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n 
. . PREFACE TO T H I R D  EDITION. 

Thirty-six years have elapsed since the  of the first edition of t h e  Auxiliary 
Tables of this Department, which was issued in 1851 dnder the title "Tablcs t o  facilitate the  
"computations of a trigonometrical survey and the projectioll of maps for India. Cornputed 
<'and al.raaged by Babu l t a d h a ~ ~ a t h  Silidllar, Cl~ieE Computer i n  the Surveyor Gcnernl's Ofice." 
T l ~ i s  edition contained but seveuteen tables, two of which consistcrl of symbols, for~i~ullr:  and con- 
stants'. I u  1868 this was "revis&l a ~ ~ d  extended under the directiou of Lieut.-Colol~el J. T. 
" WalliCr, R.E., F.R.S., kc., Sl~pcr i~~tcnde l l t  of the Great Trigonometrical Survey of India, by 
'" J. 13. N. I-iennessey, Esq., F.R.A.S., I)cl,uty Sul)crintendcnt 1st Gmtle, Great l 'r igo~~ornetrical 
'3 . Survey, i u  cllarge Computing Office," and issucd as a second edition under t l ~ e  title of " Auxiliary 

"Tables to  facilitate the calculatior~s of the Survey Department of India." 'I'l~is cditiou con- 
tained twenty-six tablcs nllicli \\-ere also, lilie those of tile first edition, co~~f incd  t o  the rcqoire- 
ments of n trigonometrical survey and the projcction of maps. Since lSG8, I~owever, tcu other 
t a b l c ~  were from time to t i m e  added, whicli were ge~icrally nunlbered in col~tiuuntiou of tlle 
twenty-six as they mcre brougl~t  out, and now that  the 1868 edition has becn exl~nnsted a ncw 
if:ue is.imperativcly called for, whicl~ of necessity requires a new arrangement of t l ~ e  old tilbles, 
grouping those togetl~er which relate $0 the same subjects ; so that  i t  has bcen impossible to  rctain 
the. 6ld familiar numberiug by wllich many a tallle was popularly designated in  the dcpartnrent. 
Tllc present issue ismoreover somewl~at, enlarged ill scope and includds tables that  will be uscful 
to%cogmphical explorers and save tllem t l ~ e  trouble of carryilrg other and perllaps cumbersome 
com~ilati'onu; while a t  the same tlrne it includes sd'nle new tablcs mithin the old scope wlricl~ will 
also be found useful. Tlie range of latitude-where i t  is the argument-has becn somcml~at 

' enlirged, slid now extends in  all cases from the eql;ator t o  4.0°, except in  tables S X I X ,  XXX 
and XXXVI to X L I  inclusive in  ml~ich i t  extends to  46'. 

This cdition contains sixty-three tables of which the following nnml~ers  were to  be found 
in the previous editions with the less extended range of latitude :-I, 11, 111, V to XIV,  X X I V  
t o  XXX, X X S I I ,  XXXII I ,  XXXV to XI, and X I I I X - t o  L I .  Four  col~cise tables, S L V  to 
XLVITI, occupying but one opelliug now take the place of the more vo l~~miuous  titble of Mile 
Equivalents i n  Feet and Links. 

A set of four Star  Charts containing all the stars of the first, second and third magnitudes, 
originally publisllcd by Gencral Walker in  1873 for the use of geographical explorers, has been 
reduced to a suitablc scale and inscrted in  this edition. 

For the assistance of the ortlinary conlplitcr the Tables are preceded by the usual cxplana- 
tions regarding thcir use, and thcsc are now supplcmentcd by ndrlitional rsl)lanations ill snraller 
type, sllewillg how tllc tables themselvcs or t l ~ c  formulre on which they are based llave been ob- 
tained :. with t l~ese tlic ordinary computer nccd l ~ a v e  no concern. 

T O  assist officers employed bcyond t l ~ e  Pronticr in rcducing the astronomical observations 
thz! may req"& t o  be talien, a fcw crnmples of such calculations are adtled in  an Appendix. 

The preparation and printing of t l~csc Tahles l~nve I)een accomplisl~cd i ~ n d c r  the snperin- 
tendence of Mr. W. 11. Cole, nr.n., Dapnt,y S i ~ ~ c r i n t e n d e n t  in  cl~;lrge ot' tlle Colnputing and l'rint- 
ing Officcs, but my ~cl inowl~tlgmcuts  arc also tlue to Mr. J. Eccles, nr.,,., Assistallt Superintendent, 
for  thc preparation of tlle explanations nud al,pendis aud for  the trouble IIC has talien to  mnke 
them as coruplete as possille. 

July 1887. 
C. T. HAIG,  COLONEL, R.E., 

Depulg Szirveyor General, 



PREPACE"TO'FOURTI-I EDITION.  

The first edition of these Tables was issued in 1851, the second i n  1868, and the third i n  ' 
1887. The preface to  the third cditior~, which has been reproduced on page 3, shows how the 
ta l~les  were gradually expanded between 1881 and 1887. 

Siuce 1887 addenda have been ~ r i u t e d  and circulated a t  various times, and these have 
been incorporated i n  tlie p r e s e ~ ~ t  edition. 

