~~t .egra terI  wit11 respect t o  0 a l ~ d  11 I)y ( . ~ I ~ c I I ~ ~ I s ,  ; I I I ~  ;In illregration hy numerical com- 
1)11tatio11 w n 8  111a(ie. 'l'he vertical c o r n ~ ~ o l ~ e I l t ~  of rllr attl.aclioll o f  tile topography ill ally zone was, 
therefor(,, exl)ressed as km x ( a v e r ~ g r  va l r~e  of E: for t he  z o ~ ~ c ) .  

1qor t,he effrc-t of the  c o n ~ p c ~ ~ s a t i o ~ ~  of the  topograp l~y  t l ~ e  i 'ot .~~tr~lac a re  the  same. T h e  nega- 
t ive nlas*. i~ lvolvrd  is m ,  the  Yamr as t h r  mas- of the- topop1.al111y 1,111 of ol)posite sign, t he  values 
of arc  thore fixed l ~ y  t l ~ e  clirertion a11i1 clistal~c.e ot the  r o n ~ p e ~ ~ s n t i o ~ ~  from t h e  station and h is 
lnarle to  vary Irc~ni zero a t  sea-IevrI t o  1 1 3 . 7  k i l (~met rc s  I>(-low that  surfarc .  

7'11e effect of the  topography H I I O  ( ~ o r n ~ ~ c n s a t ~ o ~ l  1111ght I ~ ; t v e l , e c ~ ~  c-omputerl s rpara te ly ,  hut 
it wa8 believed that art-ater r a p ~ d i t y  w(lr~ld I)(* se rnred a ~ t h o ~ ~ r  loss of accuracy hp comhi~r iug  
the  t w o  

. . - .. . ~ - -  ~ 

'I'hc intt-!!l.nlinna I I R V P  11ecn p(*rfnl.llre~l in  lnrlie. 
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With any selected value of 6, E was computed for aeveral values of h down to the depth 
of compe~isation. By successive trials with increasing numbers of values of h i t  was ascertained 
how many valries were necessary to  obtain eafficient accuracy i n  the mean value of E correspond- 
ing  to  the selected vslue of 8. Proceeding thus, values of E were obtained for values of 6 
varying from 1' 30' t o  180' (whet1 6 = l o  29' 68", the distance = 103.6 miles). 

r 1 l l ~ e  nest  step was to  determine the limits of zones. I t  was ktlown from a preliminary 
study of the problem that  to r  all distant zones the attraction mould be uearlp proportional to the 
height. Therefore, i t  was decided to determine such midt l~s for the selected zones, and such a 
number of compartmcuts in tach zone, that  an attraction of 0.0001 dyne for  any one coolpart- 
ment would correspond to a height of 100. lo00 or I0000 feet in that  compartment. The unit of 
height corresponding t o  0.0001 d ~ n e  and the number of compartments in each zone were 
arbitrarily selected, and will he seen in the  list of zo~~es* .  

Starting fro01 the antipodes, 6 = 180C, the attraction in successive sub-zones of 2' widtli 
was computed until  the  total attractioil amouutetl to  0-0001 d ~ n e ,  the limit of the innermost 
sub-zone being obtained by interpolation, and so on for each successioe zone. 

The area of a zone lying betwee11 limiting values of 6, 6, and 6?, OII  t he  surface of a 
sphere of radius R is 

27rRg (cos 6, - cos 6,) 

atid, since the  mass i n  any zone may be represented by 6 x h x area, the  at t ract io~l  of the mass in 
the zone whose average height is h is equal to  k6h x 2~R"cos 6,-cos 6?) x (mean value of E for 
the zo~le ) .  

The details of the  computat io~l  of the  liruit of zone 1 are  shewn below, the values of E 
being interpolated from those published by M r .  Hayford. 

Zone 1. 

h = 10000 feet.  

* The unit  of the t.ble hrs lately been changed to dyne 

8 ,  to 0: 

180°to 178' 
178 t o  176 
176 to 174 
174 t o  I72 
172 to 170 
170 t o  168 
168 to 166 
166 to 164 
164 t o  162 
162 to 160 
160 t o  158 
158 t o  156 
156 t o  154 
154 to 152 
152 t o  150 

Total ... 0.0001064551 

loe (hah2nH2) 

17.1412982 
17.34-12982 
17.1412982 
17.1412982 
17.1412982 
l7.1412982 
17.1412982 
17.1412982 
17-  141298'! 
17.1412982 
17.1412982 
17.1412982 
17.1412982 
17.1412982 
17 141 2982 

log (cos e, -con 8,) 

9.78.47599 
3.2616672 
3.4831878 
3 a628777 1 
3.7372165 
3.8234873 
3.8949746 
3.955880 1 
2.00882 I5 
2.06552749 
2.0972122 
2.1347634 
2.1688362 
2 1999307 
2 a2284568 

log E 

21 .7444495 
ZT .74~47622 
21.7452310 
21.7460111 
27 .746!4454 
21.7181880 
21 -7495817 
21 -7514331 
21.7535066 
21.7559510 
27.7586848 
27.7617024 
21.7649976 
21 -7686641 
21.7723951 

Attrnrt~on 

dqne 

0.0000004683 
~0000014052 
.0000022894 
.00000326 I6 
.00000422 1 4' 
000005 1638 

.0000061074 

.0000070569 

.0000080099 
0000089697 

.000009935(i 

.0000109085 

.0000 1 18886 
~0000118764 
.0000138724 
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The For 2' iu the last sub-zone is0~000013872-1.; tl~cl-cfore, the change for 66' is 
0.01)00()6~j38, and if the  limit of the zoue ix talien as 150' 56' the total attraction ia 

0.0001-0.000000018?. The luuer limit of zone 1 is, therefo~,e, 150' 56', to  the nearest minute. 
I t  must be noted that as R and k are in the C.Ci.S. system, h must he converted into centimetres. 

The otller zones \\-ere computetl in a similar manner except t l ~ a t  the widths of the sah- 
zones were reduced as 0 became less. 

For ocean zones, since the space between sea-level aud the solid sl~rt'ace of the earth is 
filled tvith sea water of densit!. 1 . 0 2 i ,  the defect of deusity ill this space is 2 . f 7  - 1 , 0 2 7  
=:!.67 x 6 ~ 0 . 6 1 5 ,  and if an elevation ,of 1000 fcet i l l  aIlp \anti c o n ~ p a r t n ~ e ~ ~ t  produccs an 
attraction of 0.00001 dyne the correspor~di~ig ocean depth to  produce t l ~ i s  attraction 1)-ill he 

'Oo0 
feet = 1626 feet = 271 fathoms. 

0 . 6 1 5  
Hence the unit o f  depth for  ocean zoues in the reductior~ tables. 

So far  it has been assumed that  the attraction is proportio~lal t o  the height. This  is not 
strictly true, but the error mas found to be illappreciable for  zones 1 to 13. For  zones 14, to  18 a 

few special were made, wheu i t  was tbuud that  the uecessary corrections were small 
and varied regularly. These are shewn iu the r e d r ~ c t i o ~ ~  tallies as "departure from 
proportiouality ." 

Similarly, i t  was a t  first assumed that  the btation was at  sea-level. Here, again, the  
correction for  height of station mas found to be negligible for zones 1 to  13 and ymall fo r  the 
remainder. These corrections are also s l~ewu in the reduction tables. 

The reduction tables for distant zones (main head 11) are s h e n ~ r ~  below :- 

REDUCTION TABLE FOR OUTER ZONEF. 
The unit of correctloo is dyne, winus for land and pltcs for water. 

Zone 

1 
2 
3 
4 
6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
16 
16 
17 
18 

nudii in  angles euhtended at  cent.rr of 
the  earl 11 

Outer 

186 o' ii 
160 5G 0 
105 48 0 
72 13 0 
61 4. 0 
35 58 0 
26 41 0 
20 41 0 
14 9 0 
10 4,4 0 
7 61 30 
6 46 34 
4 I9 13 
3 3 6  
2 33 46 
2 11 63 
1 64 62 
1 41 13 

Unil, of depth wl~iel l  
produces an &t of 

dyne in each 
ConlparlmcnL 

fathoms 
27 I 
271 
27 1 
271 
27 l 
271 
27.1 
27-1 
27.1 
27.1 

27.1 
27.1 
27.1 
27.1 
27.1 
27.1 
27' 1 

27.1 

Inrlrr 

1 6 6  56 i; 
105 48 0 
72 13 0 
61 4 0 
35 58 0 
26 41 0 
20 41 0 
I4 3 0 
10 44 0 
7 61 30 
6 46 34 
4 19 13 
3 3 6 
2 33 4G 
2 11 53 
1 54 62 
1 41 13 
1 29 58 

Unit, of height, ~ v l ~ i c h  
hulnbrr r l  I prodtaeea a n  eRecC of 

eompnr ln~rn ts  1 1 0 - b l ~ n e  in each 1 compnrt,lnent. 

I 
G 
10 
12 
16 

1 R 
2 

4 
4 

G 
8 
10 
16 
10 
10 
10 
10 
10 

feet 
1000 
1000 
1000 
1000 
1000 
1000 
100 
100 
100 

100 
100 
100 
100 
100 
100 
100 
100 
100 
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SYECiAL H.EDUC'I'ION TABLES. 

ZONES 14 to 18 

'l'11e unit  of correction is lo-' dyne*, t n i l t ~ l s  for  laud and pltc.~ for  water. 
The c o ~ ~ e c t i o n  found from the prev~ous table must he dlvirled by ten before entry in the 

secoild columu of the five succeeding tables. 
I h r  I I I I L /  here ~s I rn  I I I N C P  ( 1 . ~  /(11!le (1.9 //?(it ~n (111 ~ h o  ofhe / .  Irrbles. 

(hrrcct.ion8 i n  nnitp of 10-5 d g n r  msy lw  read off from ~ l i s g r a m r  I and  I1 at the rnri of thc hook. 

I Corrcc t . lo~~ Corrertion for Correction for e le ra t io~l  of stution a t  
Zone 1 "8 read departure i w o l  i I -- - - - - - - - --. . - -- 

1ro111 IIIIIP yroportionnli t j  
500U feet  1 10000 f e ~ t  16000 lect 

- - - - -. -- I 

14 

+ 0 
+ 4 
+ .l 

+ 2 

+ I 

0 

0 

+ 1 5 0  

+ 12,; 

+ 1 0 0  

A - -  
I .> 

* 50 
+ "  

0 

I -  2 .i 
- s o  
- 7 5  
- 100 

+ I j o  I +, :  - I , - , <  i - 4  

15 

- 3 
- 3 - 
- 
- 

0 

0 

- 1  1 - 2  

+ 12:  + 4 - I -  2 1 -.i 
0 j - 2  1 - 

+ is + I - - 
0 ! - 

+ I  I 
1 - 1  

I : i O o ' - I  

I 

O I 0 0 0 I 0 

I - 2 .: 0 0 0 I + I  
- i o  I O !  0 + I  ( + I  
- f,: I + I  I + I  , + I  I A 2  

I 

0 

+ I  

+ 1  

+ 2  

- 
- 
- 

0 

0 

0 

+ 2 + I + i 

- - 
- 
- 
- 

0 

I 0 

0 

+ I 

+ I  

+ I 

1 - loo  8 + I + 1 + r  + . ?  
I 

~ ~ 

I 
I I 

1 4  1 - + I j O  - 3  1 - - 5 i + I r j  3 ,  - 4 
I + I 0 0  - 

+ I 
I - ' l  

+ 7,; I I - 2  

+ 3 0  I l  , - 2  

16 + 2 ;  0 I 0 , -  I ' - 1  

0 0 

- 25 0 

1 - 3 0  0 

, - 7  + I 

1 - 100 , + I 

I 

0 
O l  

0 ; + I  ! + I  
+ I  1 + I  + Z 

I  

+ I  O 2  

I 
+ 1 ; 0  ' + 3 - 
+ 1 2 ;  + 2 - 1 + 100 C I , - 
+ 7 5  ' + I  

- 4 
- 3 
- .z 
- 
- 
.- 

0 

+ I 

+ I  

+ 2 

A 3  

17 

- 1 ,  
- - 
- 4 

- .l - 
- 

0 

- 
- 2 

- 3 

- 4 

- 
+ 5 0  I 
+ 25 I 

0 - 
0 - 1  

0 

- 2,; I + I  

- .:o ! . + I  

- ; 5  * 1 ' + I  I - I O o j  + I  A I 
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SPECIAL MEDUCTION TABLES-(Coqztd.). 

ZONES 14. to  18-((,'onld.). 

The uuit of correction is 0.0001 dyne, I I L ~ I L U S  for  laud and p l w  for  water, the correction 
being applied t o  y and not g. I n  all these zones the effect of the compen.vatiol~ is greater than 
that  of the topography, the correction representing the combined effect. 

This a c c o u ~ ~ t  of M r .  Hayford's reductiou tables i~ somewhat brief, but f11l1 details will be 
found in The E f i c t  of  Topography und Isosialic Cowpe~lautr'of~ 7y1071 Ihe Inte11sil9 of Groviry 
published a t  the Government Pr in t i t~g  Office, Washington, U.S .A .  from which publication most of 
t h e  above has been abstracted. 

W e  now come to the near zones inside 1 0 3 . 6  miles, and I'or these new reductiol~ tables 
have been computed by us based on a slightly different assumptiou. This difference is that  the  
depth a t  which isostatic compensation is assumed to be complete is taken as 70 miles (= 112 .65  
kilometres instead of 113.7 kilometres) below sen-lcvcl, instead of below the ctcinc~l surface of the  
earth. Wi th  regard to  the differetlce in depth Mr .  Hayford has computed the  change in correc- 
tion produced by a l te r i l~g  the  compel~sation depth from 113 .7  to  8 6 . 3  kilometres for  11 gravity 
stations. The maximum change for the inner zones of these 1 1  stations is -0 .0227  dyne and 
the  mean -0.0107 d y n e :  for  the outer zones the maximum aud mean chnnges are -0 .0206  and 
+0 .0018  respectively, for a change in con~pensation drpth of 28 kilometres. I f ,  t l~erefore, the  

depth of compensation in our reduction tables was altered by 1 kilometre to  agree with 
Mr.  Hayford's, or if his value: was altered to ours, the  maximum change is not liltely to he as great 

0 .0206 
0.0008, ant1 = 0 .0007  and may be neglected. 

IS 

The other aasumptiou made hy us, that  compensatiou is complete at  7O miies below sea-level 
instead of below the surface of theearth,  is believed to have a negligible effect. Mr.  Hayford's 
arsumption was only made to simplify the computations, and he allows that  ours is correct. 
Therefore, we need only consider the change in the  correction for the outer (or  Hayford)  zones. 
The effect O F  the plan adopted hy Mr. Hnyford is t o  displace the isostatic compensation upwards 
for land area8 and downwards for ocean areas by a n  amount equal to  the height or depth of the 
area c o ~ ~ c e r n e d .  The result is virt11111ly the same as loweriug or raising the  station and, as 
may he seen in the  reductloll tables, the  c o r r e c t i o ~ ~  for elevatioli of station is 11eg1igiI)lc for  
zoues 1 t o  13 and very s n ~ a l l  for the remainder. 
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Of thc  other ass~imptions made by Mr. Hapforrl, (a) to  ((1) on page 139 of this chapter, 
we have accepted [b) and (c); for the radius of the  earth we have taken 20, 900,000 feet which is 
equivnlent t o  about  6370 .2  kilometres instead of his value of 6370 kilometres. 

3u For  the  constant in o11r computations t h ~  value, (3 = ----, llas beell used 
47TR A 

where q =  978 crns. ant1 A = meall clcnsit?- of tlio earth = 5 . 5 7 6 .  This gives the vallle 657 x lo-'' 
whereas, a.s stfated on page 139, Mr. Hayfort1 used the value 667 A 1 0-In. 'I'he difference is 1 - 5  per cent,. 
F o r  t h e  inner  zones the  largest correctiorl tha t  has so fa r  been found is a t  Sarldakphu where i t  equals 
0 .202 dyne. The  char~ge i r ~  this correction produced by taking M r .  Hayford's value of k x 2 ~ 8  
would be 0 .003  dyne at  this station, and a t  all s t a t i o ~ ~ s  except those on or  very near high ground 
t h e  c h a ~ l g e  mould be negligihlt~. For  the  great majority of stations, therefore, the  effect of the 
changes of a s s u m p t i o ~ ~  in our reduction tables is negligible. 

The formuln used f o l  the a t t r a c t ~ o u  of  the topography in a zone on the  station whose 
height is the same as the zonc was :- 

where ,r/ = 978 cms 
R = r a d ~ u s  o i  cart11 = 20,900,000 feet 
6 = mean surface densitp of earth = 2 - 6 7  
A = mean densit! of earth a5 a whole = 5 . 5 i ( i  
6 -=- 1 
a "09 

r,, r2 = radii of inner and outer edges of zone 
h = mean height of zolie or station in  feet 

The value of the  collstant is 0.000033684 o r  i: h, r, and r, are espressed in 100-feet unite, 
as they have been in our computations, the value is 0-0033582.  

The radii of the  zones were selected as follows :- 

Zone 
- 

A 
B 
C 
D 
E 
F 
C+ 
€1 

The outer radius of zone P is the  same as the  inner radius of zone 18, and as t h e  numbercd 
zones extend to the  antipodes, the  whole surface of the  earth is dealt with. 

I n  zones I1 to  P the  attraction was computed for every 1000 feet of height from zero t o  
12000 feet (h = 0,  10, 20, etc. t o  120, h being expressed in 100-feet ullits), anrl values for smaller 
intervals of height were interpolntecl without difficultp. For zones B t o  O the attraction was 

computed for every 100  feet of height 11p t o  3000 feet and thence for  every 600 feet, and in 
zones B t o  E, where i t  varies rapidly for small values of h ,  i t  has been shewn for intervals of h 
lew than 100 feet. 

A specimen computatiorl is shewn below. 

Oulcr r a r l ~ t ~ a  

3 miles 
5 miles 
H miles 

1 2  miles 
20 miles 
32  miles 
6 0  miles 

103.6 miles 

Ontrr r n r l ~ u r  

1 0  feet 
200 feet 
600 feet 

1400 Feet 
t mile 
1 mile 

14 miles 
2 miles 

Zono 

.- 

I 
J 
IC 
L 
M 
N 
0 
P 
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ZONE 

ZO N E J , Inner  rodins :3 rnilt*r, Oubrr radius 5 ~nilre. 
-- - p.p---- ~ 

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

Effect = 0,00335S4 { rl- r1 - ( J- - ,/I.,"-h? ) 
- ~ ~ .. -~~ --- -. - - - .- - 

r., = 158.4 ullits ol' 100 feet I.: = 264'0 unile of 100 Fcet r2 - r I  = 105'600 

Fig: 3 
Sea Lero! 