The principal differences hetwcen t l ~ e  present and the third editions are due to  the  cbanges 
that  have I~eeri rccently made in tlie methods of projecting maps. Tlie projections whichmere 
f o r ~ ~ l e r l y  used for  the atlas sheets and for the general maps of Intlia 1lalre bee11 abTndoned ad* 
unsuited to  the wide extent of longitude tllat has come t o  be iucluded i n  Indian mapping. 

The modification of the secant conica! projection, which was introduced by Colonel .Gore 
1. 

in 1900 for  the  construetion of a Map of I ~ i d i a  and Adjacent Countries on the scale of ---- 
1 U00,000 ' 

0 5 .  , 
has been recently adopted by Colonel Longe for all maps on a smaller scale than that  of - 

1000,000 ' 
I n  accorda~~ce  with tlie resoll~tion of the Internatiounl Geographical Congress tl& - .  - 

assembled a t  Uerrle i n  1891, i t  has been decided to adopt a.polyconic projection for maps 09 the . . 
scale of 

1000,000 ' 0 

The polyconic system was first introdpced into the Survey of India by ~ o l o n e l . ~ l a ~ k ~ r . :  
under his original desigri the central meridin11 of a map was amstraight l i ~ ~ e ,  and al?'otherg,mere , 
curved aud concave to the central meridiari.: this however was f o u ~ ~ d  to be inconvenient, as9no 
two contiguous maps coulcl be placed topetl~er so as to  form a siugle map, a ~ l d  eventually G e n e ~ a l  
V'allter ~,eplaced tlie metl~od try a modified polycouic projection, i n  which all meridians weJe 
straight lines. '!he latter system has for many years been employed in the Survey of India for 

topographical maps, and i t  will be used in future for all maps on the scale of - and laige: 
1000,000 

scaleu. 

The several scales, for which tables of " Graticules of IIIaps " have been constructdd'ii 
this editiori hare been detr.rn~inetl from the following consitlerations :- 

( ls t lp) .  I n  the Rrport of thc Survcy Committee publislied i n  1906 a list of the maps 
t o  be i~nclertalien l)y t l ~ e  S ~ ~ r v e y  of India  was proposed. 

(9ndly). Aa i t  was undesirable t o  fold the margins of sheets, when two or  morc were 
being photographrtl o n  one nrg,ztivc, it  became nec-cssarp, i l l  the case of maps bring prcpnred Tor1 
retluction, to  arr:rnge that  ewry  complcte map sl~ould be dr:tmn on a singlc shcet of drawini  
paper. 

(3rdly). The maximum size of a sheet of drawing paper, which a draftsman can con- 
ven~ently l~audle,  I ~ a d  to I)c cst~mstcd.  

h \ 

The prrl~nr:rtion and printing OF the tables of this edition have becn accomplished u i d e r  
t l ~ c  s1111c~ri11tei1ilt.11~ of Mr. J. I'.CCIC.S, ~r.i\., S~~~)cr in te l l t l cn t  of the S ~ ~ r v c y  of 111dia. The changes 
that  have 11ce11 latcly 111at1r in the ~ ) r o j r c t i o r ~ ~  of 111dian maps have nrcessil:~tcd thc recalculation 
of trlally t:~l)lcs, hlr .  1Serlcs is :I recog~~iscd allt.horit,y on the sul)jcct of map-projclction, and hir. 
kr~owlcdge has hren of g r e ; ~ t  v:~lue both in a s s i s t i ~ ~ g  t l ~ e  Sllrvcyor Gcncral to  dccidc on the new 
projections, n ~ l d  ill thc c o m p ~ ~ t a t . i o ~ ~  of thc data, for thc ncm tables. I Ic  assisted (!olonel Gore 
i n  tlrsignir~g the sccallt-co~~ical projection for  India i.n 1900, and Ile has prepared tlie e x ~ l a n a t i o ~ ! ~  
of the projectio~ts for this edition. 

1)errna DUN 

March 23rd 1906. 1 S. G. BURRARD, LIEUT.-COLONEL, R.E., 

Superintendent Trigonomefrical Surviys: 
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SYMBOLS AND FORMULE.  

a = Equatorial radius of the earth. 

b = Polar radius JI 11 

X = Geodetic latitude. . . a - b  
c = Compressiou or ellipticity = ----. 

e = Eccentricity = (%-TI '. 
' .. " 

v = Normal to the meridian at A terminated by the m h o r  axis 
. 

. .  

p = Radius of Curvature 'to the meridian at A 

. . *  
p, = Radius of Curvature of an oblique section at an azimuth of A in latitude k 

1 ^ -  1 

CONSTANTS EMPLOYED IN THE CALCULATION OF T R ~  TABLES. ' ' ,-' 

EVEREST'S CONSTANTS, I ~ T  SET. . . 
See Account o f  the Measurement of an Arc of the Meridian betrueen the pnrallels o f  18' 3' 

and 24" 7') A.D. 1830, page 115. q 

a = 20922931.80 feet . . . . . . . . .  log a = 7.320 6225 395 . 

b = 20853374.58 ,, . . . . . . . . .  log b = i.319 1763 443 . . . .  