____ - -  

r,' = 25090.5(; 1 1: = 6969600 
= A  

1, + i 1 ~9 + 11' I J- 1 

Fig: 4 

Values for every 100 feet of height were obtaiued by interpolation and entered in the 
complete reduction tables. The interpolated values are not likely to  be in error by more than 
0.00002 dyne. 

Tlre tables have only heeu computed up to a height of 12000 feet. Greater heights are 
occasionally fouud for  portions of zones rouud Himalayan stations. I n  such cases i t  is necessary 
t o  i t ic~ease thc portion of the  zoue dealt with so thnt the meau height i n  such portiou is less than 
12000 feet. An example of this will be found in the details o l  the computatiorr of the correction 
for Dehra Dull in Chapter 1X. 

The tabulated values give the effect of the topography in a zone on a station whose height 
is the samc as that of the zone. Where these heights differ, as they usually will in  all b ~ t  the 
near zones, the following procedure is t o  be adoptcd. First, take the effect of a zoue wlrose height 
is tlre same as that  of the station arid then subtract therefrom the  effect of a zoue whose heigtlt 
equals the difference of Iieight of s ta t io~r  and zone, i t  being i~nrnaterial which is ]righer. 

The two figures 3 and 4 will explain this. 

10 
20 

1 - r, A ERert = 
= Y  i 0.0083584 B 

. 

I n  figure 3 the station is higher than the zone. The effect of the zone A B D C ou the  
station is o h v i o r ~ ~ l y  the effect of t l ~ e  zone X Y D C minus that  of the zone X Y B A i e  that  of a 
nono whose height is the same as that  of the statiori minus that of a zone whose height equals 
difference of lteigl~t oE atntion atld zorle. 

I n  figure 4 the portion A R Y X of the  zone is above the station, and, consequently, i ts 
attraction on the atatiorl ie iipwnrds. l 'he effect of this portion of the  zone, therefore, cancels the  
effect of the portion X Y B' A' where X A = X A', a ~ ~ d  the  total effect of the  zone is the  same 
a8 if  it^ height were A' C and is calculated in  the  same way as  in  figure 3. 

0 . 1 2 6  

0 . 5 0 3  
1 . 1 1 ;  

1 ' 950 
3 . 0 1  I 

4 .251  

5 , 6 5 5  
i ' 2 O l  

8 - 864 
lo 620 
1 2 ' 4 4 9  
'4'329 

25190.56 
25490'56 

O . O O O J Z  

.00169 
'oo.~;,; 
,oobgR 
' 0 1 0 1  I 

. O 1 4 Z ;  

'018gr) 
, 0 2 4 1 8  

, 0297 ;  
.0.3,<66 
.04180 
.04812 - 

. 

1j8.;1,< 1 (19;9(b,00 zC14.1tig / 1 0 5 ' 4 i 4  
151) 658 : ; oogb~oo  / 264.756 10.;. 098 

30 2,<99o.;h 1 6 1 , 2 1 6  , i0590.00 1 26.5.699 104-48. :  
16.3.372 j l ~ 9 G . 0 0  207.01.3 1 10.3 '641 
1 6 b 1 o l  i*19hoo *68.Dn.3 I O Z . , ; ~ ~ )  

169.36.3 : j j 2 y 6 0 0  / ;;0.7.3? 1 0 1  ,349 
1j.q.1i8 74596.00 
I i609600 -.- 182'183 , , ,96~oo 
187.3z5 ;9696.oo 
1p:,X49 1 81;96 00 

~ g S . ; z z  84096~00 

2 7 3 . 1 2 3  99'04.5 
2 7 5  855 i 98,.~99 
278.919 I 96.736 

286.000 
289'99; 91.zj1 
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I t  would, of course, have been perfectly simple to  make out tables with main argument 
height of zone and secondary argument difference between height of station and height of zone, 
bu t  the  tables mould certainly be far  more bu!ky than they are  a t  present. 

F o r  those portions of zones which are  covcred by water, we must first, take the efiect of a 
zone whose height equals height of station plus depth of water aud subtract the  effect of a zone 
whose height equals height of station, the  difference beiug n~ultiplied by 0.615. This factor 
takes occount of t h e  fact that  below sea-level the  zone is filled with water of del~si ty  1 .027  illstead 
of solid earth of density 2.67. The defect of density is, therefore, 1.643 or 6 x 0.615.  The sign 
of t h e  c o r r e c t i o ~ ~  will be q n i ~ i ~ i s .  

We now come t o  t h e  computation of the compeusation effect. Talting first land areas, the 
assumption made was that  the  upper surface of compensation was a t  sea-level or i n  other words 
all masses above sea-level are  of normal density, 2.67, and are compensated hy deficiencies of 
density below sea-level. This was t h e  original assumption made by Mr.  Hayford in  his definition 
of isostasy, but subsequently modified for computing purposes. 

The effect of the  compensation in the zone on the station is obtained by subtract i i~g the 
effect of a zone whose height equals the  height of the station from that  of a zone whose height 
equals 7 0  miles plus height of station, the  deficie~~cy of density i n  both cases being the same. 
This gives the  effect on the  station of the  compensatio~i i l l  a hollow cylinder (or zone) esteuding 
from sea-level dowu t o  the depth of compensation. The deficiency of density is obtained 
im~l~edia te lp  from figure 5. 

Fig: 6 Fig. 6 

The excess of mass above sea-level in the  zone is 1,alanced by the defect of mass below 
sea-level. I f  6' he t h e  deficiency of deusity below sea-level, we have 

6' x 70 miles = H x 2 .67  
, H x 2 . 6 7  Hi5 

or = - = 
r O  milea D ' 

The effect of the compenclation in a zone whose height is H 011 a station whose height 
is h is, therefore, 

- - - . . . - -- -- . - 
.- H x k x 6  { j- - 
D  2tL A 

+ ( D  + ,I)? - J-r12 + (D  + h)?) ] . 
The  quantity inside the  brackets only varies with the height of station and the quantity outslde, 

39 6 
only with the height of zone. Aim, since the factor " x - x - i n  very small (0.00010901 when 1) 2R A 
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H = 12000 feet) it  is otrly uecessary to take out   he qua t~ t i ty  inside the hrackets t o  the 1st plece 

of decimals in order to he correct to  5 places in the tiual resu l t  'l'lle quantities (,/xi? - 

,/,la have already beeu computer1 for the topographical eb'ects (scde specimen zone J ) ,  2nd 
h )  

the quaut i t~es  ( J r,f+ jD-+q. - J vary very slowly up t s  roue Nl, at 

least, as the following table will show 

The compensation was first computed with H = h = 1000 feet, 2000 feet etc. up  to 
121100 feet and entered in the tables in  the column "station same height as zone". Values fo r  
every 500 feet of height a ~ l d  in  some cases every 100 feet were obtained by interpolation. l'o 
obtain the  values of the  correctio~ls for difference of height of station anrl zoue sllewn in the 
tables i t  was only necessary to compute with a new value of h. I n  entering the compenaation 
reduction tables, therefore, the  main a r g u m e ~ ~ t  is height of zone, ml~ile in the topography tables 
i t  is height of s t a t i o ~ ~ ,  and the tmo corrections are taken out  separately. 

Vnlues of J$ , ( 1 1  + 1 1 ) ~  - JG.1 + ( I )  + 1 1 ) ~  
- - - . . - . - . . .- - - - . --p----.-p--------.-.--.-.p---------- 

I 1 

ZONE 
q E  1 1 .I  i I ill 1 S : 0 

I n  computing the effect of the  compensation under water zones, it has t o  be remembered 
that the compeusation rlecessarily begins a t  the bottom of the ocean aud not a t  sea-level. Figure 6 
shows how t l ~ e  compensatiug excess of density is ohtailled. 

- - - - -- 

The defect of  the mass of the water is halanced by the excess in the portion below sea 

-- -. . - - - - . - - 

hotrum. ' r l ~ e  defect of the mass of the water is ( 6 - 6 , )  H ilud if 6' be the compensating excess of  
density we have 

( D - - H ) 6 '  = (6-8,) H 

I 

-- -. - x 0-615 6 
11- H 

T l ~ e  effect of the cornpe~~satiou of a water zone of depth H ou a s t a t i o ~ ~  w11ose height is h 
obtaiued I)y subtracting the effect of a zone whose height equals H t h from tbe effect of a 

zone \vhose height e q ~ ~ a l s  70 miles + 11, 110th zones l)ciug of density 0.615 6 x - The effect u-H' 
in, therefore, 

~ -- 

I 

l i  3g s 
0 , 6 1 5  x D - H  X,X-( -It A 1  J < + ( ~ + H ) ? -  r 7 g " i ( + 8 ) 9 - ( ~ $ ~ ~ - , , / r 1 9 +  (D+I~;B)}. 

-- -- -~ ~ - - 

The values ale  shewn ill the  reduction tables. I t  will he noticed that  it  is unnecessary to  
(:oojider ally hut small values of h and H in the i~lnel.  zones, because the station being on land 
alld part O F  the zone covered Ily water, great Ileights ilnd depths will not be found. For  zone p 
the grentest heights and depths will be fourld iu the ex t re~oe  south of  India where the station I I I ~ ~  

he over 8000 Feet a r ~ d  portiolls of zoue P of depth 10000 feet. 

One p o i ~ ~ t  remains to be dealt witb. I t  will be noted that  there is an abrupt  change of  
method in dealing witb the etiect of topography and compe~~snt ion a t  a distance of 108.6 miles 

Y h l ,  0 0 0 . 1  0.; 6 ' 0  ( 1 :  ) I 0  2 2 0 ' 0  801.0 1 ; ( 3 1  

-1000 .. 
YoUO .. 

ig8.1 
7 9 2 ' 2  

786'3 

o 

0 

1 ; ~ s - I  

1 7 1 ; ' ~  

~ ; o g ' . ;  I2ULlU ,, 1 O 

o 
0 

o 

21;'g 

2 1 5 . 9  

213.9 

o .z 
0.3  
o..q 

0 . ;  

0 ;  

0.6 

9.3.0 
92 1 

91.2  

6 . 0  14'.; 

5 . 9  
j . 8  14.2 
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from the station. Inside this radius the formula used takes n o  account of the  curvature of the 
sea-level surface. A simple c o ~ ~ r p u t ~ t i o u  will, 11on-ever, show that  a t  a distance of 80 n~i les  from tlre 
station, i. e., nearly in the middle of zone P, a point a t  sea-level is over 4.000 feet below the 
horizon of the sea-level surface a t  the station. The actual figures are shewn below :- 

A t  middle of zoue Y, the  sen-level is 4460 feet below the horizon of the station. 

)1 ,I  0 II 1410 ) I  

)) 9 )  N )) 450 11 

, I  ,I M , I  I70 ,I 

The Formula for  distant masses, k m E ,  takes ful l  account of curvature but  is  far more 
cumbersome to compute than that  for near masses. Accordirrgly, it  was desired to  extend the 
use of the latter forrrlula as fa r  as possilrle. I u  view, however, of the figures given above it ie 
necessary t o  make some allowauce for curvature in, a t  least, zones N, 0 aud P. 

Dealing first with the topogrnphy, the  two figures 7 and 8 give the two cases that  can 
occur, w i t . ,  zone above station and zone below station. The curvature ie, of courre, much 
exaggerated. 

Fig: 7 Fig: 8 

9 is the  station, Z tlre centre of the zone, C is the amount by which the sea-level a t  Z is 
depressed below that  a t  S. The effect of a zone of height H on a station of height h mny be 
considered as the effect of a zone of  height ( h + C ) i . r . ,  A B in the  figures, minu8 that  of a zone of 
height (h  + C -  H)  i e., A Z iu the figures. I n  computing the topog~~aplrical effects in  zones M, N, 0 
and PI therefore, we must take height of station as h + C  instead of h and d~fference of height of 
station and zone as h + C - H  instead of h-I-I. For  the compensation, the column "station 
came height as zolre" in, say, zone P was computed with the value "station above zone by 4460 
feet"  and similarly for zolles R I ,  N and 0. For the compensation, therefore, the  actual heights 
of etation and zone will be used in entering the tables. 

Strictly speaking, this method slio~rld be checked by c o n ~ p u t i ~ i g  valrres in these zones by 
the  exact forrnula for d i ~ t a n t  masIes hut this h;ls not I)ecn done. Mr .  IIayford has, however, 
checked his values in thia w a y  a ~ l d  states that in his outer zone the error is less than I part in 200 
on  the avernge. Awuminp that the t r ror  in our  sliglrtly difl'erent outer zone would be about 
t h e  same, tlre error in zone P of mean height 12000 feet would be less than 0.0003. 

I t  will be noted in the  reducti:~n tal~les  that, whereas the outer o r  numbered zones are as 
a rule suhdivided into compartments, the inner o r  lettered zones are not so divided. 111 com- 
puting the effect of the inner zolles, however, they hnve as a rule been divided into nntural 
instead of rigid compartmerrta i e , the  division has been made along contours, the zone being 
divided illto blocks in order of height. 

The  rednction tahles for the inner zones together with the ruler explaining their employ- 
mont nro herewith appended. 
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REDUCTION TABLES FOR INNER ZONES. 

(0 mile to 103.6 miles). 

Rules for using the tables :- 

TopogrupAy. For  land zones, A to L, enter table with argument height of station : then 
enter i t  with argument difference of height of station and zone (it being immaterial which is the  
higher) and subtract the latter result from the former. The result will be positire unless the  
height of zone exceed twice the height of station 

For  water zones, A t o  L, enter table with argument height of station : then enter i t  with 
argument sum of height of statior~ and depth of zone, and subtract the latter result f rom the  
former, multiplying the difference by 0.615. 'l'he result will always be ~ z e g n t i ~ e .  

For land or  water zones, M to  P, the correction for  curvature is applied by increasing 
the height of station by the curvature and using this sum instead of the actual height when 
applying the rules given above. The curvature for each zone, M to P, is given in the  tables. 

C ~ m p c ~ r ~ r a t i o n .  For land or water zones, A to P ,  enter table with argument height o r  
depth of zone as tlie case may be, and take out tbe quantity found iu the second column. 
This is  the compensation effect for the case of station a t  the same height as the  zone 
i. e. a t  sea level for  water zones ; i ts sign is always nr<qatice for laud zones and posilive for  water 
zones: a correction, which is to  be found from the subsequent columns of tlie table, must be applied 
t o  i t  if the  station is above or  below the zone. The curvature correction is included in the  tables. 

I n  many cases the  height of a zone varies sufficiently to make it  necessary t o  deal with 
it in  several portions, each of different height. I n  this case the results are taken ou t  fo r  each 
height as indicated above, and each multiplied by the factor representing the  ratio of the area 
of the portion of the particular height to the  area of the whole zonc. The total effect is found 
by summing these products. 

ZONE A. 
Inner rrdiue 0 foot. 0 u t . e ~  radius 10 fect, 

Topography .  

Compensat ion .  

Nil. 

Height 

f p r t  

10 

an 

ion to loon 

1OOOto12000 

Correction 

dyrte* 

+ 2 0  

3 0 

3 3 

+.q4 



ZONE B. 
1n11er rltrlios 10 loat,. Outel. rndir~s 200 fee t  

T o p o g r a p h y .  

C o m p e n s a t i o n .  

Ni l .  
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ZONE C.  
111ncv rn(1i11s 200 l'v(%l, 0 1 1 l r r  1.ac1111a 801) I'rct 

T o p o g r a p h y .  

C o m p e n s a t i o n .  
1 , ~ l l l l .  
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ZONE D. 
Inner radius 600 feet,. Outer radius 1400 feet. 

T o p o g r a p h y .  

Heighl Correcl ion I-Ieigllt Corrrc f i r t~~  Height Corrrctiorz H e ~ g l l t  Covrrclion I I I I 

100 16 900 ;.;o 1900 14j2 4000 

150 .36 950 g;R 2000 1501 4200 2067 

300 61 1000 $ 2 5  2100 15.15 4500 

250 9.3 1030 

300 1.31 1100 1627 4800 2141 

350 173 1150 

400 219 1200 

450 267 1250 rojo 2f;00 I GO00 22.15 

500 31; 1300 1079 2iOO 1;6z (;SO0 

550 .36R 1350 I I 1 7  2800 1790 i000  2307 

600 421 1400 I I 2900 I R I R  7500 

ti50 4 i 4  1450 I 168 3000 1134.3 -ROOO 

5 00 527 1500 I 1 2 1  3200 1R9o 9000 

750 579 ]COO 1286 3400 I 10000 2419 

C o m p e n s a t i o n .  
Land. Water. 

Correcl.ion for staiion 

as sons Below zone 1 Ahore collr 
I,! ROO feet 1 hy 500 F r e t  

Dapth / Heie l~t ,  of st,ation 

of  "n""--~fool 100 f e o t  
- - -. - - 

feet d , y w c  

I 0 0  0 

200 
i 

+ I 

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

lo-' clyt,e# 

+ I 

+ I 

o 

~ 

f ret  dynes 1 ~ - ~  djrnrr 
IO-' <l,ynra 

0 

+ I 

1000 

3000 

12000 

- 5 

- i 

- 8 

- 

- 
o 
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ZONE E. 
Inner radiuu 1400 feet. Outcr radilre ( mile. 

T o p o g r a p h y .  

C o m p e n s a t i o n .  
Land. Water. 

Height Correcfion Height Correction Height Correctior~ Hoigbt  I I I  I I  I 
. 

Correction Height Covreclion I 1  

Correct~nn for etat,ion 

lop6 dynsr 

+1862 

1913 

1962 

2010  

r o j 6  

2101  

2144 

11.96 

6 

2264 

1301 

2337 

2 3 7 2 8 6 0 0  

2406 

2439 

2470 

2500 

+ ,529 

feet 

100 

200 

300 

400 

600 

650 

600 

650 

700 

750 

YO0 

850 

$100 

950 

1000 

1060 

1100 

1160 

Dspt 11 
of zone 

feel 

100 

200 

300 

GOO 

fret 

1000 

2000 

3000 

6000 

12000 

10-6 dgnsr 

+ 6 

2 2  

50 

87 

3 

159 

188 

218 

t49  

281 

315 

350 

387 

qaq 

462 

500 

539 

+57R 

feel 

4800 

4900 

6000 

5200 

6400 

5600 

5800 

6000 

6500 

7000 

i500 

8000 

DO00 

9600 

10000 

11000 

12000 

fpel 

1200 

1250 

1300 

1350 

1400 

1150 

1600 

1550 

1600 

1 G50 

1700 

1750 

1800 

1850 

1900 

1960 

2000 

2060 

Btstion 
a t  eoa.lere1 

1 0 - ~ d ~ n e r  

+ I 

+ I 

+ z 

d,qnes 

+ 2 j 5 8  

2586 

2613 

2664 

2712 

2757 

2800 

2.941 

2933 

3013 

3084 

3147 

3204 

3254 

3300 

3341 

3413 

+3475 

f i p t  

2100 

2150 

2200 

2230 

2300 

2360 

2400 

2450 

2500 

2550 

2600 

2650 

2700 

2760 

2800 

2860 

2900 

2960 

dynes 

+ 618 

6 j o  

b98 

738 

7;8 

818 

858 

898 

937 

976 

1015 

1054 

1092 

1130 

1167 

1204 

raqo 

+ 1176 

Correction 
for l ~ e i g l ~ t  
of fitallon 
a t  200 11. 