1 
e = 0.003324449014 = 300.8 -- . . . . . . .  log c = 9.521 7196 767 

en = O 00663784607 . . . . . . . . . .  log ee = 1.822 0271 770 . . .  

(1-3) = 0.99336215393 . . . . . . . . .  log (1 -e3) = 1.997 1076 098 . ~ 



AUXILIARY TABLES , . 

* b 

TO FACILITATE THE CALCULATIONS 
0 e 

, O F  T H E  

, ,  
SURVEY O F  INDIA.  

EXPLANATION OF THE TABLI~S. 

TABLE I.-Normals terminated by the   in or ' ~ a i s ,  and tlteir Logarithms. 
*: 

Thc Normals are given for every 10' of latit~lde betmecn the parallels of O0 and 40" to 
the nearest tcnth of a foot, and their logarithms to nine places of dccimals. 

!Wo formula by which they have been computed, ti:., 

, f:(lowe n t  onco from tho simplo geoniotrg of t,ho ellipse, a being tho acmi-axis mnjor of the ellipae, e the eccentricity 
and v the normal nt point wliose lutitudu is A .  

The argumcnt with whicl~ to enter the tablc is the given latitude, and the corresponding 
' Nbrrnnl inrlst bc fo~i~l ( l  by iritcrpol:~tion eithcr iu the ordinary way or, where extreme accuracy 

is reguired, according to thc mctl~od exhibitcd iu the foot note on the next page. 

EXAMPLE.-TO find the Normal at  a point in latitudc 9' 15' 25".7. 

, lo. Approximately 

In latitudc !I0 10' . . . . . . . . . . . . Normal = 90924694.4 feet 

' (Diffcrencc L Gi. 1) x 6l.4.3 . . . ,.. . . . - - + 34.8 ,, 

Therefore in latitudc go 15' 25"-7 , Normal = 20924729.2 feet 



EXPLANATION OF TABLES. 

2'. Rigorously* 

If F = the value of the Normal corresponding to 9' 10' 0" 

where n = 5' 25".7 reduced to the decimal of 10' 

= -543 
= .  

the formula in  the Note gives - 

. " 
* NOTE.-0th I ~ ~ l e r p o l a t i o ~ ~  69 D~~ere i zccs  of airy order. 

(See Chnuvenet'a Astronomy Vol. I.) 

Let i t  be reqnired to det,ermino intermedinte vnlues oE a function from tabulated value8 corresponding to equidistant 
values of the rnrilrble on which tlwy depend. 

Lot T, T + to, T + 210, T + 3 7u, &c., express eqaidistnnt value3 o? tho variable. F. FC) ,  F(?), F(3), kc., coriee- 
ponding vnlr~es oE tho given fondtion, and let tho drfferences af the. first, secolld and fol lo+i~~g orders be formed as 
expressed in the  following tnblo :- . t 

Argument , 

T 

T + lo 

T + 3 w  

T + 3 w  

T + 4 r o  

T + 5 w  

T +  G t o  

Fund ion  

F * 

F(') 

F(') 

F ( 3  

F(') 

F(") 

F(") 

1st Diff. 

0 

0 (1) 

' 

a t3) 

a ('1 

a ("1 

2nd Diff. 

b 

b(') 

b (?) 
' . 

a(=) 

a ('1 

3rd Diff. 

C 

c (1) 

c(?) 

4) 

6th Diff, 

e 

4') 

. . 
Thcse d~ffermces nre fount1 by subtrncting cnch number From the one below i t  nnd llre proper ulgebrsical signs muat 

he ptcfixed. T h e  rlltfurences of n ~ ~ y  order are Eound from thoso of the preceding ordcr In the samo manner' ni the first 
Morences  are found from the given functior~s. 

The even d~fforcnces (2nd 4th, kc.,) fall in the same lines ns tho nrgumel~ts and functions and the  odd d~fferencos 
(lot, 3rd, kc.,) betweon Ll~ese I~nee. . . . . 

Now, denoting tho value of thc function corrcsponding to n vnlue of the argument T + nw by ~ ( I L )  me hevo by 
~ I g e b r a  

in which t.lre cor0irirats tare those of the nt,ll power of n hinominl. If n be tnkl :~~ succcs~ively 0, 1, 2, 3, kc., k e  shnll obtain 
tho function F, P('). F('), F('), kc., and intermedinte vnlues nro Eound by rlsing I'mctionul vnluca of n. 

Tho formula is usunlly applied only to interpolating belweon the function from wlrich r e  eet out end the  next follow. 
ing one, in wlrich oase n is less than unity. 

To find the proper vnlue of A in each m e  let T + t be the vnlue of the  argument for which we wish to intorpolate a 
rdns of the function: then 

t 
n w = t  and n = - -  w  

t h r t  is, m ia the value of 1 reduced to s fraction of the  interval ro. 

E~&~~r .m. -Supposc  that,  instead of bAing given for every hour it is, lhe Moon'n Right Ascen#ion had been given 
in the Pieut~cal Alrnanmc for evory Lwelfth hour M follows :- a 
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where the Ist, 2nd, and 3rd differences, a, b, c, are found from the following data given 
' in thc table : 

. fi Differences 
1st 2nd 3rd 

In latitude 9' 10' . . . Normal = 20924693.4 
+ 64.1 

# ,, 9 O  20' . . . ,, = 20924'768.5 + 1 . 1  
. . + 65.2 0 .0  

,. . 
a Hence tlic Normal at a point in latitude 9' 15' 2 Y . 7  is 20924729.1 fcet. 

.'I . 

h 
1905, January 1, O 

7 ,  , ,  1, 12 . , , 1, 2, 0 

,9 ,, 2, 12 

s . 1, 3, 0 

,, ,, 2, 12 

1sL Diff. 

n& s 

+ 27 34.89 

27 47.50 

2; 58.01 

28 5.11 

28 7-63 

2nd Diff. 

S 

+ 12.61 

10.51' 

. 7 . 1 0  

2.52 

3rd Diff. 

S '  

- 2.10 

3 .41  

4.58 

6th Diff. 

S 

+ 0.14 

Hcquiwd thc 31oon's Right Ascension 011 Jnnrlary 1, at Gh. 
3 

Gh 1 
IIcro T=Ja~luary 1, Oh; t=611; ro = 12h, :. $8 = ,Z,b - = -. , and if wo donate lhe coefficionls oE a, b,  c, d,  e by A, B, 

C, D, E, we have 

e = + 0 0.14, n - 4  7 E = D 3  + - ~ - -  
5 256 ' Ee - + 0 0 0 '00 

. )  I 

Tllorofore -- 

1 
D'e R i g l ~ t  Ascension on January 1, 1005, at 6h =8(4) = 1L 18 21.40 

' which is Lhc vnluo gircn in tho Nnuticsl Almanac lor that h o w .  
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TABLE 11.-Radii of Curvature to the Meridian, and their Logarithms. 

The Radii of Curvature are given in feet for every 10' of latitude between the parallels 0' 
and 40' to tlie nearest tenth of n foot, apd their logarithms to nine places of decimals. 

The formula by which they have been oompoted, viz., 

follows very simply from that given for v on pege 9, p boing the Radius of Curvature to the meridian at a point whose 
latitude is A. 

The argument with which to enter the table is the given latitude, and the corresponding 
Radius of Cnrrature must be found by interpolation in exactly the same may that the normal is 
found from Table I. 

. . 
(p + v ) ~  cosec l a  TABLE 111.-Logarithms of the Factor for computing the Spherical ' qP' v" , 

Excess of a T~.~anyle. 

The Spherical Excess of a triangle ABC may be found mith all nece.rsary accuracy from 
any one of the formulm 

cosec 1" . 
e" = a b sin C x 

2 (ratlius)' ' 

c2 sin A sin B cosec I" 
eN = X --• 

sin C 2 ( r a d i u ~ ) ~ '  

cosec 1" . 
e" = 2 area 3f triangle x 

2 (radius)" 

where en is the Spherical Excess in seconds. 

co-ec 1If 
The factor, , has been computed with a radius = P V - - -  ?P v 

'I( 111s)~ p cos? 45 + v .sin"l,5 p' +' v' 
the radius of curvature of an o b l i q ~ ~ e  section passing through the centre of the spher'oid and 
having an azimnth of 45O, where p i s  the rndins of curvature of the meridian and v the normal 
terminatcd by tlie minor asis, for the mcnn latit~cde of the triangle, p and v being taltcn i11 feet. 

  he factor thus becomes ' P  + 

v ) ?  COSCC 1" , and its logarithm is given in th6 table to five pl'aces 
8 p2 v2 

of decimals for each degree of latitudc from 0' to 40'. . 0 

EXAMPLE.-For a triangle of mliich the mean latitude is 24.28 :- 

i 
log a iu feet = 4a.97561 

Given log b ,, = 43.98631 

log sin C = T?3iO54 

Tabular log for lat. 2.1.O.28 = 50.37-1.07 

e" = 2".020 Sum = log e" = 0.30546 

The correction to he applied to each of thc ol)scrved angles of a triangle on account of 
I?'' 

the epherical excess of the triangle is - - when the lengths of t l ~ c  sidcs do not exceed 100 miles. 3 
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TABLE 1V.-For determining the Spiterical Excess in  Secondary Operations. 
# 

This table* is intcndcd to be used only i n  Secondary Operations where the Spherical 
, Excess is not required with greatcr accuracy than the nearest tcnth of a second, or i n  observations 

t o  distant snow peaks when thc nearest second of Spherical Excess is sufficient. 

I n  using the table the area of the  triangle will be found with sufficient accuracy by 
' 

, measuring the base and perpendicular with a pair of compasses from a working chart and taking 
a b thcir lengths from a scale. 

. a ~av:ng  obtained the area, enter the  table with i t  as the argument, and the  Spherical Excess 
will be fonnd i u  the column correspollding to tlie mean latitude of the triangle which need not 

.'. Be linolvn with greater accuracy thau tlie nearest 5'. 

. Ex,inrr~e.- To find the Spherical Excess of a triangle whose area is. 545 square miles i n  
mean latitude of 26". . b 

For area of 500 square miles . .. Spherical Excess = 6". 60 

, , ' T o r  area of 54(5 squire  miles . . . Spherical Excess = 7 20. 