0 

0 

o 

~ o - t d ~ ~ , ,  

+ I 

+ 2 

+ 3 

+ 3 

+ 3 

+ 2 

I O - ~ A ~ ~ S  

- 5 

- 1 0  

- 16 

- ' 9  

- 2 1  

- 2.1 

~ o - ~ d ~ n r r  

- 

- 

- 4 

- 5 

- 4 

- 1 

dyne, 

+1311 

1.346 

1.381 

1415 

1 4 ~ 8  

1481 

1513 

1545 

1576 

1607 

1638 

1668 

1697 

1726 

1754 

1782 

1809 

+ 1836 

Jeet 

3000 

3100 

3200 

3300 

3400 

3500 

3600 

3700 

3800 

3900 

4000 

4100 

4200 

4300 

4100 

4500 

4600 

4700 



PENDULUM OPERATIONS. [CHAP. VIII. 

ZONE F. 
I n n e r  radius mile. Outcr rndius 1 mile. 

T o p o g r a p h y .  

Compensa t ion  
Land. - 

Correcl~on for station 

-- 

500 - I 2  0 ... + I + a 

0 , + 2 + 4 

- 4  - 6  + 4  + 9  

- 7  - 1 1  + f  + I 2  

- 9  - 1 8  + 8  t l 4  

- 9  - 1  + 7  + ' 4  

- 8 - 16 + 7 ... 
I 

Height 

f~'' I! 

100 

200 

300 

400 

GOG 

GOD 

500 

1100 

900 

1000 

1100 

1200 

1300 

1400 

1600 

1600 

1700 

Water. 

Currn. 

~ o - ~ d ~ u r r  

+ 3 

1.3 

29 

50 

78 

1 1 2  

151 

1 ~ 6  

zqj  

299 

358 

410 

487 

556 

630 

705 

+783 

Heigl~t  

feet 

1800 

1900 

2000 

2100 

2200 

2300 

2400 

2500 

2600 

2700 

2800 

2900 

3000 

3100 

3200 

3300 

3400 

Corrrl. 

1 0 - ~ c l ~ , 8 ~ . v  

+ 868 

944 

1027 

1111 

1197 

1284 

1370 

1457 

1545 

1632 

1719 

1806 

1892 

1978 

206.3 

2148 

+zag2 

Uclgllt / C o n .  I FIelght / C o r m  I Heigbl / Corm. ) Efelght I C o r n .  

feet 

3500 

3600 

3700 

3800 

3900 

4000 

4100 

4200 

4300 

4400 

4500 

4600 

4700 

4800 

4900 

5000 

6100 

feet 

6900 

5000 

7100 

7200 

7300 

7400 

7500 

7600 

7700 

7800 

7900 

8000 

8100 

8200 

8300 

8400 

8600 

10-'dyn,r 

+ 2315 

2.39; 

8 

2558 

2637 

2 7 1  j 

2792 

2868 

2943 

3016 

3088 

3151) 

32.30 

3299 

3367 

3434 

+.3500 

dy!rrs 

+4497 

4544 

4590 

4635 

4679 

4722 

4765 

4807 

4848 

4888 

4927 

4966 

5004 

5042 

5079 

5116 

+5187 

feet 

5200 

5300 

6400 

5300 

5600 

5700 

68UO 

5900 

6000 

6100 

6200 

6300 

6400 

6500 

6600 

6700 

6800 

1 0 - ~ d y n r 8  

+3564 

3627 

3689 

3750 

3810 

3869 

3927 

3984 

4039 

409.3 

4147 

4200 

42j2 

430.3 

4.353 

4402 

4'4450 

feel 

8800 

9000 

6200 

9400 

9600 

9800 

10000 

10200 

10400 

106(0 

10800 

11000 

11200 

11400 

11600 

118CO 

12000 

lo-6dynrs 

+5z55 

5321 

5385 

5447 

5508 

5566 

5622 

5677 

5730 

5781 

5831 

5879 

5926 

5972 

6011 

6058 

+60q9 



CHAP. VIII.] REDUCTION TABLES. 

Height Corrn. Height 7-r 
ZONE G. 

Inner  radius 1 mile. Outer radius 1) miles. 

T o p o g r a p h y .  

feet 

2100 

2200 

2300 

H e i e l ~ t  
of Eono 

feet 

500 

1000 

2000 

3W0 

4000 

5000 

COO0 

no00 

1OOO0 

12000 

- 
Corrn. 

Station 
solnt, 

height 
BE aono 

l ~ - ~ g " , !  

- 1 2  

- 2 . 3  

- 45 

- 66 

- 82 

- 94 

- 105 

- 119 

-128 

- 134 

- 
Height 

feet 

7500 

7600 

7700 

7800 

79UO 

8000 

8100 

8200 

8300 

9400 

8500 

8600 

Y i00 

seoo 
8900 

ROO0 

aiuo 
9200 - 

Height 

feet 

5700 

5800 

5900 

6000 

6100 

6200 

6300 

6400 

ti500 

6600 

670ll 

6800 

6000 

7000 

7100 

7200 

7300 

7400 

- 
Corm. L 

dyne 

+ 30.38 

3081 

.3124 

3167 

3 209 

3251 

3291 

3.333 

3.374 

3414 

34.i4 

349.3 

3532 

35iO 
3608 

3646 

368.3 

+.3710 - 

Corrn. 

10-'dyne 

+21Rg 

22.39 

2289 

z.338 

2387 

24.36 

2484 

25.13 

2581 

262R 

16;s 

2722 

2768 

2814 

2860 

2905 

2950 

+ 2994 

C o m p e n s a t i o n .  
Land. Water. 

I I e ~ g l ~ t  Corrn ! 

Oorrection for etalion 

f'cf 

9300 

9400 

9800 

9G00 

0700 

9800 

9900 

10000 

10200 

10400 

10600 

I0800 

lIO(K) 

11200 

11400 

llfi0O 

llHO0 

12000 

I O - ~ ~ ~ , , ~  

+ 3 i 5 7  

,4703 

3829 

3R64 

.zRg9 

.3914 

3968 

4002 

4069 

4135 

4199 
4261 

qq22 

4,332 

4440 

4497 

4jS.3 
+ 4608 

Below zone by 

1000 It. 1 2000 It. 1 3000 ft. 

Above zone 11y 

1000 f t .  1 2000 ft.. ( 3000 El 

Corroclion 
for station 
a t  1000ft. 

0 

0 

Deptll 
O' ZO1'e 

.feet 

200 

400 

1000 

Station 
nt 

sea-level 

10-'dy,irs 

+ 3 

+ 6 



P E N D U L G M  OPERATIONE. [CHAP. VIII. 

ZONE H. 
Inner radius It milea. O a t e r  rsdiue 2 miles. 

T o p o g r a p h y .  

C o m p e n s a t i o n .  
Land. Water. 

Height 

feet 

5i00 

5800 

5900 

6000 

6100 

6200 

6300 

6400 

6500 

6600 

6700 

6800 

6900 

7000 

7100 

7200 

7300 

7400 

H e ~ g h t  

feel 

200 

400 

500 

GOO 

700 

800 

900 

1000 

1100 

1200 

1300 

1400 

1500 

1600 

liOO 

1800 

1900 

2000 

Height 

feet 

3900 

4000 

4100 

4200 

4300 

4400 

4500 

4600 

4iOO 

4800 

4900 

5000 

5 1 @  

5200 

5300 

5400 

5500 

5600 

Corrn. 

~ ~ - ~ d y n e #  

+1.336 

1372 

1409 

1446 

1483 

1510 

I jj; 

1594 
1631 

1668 

1705 

1742 

1779 
1816 

1853 
1890 

1926 

+ 196.3 

Height 

feet 

2100 

2200 

2300 

2400 

2500 

2G00 

2700 

2800 

2900 

3000 

3100 

3200 

3300 

3400 

3600 

3600 

3700 

3800 

C o r m .  

I O - ~ , / ~ , , I ~  

+ 3 
10 

1 ;  

2 1  

28 

36 

44 

53 

6.3 

74 
86 

loo 

115 

1.31 

148 
166 

18; 
+ 205 

Corrn. 

10-~dynea 

+ 708 

741 

;74 

807 

840 

874 

908 

94.3 

977 
1 0 1 2  

1047 
1082 

1 1 1 8  

I I j4  

1190 

1226 

1263 

+ 1299 

E:'';,"; 
ntstion a t  
2000 11. 

10-6  

o 

o 

- I  

- a 

Corrn. 

------- 
1 0 - ~ ~ ~ n r a  

+ 1 2 j  

146 
268 

291 

314 

3.38 

363 

388 

414 

441 

468 

496 

525 

554 

584 

614 

645 
+6;6 

Height 

feet 

7500 

7600 

7700 

7800 

7900 

8000 

8100 

8200 

8300 

8400 

8500 

8600 

870C 

8800 

8900 

9000 

9100 

9200 

~ e p t h  
of 

zone 

- 
feet 

500 

1000 

1600 

2000 

I . .  bt"10" 
enme 

height as 
=One 

Z O O 0  

gtlrtion 
o t  ees- 

- 

10-6 dynsr 

+ 7 

+ I 4  

+ 2 1  

+ a8 

Corrt-ction f u r  attttiotl 

feet 

600 

loo0 

1500 

2000 

2500 

3000 

4000 

5000 

6OVO 

7000 

Corm. 

10-5nyne 

+1999  

203j  
a071 

210; 

2143 
2178 

2214 

zz jo  

2286 

2321 

t357 

1-39, 

2427 
1462 

2496 

2531 

1565 

+ 2599 

... 
. . . . . . 

1 0 - ~ d y ~ , r  

- 1 2  

- 2.3 

- 3 4  

- 45 

- 5 7  
- 6 8  

- 8 7  
-104 

-118 

-130 

Below zone by 

- 3  

.- 4 
- 6 

- 7 

Height 

feet 

9300 

9400 

9500 

9600 

97GO 

9800 

9900 

10000 

10200 

10400 

10600 

10800 

11000 

11200 

11400 

11600 

11800 

12000 

Above zone by 

1000 ft. 
- 

1 0 - ~ d y n e a  

... 
0 

o 

- I 

- 1 

- 1  

Corm. 

+26.13 
2666 

2700 

2733 
2766 

2799 
1831 

2864 

1928 

2991 

3oj4  
3116 

3177 

3237 

3296 

3355 

3411 

+.3qhg 

+ l z i  

+ 1 6  

+ 18 

+ l o  

- 6  

- 8 

- I I  

- 1 4  

+ 4  

+ 6 

+ 6 

+ 7 

3000 ft. 
- 
1 0 - ~ d y * t l  

+ I  

+ 2  

+ . ?  

+ 4  

+ 6  

+ 8  

- 7  
- 11 

- 16 

- 2 0  

2000 ft. 
-- 

10-~dy?ync, 

.. . 

. . . 

... 
- 1 

- n 

- 3  
+ 8  

+ I I  

+ 1 2  

+ I )  

1000 ft,. 2000 ft.. 3000 It. 
- 
1 0 - ~ d y n e r  

. . . 
, a .  

... 

... 

... 
- 4  

10K6 dyntn 

o 

0 

+ I 

+ I  

+ a  

+ t  

10-5dynra 

+ I  

+ I  

+ a  

+ 3  

+ 4  

+ 5  



REDUCTION TABLES. 

ZONE I. 
Inner radiua 2 miles. Outer rndius 3 milee. 

T o p o g r a p h y .  

C o m p e n s a t i o n .  
Laud. Water. 

Corrll. 

~ o - ~ , r q n c . *  

+3301 
335.3 
3405 
,145; 
,3509 
a i 0 1  
361 z 
,1664 
ii"i 
dRi0 
39i.3 
40i5  
41i6  
4276 
4.376 
4476 
4576 

+46;6 

Height 
of zone 

feet 

600 
1000 
1500 
2000 
2500 
3000 
3300 

4500 
6000 
6500 
Go00 
li600 
7000 
7500 
sn00 
u ~ n o  
9000 
9500 

1On1lO 
1 1000 
12000 

Corrn 

1 0 - ~ d ~ n e r  

+2.172 
2423 
2 

2.52,; 
2576 
2628 
20;9 
zi.31 
2;Sz 

z R . ; ~  
zRR6 
2037 
?OR? 
3041 
309.1 
31.15 
,510i 

+3249 

Hcigllt 

.feet 

9.700 
n ~ u u  
9500 
9t0O 
17(0 
woo 
11100 

10000 
1020~) 
10400 
10C00 
10800 
11000 
11200 
11400 
lIti(10 
11800 
12000 

Height 

feet 

3900 
4000 
4100 
4200 
4300 
4400 
4500 
4800 
0 0  
4800 
4100 
5000 
5100 
52(10 
5300 
5400 
5500 
5G00 

Height. -- 
feet 

200 
400 
500 
GOO 
700 
800 
900 

1000 
1100 
1200 
1300 
1400 
1500 
1600 
l i O O  
1800 
1900 
2000 

BtnLion 

S a ' ~ ~ > ~ ~ : h t  

lo-'dynes 

- 2.3 
- 46 
- 68 

- 9' 
- 11.3 
- 13.5 - I 56 
- 1 i 7  
- 197 - 2 I 6 
- 2.14 
-251 
- 268 
- 281 
- 299 
-.IIJ 
-328 
-340 
-352 
- .lh4 
- .3 R 0 
- 405 

Height 

------ 
j e ~ t  

7.i00 
7(iuo 
7700 
7800 
7900 
8000 
81!)0 
8 ~ 1 0  
8300 
8+00 
8500 
8600 
8i00 
A800 
8900 
9000 
9100 
9200 

Heigbt 

feet 

6700 
5600 
5900 
6000 
6100 
VLOO 
6300 
6400 

C o r r ~ ~ .  

10-6dynrr 

+ 149; 
154.3 
1,:flg 
1636 
168.3 
l i 3 0  
l ; ; R  
1826 

Correction for stnt,ion 
__ 

Below 

Corm. 

10-6,iynrr 

+229 
251 
2;4 
298 
323 
348 
3 
401 
429 
458 
488 
518 
549 
581 
614 
648 
682 

+ 717 

Corm. 

LO-6,jJnea 

+ 3 
10 

15 
21 
28 
36 
44 
53 
h 
76 
Rg 

10.3 
118 
134 
# , < I  

169 
I R R  

t 208 

... 

.., 

... 
- 1 
- 2 

- 3 
- 4 
- 6  
- 7 
- 9 - I I  

- 1.1 
- 16  
- Id 
- 7 . 0  

- 2 1  

- 2 ,  
- 2.5 
- 2; 
- 28  

- ,TO - 3.3 

Height 

feet 

2100 
8200 
2300 
2400 
2500 
2600 
2iOO 
2900 
2!lOO 
3000 
3100 
3200 
3300 
3400 
3500 
3600 
3700 
3800 

6500 1 IR; ,  
6600 
6700 
6800 
6900 
7000 
7100 
7200 
7300 
7400 

... 

... 

... 

... 

... 

... 

... 
- 8  
- I I  

- 15 
- 1 9  
- 23 
- 2 ;  

- I 

- 3  
- 3 9  
- 4 4  
- 4R 
- 5 2  
- 55 
- 6 1  
- 67 

192.3 
10;z 
2 0 2 1  

2 0 7 1  

2120 
7.170 
2120  

z 
+ 2.321 

+ I  
+ I 

+ z 
+ 3 
+ 4 
+ 5 
+ 7 
+ 9  
+ T I  

+ 1.3 
+ I . ;  
+ 16 
+ I H  
+ 20 
+ 2 1  
+ 2 . l  

+ Z J  
+ 25 
+ 26 
+ 27 ... 
... 

+ a  
+ 3 
+ 5 + R 
+ I l  
+ I 3  
+ 1 0  
+ l o  
+ 24 
+ 2; 
+ 3 0  
+ 3,3 
+ ,3ft 
+ 3,) 
+ 4 z  
+ 44 
... 
... 
,., 
... 
... 
... 



PENDULUM OPERATIONS. [CHAP. VIII. 

ZONE J. 
Inner radius 3 miles. Outer radius 5 miles. 

T o p o g r a p h y .  

Eeigl~+,  I Carrn. I Height I Corrn 

C o m p e n s a t i o n .  
Land. Water. 

Corrcction for slation 

-- 

EIeigl~t I Corrn. I Height I Corrn. ) Height, I Cnrrn. I Height I Covn, ' 

Correction for station 

lo-' feet dvnol 

fect 

600 
1000 
1600 
2000 
25011 
3000 
3500 
4000 
4600 
6000 
56110 
fiO(J0 
(;GOO 
7MIO 
iGi10 
8000 
&GOO 
!~inln 
%Boo 

1 WIOo 
105i)O 
1 l(m0 
11 5(lO 
120UO 

fee6 

200 
3CIO 
600 
800 

1000 
11110 
1200 
1300 
1400 
1560 
lG00 
1700 
1800 
1900 
2000 
2100 
2200 
2300 

500 
1000 
1500 
2000 
2500 
3000 
3600 
4000 

feet 

24UO 
2500 
2600 
2 i0n 
2800 
:PO0 
3 0 ~ 0  
3100 
3200 
3RiIO 
3400 
0 
3600 
3700 
3800 
3!l110 
4000 
4100 

l ~ - ~ d y n c r  

+ I 
6 
15 

42 
51 
61 
72 

8.3 
O; 
108 
122 

1.37 
1s.3 
169 
186 
204 

+ 22.3 

10-~dynf ,  

- 4; - 9' 
- I 36 
-181 
-22j 
-2b9 
- 

-397 
-439 

- .4 2 0  
- 5  
-598 
- 63; 
-672 
-;OR 

-i43 
- 7;7 
-810 
-842 
-874 
-904 
-932 

1 0 - ~ d ~ ~ , e r  

+ 242 
262 
283 
30; 
328 
331 
3;: 
400 
426 
452 
479 
50; 
536 
5 
9,; 
626 
658 

+690 

feet 

9600 
9700 
9 ~ 0 0  
9!100 

10000 
10200 
!OJOO 
10600 
10800 
11000 
11200 
11400 
llCOO 
11800 
12000 

+ 28 
+ 56 
+ 84 
+I11 
+I39 
-+ 167 
+I94 
+a21 

feel 

COP0 
6100 
ti200 
1300 
(iW0 
6500 
6GOO 
G700 
6800 
6900 
7000 
7100 
7200 
73DO 
7400 
7500 
7600 
7700 

feet 

4200 
4500 
4400 
4500 
4800 
4700 
4800 
4900 
5000 
51110 
6200 
5300 
5400 
*5500 
5600 
5701) 
5800 
5900 

10-5dy,as 

+j328 
.3387 
3447 
3506 
,3566 
3687 
3809 
3932 
4056 
4180 
4306 
44.32 
4558 
4685 

+481z 

10-G 
dyne" 

. 

. ,  

. 
- I  

- z 
- 3 
- 4 
- 5 
- 7 - 9 
I 

- 1 2  
-14 
- 17 
I 

-2, 

-24 
-26 
- z9 
-31 
-32 
- 3 4  
-36 
-39 

10-5+,!/nes 

+ 2312 
236j 
2418 
2412 
2526 
2581 
2636 
2692 
2748 
2Roj 
2862 
2919 
2917 
0 

309.3 
,3151 
3210 

+:32h9 

10-6d.yly,rrs 

+ 142; 
1472 
ljl; 
1563 
1609 
1656 
'170.3 
1751 
1800 
1849 
1899 
1949 
2000 

2031 
210.3 
3155 
220; 

+ 2259 

10-5dyaes 

+ 72.3 
757 
791 
* ? b  
862 
8qR 
9.35 
97.3 
loll 
1050 
10~)o 
11.30 
1171 
1213 

2 ;  
1276 
13.39 

+ 1.38.3 

dyne. 

o 
o 
o 
0 

- 1  

- 2  
- 2  

-3 

.feet 

i s00  
iDOO 
8000 
S . O O  
8200 
831t0 
8400 
8500 
A600 
Xi00 
8800 
E9OO 
9000 
9100 
9200 
9300 
9400 
9500 

10-6 
dynes 

... 

... 

. 

... 

... 

... 

... 
- 7 
-10 

-13 
-17 
-20 

-24 
-29 
-3.3 
-37 
-42 
-47 
-52 
- 7  
-62 
-66 
-71 
-76  

dyne. 

o 
- I  

- I  
- 1  

- 2  

-4 
-4 
- 5  

dyae, 

- I  

- I  

- 2  

- 3  
-4 
-6 
-7 
-8 

dyne, 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 
- 23 
- 2 9  
- . ~ j  
- I 

- 48 
- 56 
- 63  
- 70 - 7 
- 84 
- 92 
-100 

- 108 

dyncr 

+ I  
+ I  
+ a  
+ A  
+ 4 
+ 5 
+ 7 
+ 8 
+lo 
+I2 
+ 14 
+16 
+ 18 
+ 20 
+23 
+26 
+ '6 
+28 
+ 30 
3 ... ... 
... 
... 

10-6 
d ~ ~ n r s  

+ z  
+ 3  
+.; 
+ 7  + 1 0  
+ 12 
+ 16 
+ 19 
+',I 
+ 26 
+30 
+ 3 4  
+38 
+42 
+47 
+.il 
... 
... 
... 
... ... ... 
... 
... 

10-6 
Jynrr 

+ 3  
+ 5  
+ 8  
+I2 
+ 16 
+21 
+26 
+.?I 
+37 
+ 42 
+48 
+54 ... 
... 
... 
... 
... 
... ... 
... 
... 
... 
... 



OHAP. VI I I . ]  REDUCTION TABLED. 

ZONE K. 
Inner radius 5 miles. Outor radiua 8 milee. 

Topography. 

Compensation. 
'Land. Water . 

Corm.  

10-'d~ars 

+I529 
1601 
1675 
t i50 
1H26 
1q04 
ri),9,{ 
206.1 
21.14 

+ 2226 

Height 

fee( 

8200 
8&10 
8ti00 
YYLIO 
9000 
9200 
0400 
0E0o 
9Y(lU 

10000 

Heigllt 

'On' 

feet 

500 
lono 
1300 
2000 
251K) 
3000 
3600 
4000 
4500 
5000 
6500 
6000 
65110 
70UC 
75011 
8000 
0500 
RnoO 
95qo 

10000 
10500 
llO00 
11500 
12000 

i 

Covra. 

10-'d~nrr 

+ R 9 2  
949 

1007 
106; 
1129 
1 1 0 2  

1zi6 
1.12~ 
1.3go 

+ 1459 

Height 

---- 

feet 

10200 
10400 
10tic10 
10800 
1lOOO 
11200 
114(1(: 
11C;OO 
11800 
12crl)o 

Height 

.feet 

6200 
6400 
6l.;00 
6800 
7000 
7200 
7409 
7G0(1 
7800 
8000 

Depth 
oE 

'One 

feet 

500 
1000 
1600 
2000 
2r.00 
3000 
3500 
4000 
45011 
5000 

S1''lion 
aalne 

11eip11~ ns 
zone 

--- 
10-6dy11ra 

- 66 
-1 .11  
- 196 
- 2 6 1  
- 326 
- .391 
- 4 5 6  
- 519 
-58.3 
- 6 4 6  
- 7 0 9  
- 711 
- R 3 3  
- 8 9 4  
- 9j5  
-1015 
- 107  j 

-1'34 
-1192 
--I249 
- 1,406 
-1,362 
- 1417 
- 1471 

C ~ r r n .  

10-~dyur.* 

+2.110 
Z,ZII.; 
~ J X I  
2,5611 
2 O 5 7  

274; 
28.38 
2929 
3022 

+ 51 16 

FIuigl~t 

feet 

200 
400 
600 
800 

1000 
1200 
1400 
1600 
1800 
2000 

Station 
nt, sen- 

Ieve'  

~o -~ i l~nra  

+ 40 
+ 8 1  
+I21 
+ 1 6 l  
+ 2 0 2  

+ 242 
+ 282 
+ j z z  
+ 362 
+402 

Covrect~on for 
slut~on 811 

Corm. 

10-5cfpaes 

+ O  

15 
24 
35 
47 
61 
7 7  

+95 

Co19rect.ion tor etstion 

2000 ft. 

~ o - ~ d ~ u e r  

o 
o - I 

- 1 

- 1 

- 2 

- 7. 

- 3  
- 3 
- 4  

Hoigbl 

feet 

2200 
2400 
2600 
2800 
3000 
3200 
35!!0 
3600 
3800 
4000 

4000 ft. 

10-'rlyrr~.~ 

o 
- I  

- 2  

- 2  

- 4  
- 4 
- 5  
- 6  
- 8 
- 9  

Height. 

_ _ _ - -  

feet 

42b0 
4400 
41i00 
4800 
6000 
5200 
5400 
56110 
5800 
G O u O  

Corm. 

+ U s  
1.37 
161 
I 80 
21.3 

242 

2 7.1 
306 
341 

+377 

2000ft. 

10-5 
(ly?lcs 

... 

... 

... 
- I 

- I 

- I 

- 2  

- 3 
- 4  
- 5  
- 6  
- 7 
- 8  
- 1 0  

- 1 2  

-13 
- 15 
- l h  

- IS 
- 2 0  
- 2 2  

-24 

Corrjr. 

1 0 - 5 ~ ~ , , ~  

+415 
455 
497 
.;41 
gb6 
, 

681 
7.1 I 
78.3 

+ R ~ ~ ~  

Above zone by 

- 2 6  

-28 

Below 

4000f1.6000Ct.. 

10-6 
d.yrca 

... 

... 

... 

... 

... 

. . . 

... 
- 3 
- 5 
- 7  
- 9  
- 1 1  

-14 
- 1 7  
- 2 0  

-2.1 
- 26 
-29 
-.7.1 
-36  
-39 
-4.3 

8000rt. 

<y!r/nn 

+ ,q 
+ 5  
+ 8 
+ ' I  
+ I S  
+ I 9  
t 3 4  
+29  ... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
,,. 
... 

-4R 
-51 

li000it 

lo-6 
dy,,~, 

+ 2 

+ 1 ' + . 3  
+ 5 
+ ;  
+ l o  
+ I 3  
+ 1 0  
+ I t )  

+23 
+ z j  
+3z 
+36 
. . .  
... 
... ... 
... ... 
,,. 
... 

zone by 

,"-5 
d y n c ~  

... 

... 

... 

... 

... 

. . . 

... 

... 

... 

... 

... 
-1.1 
- 1 6  
- l o  
-24 
-28 
-.3.3 
-.3B 
-4.3 
--In 
- 5 . 3  
-59 

2000ft. 
------- 

lib-K 
rl,yne, 

+ o  
+ O  
+ I 

+ I  
+ 7. 

+ , 1  
t 4  
+ 5 + 6 
+ 7 
+ 9 
+ l o  
+ T I  
t l z  
+ I J  
+ 1 6  
+ I 8  
+ Z O  
+ z z  
+24 

8000ft. 

111-~ 
dynes 

... 

... 

... ... 

... 

. . . ... 

... 

... ... 

... 

... 

. .  . 

... 
-.30 
-.15 
-41 
-48 
-55 
-62 
- 7 0  

4000t't.. 

lo-s 
d!,!/ner 

+ I 

+ 2 

+ J  
+ ,i 
+ 7  
+ r )  
+ I '  
+ 1 4  
+ 16 
+ 19 
+22 
+25 
+2; 

+.?I 
+35 ... 
... 
,,, 

... 

-6; 
- 7 2  

-;R 
-86 

Inlrl.po\nl.ion Table 

100 
200 
300 
800 
600 

1.3 
26 
39 
51 
65 

I I 

Z E  

3.1 
44 
5 5 



PHNDULUM OPERATIONS. 

ZONE L. 
Inner  radius 8 milee. Ollter r ~ d i u e  12 miles. 

T o p o g r a p h y .  

C o m p e n s a t i o n .  
Land. 

Height  

f e e t  

400 
800 

1200 
1600 
2000 
2400 

Water. 

Corrw. 
--- 

I O - ~ ~ ~ ~ ~ ~  

+ a  
8 

1 9  
34 
5.3 

+ 76 

I-Ieigllt 
of zone 

Station 
surne 

l l e i ~ h t  
11s zone 

Heigbl  I Corrn I Beigl l t  I Corrn. ) H e i g h t  I Con.. ( Heigbt I Corrn. 

Correction for sti~lloll 
a t  Depth 

of zone 

feet  

2800 
3200 
3600 
4000 
4400 
4800 

H e i g I ~ t  1 Corn. 

- -- .- -. 
feet I10-5,,y,,e. 

I stntion 
a t  seu- 
level 

Correction 

Below zone by 

I 

10500 
10800 
11100 
11400 
11700 
12Q00 

jrpt 

600 
1000 
1500 
2000 
2500 
3n00 
3500 
4000 
4500 
5000 
6500 
t;000 

for stsl ion 

Ahore  zone by 

Jeet 

600 
1000 
1500 
2000 
2500 
3000 
3500 
4000 
4600 
5000 
5500 
6000 
G6OO 
7000 
5600 
80(10 
8800 
9000 
9.500 

10000 
10600 
11000 
11500 
12OKl 

10-6 dynes 

+ l o 4  
1.35 
I j o  
2 1  I 

256 
+303 

+ 1 4 1 j  
1404 
157; 
16.58 
1743 

+ 1R.30 

~ o - ~ d y n e a  

- 8.3 
- 1 6 5  
- 247 
- ,329 
- 4 1 2  
- 494 
- 5 j 6  
- 658 
- 4 0  - 821 
- 90.3 
- 9 8 4  
- 1 0 6 ~  
- 1 1 4 4  
-1225 
- 1.30; 
-1384 
-146.3 
-1542 
-1620 
-1698 
-!;is 
-1851 
-1928 

~ l o o r t . J ~ o o ~ ~ t / ~ ~ o o ~ t  lmooft, ~ o n o i ~  ( ~ I x I u ~ ~ . ~ ~ o o o ~ ~ . ~ s o o o ~ .  

Io-6 
dyne8 

0 

- I  
- I 

- I  
- r 
- 2 

- a 
- 3 
- 4  
- 4  
- 5  - 6 
- 7 
- 7  - 8 
- 9  
- 1 1  

-11 

-13 
- 1 5  
-16 

10-3 
Sro 
- I  

- I  

- I  

- 2  

- .I 
- 4  
- 5  
- 7  
- 8  
- 9 - 10 

- 1 2  

f ee t  

5100 
6400 
5700 
6000 
6300 
6600 

106)  
dyncr 

o 
- I  

- I  

- I - 2 

- 2  

- 3  
- 4  
- 4 
- 5 - 6 

- 7 

la-6 
ayner 

+ I  
+ 2  
+ 4  
+ 5  
t 7  
+ l o  
+ I J  
+ 1 6  
... 
... 
... 
... 

] , , -  
dytvea 

0 

o 
0 

0 

+ I  
+ I  
+ z  
t 3 
+ 3 
+ 4 
+ 4 
+ I ;  
+ 6  
+ 6  
+ 8 
+ 9 
+ l o  
+ I I  
+ 1 3  
+ 1 4  

10-6 
dyne, 

- I 

- 2 - 
- 4 
- 5  
- 6  
- A  
-10  - I 
I 

- 1 j  

-17 
I 
- 2 1  

-23 
-26 
-29 

1 10-& 

10-6 dynra 

+ 3 4 2  
38.3 
427 
472 
520 

+ g j o  

--pp---.pp 

feet 

!900 
1200 
7500 
'7800 
8100 
8400 

1 0 - 6 d ~ n e n  

+ 51 + 107. 

+ 15.3 
+ 204 
+ 255 
+306 
+ ,357 
+ 4 q  
+460 
+511 
+;6z 
+614 

],,-6 
d y a ~ r  

+ I  
+ I  
+ 2  
+ 2  
+ 3  
+ 4  
+ s  - 6 
+ 7 
+ 8 
+ l o  
+ I 1  
+ I , ?  
+ I S  
+ I ;  + 2 3  

dynra 

o 
0 

o 
- 1 

- I 
- I 

- 1 

- 2  

- 2  

- 2 

- .3 
- 4  

,o-6 j 10-5 
ciynrs d.y!yntn 

Interpolation l'nble 

dynm 

+ 6 2 2  
677 
733 
792 
5 3  

+ 9 1 6  

6 
dynes 

+ I  
+ I  
+ j  
+ , 3  
+ 4  
+ A  
+ R  
+ 10 

+ I 2  

+ I 4  
+ 1 7  
+ 2 0  
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . . . . .  

. . . . . . . . . . . .  

. . . . . . . . . . . .  
. . . . . . . . .  
. . . . . . . . .  
. . . . . . . . .  
. . . . . . . . .  

- 5  
- 7  
- 1 0  

- 1 1  

- I 
-16 
- 1 9  
-'a 
- 2  
-28  
-31 
-35 
-39 

100 
200 
300 
400 
600 

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  
... 
... 
... 
... 
- 1.3 
I 
- 2 0  

-2.1 
7 
-31 
-36 
-41 
- 4 7  

f e e t  Jgnta 

16 
33 
49 
66 
8 1  

8700 
9000 
9300 
9600 
9900 

10200 

1 6  
3 1 

47 
62 

78 

+ g 8 1  
1048 
1118 
1189 
1262 

+ 1337 



OHAP. VIII.] REDUCTION TABLES. 

ZONE M, 
I n n e r  radiuo 18 miles. Outer radius 20 milas. 

Curvature 170 feet. T o p o g r a p h y .  
- 

C o m p e n s a t i o n .  
Land. Water. 

Corm. R a i g l ~ t  C u m .  I I H e 1 ~ 1 1 t  ( Corm. R e ~ g l ~ t  1 Corm. 

feet !lO-sdyne, 

11200 + 1.310 
llW0 1 1404 
12000 + 1500 

H c ~ g b t  ( C'ON~I. I Efc1g11t I I c i g l ~ t  C o r n  

' 

feet 

0200 
9600 
10000 
10100 
10900 

Correctiou for station 

Below zone by Aboro zone by 
-- 

it'. 1 8000 tt. Ii20oo ft. 
Height. 
of zolle 

I 

- 
Correction for etatior1 

Depth 
I \ t  nou- a t  

I 

level 
2000ft.I~000ft.~6000ft. 

500 + 92 0 

1 0 - 6 4 ~ ~ ~ ~  

+ 882 
966 

1047 
I 132 

+ 1219 

Stntion 
etlllle 

I~olg l~ t .  
UB Z O I I P  

8500 
9000 
9500 
1MlOO 
I0500 
Il0QO 
115UO 
12000 

1 

I600 
2000 
2500 
3000 
3500 
4000 
4500 
5000 
6500 
6000 
G%lO 
'7000 

feet 

601) 
10110 
1500 
20110 
2500 
30 10 
3500 
&no 
4500 
6000 
6600 
6000 
6300 
7000 
73H) 
8000 

feet 

500 
1000 
1500 
201.10 
2500 

+ 276 
+ 5 6 y  
+ 462 
+ 5 5 5  + 649 
+ ; J I  
+ 834 
+ 928 
+ l o 2 2  
+ 1 1  16 
+ 1 2 1 0  

+1.304 

la-5,tgHn 

+ .7 
I I  

2)  
41 

+ 6 6  

-2534 
-26R2 
- aHjo 
-197R 
-.3124 
-.7270 
-3416 
-3562 

o 
o 
o 
o 
0 

o 
o 
0 

o 
- I  

- 1  

- a  

feet 

7200 
iihl 
8U00 
8.100 
8 8 0  

feet 

3000 
3500 
4000 
4400 
480U 

... 

... 
l ' s h l ~  

- , I  - 6 - 8 
- 1 0  

-1.3 
- 1 6  
-10 

-24 

+ I )  + 16 
- 6  
- 7 - R 
- 9 
- 1 1  

- 14 
-16 
-17 

10-<1jnsa 

- 150 
- 2 9 9  - 448 - 597 
- 747 - 896 - 1046 
-1196 
- 1345 
- 1.494 
- 164.3 
- 1792 
-1941 - 2090 
- 32.38 
- 2,;86 

io-Gdgm 

+ 546 
608 
673 
742 

+ 8 1 3  

+ 95 
129 
169 
205 

+ 2 4  

feet I O - ~ J J , ~ ~  

10-~d,~!ylca 

+ I  ... 
... ... 
... ... 
... ... ... ... 
... 
... ... ... 
. . , ... ... ... ... 