: , Therefore 

Sphcricnl Excess of thc triangle = Y . 2 .  

. d T h e  tnblo is f u r t l ~ e r  11seFrt1 in rendily cnlculating with fair npproximation t b e  effect oE neglecting spl~ericnl 
erccss'iu a t r i tmgula l io~~ of some ulngniludo. 

. Suppdso t l ~ n t  n trinngulnlion of tin nvcrnRo midt.11 o l  5 milcs proceerls, nt  nny nzimutll, for a distance of 200 miles, 
then the sphcricnl excess upl11ic;~blo is 13" oE w l ~ i c l ~  ono hnlE or s t ~ y  7" IIIUY bo upplied Lo cach flauk. 

Tho c~mpul.atiohs being mndo with plnne n ~ ~ ~ l e s  will give erroneous ~ n l u e s  of tho ozimllth of t.110 t,erniinnl sidr, t l ~ n t  

obtninod from Ll~c f ] tlnuk being too f :;;:i!,tl by llnll the spbcricol excess (=7"),  while tho differenr:~ in l s t l t r~des  

, , and I$ugitudcs will dcpc~ld  on tlio direction in wlliclr the series r11ns. 
4 9 ' -  ' 

' ' 1st.-For n ~ l e r i d i o h a l  Scrics. 

Tllo latitudes of tho two cstremitics of tho terminal side will be insensibly nffected. 

. . Tho lorgitudo of lllc { ~ ~ , " R ~ ~ ~ n  ) 
extremity will be ["O" s'llnll \ 7" 

,, great ) 
by the  subtense of -- a t  200 miles, i .e .  by 

2 
171 fceL or 0".19. 

2nd.-For a Longitudinal Series, 

Tho longitudes of l.l~o two cxtren~itics would bc prncticnlly unnllectcd. 

Tho lnt,itudo of tho (l~Ort'l'Crn \eoaLllern ) \ cstreniity would bo ~~~~~ ) 4 B e  aubtsnse of :at 7" 200 milea, i e .  by ,, 2 
176 fccL or 0",17. 

3rd.-For n  cries in a dircct,ion wl~oso az imut l~  is A. . 
I n  I.l~is cnso, lor r n c l ~  rstretnil.y of 1.110 tcrlninnl sicla tho eubt.cnee of 17i feet will bo dirided u p  between the 

latitudc nnd longit,r~dc in t l ~ o  proliurtion of sin A :  cos A. 

It, 1n11st nlso hn notrtl Illat if 1 . 1 1 ~  l r n ~ t l ~  of 1.110 trrlninnl sitln mero rornpnt,cd from tlle latitudoe and longi- 
tudcs, it noold bo 36 feet iu detecl, of t h a t  gireu by tho lr iangulsr calculuLions. 
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TABLE V.-Reciprocals of Numbers to facilitate the Computation of Peights of Observed Angled. 

This tahle has been prepared for use in the calculation of 'weights of observed angles' 
which are employed in the reduction of .geodetical figures by the 'method of least squares '. 

. The table has been so constructed that each number in the second column is the reciprocal, 
to two places of decimals, of all quautities between the corresponding upper and lower numbers in 
the first column. 

Thus the reciprocal of 8.000 being -125 

any number between. 8.000 and 7 -407 has a reciprocal between 125 and -135, i.e. - 13 to two 
places of decimals ; and any number between 7.407 and 6.897 has a reciprocal 14. 

TABLE V1.-Logarithms for facilitating the Computation of Terrestrial Latitudes, Longit7:de.v 
and Reverse  azimuth^. 

4 

This table gives the logarithms of the quantities P, Q, R, S, T, U, V, W, X, Y, Z used in 
the forms employed in this Department for the computation of terrestrial Latitudes, Longitudes 
and Reverse Azhuths .  

The forrnnlm on which the calculations aro based aro due to Paiseant and nre demonst,rated in Lhs "Measurement af 
the Meridional Arc of India, 1847 " by Colonel Everest and also in Vol. I1 of the Account of the Operations of the Q. :T 
Survey of Zirdia. 

Suppose that A and B are two stations and that the latitude and longitude of A and the 
azimuth of B from A are given, together with the distance at the mean sea level between the tno  
stations, and i t  is required to compute the .latitude and longitude of B and the azimuth of A 
from B. 

We have given :- 

A = latitude of A, 

L = longitude of A, 

A = azimuth of B from A measured from S. by W. round the horizon, 

c = distance at mean sea level between A and B, 

and we require :- 

A' = latitude of B, 

L' = longitude of B, 

B = azimuth of A from B measured in thc same way, 

If we put 

It will be seen that we require the differences 

Ah, AL and AA 
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each of which consists of four parts :- 

P 81 A, 8 2  A, 63 A, 64 A, 

a 0 
The formulre lor A A, A L and A A as given i n  Vol. I1 of the Account of the Operationr &c., pages 116 t o  116, are 

* as followa :- 

[- COB d cosec 1" 
. , 

I 1  c? --- sin2 A tan  A cosec 1" 
0 '  

1.2 p . ~  
A A = i n  aeconds of arc 

3 c2 e2 ---- cosZ A sin 2 A cosec 1" 
4 p . v  1-ez . b 1 c3 ( + F;j sin2 A cos A (1 + tan2 A) come 1. 

c sin A 1- cosec 1" 

1  c2 sin 2 A t.nn A . coeec 1" 
l . B v Z  cosA 

*A L = in seconds of arc 
, . cl (1 + 3 t,an2 A) sin 2 A cos A cosec 1" 

C 0 8  A 

1 c3 2  sin3 A Lon2 A 
cosec 1" 

1.2.3 2 cosA 

where p is Lhe rndille of curvature of the meridian and v tho normal terminated by the  minor nrie, both a t  A, and e tho 
eccentricity oE the ellipse.' 