... 

... 

... 

... 
-19 

~ o - ~ ~ n e s  

... ... 

... ... 

... ... ... 

... ... 

... 

... 

... ... 

... ... - I 

... ... 

~l l -~dynts 

o 
0 

0 

0 

+ I  
+ I 

+ 2 
+ 2 
+ 2 

+ 4 
+ 5  
+ 5  
+ I  
+ 9  
+ I I 

+ 1 2  

jlo-6nyner 

... 

... 

... 

... 

... 

... ... 
+ 2 
+ I 

o 
o - I - I - I - r 

- 4 

o 
o 
o 
o 
o 

- I  
- I  

- 2  
- 2  
-3 
- 4  
- j  

6200 
5600 
6000 
6400 
6800 

I O - ~ ~ I V , I ~ *  

... 
... ... ... 
... 
. . , 
... 
... 
... 
... 
... 
..- 

... 

... 

... 

~~-~cfgmcx 

+ I  
+ I  
+ Z  
+ z  
+ . 7  
+ 4 
+ 6  
+ 8  
+ l o  
+ l a  ... ... 
... ... 
... 
... 

111ter~~ulution 
'l'sblo 

+ 286 
i.31 
,380 
4.3 

+4dH 

o 
o 
o 

- I  

- I  

- 2  

- 3  
- 4  
- 5  
- 6  
... 
... 

. 

29 300 
58 400 
ua 600 93 

1 1 7  
146 

100 
200 
a00 
,400 
600 

j o  
60 
g9 

119 
149 



PENDULUM OPERATIONS. [CHAP. VII1. 

ZONE N. 
Inner radiue 20 milee. Outer radius 32 milee, 

Curv~turo 430 feet. Topography .  

Interpolation 
Table 

500 118 

C o m p e n s a t i o n .  
Land. Water. 

I 
Correct,ion for elation 

I Slation 
Height 1 snlne 

--- - 
of zone I l ~ e i p l ~ t  Beln\v cone by : Above zone hy 

I US zone 

j 10-5  i :0-6 1 10-6 1 10-5 1 10-6 : 1o-fi 
fie' ) I O - ~ J Y ~ ~ ? !  d y n r r  ,iv,lrr dvntr 

I . . . . . . .  200 1 -  75 ' 0 ... ... 400 ! -  I.io i ... GOO 1 -  226 

suo \ -  201 . ... 
1 0 0  I -  37; I + 1 ... 1 ... 

... ... 12m 4.52 + I 1 ! 

. . . . . .  110 528 + 2 

~ ~ ~ , , b  I 2:;; 
nf z o n e  

Correction for ~tat,ion at 
- - -  

16W - 603 + 2 1 ... - z 1  - 4 ,  - 5 
1 1 0  - 6 ,  + 3 . .  . I 1:: - , 3 i - 4 1 -  ?, - 3 ;  - 4 . -  fi 

- j j - 6  

... 
... ... ... 
... . . . . . .  ... 

... . .  ... 

... ... ... 
, ... ... ... ... ... ... tiboo , - Z J S ~  ! + R :  

7000 I-zbdR , + R ; . . . . . .  ..* 
:5r10 - ~ 8 . 3 ~  . + A : . . . . . .  

... ... + 11 ... ... 

... ... ... 
300 11) 
400 15s ... 600 100 

dyne# dylyl~ra ' dy01rr 

o 
- 1 
- 1  - 1 
- 2  

1 leVe1 1 2000 ft. ~ O W  ft .  1 (j000 fr,. 
- I 

I  I 
I - 

feet ) l 0 - ~ d y n e r ~ l 0 - ~ d y ~ ~ ~ : l 0 - ~ ~ i ~ ~ ~ ~ l 0 - ~  ,iynrr 

600 + 116 ! o 0 .  + I  

- I  - 2  

- 2  - , 3  
- 2 , - . 1  

- 3 - 4 
- 3 - 4  

XI00 
1500 
2000 

+ 232 0 ,  + I  + I '  
+ .748 ' 0 + I  + I  
t 465 . f I ; 2  

2500 [ + s R a  + I  , + Z  + Z  

3000 + 6 9 q  + I  + z  , + 3  
3500 + R I ~  + I  , ' 2  + 3  
4000 , + c ) 3 , 5  + I  . + z  + j  

4500 + l0 j . j  I + I + 2  + . 3  
500(1 1+11;1 l + I  + 3  + J  
5500 : + 1 ~ 8 p  + I  : + j  + J  
EOW ,+14oR + r  ' + 4  + 
6500 t +  15'17 i + 2 + 4 . . . . .  
51100 ; +  1647 . + 2 + 5 ... 

; 

. 

7300 ! + 1 i 6 6  1 + a  + J  
HOOO l + 1 8 8 6  : + I + .3 

I  



CHAP. VIII.] REDUCTION TABLEB. 

ZONE 0. 
Inner radius a2 miloa. Outer rndiue 60 milem. 

Curvnture 1410 feet. Topography. 

Helgbt / C o r m .  I H e ~ g l t  i Corrn. ) Height I C o n n .  I Height I C o r n .  ( Heigat 1 Corrn.  

1500 1 

Compensation. 
Land. Water. 

Correction for stnlion 

Above zono by Below zone by 

100 - 62 . . . . . .  . . . . . . . . . . . .  
200 - 124 
0 - 8 . . . . . . .  

... ... ... ... ' . . . . .  ... 
. . . . . .  ... 

1100 - 678 ... . . . . . .  
1200 - 759 .., . . .  ... ... 
1300 - 801 

... ... ... 
1400 - 86.3 ... 

... ... ... 
.. ... . .  . .  

1800 - 1 1 1 1  ,., 
1800 -117.3 ... 
2000 - 1235 + 5 ... 
2La) - 29; + . . . .  ... ... 2200 - 1.35') + 5 
2300 - 1 4 2 1  + 6 

. . . . . .  ... 

. . . . . .  ... ... 
... ... ... ... . . . . . .  ... ... ... 

3500 -2168 + 9 + 1 8  . . . . . .  . .  ... 
4000 - 2479 + 1 0  + 20 

4600 -2792 + I 1  + 2 2  ... ... 

. . . . . . .  
. . . . . .  . . . . . . .  . . . . .  . . . . . .  

... ... Intcrpolnt,ior~ Tnbls 

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  . . . . . .  



PENDULUM OPERATIONL 

ZONE P. 
Inner radius GO milee. Outer rodiua 108.6 miles. 

Curvature 4460 feet. Topography.  

C ~ m p e n s a t i o n .  
Lm.d. Water. 

C o r n .  

feet 

5 0  
1000 
1500 
PO00 
ZWO 
3000 

1 0 :  .Corrwt ion for  etnl ion 
H o i ~ h t .  9 

of = 2 -- Below zone by Above zone by zone 3 
a fc .-- - - -- - 

.= LOO0 IUH1 6000 800U I tMMl 12000 2000 UKK) G 8')VO l UU'N I 
3 f e e t [  feetI f w t  I feet 1 feet 1 feet, ~ w t  1 feet1 3 ftbed feet I E? 

1 0 0 -  5.1 . . . . . . . . . . . . . . . . . .  
200 - 1.6 . . . . . . . . . . . . . . . .  
3 0 0 -  151) . . . . . . . . . . . . . . . . . .  .a. 

Q 0 0 - a l l . . .  . . . . . . . . . . . . . . .  
5 0 0 - 1 6 4  . . . . . . . . . . . . . . . . . .  
600 - 317 . . . . . . . . . . . . . . . . . .  ... 
70i). - ,310 . . . . . . . . . . . . . . . . . .  
81W) - 42'3 
900- 47s . . . . . . . . . . . . . .  ... ... ... 
l W -  5a7 ... . . . .  
II(0 - 5Ro . . . . . . . . . . . . . . .  - 3 -  7 - 1 1  - 1 6 - 1 9  ... ... . . . . . .  ... 
12u0 - 6.42 . . . . . . . . . . . . . . . . . .  - 4 - 8 - l 2 - 1 6 - 2 0  ... I 

~ ~ - ~ o ~ ~ , ~ e r  

+ o 
2 
5 
9 

14 
+ 20 

13iN 
l m O  
1.500- 
1600 
1700 
1800 
1900 
2000 
2100 
2 

2400 
2500 

2700 
8 
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C H A P T E R  IX. 

The Application of the Compensation correction 
and the Deduction of  the values of g-yc.  

W e  now come t o  the  application of t h e  Hayford coml~cnsation correction, and this, as  may 
be imagined, is a laborious busil~ess. It elltails the  estimation of heights and d e l ~ t h s  of zones 
coverlrlg the wlrolc earth and this not once o~rly,  but for cach gravity station, taking that  station 
as ceutre aud drawing conccntric circles t o  defiue thc  zones. 

I n  prartice, howevcr, the  labour has l ~ e e n  very much 1.educet1 by interpolation, especially 
for  the  outer zolles. I t  is obvious that  for two str~tions fairly close together, say I20 n ~ i l e s  apart, 
the  areas covered I J ~  zoue 1 will be  early the same i l l  each case and the effects will, consequently, 
be practi(:allp 1denric;ll. l'lle proportiol~ of ;lrea common to hoth zolles nil1 of rourse decrease as 
the nearer x o ~ ~ e s  are dealt a l t l ~ ,  ulltil in zone 0 (outer rarlil~s 60 miles) there is  n o  ove1.1appi11g of 
zolles. I t  follows, tl~erefore, that  if there sl~oulcl be another gl.r~vity station betneen tllesc two, i t  
would be quite safe t o  Interpolate the correction for many of t h r  outer xoncs and this has  heen 
done freely. 

The actual nlethod employed was this. The  outer zones 1 t o  11 were divided into 
8 groups :-xolles I to 6, 7 to 9, albd 10 and 11. The actual effects for each group of zones werc 
then co1111111ted for certain poillts, not necessarily actual gravity stations. l ' he  coordinates 
of the poillts aelectcd frlr each group and t,he actual combined effects of t h e  topograpl~y and 
c o m p e u s a ~ i ~ ~ n  are give11 below :- 
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r l  l l l c  estinration of heights for  zones 1 t o  6 \ras done iron1 Halnlsworth's Atlas. The zones 
were first dram11 011 a small globe, and thencr  projected 01, t o  t h e  orograpl~ical map in the atlas. 
F o r  t,he other zones use was made of a special bathy-orographical map of Asia the  Iudian 
Ocean prepared by Captain Cowie some 5 years ago from the  latest available information. 

I t  should be remembered t h a t  fo r  zones 1 t o  6 a correction of 0.00( 01 dyne corresponds 
t o  n height of 1000 feet and for  zones 7 t o  11, to  a height of 100  feet; and, seeitlg that  thercis no 
tendency for  the  estimatiou of heights t o  hc persistently too great o r  too small, the error in  any of 
t h e  above effects is not likely t o  be more thau 0.0001 dyne. 

The  effects were then plotted on three small scale maps of India  (charts I, I1 and 111 a t  end) 
ouc for  each group of zones, and lines of equal effect o r  corrections drawn by in te rpo la t io~~.  This 
presented no great  difficulties a s  the  amounts varied fairly rtbgularlp. 111 all the  groupe. rn was pointed 
ou t  iu Chnpter V I I I ,  tile effect of the  compem~sation is  p a l e r  than that  of tile topography; 
consequelrtlp, a negntive sign denotes a predominnnce of land, a I)oaitive sign, of ocean areas. 

I t  was a t  first inteuded t o  t rea t  zone 12 bp tlris met l~od  ; Irut, having comlruted thc  effects of 
this zoue a t  a Pew stations, i t  was seen that  in some parts of India. e~ l~ec- ia l ly  m here the Himilaya 
a re  just  included i n  this zone, t h e  contours would be 80 close toeether as t o  make  interpolation 
unsafe. I t  was decided, therefore, t o  compute the effects inside zone 1 1  (about 4(.0 nriles Irom the 
statiou) for  each gravity station, though in some parts of t h e  c o u ~ ~ t r y ,  where stations are  fairly 
close together and more than 400 miles from t h e  Himalaya o r  otlrer areas a h e r c  great chr~lpee of 
height a re  found. t h e  effects i n  zones 12 t o  18 were obtained by linear interpolation, as  will be 
presently descril~ed. 

For  zoncs 1 t o  11, therefore, t h e  effects of topography and compensation on a gravity 
statiou arc  read directly off t h e  three charts and t h e  total error  for these zones is unlikely to  be 
morc than about 0.0004 dyne. 

Inside zone 3 1  interpolation was ]lot as  a rule used, b u t  the  heights and depths were 
estimated from tllc map. I n  order  t o  avoid covering t h e  map with circles, a template of 
t ransparent  celluloid was made. O n  this the  circles and radial lines defining the  sones and 
compartments were drawn, and the  template n a s  placed on t h e  map witb t h e  centre of t h e  circle6 
over the  gravity station. 
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For  zones 12 to 0 the old 32 mile t o  the  inch contoured map of India  was nred unti l  
t h e  middle of the recehs season of 1913 w h e ~ ~  tlle uew 32-mile layer map I~ecame r~vailal~le. For  
zones M aud N the  f- inch Indian Atlas s l~eets  rnrre en~ployed,  inside ztme M (i. e.  within 
12 miles of the  statiou) 1-inch maps were used, and in case8 ulrere tlle station was in  lrilly 
country a special sketch map OF the i l ~ ~ m e d i a t e  surroul~diugs was, as a rule. prepared a t  the time 
of making the  gravity de te lmina t io~~s .  

Zones A to  N were not as a rule divided illto rigid compartments, but the  proportion of 
the n l ~ o l e  arca of the zoue between pairs of contours was estimated I I ~  eye, o r  in some cases 
measured by planimeter, and t h e  efl'ect of each part taken Irom the reduction tables. Zol~ea 
0 to  14 were divided into 10 equal coml~artments  bta~, t ing frorn ~ror th  aud proceeding clock-wise, 
and for zones 18 t o  14, where tlle effect is p ropor t io~~al  to the heiglrt, (except fo r  small errors 
which a re  allowed f o r  in tlre special reduction tahles) the mean of the  ten compartments mas 
taker1 as the height of the zone. Zones 13 a ~ ~ d  1 2  were divided into 16 and 10 compartments 
respect,ively i n  the  reduction tables, and,  therefore, the  effect of thebe wl~ole  zones was the  sum of 
the effects of the  compartmelrts. 

Generally the  estimation of heights by e! e is fairly simple; in zones, however, which include 
parts of the  Himalaya or  other  high nlountains some more rigid metl~od had t o  be emplc~yed. I n  
a great mally cases the planimeter was used t o  measule the fraction of the compartrne~rt Letaeen 
each pair of contours, but wit11 practice i t  is porsrble t o  malie a fairly accurate estimate of these 
fractions by inspection. I t  is t o  be remembered tha t  an error of 10( 0 feet in ally compartment in 
zones 18 t o  7 only introduces a n  error of 0 .0001 dpue in thc  correction. 

I t  has been stated above tha t  t h e  effect of zones 18 t o  12 was i n  some cases found by 
linear intrrpt~lat ion and the method, which is simple, will now I I ~  described. L e t  us  suppose 
that  the effect of these zones a t  3 stations A ,  B and C has been fou~rd from the  map, and that. it is 
required t o  find the  effect a t  another station D sitnated i n  o r  near the  triangle A B C. 

'c 
Fig : 9 

I n  tlle figure the  points A, B, C and D show t h e  actual relative positions of t h e  stations, 
the  scale b e i t l ~  immaterial. Join B C and A I), and if D is  inside the triangle produce t b e  latter 
t o c u t  B C i n  X. Let  the  effecte of sones I8 t o  12 a t  each station be rrprene~rtcd 1ly a, b, c ,  d and x. 
Then,  since we are aesuming tha t  the  effects vary uniformly, i. e. are  susceptible t o  interpolation 

and 
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This method was employed for  several stations i n  Central Ind ia  where the  effects of these 
zones d o  11ot vary greatly. An a rule, the  rflects a t  4 s ta t io l~s  were obtained fronl the  maps and 
t h e  effect a t  oue of t l ~ t . n ~  was t11e11 i ~ ~ t e r p o l a t e d  j r o n ~  the  o t h r r  111rre. IF the agr r rn~e l l t  Lelmeen 
t h e  actual and interpolntrd value W H S  good, otlrer statious Itear these 4 wele dealt wit11 l,y 
ilr~erpolation and much la l~our  saved tllcreby. ' l l ~ e  actual rnelhc,d is tlre same as tllat e n ~ p l c ~ ~ e d  
by Mr. Hl~yford,  but, we have o ~ ~ l y  used i t  fo r  zones 18 t o  12 and llave o111aieed the 
effects fo r  zoues I I t o  1 from t h e  contou~,ed charts, Mr. l layford has used the method t l ~ r o u ~ h o u t .  

I t  is not proposed in this paper t o  give the (letails of the  c o n ~ p u t a t i c l ~ ~  ol t l ~ e  HaFfol.d 
correct iol~ for  all statiolls. I n  order, Ilotrrrer, to  rxplai l~ b!. a concrele e r a n ~ p l e  the use of the 
reduction tables the  details of the  corrrctiou ior  Dr111.a IJUII are  s l l r ~ n  below :-- 

DEHRB DUN, 
Lat i tude 30' 19' 29", 
Lol~gi tude  78' 3' 2xn, 
Height  2241 feet. 

Uni t  of c~,rrection is lo-' dyne. 

I I Col.r~.e~it~n lor 
. .. -- . 