@ ' , I n  theno formulm put, 

+ 6 , ~ '  I + 6,A 

+ 636  

+ & A ,  

. 
. '  

. - o A'- in seconds of nrc 4 

cosec 1" p - .  1 , &=P.  n - - .  8 = z s e c ~ - L .  T =  ( 2 t 8 n 2 A + I )  c O ' A c o e A .  
P  v '  ZP ' v '  P 2 ' 

\ 2 . 3  v' 

I C  - - sin A tan h cosec 1" 
v  

1 c2 e? c o s ? ~  
+ g 7 ( 1  + 2 t a n z A  + -) ~ i n 2 ~ c o s e o l *  

c3 6 tnn A . - - (6 + tan1 A ) --Z-- s ~ n  2 A cos A cosec 1" 
v3 

1  c3 + - - sin3 A tan h (1 + 2  tan") cosec 1" 

, . p  2 (1  - e2) sin A cos A v 3 e2 . 
E ~ C ' A  C O E ~ C  A - - -. 

v2 3  e2 ' 
9 = (2  tan2 A + - 

P  
6 - + tan2 A 

1 1  1 
G - + tan2 A - ,+ tan2A 

w =  a i n ~ ;  ~ = - ( i  2 t.nn2 A src A p z = 
2 

1  6 1 + 3 tau2h v  ' toll A scc A ' 
c o t A L ;  YE.----. 

P  - + t n n 2 h  . 
3 

- + tan' A 
ti 

3 * Tlie nbove values of AA, AL,  nod AA are only the  first three tornis of infin~te series in which racb of them rosy 
be oxpnndrd. The rnngnitudos oE tho noglcctrd I.cl.ms depend on c nnrl A. I n  tlio operntions of this Burvry c averages ' ' nbout 30 miles i n ' l ~ i l l ~  tracl.s n11r1 11 miloe in tlio pleins: n very fern of t,ho sidcs of principal trinngles exceed 60 miles 
but not ono .is as p e n t  as 70 miles : the latitude A ranges in tho Tnblee Erom 0" to  4~3~. If then wo take c = 70 miles .. . 

A = 40" ntld comput,e tho maximum vol~ies of tho terms in 4 (Erom tho formulm ne given in Val. 11, page 119) we 
* find tllnt, t.llcy nnfl blio nzimat1!~ on wllicl~ they occur nre ns followr.:-in Ah, .0".002C on nzimutll 40" 26'; in AL, O"tl079 

. ' on azimuLh 23" 60'; in A A, OV,0087 on aziruulh 24' 21', wkich are witlrin tho limits of ine t rument~l  errors. 
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The terms 6,k1 &c., 6,L1 &c., 6,A1 kc., assume the forms :- 

8 , X = P . c o s A . c ;  6 , L = S , x . Q . s e c h t a n A ;  S , A = 6 , L s i n ~ ;  

6, X = 6, A . R .  sin A .  c ;  6%L = 6, X .  S . cot A ;  6 , A = 6 , L  . T ;  
6 , x = 6 , A . V . c o t A ;  6 , L = 6 , X . U . s i n A . c ;  6 , A = 6 , L . W ;  
8 , x = S 3 A . X . t a l l A ;  6 , L =  6 , x . Y  . t a n A ;  6, A = 6 , L .  Z ;  

wliich are the espressions used in the form for computation. I t  will be noticed that by this 
mctl~od the terms are fou11c1 co~isccutircly each from the preceding one. The proper signs to be 
given to thc quautitics will be found in Table VII.  

Each of the quantities PI Q is given i n  logarithms to 7 places of decimals I for every 10' df 
)I )I R, SI T IJ 5 II )) latitude from 

0" to 4$0°. 
>J I u, v, WI XI YI z '  I, 3 I1 J ,  

For latitudes other than those given in the table the {uantities must be found by 
interpolation. 

EL~AIPLE.-TO find P for latitude 24' 8' 3".723 or  240 8'*062. 

From the table, P for 24' 0' = 5.9959792 

Tab. difference for 10' = - 94 ' . ,,' 

-Therefore  ,, 8 ' . 0 6 2 = - 8 . 0 6 2 ~ 9 - 4 =  - 76 . 
- 

Therefore P for 24' 8' 3'p. 723 = 5.9959716 

The other quantities must be treated in a similar way. 

To illustrate the use of this table me will now give examples of computations of latitu&, 
longitude and reverse azimuth both of a priucipal and of a secoudary statioli. 