Beis!~t. 1 f r n r t i u n ,  Praction 

I , Tnpn- IPompen- 
g u ~ y l l y  / F Y I I U I I  

I ! 
- - - .- - - 

'LONE A 
J E C ~ .  

l 'f40 1 . 0  + ,:4 0 + 34 

Z O K E  B 
2240 1 U + Go8 o + 608 

Z O S E  C 
1 . 0  + 1108 - I + 1 1 0 7  2240 

ZO&E D 
824(.1 1.0 +16o.$ - 0 + 1;98 

ZOKF, 15 
2240 1 0 + 1 4 0 8  - I ;  + 1 ~ 9 8  

ZOSE 1' 
2240 1 0 + 1 2 3 2  - 4,; + I 18; 

Z O & E  G 
2400 t 2 4 2  - 2 ;  

~ l o n  : + ? 4 1  - 2 3  -- 
+48,3 - so + 433 

Z O N E  H 
2450 + 1 2 6  - 2H 

2100 ; + 1 2 j  - 24 

+ 2 5 , {  - 5 2  + L O I  

ZOr\'E I 
2460 : + 0 4  - 2 R  

2360 : + .31 - 13 
2 125 1 + I - 24 
21 860 + (34 - 2 3  
2000 + .q 1 - I I 

---. 
+ 25; - 99 + 158 

C d r d  oarr ... +69R7 - 2 7 0  + 6717 

Totul 

Brulrght f o ~ u n r d  ... +6qR; - z j o  +6717 

ZONE J 
. p e t  
:<I 09 .03 + 4 -  10 

2900 '24 + 46 - 62  

2350 1 + 34 - 34 
2 It80 .37  + ; R  - ;o 
18UO ' 2 0  + 41 - 33 

+ 20.3 - 209 - 6 

ZONE K 
1000 ' I  + 5 - 5 2  

3800 ' 2  + 1 2  - 99 
3300 ' 1  + 0 - 4.3 
2400 . I  + 1 2  - .?I 
2-50 .1  + 1 2  - 2 9  

2 100 .4 + 31, - R Z  

lnoo * I  + I,? - 2.; -- 
+ 98 - ,361 - 26.3 

ZONE L 
IilrOU i - 2 2  - 134 
5 GOO 3 - lo - 115  

BPOO : + 7 - 6 6  
l i00 : + 8 - .35 
2100 : + 8 - 4.3 
21'00 : + 8 - 3 5  
2000 : + 8 - 4 1  

5200 : - 6 - 107 -- 
+ I - 586 - 585 

Carried over ... +72P9 - 1 4 2 6  +5863 

I3eig11t Total 

Currect.~ot~ for 

'I'opn- 
p ~ a l ~ l ~ y  

Cornpen. 
ration 
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~ 

Total ' I  Uorreatiu~~ fur I 
HeighL ' Freeti011 Totml 

Topo- / Colllpn-l 
1 1 graphy ealiun 

1 
Height sn_ 

Currsclion for 

---.- -- i - ~ 1 

ToPo' 
g r u p l ~ j  

- 

Co~~~apen- 
saLlon 

Brou,qhl fo~ruard ... + 7289 - 1426 + 5863 

ZONE M 
11=2411 

feel  
6400 -1 - 1 1  - 191 
7300 .1 - 1 9  - 218 
6000 .1 - I - 149 
3000 '2 + r r  - 179 
1700 '1 + 5 - 51 
1600 . I  + 5 - 48 
1400 . 2  + 10 - 84 
2100 . I  + 6 - 6.3 -- 

+ 6 - 983 - 977 

ZONE N 
)I = 2691 

6000 : - 7 - 0 7 8  
5000 .l + I - 188 
30UO ' 2  + y - 226 
1700 .1 + 4 - 64 
1200 . I  + .; - 4.4 
900 '1 + 2 - . < 4  

1400 + 3 - 53 

+ 15 -1288 -127.3 

Cavrisd ovm. ... + 7310 -369; +361.? 

l l e ip l~ t  

Brought .forioard ... +7310 -3697 +.161.1 

ZONE 0 
h=3651 

feeh 
1OWO -1 - 15 - 642 
9100 *1 - 8 - 568 
4500 + 6 - 278 
4300 ' I  + G - 2 6 5  
I000 . 1  + .z - 6 2  
900 . 2  + 5 - I I I  

1000 . I  + .T - 62 
6200 '1 + 5 - 3 2 )  
6500 '1 + .3 - 4 0 1  -- 

+ R -2710 -2702 

ZONE P 
h=6i01 

l3700* -1 - I 

16300* .1 - r I 

8i00* .1 + 9 
3900 '1 + 8 - 200 
800 '3 + 7 - 1 2 7  
'3110 . I  + j - 4 8  

3800 ' I  + - 175 
8700f ' I  + q 

* = 11850 . 4  - 2504 --- 
+ .zr -3060 -.lo29 

Cnvr i~d ouei. ... +;349 -9467 -2rl.9 

L'orr?ct,ion Heirht, 
~ 

~ 

Brought forward .-. - 2118 

ZONE 18 
, feel  
l ROO0 
1 5500 
13000 
:lfiOO 

700 
700 
'700 
800 

2000 
10300 

Mean -6080 - 60.3 
R 0 

1, 0 

- 60.3 
Chw-ierl otro ... ... - 2 7 2 1  

Corrvctic~n 
. - ~- ~ - 

Brolrghl ,fov~nard ... - 2721 
ZONE 17 

, f e d  
14100 
I 4 no0 
12700 
8200 
500 
700 
700 
800 

2200 
I inno 

Mren = 6100 ,fed - 61.3 
a 0 

h 0 

- 610 
Cnvried ovr~.  ... ... - 3.161 
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a = cow ear lot^ for drprture frnm prnportlonmlily. 
b = Corrrtion for h e i ~ h t  o t  mktion. 
To 4 plame of deeirnmla only, slnoo intorpolaUon from aharb Ir only poasibls Lo 4 plroes. 

Lietgl~t I ~ o r r a c ~ l u n  
- - 

Brought .fortward ... - 33.31 

ZONE 16 
,feet 
16000 
16000 
12100 

2000 
GOO 
700 
700 
800 

1700 
13500 

Menu = 63 I0 frrl - 631 
'I + 1 0  

11 0 

- 621 

ZONE 15 

16000 
16000 
13100 
2300 
600 
800 
800 
700 

1 GOO 
14300 

Mean -- G6ZO .feel - 662 
I + 10 

h o - 
- 652 

ZONE 14 

16600 
16500 
16~00  
2200 
600 
81 0 
800 
600 

ISOO 
1 a700 

M m n  - 6710frsl - 671 
s + 10 

h 0 

- 661 

M d o o e r  ... ... -5265 

H e ~ g h ~  1 currenlon I - -- 

Brotight f o ~ a ~ a r d  - 5265 

ZONE 13 

feer 
160110 
16000 
16000 
16000 
13200 

1701) 
500 
600 
980 

1400 
l GOO 

GOO 
GOO 

1000 
0200 

15wo 

Meon =6850 feet - 1096 

ZONE 12 

16000 
1 tin30 
16500 
2600 

GOO 
11(@ 
1100 
600 

3000 
14000 

Moan =7040 fert - 704 

Total = - 7065 
= -0.0707" 

By interpolation from charts 
Zones I l and 10 -0.0091 
Zones 9 to 7 -0.0020 
Zones 6 t o 1  $0.0017 

Total correction -0.0801 

yo = 979.347 
Correction for height -0.210 

9 9 ,, m n ~ s  -0.080 

7, 
= 979.057 

q = 979.0fi3 

9 = +OaO06 
dyne 
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Zones A t o  L require no explanation. For  zones M t o  P, curvrlti~re has been allowed for  as 
explained a t  the end of Chapter VIII,  hy taking height of s t a t i o ~ ~  plrrs curvature as the argument 
fo r  en te r i l~g  the  topogr t~p l~y  tallles, the value of lleiglit p111.v c~lrvat,ure heir~g shewn in the example. 
Cf. zone M, where 2411 = 22411 + 170. 

I n  zone P we see that  the heights of two of the  compartments exceed 12000 feet, tile 
greatest height allowed for  in the  rednctiorl ta l~les .  T o  erlal~le the effect to he computed, two 
other  compartments are joined to these when the mean heigl~t  01 t he  wl~ole four  1)ecomes less 
than 12000 feet. This  device is o r~ ly  necesstlry for compi~t i r~g  the rompe~~sa t io l l  wl~ere  the 
argument is height of zone. For  the topography co~~rec t io r~s  t l ~ e  tables fo r  the o ~ l t e r  zones have 
heen extended beyond 12000 feet.  

The total topoprapl~p correction u p  to zone P is seen t o  1)e +0.07319. This agrees closely, 
as it  s l~ould,  ~ ' i t l l  the sum of the Bouguer and orographic:~l correctio~ls vi ; . ,  + 0 . 0 7  1 (1:idle Chapter 1.) 
The difference 0 .0025  is due to  curvatnl.e not being allowed for  in the 13oug1ler correction. AR 
has heeu stared, the Ilougl~er I~ypothesis assllmes t l ~ a t  the station is situated or1 an i ~ ~ f i t ~ i t e  plain of 
t h e  same height as the st,ation. If cilrvature had not heen take11 illto r~ccoul~ t  ill zones 11 to  P: 
tile total topogrctpl~p correctiol~ woultl have h e n  + 0.07152, s ~ l d    he a ~ r e e m e n t  wit11 rhe sum of 
the two Bo~iguer correctior~s is thus almost exact. The es t imat io~~s  of IleiPlrt were made indepen- 
dently, separated bg an i ~ ~ t e r v ~ l  of several gear8 and oiir co~lfidence i l l  the estin~ation is, tl~eref'ore, 
increased. 

Beyond zone P the  effects of topopraphr and compensation are ccml)inerl, and the 
correction varies very nearly d ~ r e c t l p  wit11 the height. The corrections for departure from 
prol~ortionalitp (of effect to I~e igh t )  and tor elevation of station are taken f n 8 m  the special 
reduction taljles. These ttlbles are  o r~ ly  shewn t o  4. places of decimals and the filth place has, 
thereEore, not been s l l e t~n  i l l  the exan~ple.  

W e  give below the details of the  cornpotation of height of some of the  c o r n ~ ~ a r t m e n t s  
round Debra D6n.  I u  these tables f is tllc fraction o f  the compartment dealt with and h, the  
height. 

ZONE 0. 

Con~pnrtmcnt, 1 

11 r 11 x f 

17000 ' 2 0  3400 
IPOoO '26 .?IZO 

7000 -1.7 010 
sono . I I  880 

6Gn0 '09 405 
7500 . Z I  1 5 7 ;  

Mean height lo.qlo 

Compartment 2 C ~ ~ ~ ~ ~ p a r t . m c n t  4 Cornpnrlment, 10 

11 F 11  x C I 1 I Irfrb f x f  

17600 .o; 1 2 2 5  

115110 ..?o 3450 
75110 .54  4050 
5500 .09 495 

9220 

6500 .14 910 
4500 .64 2880 
2600 . I  1 286 
2200 .11  242 

-- 
4318 

4500 ' 4 1  1845 
5500 .26 1750 

10500 .o9 9.45 
8000 . 2 4  1920 

6460 
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ZONE P. 

TOHAP. IX. 

ZONE 18. ZONE 15. ZONE 12. 

1 1  I h x f  11 f 11  x f 

The f r ~ c t i o n  of the zone o r  cornpr r t rne~~t  between the various contollrs was, in  all the 
examples given, measured by planimeler, and is not likely to  he much in error. 'I'here are, however 
prt~bal~iiities of errors i r ~  the  heigl~ts  T l ~ e  colllollrs or the new 32-mile map of ludia ,  from wllicl~ 
all these estimatiuus of' I~e igh t  were made, are  a t  the followi~lg iutervals :- 

250 feet 2000 feet 10000 feet 
500 ,, :3000 ,, 15000 ,, 

1000 ,, 6UOO ,, 20000 ,, 

But the  height of an area between any two of these is o h v i o ~ ~ s l y  not almnys t h e  mean of the two 
c o ~ ~ t o n r  I~e ig l~ ts .  For  instance, the  mean height of a col~ical hill 3000 feet high is not 1500 feet 
but  1 0 0  feet ;  and i f ,  a9 is ~ l s l ~ a l l y  the case, the  slopes te l~t l  to  be cullcave, the mean l ~ e i g l ~ t  over 
the  whole nrea covered by the  hrse will he less than I000 feet. Cases may alao occur where the 
meall height of the area between two c o ~ ~ t o u r s  will I)e greeter thau the  mean of the contour 
heights. The l~eiglits s l~cwn in rlre example, t l ~ e n ,  were derived from a study of the lie oE the 
ground as S ~ C W I I  by the contours, and the methud cauuot he rigitlly given. 

Reverting a p a i ~ ~  to the details of the  correction for Dellra I)un, there is one other point 
which it is advisable to  empha.qize, and that is that  the effect of tile maases rhuve .sea level 
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(i.e. tlre topography) is never negligible when curvature is taken into account. Tbie point is, 
perlirps, apt  to be lost sight of, sirlce irr the nurnbet*ed znlles, 18 to 1,  t h e  sign of the correction i s  
always the same as the sign of the  con~pelrsatiori effect i.e., mrnus for land and plus f o r  ocean 
areas. This, of course, merely means that  the effect ot' the coruveasation is greater than t h a t  of 
the  topography. I t  is simple t o  obtain an idea of the relative effects of the  topograpl~y and t h e  
conrpensatiotl. The  effect of the mass i n  a zolle has bee11 *hewn in  Chapter VlII t o  be 
km x (average value of E for the  zone) where E represeuts t h e  expressiou- 

sin 

e 
h cos - 

0 .  2 
- + sin-'-- . - .. - -. - 

8 ' - J u ~ '  + h" 11 sin - 2 

e 
Dl" hh? 4 2D, h sin- 

2 

The effect O F  the  compensation is  also kn1E; hut  in this case, though m is  the  same as  f o r  
t h e  topoprapl~y (but oE opposite sigu), I3 will differ since I), and h are  not the  same in tire two 
cases. Consequeutly, tlie ratio of tlie topograplry effect to  the combiued e r e c t  may be expressed 

nliere the suffixes represent topography aud compensation. Mr.  Hayford hns published as - Ec - KT' 
t h e  values of ET and Ec (t11011gh for  the comllutations of the l i ~ ~ l i t s  of zones he has o l ~ l p  used 
Ec -El.) and we can thus easily find these ratios. The following Acle s l~ows  approxima~cly the  

KT 
meall values of - , or  the Factors by wl~ich the combiued effect is t o  be multiplied to  obtain 

Ec - ET 
the  topography effect i r ~  the different 11umLered zones. 

Taking Dehra Diin as a n  csamplc thc follow in,^ are the topography effects in  t h e  
numl)cred zones :- 

I 
Zone 1 Icffnct Zone Effccl 

-- 

12 + 352 

- - -- 
Total = + 1986 

i .  e. + 0.01986 dyne 

> 

i &fleck 

-- 

ST 
5 I 
'' ) -1037 3 
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These figures a re  only approxilnate, especially i n  zones 11 t o  1 where t h e  combined 
correct io~ls  have 11ot bee11 found for the  i~ldividual zones. A nlean factor I'or each of the  t l ~ r e e  
g r o ~ ~ p s  of zones has heen taken, the values being 1 .  1, 5 . 5  and 61 respectively. I t  is  cert~tin, 
however, t h a t  the  topography b e p o ~ ~ d  103.6 miles will affect the  seco~ld place of decimals of  a 
dyne,  aud i t  may he asked, thereFore, w l ~ y  topography hi19 not always I)een allowed for quite 
apart  From any q ~ ~ e s t i o n  of compensation ; the  reason is i ~ g a i ~ ~  curvature. T h e  old methtld oE 
retluc:tion took n o  account of this aud, co~lsequeutly, the attraction of distallt masses was, rightly, 
assulu ed to I)e negligible. 

I t  would no doubt  be instructive t o  separate t h e  topography and compensation effects in  
t h e  numbered zones fo r  all s t a t i o ~ ~ s ,  bct  this has not been d o t ~ e .  

The  rollowing tables contain a list of all the s t a t i o ~ ~ s  for mllich the  Hayford correction has heen 
computed, with the values OF g- y (vide Chapter 1) deduced. The  vslues of g -  y itre also shewn 

C B 
f o r  the  ualte oE compnrison, and the stations have been divided iuto groups according t o  their 
s i tuat ion with regard t o  hills o r  other  topograpl~ici~l  features. 

Class I.-Mou~ztcrir~ stations. 
-- - 

Station 

-- -~ 

He~yfold 
HeigIlt 1 c"r"c,,,"n 1 / - j c  / ~ Y B  

- 

Ststion D~e tn~ ice  f r n ~ n  A n y  ford 
n ~ o u ~ ~ t . a i ~ ~ s  I - Y r  1 g-yB 

Ssndakphu ... ... 
Oulnca~nund ... ... 
Blussooreo (Camel's Back) ... 

... Quetta ... ... 
Yercmud ... ... ... 

.- 

dyne 
-0'143 

- '145 

- .129 

- '160 

- ' I l l  

- 'I99 

- '139 

- .a68 

..... ... ... ... .... . - - 

Dl can - o.o.zr -0.138 

Ranee ... 

Itijpur ... ... ... 
Dell= D i n  ... ... 
Roorkee ... ... ,.. 
Yiliguri . .  ... ... 
Jnlpiguri ... ... 
Pathinkot ... ... 
riibi ... ... ... 
Wem ... ... ... 

feet 
I 1766 

7395 

6924 

5520 

4495 
-- 

nr ilea 
I 

I 

3 5 

10 

30 

10 

10 

- 

- 0 . 1 0 7  

- 0.119 
0.098 

M enn ... 
Men11 (neglecting Yereuod) ... 
Runge ... 

- -- 
dyne 

- ' ~ ' 1 5 j  

- .046 

- ' 1 2 3  

- ' I53  

- '0.57 

+ 0 . 0 1 7  

+ o.030 

0.086 

dyne 
+ 0 , 1 4 1  

+ '18.3 

+ ,033 

+ '024 

+ .116 
. 

dy nc 
- 0.066 

- '080 

- '057 

' 1 1 0  - 
- '09.1 

- .o8R 

- .067 

+ '011 

dy ae 

+ 0.048 

+ - 0 1 2  

+ '05.3 

+ '007 

- '0.33 

d~ 
+ 0 . 0 ~ 6  

+ -006 

- '044 

- '039 

- -07.0 

- .076 

- '059 

- .oj8 
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Class 17.-Plrrins of North India and Brtrgal . 

Stut.ion 

Kaliir~~a ... ... ... 

J ~ ~ c o b i h i d  ... ... ... 
Mill11 Mir ... , . . ... 
Gorirkl~pur ... ... 

blnjl~auli I t i j  ... ... 
Muz~~ffr~rpur ... ... 

lrolll I I I U I I I ~ ~ L I I I B  1 coI.rec~ lun 
I B l ~ p r o x i ~ l ~ r ~ e d i s t . u r ~ c e  I H~yf01.d I S - Y c  

.... -- 1 .... - .. -- .. _ i 
n~iles d.vne d . ~  7, e 

60 - o 04; - o 00; 

80 - '024 + . 0.38 

90 - '0.33 ; . 040 

80 - . 046 - . 070 

9" - '037 - '"57 

95 - '038 - ,042 

9 - Y,, 

dyne 

- 0.081 

+ .oo8 

- ' 0 1 ;  

- ' 1 2 5  

- ' 1 0 1  

- '086 
- 

.q-Y,  

d ~ ~ i ~ r  
-- 0 '019  

. '04.3 

. .065 

. '049 

. '029 

. '02.3 

. , 0 1 9  

-- '0.38 

. ' 0 2 2  

-- .o, 38 

. -047 

. '062 

. . 061 

+ -008 

-- '016 

Slat ion 

-. 