EXAJIPLE 1.-Principal Triangulation. Givcn 

Latitude of BhaorAsa = 24 8 3.728, of Pirdho = 24 16 17.867 

Longitude ,, = 78 3 7.913, ,, = 77 48 40.557 
0 ,  I /  

Stations 

. -- -- -. 

Bhaorhsn H.S. . . . ... 
Pirdlio H.S. . . . . . . . , .  

Hnndinp5ro 1-1,s. . . . 

Azimuth of Handiapiiro at  Bhaoriisa = 178 13 63.888 

) J 11 PCrdho = 232 33 4,7.353 
I n  case of atljnstccl triangulation these aximnths are dct111cctl in onc may only on thc 

margin of tlic form as the values rcn~ain t l ~ e  samc mllicllevcr rolitc is ndoptctl to dcrlucc tl~cm. 
But in  casc of uriatljnstcd triaugulation two values of A are deduccd 011 the margiu and thcir 
mean uscd in the computatiou. . 

Sphericnl Angles 

0 1 11 

56 22 7.472 

69 8 3.4'72 

541 29 51.076 

To find the latitude and longitude of Handiapiro and the azimuths of Bhaorlsa and Pirdho 
at Handiapiro. 

Log Sides opposite Angies 

.-.--..A- -~ - -. . .-. 

' P e ~ t  
4,. 9853089 

6.0354039 

' 4.9755350 
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a ~ O ~ ~ P U T ~ T I O N  OF LATITUDES, LONGITUDES AND AZIMUTHS OF P~~INCIPAL STATIONS. 

-J + i Z  
\ .  I If/ 1 SLn. A, Bl~aoris i  H.S. Stn. B, Hnndirplro A S .  SCo. A,  l?irdio L 8. Stn. B, Handiapim H.S. I e 
-- 

I 
Om 

. b  + 
n It II . -- 
a 7 ' '  

.rCl 
0 , I ,  0 1 '1 

I' P 3.9959716 An = 24 8 3.728 P 3.9959639 h A  = 24 16 17'867 
cos A i ,99980~9 Ah = + 17 54.4U4 cos A 1.7828307 - - . - Ah = + 9 40.264 

= 24 23 s n . 1 3 ~  c 4.9853080 .- 
Ag = 24 25 58'l:il  

. 
+ 1054'42Z7 (6, A) 2.7041035 + . , 580'9028 

LA = 77 48 40.557 
AL - + 13 51.507 

-- L a  = 78 2 :32,3(j.& 
35 '4G57 (6, L)  2'9194i30 + 830,7531 

dil l  A 1,6115937 S I I I  A i.6139084 - + 341.4927 
180' + A - 52 39 47.;453 

AA.= + 5 4.2.992 
c .5'03540 

A~ = 24O a( 3".728 A = 178' 19' 53O.888 

LA = 78 3 7 9 1 3  Log r = 50314039 

- 

An = 21' 1C' 17".867 A = 232' 39' 47O.353 

LA = 77 48 40 ,557 Log c = 4.9853089 

-- B = 52 46 3U.345 
*; ' - - 

, ( 1  (6, A )  G y 8 T  - '0000 (6, A! 3.320 - ,0021 
Y i .436 Y 1.440 
11n A 2.491 t n n A  0.118 

- 
" I  E 

* ( 6 L ) 8 . 5 6 4  - 
, -L + '0000 (8 ,  I,) 4.578 - .0008 -- * B 0.155 % 0.153 -- ll.l:l 1 ( i 4 d )  i Y l 8  + '0000 (6, A) 3 . ~ 3 1  - .0011 

m p .  

Deduced Stntion 8, I I~ndinpiro H.8.  Deduced Stntion B, Hnnclinpiro H.S. 
, 4 

Aziniut,l~ of LnLilude Longitude Pirdllo 

-- 
O I  I 0 , .  0 ,  X 

I I 
0 # I ,  

l s t  24 25 68'132 78 2 32 364 358 15 31.269 
2 1 , ~ ~ , 1 , ]  .,. ... 62 45 30.345 

,131 . .364 ... .345 

- - &rean 24 25 58.132 78 2 32.364 358 16 39.2(;9 hlean q - , * -  . . . ... 62 45 30.345 

I I 

- . (ti 1) $,'05843 .00 l l  
S 0.33d35 I 

rot, d 1.51868 - -- - . -- - 
(6, L) J.!J1540 - -- 

'0923 
I' 0,15624 
1 6 , ~ )  i . 07150  - '1180 

-lr--a.72~1 
rot A 1,519 
(-BID - '0208 
-- - 
U G.869 
sin A 2.481 

V C  , .-5,035 
(6, L) 4,701 - '0005 

\ V i . 8 9 9  
@ : r i ~ ~ 0 3 -  - .no04 

- ~ - . ~ i . 7 ~ 3  
111nd  8.481 .. - -.-L 

5- , , 

- . 