Morlt.gomory ... ... 
Re811por ... ... ... 
K ~ I u ~ ~ R  ... ... ... 
Aligarh ... ... ... 
Hilhras ... , . . ... 
l lul t ra  ... ... ... 
Agrn ... ... ... 
Dl~olpnr ... ... ... 
Ailul~ihiid ... ... ... 
Mogl~al Barai ... ... 
Buxnr ... ... ... 
Arrah ... ... ... 
xonrtllyr ... ... ... 
Ki~nnpu? , .. ... ... 

Cl~i t ra  ... ... ... 

- 0.06. 

0 '  13.3 

Meon ... 
l lnl lpo ... 

Mean . 1 + iT- 0.035 

Range ... 0'01.3 

- 0 .016  

0 . 1 1 0  

1,ocallty 

P u l i j ~ ~ b  plnin~ 

Gauges valley 

Jumna valley 

Cl~arnbnl valley 

Qanges valley 

.- 

Hay£. nrd 
currect<on 

S - Y c  

dy~w 
-- 0.019 I +c1:?:19 

. '023 

. '024 

. ' 0 2 1  

.. ' 0 2 0  

. ,019 

. . 018 

. '015 

. - 0 2 1  

. '024 

. . 026 

. -028 

. . 031 

. -027 

. '019 
.- 

+ '005 

. '019 

. . 00. 

+ - 0 1 1  

+ . 015 

+ '017 

. . 005 

+ . 009 

. '005 

. -014 

-- -028 

. '025 

+ '039 

+ '005 
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Class 7.-Slations in or new the Cmtral Indian highland8 . 
(Arranged in order of height) . 

Stlr t io~~ Hnyfovd 
H''i/l)t 1 ,.ul,.,.cl~On 1 1 - Y c  1 ~7-YB 

. ........ I 
Saeurirn ... ... ... 

... G n ~ a  ... ... 

... Japla ... ... 

... hlurtakklr ... ... 
Owalior ... ... ... 
L)nl~unpuuj ... ... 
Jnlruon ... ... ... 
J l~ ine i  ... ... . . . 
bllirpur ... ... ... 

... hl~~hi~ t i i r l r  .., ... 
H n i p ~ ~ r  ... ... ... 
Husl~ungibtld ... ... 

... li I I U U S  lwu ... 
A ~ ~ ~ g n o n  ... ... ... 
A I I B ~ I I O ~ ~  ... ... ... 

... M ~ ~ i l ~ u r  ... ... 
Lali~pur ... ... ... 
I l r ~ ~ . o h  ... ... ... 
KHI 11i ... ... ... 
-11il1pur ... ... ... 
Ellicl~pur ... ... ... 
t l i ~ ~ a  ... ... ... 
, J11lbu1po1.e ... ... ... 
L7111aria ... ... ... 
-ipri ... , .. ... 
( i n o ~ ~ a  ... ... ... 
Ujjnin ... ... ... 
Hl~opil ... ... ... 
*mugor ... ... ... 
Kn1ii11pu1- . ,  . . . .  ... 
M I I I ) W  ... . . .  ... 

Slatlon Huyt111d I 
correction 

. . ... ...... 
dyne dyne rltlnr 

Cnlibs 0-000 + o 06.3 + o 062 
Cuttnck . 000 + . 006 + . o  0.7 

... . i lndna  . ... + OJO - 0 . 3  . '014 j 

j'eel 

3 40 
36 1 

474 
576 
6 j 8  
707 
760 
8 j 8  
8;8 
926 
996 

1 0 0 2  

. . . .  1014 
10.32 

1 1  23 
I 161 

'199 
1 2 1  .. 
1254 
I 2R4 

1.314 
1356 
1467 
1499 
'5.33 
I 568 
1612 
I 630 

1 6 1  
I.-" 

i 6.7 
I '90.3 

8 - Y B  

dynr 

.0.048 
-0.030 

.. - ........ 

... General Mean ... 

... Mesa of Claeeee IV and V ... 

Pe~idra . . .  ... ... , 1996 
Seoni ... ... 2 0.3 2 1 

Asirgarb ... ' ... .. i 2077 
HndllUr ... . . ... i 2 1 0.3 
llinchi ... ... ... , 2 1  j z  
- .. - ... - . -. -- . -- 

Mean 

9 . Yc 

dyne 

+0.004 
+0'011 

Range ... o.ohfi 0.069 

dy re 
- 0'025 
- '032 
. '0.36 
-- ,030 
. '041 
. '01; 

. '015 

. . 0 2 2  

. '025 

- "'59 - 0.75 
- 'or3 
+ '010 

. '039 

. -013 
- -048 

. '045 - - 0 4 2  

. '041 

. . or6 

. '014 

. 'oao 

. ' 021  

-- '023 
. . 014 
. a 027 

-- -056 
. a026 
. . OJB 
-- '009 

. "35 

d.vne 
-- 0'023 
-- '023 
- - 0 2 2  

. . 016 

. ' 0 1  Z 

. . 018 
- -009 
. . 00. 

. '008 
- . 009 
+ . 001 

'010 . 

-- '00.3 
'001  . 

'001 . 

. -006 
- '00.3 
. . 005 
. '006 
. '006 
. '001 

' 000 
. ' 0 0 2  

. '002 
+ '009 
+ . 007 

+ . 009 
+ . 007 
+ . 010 

+ '01 I 

I- '014 
. .046 
. .016 
. . 00. 

- '015 
. ' 0 2 2  

. o.orA , 

dyne 
+ 0 . 0 ~ 9  
+ . 003 
+ -002 
+ . 005 
. . 007 
+ ' o z j  
+ ' 0 2 0  

+ '014 
+ ' 013  - '019 

- .o  0.3 
+ ' 0 2 1  

+ '047 
. .o 0.3 
+ . 026 
-- . 00.3 
. '002 
+ '004 
+ . 007 
4- '023 
+ . 031 
+ . 026 
+ . 0.30 
+ -029 

+ :029 
+ . 019  
- ' 0 1 1  

+ ' 0 2 2  

+ ' 0 1 1  

+ '039 
. - 0 1  .. 

+ .o 1.3 
+ -016 
+ . 027 
+ . a18 
+ ' 0 2 1  

+ . 008 
+ .0.3 6 
+ . 0.30 
+ -0.38 
+ '0.30 

+ 0.015 
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It is t o  be noted tha t  t h e  assumption made in Chapters I V - V I I ,  that  a value of g&yB 

of -0.030 represents normal gravity i n  India, is fairly correct. The mean of t h e  Bouguer. 
residuals in  Classes I V  and V, i.e., for  stations f a r  removed from any  large excesses o r  deEects o f '  
mass, is  found t o  be exactly this amount. 

Comparing now t h e  two series of residuals it  is a t  once evident that,  as mas t o  be expected, 
the compensation hypothesis has very materially reduced the values of g - r  a t  stations on and 
near high p o u n d .  I n  t h e  first group the  change i n  the  mean residual is 0 -  124, in the  eecond 
group, 0.106 and i n  t h e  third, 0.051. If, however, we change our equatorial constant, 978.030 i n  
the formula fo r  yo t o  978.034 in  the  first se13ies and  977.981 in t h e  second, and thus  mabe t h e  
mean residual i n  each case equal t o  zero the  changes in  the mean residuals i n  the  groups are, 
of course, reduced and become- 

I n  the first place we note that  the  new residuals are less than the Bouguer residuals ill 4, out  
of the 5 classes, o r  in other  words, the new residuals do not sllow quite such a close relation to  thc 
topography as is exhibited by the Bouguer method. The  range of the new residuals in each class 
is also smaller than that  of the  Bouguer. Prom this i t  is evident that  some sort of compensation 
does exist. I t  appears, however, t h a t  i t  is llot complete, more especially i n  the  H i m l i l a ~ a ,  this 
being shewn by the positive values of g-r ,  a t  Mussooree and Sandakphu. It is quite certain 
also that  when thc Hayford corrections have been computed for the other Himiilayan stations, ui,-., 
Sirnla, Darjeeliug and Kurseoug the residuals a t  these stations will be positive, though i t  is im- 
possible t o  guess their amounts. 

- 

Class I 

Class I1 

Class 111 

Class I V  

Class V 

The next  point t o  be noted is the large deficiency of gravity along the foot of the Himalaya 
ant1 other mountains. This is our chief geodetic problem in India, and Colonel Bnrrard has 
suggested a sub-crustal crack or rift  all along the foot of the  hills as a solution. 

Mean g-y 1 11eu11 g-7 I Cl~nnpe 

dyt~e  
I -- -- - - -- - 

( l y  911. ~IJIIC 

+ 0 .013  - 0 ' 0 j X  + o . o j l  

+- -026" - '070% + .096* 

- - 0 3 6 .  - .089 + '053 

- '020 - . o r 8  - '002 

- - 0 0 3  + . 014  - '017 

+ ' 0 1 1  + ' 0 2 1  - '010 

W c  have the  two main facts, ti,-.- 

(1) A t  Himilayan stations the positive residuals show that  compensation is not  
complete, i . c .  the  underground deficiencies of density are  less than the  isostatic 
theory requires. 

(2) At  sub-Himdayan stations the  negative residuals show that  compensation is  
more than complete, i .e .  the underground deficiencies of density are greater 
than the theory requires. 

P u t  in  this form a possible solution presents itself.' L e t  us  assume that  the  deficiencies 
of deusity under the  Himklaya, instead of varying with the height, are  constant, and also t h a t  

* Neglecting Yercsud, which is s~tuated on n amall detached hill mnss, Illon 8iEel.ing from the othcr mountain 
ntstions. 
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they extend beyond the Himalaya for a d i s t a ~ ~ c e  of, say, 100 miles. The second assumption will 
a t  once increase the compensation effect, i.e, decrease yc a t  sub-Himslagan stations. If we then 
assume that this constant deficiency of density is less than the theory demands under the Himilaya 
but greater under the sub- Him8layan plains we shall reduce the divergence between the residuals 
in the two areas. 

Now, let us take some actual figures. Assume 

( i ) that Himdayan compensation extends for a distance of 100 miles to the 
south of the mountains. 

( i i ) that  it  is constant over the mhole area. 

( i i i )  that the amount of deficiency is equal to the theoretical deficiency under 

an area whose height is 3000 feet, i .e .  i t  is 3000 x 2*67-0.022. 
70 x 5 2 8 0 ~ -  

The deficiencies of density in any zone are, according to  the theory, a direct function oE 

the height and are represented by the expression - H a  (ride Chapter VIII), the height of zone, 70 miles 
H, not otherwise appearing in the formula for the compensation effect. 

The third assumption makes the computation of the new compensation correction a simple 
matter, and the method is explained in detail iu the following pages. 

Take the 4 statio~ls, Mussooree (Camel's Back), Riijpur, Dehra Dun and Roorkee, and 
consider first the zones A to P only. The actual compensation effects in these zones are:- 
Mnssoorce, -0.1162 ; tlajpur, -0.1071 ; Delira Dim, -0-0947" ; and Roorkee, -0.0372. But, 
since Roorkee is about 35 miles from the Himjlaya, some portion of zone P (60 to 103.6 miles) mill 
he more than 100 miles from thc Himiilaya aud in this portion, which by calculation is about -23  
of the whole zoue P, the compensation is by hypothesis normal, i.e. depends on the height of 
the zonc. At Dehra Dun which is only 6 miles from the Himiilaya, the portion of zone P outside 
the 100-mile line is  so small as to  he negligible. For Roorkee, then, the actual compensation 
correction for thc area within the 100-mile line is found to he -0.0364. 

The compensation correction on our hypothesis is obtained by taking the height of all 
zones A to P as 3000 feet, and, neglecting for our purpose the small correction due to difference 
of height of station and zone, the correction will be -0.0698 at the first threestatior~s, and-0.0661 
for Roorkee neglecting - 2 3  of zone P. Suhstituting these figures for the actual compensation 
effecte given above we get new values of 9-yc which are shewn below, thc old values being 

exhibited for reference :- 

.- . . ~ -- 

' Srs detailcd computations on pager 170-172. 

Mussoorec~ . . . 
Rfijpur . .. 
Dehin Dun 

Roorkee .. . 

!/ A yC 
(new vnlue) 

dyne 

+ 0.008 
- '011 

- -019 

- -014 

!I1YC 

(old v~rluc) 

dyne 

+ 0.053 
+ '026 

+ -006 

- '044 
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It will be advisable t o  consider the effect of our assnmption 011 a station further from the 
Himrilaya. L e t  us take Lialiiiua which is about 25 miles S.W. of Roorkcc and about 60 miles from 
the Himiilaya. Here our 100-mile line cuts off about 116th of zone 0 and about 215th~  of zone P. 
The total actual compensation correction a t  Kaliiina is -0.0297 and the actual correction within the 
100-mile line is -0.0275. The correction on our assumption will be -0 .0603 for the same area. 
Consequently, tllc new residual a t  Kalikna will be greater than the old one by 0 .0603  - 0  - 0275 i .e .  
0.033, and will be + -026. 

Le t  us t r y  the assumption that the colnpensation extends for a distance of GO llliles from t l ~ c  
Himslaya. I n  this case, a t  Kalikna ouly half thc whole area out to zone P mill be affected. A t  
Roorltee the poi2ions not affected are approximately . 4  of zone P, -3  of zone 0 and l/Yth of zone N. 
A t  D e l m  Dun, Rsjpur and Mussooree only portions of zonr P will not be affected, the figures beiug 
approximately -25, . 2 3  and . 2 0  respectively. I n  each case i t  is the lowest portions of the zones t h t  
are not affected. The actual and the llew compensation co~~ec t ions  for these areas arc shewn 
below :- 

So far  mc hart only considered zones A to P, i.c.. up to a dislnucc of 104 miles from tllc. 
station. Lct  uq uon collsider thtb outer zones. For the sake of sim1)licit-y and, it is believed, with 
but little loss of ~CCUIZCJ-, wc mill group togethrr zones 18 to 14, i . r .  brtween 104, and 2 11 miles frorn 
the station and consider zonr 1 3  sepxmtcly, this bring a bigger zoue, extendillg to 299 miles from 
the stattion. 

" YC 

For 
100 m ~ l e s  

-- 1- 

Taking our first assum]>tio~l that  t11c luliform coniprusation extends 100 miles from the 
Himilaya we first compiltc the portions of zones within this 100-mile line. Neglecting for the present 
Dcllcl, Dhn and lliijpur wc find that the portions of the zones affected by the new ass~unptiou are - 

Mllssoorec . . . 
Rajpur ... 
Deli~w Dull ... 
Roc~rkec. . . . 
Kalijnn . . . 

For our purpose i t  is simpler express these portions as the numbcr of compartmeuts. There 

d y i ~  c 

- 0 ~ 1 1 4 ~  

-c-1062 

-o.oygh 

-0.0340 

-0.o206 

- .- 

Mnssoo~.ec . . . 
Roorltecl . . . 
Kaliiiua . . . 

Zones 18 to 14 

'74 

'64 

-58  

d y n e  
+ c.008 

- 0 . 0 1  I 

- 0 .019  

- 0 .014  

+ 0.026 

d y u e  

-0.0666 

-0.0661 

-0.0658 

-0.0566 

- 0 . 0 3 4 ~  

Zone 13 

-62 

.58  

, 5 h  

dyqre 

+ 0 .005  

- 0 . 0 1 4  

- 0 . 0 2 2  

- 0.021 

+ 0.007 
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are 50 compai-tments in zones 18 to 14, and 16 in zone 13. The numbers of compartments affected 
are therefore,- 

Zones 18 to 14 Zone 13 

Ro0rkc.c 

Kaliina . . . 

It must,, of couiSse, be remembered that the compartments affected are those in and near the 
Himiilaya. 

The next step is to find the actual compensation effects in these compartments, i . e .  withill the 
100-mile line, and here i t  is to be remembered that the reduction tables for the outer zones give the 
combined effect of topography and compensation. To obtain the effect of the compensation alone 
m e  must multiply the combined effect by a factor differing in each zone, such factor being equal to 1 
~ Z I G S  the topography factor given on page 175 of thischapter. For zones 18 to 14 me shall take 1 -09  
as the factor, i.e the mean of those for each zone, and for zone 13 i t  is 1-25. 

Similarly, we find the compensation effects of our new assumption. 

The following table shows the various steps :- 

 titi ion I Zone 1 'rot111 effect 
wit,l~iti 100- 

l l~ i le  line 

Roorkce -0~022; ' 
~ali t iuir  . . . -0.0181 

Actllnl I New 
. .__I_- I - - 

I 
Factor j w,tl,in loo- Fnl,,or 

Co"~en8ntinn 
I effect mile Iinc 

et iect  crenee 

dyne 

Since thc new compensation correction is less than the old, the correction to the value 
of g-.yc will be negative. 

For the second assumption, that the compensation extends for 60 miles from thc Himilava., 
the  method of procedure is the same but the number of compartments affected is, of course, altcrcrl. 
Thvy are as follows :- 

- - - - 

Muasooree . . . 

Roorkcc . . . 

Kaliiina ... 

Zones 18 to 14 
-- 

3' 
28 

25 

Zone 13 
- - 

94 
8 4 
R 
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The actual and new compensation effects arc - 

Since the values of the differt?nces do not change very largely betweell M~lssooree and KaliBna, 
we call fairly safely interpolate the values for Riijpur and Dehia Dii11 aucl take them as - 

Mussooree 

Hoorkee 

Kaliiina 

The values of 9-rc 011 the two 11cm assun~ptions will, tl~rrcfore, be - 

Zone 13 Zones 18 to 14  

Artual 

dyn# 
-0.0132 

-0.0113 

-0.0103 

60 mile3 I____._-__ 

If we extend our investigation beyond zone 1 3  we shall merely alter all  the rcsidlials by a 
small and practically collstant amo~mt .  

i zones 18 to 14 

dy  n F 

R i j p u r  - 0 - 0 2 4  

-0 .023  

100 uiiles 

Now, the most noi1iceablc point is tha t  the residuals a t  Roorkcc and Kaliiina, on the assump- 
tion tha t  Himlilayan deficie~icy of density is (1) constant, (2) cqlial to 0.032 and (3) extends for 
6 0  miles so~itli of the Himfilaya, arc vcly nearly the same as those on our original hypothesis t h a t  
compensation vaiies with thc height,; and that, though these two residuals are practically unaltered, 
we have greatly imprnvrcl the Himilayan residuals by bringing them into closer agreement with 
those at sub-Himilayan stations, the range of thc ncw residlials being 0 .058  and 0.043 instead of 
0 097. 

Difference 

dyiyr~s 

-o.ozg 

-0.015 
- 0 . 0 1 2  

Acb~ial 

dyne 
-0.0348 

-0.0242 

-0.0197 

N o  ( DiLrcnco 

l o n e  1 3  

dy /nr 

- o . o l o  

- o . o r o  

Zo11e5 l S ( o  14 

dy~re  
-0 .022  

-0 .021 

01.1ginlrl 

d l  ILL 

+ 0 ' 0 5 3  

+0.026 

+ 0.006 

-0.044 

- 0 ' 0 0 7  

Mussoorcc 

R i j p u r  

D e h ~ x  Dull 

Roor1;ec. 

Kalicina 

So far  wc have. assnmc~d a height of 3000 feet for orir dcficicncy of density, 6' = HS 
70 nules ' 

New 

dyns 
- O - O I O I  

-o .oogz  

-0.0082 

dyue 
-0.0035 

- 0 . 0 0 3 ~  

-o'oo,o 

Zone 1 3  

fly IU 

-0 '009 

-0.009 

dyus 
- o a o l o  

-0.008 

-0.007 

I 

Co~nprnsntion 
- . - . -- 

60 mlles 

dyne 
-0.030 

-0 .048  

-0.055 
- c a o 4 4  

-0-012 

-- - - 

100 miles 

~ ~ I I P  

-0.024 

- 0 . 0 4 ~  

-0.049 

-0.036 

+ o ' o o y  
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Other deficiencies of density were then tiied, and also the assumption that  the constant deficiency 
extends only 32 miles from t,he HimBlaya. Two more stations, Gesupur and Agra distant about 
110 and 175 miles from the HimBlaya, mere also dealt with on t'he 60  miles hypothesis, and the 
results are shewn in the table below :- 

The values of g -yc in the column in heavy type arc clearly the most accordant. The langc 
and the mean without regard to sign are both smallc. than in any other column, and the mean with 
regard to sign sprecs exactly with that of all statious in Classes I V  and V, i.e. those far removed 
from large excesses or defects of mass where we hare reason to suppose gravity to be normal. 

Assuming then that the deficiency of density tnder the Himalaya and the plains to the 
south is constant, the most suitable density deficiency is found to be 0.036, extending 60 miles 
south of the Himiilaya. 

htution 

Mussooreo ... 
Rijpnr  ... 
Dehrs D i n  ... 
Roorliee ... 

gnli ioa ... 
Qes~ipar  ... 
A grn ... 

with 

The theoretical deficiency oE density under the Gangetic plain near Kaligna is 0.006, the 
height being about 800 feet. On our new hypothesis this rleficiency suddenly changes to 0.036 
near Kaliina. An abrupt change of this sort is improbable but it is believed that, if the change 
in density had been assumed to occur gradually l~etween, say, 55 and 65 miles from the HimBlaya, 
the change in the new values of g-y, would not be great. 

g-YC 
(originnl) 

, 
dyne 

+o.o53 

+o .o r6  

+o.o06 

-0'045 

-0,007 

+ 0.005 

+ O ' O I ;  

s-Yc 
(new) 

Co~npensntion. 32 miles Cornpenantion, 60 n~iles Compensation, 100 miles 

H H 

6'  

0.022 1 0.029 ( 0.036 
-- 

dyne 

-0.0.3.3 

- o . o j z  

-0.061 

-0.060 

-0,027 

+o.oo; -0.04; - 0 . 0 ~ 8  -0.010 -0.02: -0.028 

6' 

0.022 1 0.Y29 I 0 . 0 3 6  I 0.043 

-o .ooi  + 0 . 0 1 1  
- 

dyne 
-0.009 

-0.030 

-0.038 

-0 '045 

-0.019 

regard to ~ i g n  
-- 

6' 

0.022 I 0.029 1 0.036 

+o.ofR 

0.025 

0.049 

- o . o o ~  

Mean without 
rcgnrdtosign 0 . 0 2 ;  0'047 0.028 0.016 0,329 0.015 0 . 0 1 2  0 . 0 ~ 8  0 . ~ 3 2  

Ennge 0.097 0.0.34 0.036 0.045 0.071 0.046 0 . 0 2 6  0'036 0,058 

dyne 
+0.015 

-0,006 

-0.016 

-0.o.30 

-0.012 

dyne 
-0.030 

-0-048 

-0.055 

-0.044 

- 0 . 0 1 2  

o ,ooo 

+ o . o 1 6  
- 

d{ne 
-0.024 

-0.042 

-0,049 

-0.0.36 

+o ,ooy  

- 

+0.025 
-- 

0.017 
-- 

0.055 

dvne 
-0.003 

- 0 . 0 2 1  

-0.028 

-0.022 

+o.004 

+o.ooG 

+ o . o 1 8  
- 

dyne 

+ 0 . 0 2 4  

+ 0 . 0 0 5  

- 0 . 0 0 2  

+ 0 . 0 0 1  

+ 0 . 0 1 9  

+ 0 . 0 1 0  

+ 0 . 0 2 0  - 

dyne 
+o.oo.q 

-0.015 

-0.022 

- o . o ~ r  

+o.u33 

dyiw 
+ o . o j o  

+0.031 

+o.o25 

+0.022 

+0.035 

+ o . o 1 4  

+ O . O Z I  
- 

dyne 
+o.o jz  

+o.orq 

+o.oo; 

+o.o16 

+0.056 
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N o  at tempt has been made to give a physical interpretation of this hypothesis. The 
assumption of uniform deficiency of deusity was made to simplify compctation and need not be 
insisted ou. The point is t h a t  by assuming more than complete compensation near the foot of the 
Himiilaya and incomplete compensation under them the  discrepancy between the residuals in  the 
hills and plaius practically disappears. I t  would be interesting to try the effect of the  liypothesis 
on  t h e  plumb-line deflections. It would probably reduce the  anomalies, as the following 
considerations will show. 

A t  Kaliiiua the  observed deflection is 1'' north and the calculated deflection, on the assump- 
tion of normal isostatic compeusatiori, is 3" north, leavirrg an anomaly of 2" south unexplained. 
A t  Mussooree t h e  corresponding quantities are 30" and 17" north, the anomaly being cou- 
sequetrtly 13" north. 

Now on the new liypothesis the  attraction of thc high Himilaya is increased, tha t  of 
the outer hills and that  of the plains within the 60-mile line are decreased. 

A t  K a l i i i ~ ~ a  the attraction of the masses to  the  south is uualtered, while t o  the north the 
over-compeusation of t h e  near masses mill tend to repel the plumb-liue t o  the south aud this 
repulsion will probably more than overcome the  increased northerly at t ract io~r  of the high 
Himiilays. The combined effect, therefore, will probably be a dimitiutiori of the computed 
northerly deflection, thus  reducing the  anomaly. At Mussooree the  attraction of the rrorthern 
masses is increased and tha t  of the  southern masses decreased so that  t h e  corubiued effect mill be  
an increase in  the  computed northerly attraction, thus again reducrng the anomaly. 

The same assumptioll has been tried for the  stations Sandakphu, Siliguri, Jalpaiguri and 
Kisnnpnr. The reslllts are as follo\ss :- 

Station 

Here the improvemeut is not so marked. It seems  roba able tha t  thc deficiency of density 
is greater than  under the Mussooree-Kaligna series, and tha t  i t  does not extend SO fa r  from the 
Himilaya. Thr  point, to be noted is tha t  the deficiency of gravity a t  S i l~gur i  is always greater 
than a t  Sandakpllu or J a l ~ a i g u r i  jllst as a t  Dchra Dfin, with our new assumptrons, ~t was less than 
at Ml~ssoorec and Kaliiina. I n  other words, the deficiency of density near tlie foot of the Lilis 
apprars to be greater than either under the hills or under the  lai ins, thus bearing out the hypothesis 
of the rift. 

~~~- ~- . . . ~ 

Sandakljhll ... ... 

Silignri . . ... 
Jalpaigari . . . ... 
K isnapnr . . . ... 
- - 

Range . . ,  . I 0.087 I 0-072 1 0.053 / 0.064 I 0.042 

(7-7 
(originnl) 

. -- 

d y i ~ r  

$0.048 

-0.039 

-0.0~0 

+O.C39 

- 

8 - Y C  
( I I C \ V )  

Cor~~pcnsnt,ion, 32 111iles Con~)~ensnlion, 60 ~ l ~ i l e s  

H - 1  P 

500" f r e t  6000 fret, 1 5000 Sret I 6000 fret 
- 

6' - 1  6' 

0.036 1 0.013 0 0 3 6  1 0.043 

d y i ~ r  
+0.022 

+0'007 

+0'038 

+ 0'049 

~1.q n e 

-0.014 

-0.034 

-0.008 

+oe038 

dyse  

+0.012 

-0'012 

+O.OIO 

+o'o41 

- 

dy ir e 

-0.005 

-0'019 

$0'015 

A0.045 
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It is believed that  the geological evidence tends to ahow that  near the foot of the Himilaya 
t,lle sub-surface rocks are in compression thus directly combating the geodetic evidence. It must be 
remembered, however. that  geology is only concerned wit11 the density of rocks within, a t  most, a 
mile or two of the sui-face. Geoclesy deals with densities dowil to a depth of 70 miles. 

So far we have only considered the Himlilaya. Turning now to Baluchistlin, we find the same 
phenomena, vir .  excesses of gravity a t  Quetta and Jacobibiid with a deficiency between them at 
Sibi. The excess a t  Quetta is small, and if me are entitled to deduce anything from one station it 
would seem that the Baluchistlin liills are more completely compensated than the Himalaya. 

I n  the Punjtib also we find the great deficiency a t  Pathinkot with excesses extending 
probably light, across the plain from Mian RIir to Montgomeiy. The compensation theoly has 
materially reduced the clifference between the residuals at Pathankot and Miiin Mir respectively, but 
has not by any means eliminated it. 

Let us now tuim to Central India which is the only large am1 that has as yet been examined 
in any detail. The stations of this area are shewn in Class V, and i t  is first to be noted that the 
adoption of the compe~lsation theoly has hardly improved the residuals. I t  is thus difficult to 
determine whether compensation does or does not exist. The balance of evidence seems to show 
that if compensation exists i t  is not complete. The mean values of g-yc tend to increase with the 
height of the station and more so than the Bougier residuals. The table below shows this increase:- 

I 

H e i g h t  Mean g -  y 
C 

above 1500 feet (12 stations) +0'020 

below 1000 fect ( 1  1 stations) 

below 1500 feet (13 stations) 

Mean 9-yn 

d p e  

-0.031 
dyne 

+o.006 

+ 0.01 8 

Now, if g-y, increases with the height, it appears to mean that we are not allowing enough 
for the effwt of sllrface masses or that we are allowing too much for subterranean deficiencies of 
density. The agreement between the mean vnllles of g - f i  for the different heights shows, however, 
that  there is probably no great error in the estimation of the effect of surfnce masses and we must 
conclnde, therefore, that we are allowing too much for compensation i .e . ,  the compensatioil i s  not 
complete. This conclusion is the same as that  derived from the Himitlayan residilals. 

There is another point of agreement betwc~n the Central Indian plateau and the Himilaya. 
Looking a t  the charts a t  the cud, we note the line of negative values from Gaya (No. 29) throng11 
Japla, Maihar to Lalitpnr (No. 55) along the noi-them edge of the main brlt of high density. 
Nortli of this negative belt we havc anotlirr line of stations wliere the values of g -  rc and 9 -  yn 
are either positive or less ncgative than a t  stations inimediatrly to the south. We have clear 
evidence of this along four Iinrs as the following table ~hows :- 

0 Slntinn 

I 

I 

- - . - -. -- - - - . -. - -. 
dylle 

Kaliinpor 1 ro .028  ( Binn 

dynp 

+0.014 

- o  '009 

- 0 ' 0 0 ~  

, d p e  
- 0.004 

- 0 . 0 1 4  

-e .001 
C 

~ ~ I I P  

+ o . o 1 5  

- 0.01.3 

+ o . o o j  

T)nltonpnnj 

.Inpln 

Rn~nrirn~ 

Iintni 

Mnihar 

Allnhilhn~l 

L ~ ~ l i t y ~ ~ r  

dhinni  

Goon. + o'ooR 

Sipri +o.olR 
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The second station of each group shows i n  each case a deficient density compared with the 
iirst and third (this deficiency is also slrewn by the  values of g-r,,), just as stations such an 
Siliguri, lloorlter and Sibi showed deficient densities compared with the stations on both sides of 
them. 

This similarity can hardly be a coincidence; it  seems to prove theexisteliceof a continuous 
line O F  deficient density running more or  less along the  nortliern edge of the Ce~ltral  llldian 
plateau. 

The  edge of this plateau is not  clearly d i s t i~~g~r i s l l ab le ;  iu some parts the ground falls 
gently, as from Bina t o  Jlr&nsi, irl others more steeply as from Maihar to  Allahibid. 

Furthermore, t h e  statious from Knl i i~ lpur  t o  Sipri are all over 1500 feet above rueall 
sea-level, while from Daltonganj to  Sasariim they are  all less then 800  feet above it .  It is, 
therefore. possible illat this belt of deficieucy has no relati011 to the  surface topograplly but  
indicates the  presence of a sub-crustul crack. 

Mre have seen from the evidence of stations i l l  ant1 uear nlountaius tha t  it  seems probable 
that cornpellsation, though not complete, does exist ill some degree. 'l'urlling now t o  coast 
station* we see that  the vallles of g-./,: a t  the three stations for  wl~ich the Hayford corrections 
have been computed do uot help us  to  arrive a t  any definite conclusion. A t  ,Madras the  small 
negative v;ilue ot' y -y ,  is largely increased wlleti  he deep oceau close t o  the  shore is ascurned to 
be c o ~ n ~ ~ e n s a t e d .  At  Coliba the large positive value of 9- yB is practically uualtered s i ~ ~ c e  the  
oceatl bed slopes very gradually and the  effects of the  colupe~lsatiou uuder land and sea respectively 
cancel each other. 

KO *tations inland from Bombay and 3Iatlras have as yet beeu visited so that  n o  data  arc  
availnble as to  the  suhterranran densities iu the ~r~ ig l rb .~u~. l iood .  Assuming these t o  be normal we 
can only explain the  vallles of g- y,: by postulating great over-compensation under the shallow 
Indian Ocean near Col&b~r and ullder-cornpe~lsatiou ullder the deep Bay of Bengal. The residual 
deflrclion O F  the plunib-line in the prime vertical, aFter allowillg for complete comperlsatioo, is, 
however, to\rards the  sea a t  both strltiolls*, aud from this we sllould expect over-compeosstiou 
~ ~ r ~ d c r  botll ocealls. The ol~served deflectiolls depeild o ~ t  the assumption that  the plumb-line is 
vertical a t  Kaliknpur, arid the discrepancy het~veeu the indications of the pel~dulrim and t h e  
plumb-line woi~ld be removed by the assull~ption of  a westerly deflection a t  that  station, for i t  
worild reduce the  arnou~lt  of the  seaward deflect~on a t  Madrag and iucrease t h a t  a t  C o l ~ b a .  

Gravity observations near Kaliiinpur support this assumption of a westerly deflection; for, 
in each oE the three pairs O F  stations, Kaliiinpur arld Binn, Goolla and Lalltpur, Sipri and Jhtinsi, 
the stntiolls of a pair being ])early in the slime 1;1titude, we fiud that gravity at  the western etation 
i~ hizher thall a t  the easteru, giving evi t ie~~ce of a relative deficiellcy of derleity t o  the e a ~ t  of 
Ka1iA11j)ur which wl)uld cnnse n westerly deflection. Thls, hon-ever, is 11ot likely t o  be 1;lrge enough 
t o  c h a ~ ~ g e  the deflection a t  M:tdras from east to west, and to explaiu this detlectiou we must aseame 
a lille of deficiency in1a111-l. 

The two charts I V  and V r ~ t  tho cnd shnw thc variations of gravity from the normal, thc 
first, on t l ~ c  Ih111g11er hypothesis: thc s e c * ~ ~ l d ,  after allowing for corrlpletec~~mpet~sation. The figurea 
agai l~st  e l~ch stntion are in chart 1 V  equ~ll  to (g- y, ) + 0 .030  and in chart V to (g-7c) 
-0.01 1, the correction + 0 .030  and -0.011 bei l~g the mean values of g -% and 9 - 7 ,  a t  stations 

distant fnln high moantains and the sca. The figtme. represelit, therefore. the val~les of 9-7H 
and 9- yc i f  the forrnllla fo r  yo were chn~lgcd t o  

978.000 (1 + 0 . 0 0 i 3 0 2  sinP t$ -0.000007 sine 9 4 )  for the Boriguer method 
and t o  97H.041 (1 +etc .)  for  tlic Hryfortl. I t  is illterestillg 10 note that Mr. [Hapford deduced from 
the values of g - r ,  111 the Ullitetl Stntes of America a n  eqcrntorinl consla~lt of 978.039, 



I t  is at  once noticeable that there is a great similarity betweon the resultti of the Bouguer 
and Hayford methotls of reduction in C e ~ ~ t r n l  India. Note e~pecially the zero line frclm north of 
Sipri to Dnltonganj where the agreement is almost exact. This o111y sllows that, as hns often been 
poiuted out, compensrtion does uot help to get rid of local a~lomalies. The zero liue along the 
edge of the Himilara and Bnluchistan mountains in the compensation chart is the most important 
differet~ce bctweon this chart and that of the Bor~guer method of reduction. 

THE SUMMARY OF CONCLUSIONS. 

1. I t  is alnloiit certain that the Himalaya and otlrcr high moul~tains of lndia arc 

compenssted to a great extent. 

2. It is possible that this con~pe~~sat ion extends into the plain, tlris beiug suggested by the 
liue of deficient deusitg along the foot of the hills. 

3. Gravity determiuations do not at  pleseut tl~row much light ~ I I  the question of ocean 
cornpeneation. The plumb-liue, ho\vever, leads us to believe that such exists. 

4. The Ceutral Illdiau plateau tutry or may lrot be compensated, the residuals by tlre two 
methodo agreeing clouel!. with each other. Over the greater part of this area gravity is relatively 
iu excaes. 

5. It is probable that a liue of tleficieut drusity cxists immediately to the north of tilt. 

hidden c h a i ~ ~  ". 
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