- -- 
(6, A) X.i9361 . ti304 
S 0,33882 
cot A i.SS2.42 

f 1.0492 (6, L) O'U2085 
'1' 0.15458 
(6, .i) 0.1i543 + 
-- 

-- 1 '4977 
v 3.728 
cot. A 1.882 
(6, A) 3.785 - .006 1 
U B;870 
sin A 1.900 
c 4.985 
(6, L )  3.540 + ,0035 
1 '  i ,900 
(a, A) 3.4.40 + .On28 
X i .762 
tnnA 0.118 

@ 

II 
cl 

$ * 

I 1 1  --- - 



I LB = K 0 3 3!1-728 I LB = \V 0 4 3.OcK, I =W 0 fi 1i;.:c;n I 
ROPE:- 1. W l ~ r n  S I H ~ I O I I  A is very close to  t . l~e Eq~rnl.or, i . ~ ,  \vl~en A A  is very eolnll, tile qunntil.ies 'l', V, U, W, X, Y n ~ ~ d  Znre  Lobe 

EXPLAXSATION OF TABLES. 
< 

. . 

C O ~ I P U T ~ ~ T ~ O N  OB LATITUDES,, LONGITUDES AND AZIMUTHS OF PRINCIPAL STATIONS. ' 

(Witen botli Stations A and H or one o f  them a!.e in  ~ h u t h  Latitude or Wes t  Longitrrde or in  bo th )  

e o r r r l ~ ~ t * ~ l  rrom tlre i 'ol .~n~~lrc on p. 15 instcntl of inlerpoll~t.inp.- 
2. T h e  L n t i t ~ ~ r l e  Nort.11 or  SOIIIII  nntl llle Longit,utIo Ellat 01. Weet. should nlanyn bo connidcrrrl posiliie. 
a. When Ah con~es  o r ~ t  ncpnlivr nrrd grcnter t l ~ a n  the  Lnlitude of A,  the diflerencc is the  Lat.it:utlo of 1li3'deduced nt~hion 

8 on the  ol.l~er side of tlre Eqnntor. 
4. Wlrrn  A i.9 rrrrl of Oreenwicl~,  I.lle n i ~ n  of A L  must bc chnnqed beforo npplying it. to t l ~ o  T,ongit,nclr of A. 
6. w11t.11 A L  ron~cn out, p ~ r h e r  tI1n11 tllo L o ~ ~ g i t ~ ~ r l e  o f  A ,  nnd'negnt,iro wl~on A i8 mst or  111:gaLivc nflrl- c b u n g i ~ g  sign 

when A is went, tho cliffareuce is the Lougitude of B on t h e  sther aide of the Meridian of (ireenrich. 

NXAMPLE I. 

O ,  N .  o , ,r 

AA = 'N 0 10 58.139 L A =  E 77 10 44.460 

A = 345 45 10.250 Log c = 5,3804014 

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

E X A ~ ~ L E  111. 

, O , , ,  0 I I, 

A A  = S 0 19 39'409 L A  = E 77 18 27.188 

A = 165 4 9  9'GG2 'Log c 5'2804014 
- 

Y I I ,  - 
0 , ,, ("A 

o r ,  n- 

(6, 1,) 2,665326: + 462.7395(6,L)3 '1671503 + I i 6 9 i  - - 
(s1.1 A) :>.5019075 Alnh 9.7572369 ' sin A 9 .7i665U - 7 , . .  I 

(SI --I) U.1672342 + 
.. 1.pE + 2.6b59 (8,A) 0 . 9 - ~ ~ 8 =  - 5 8,7863 
H. 8.38124 1 8 C i ' t d = 1 6 5 4 5 1 0 ~ 2 ~ 0 - i d -  8.38126 
sin A 1.39112 11 A d =  - O.$SH s i n A  1,39113 - AA = - 8.69\ 

ESAMPLIS V. 
I . .  , 

0 1 n 0 I ,I 

An = S 0 20 33.338 L A  = E 76 5; 57.756 
A = 267 54 47.906 Log c = 5..1736281 . 

',. 0 

c 5.28OtO = 6 ! l  -- 
(6, A )  3.21998 - .OUT~ -- - 
Y 0.29814 
I V I I  A 0.59.i.?I 
(6, L) 2.11944 , , - .0130 
.. . - 
'1' 2.199!16 . 
(6, ~)-Li.31340- - . 2.0576 -- 
V 5,804 
rot, A 0.595 ' 

- ,0005 (&I  h )  3.712 -- 
U 4.697 
S I I I  A 1.381 
e 6.280 
(6:, I,) :! 080 + .nl20 . 
\2' 2.900 - + .noel 16,, :I ) 5 .!tUU 
-. - 
.X 1,802 
Inn A 7.405 - 
@ { A )  2.187 + .(lo15 

-Y- 5.302 
l n n A  i.4.US 
(6,1,) 9.834 - .0000 - - -. . 
Z 2.1!37 
(8, A )  0.091 - .moo 

EXAMPLE 11. 

0 I I t  0 , ,, 
hA = N 0 10 55.139 L A  = W 0 4 3,(100 
A =  3454510 .260  I , o ~ r 8 = 5 . 2 9 O 4 0 1 4  

, - . - - - - - - . . - - - - . . . _ 
T h e  co~npntn t inn  will r c n ~ n i u  t h e  same a8 

nbovc cxccpt  the  fo l lowi~~p: -  
' 0 ,  r !  

LA - \V 0 4 3.000 
AL = - O 7 42.728 

' 

. 

c 5.28040 ~-~~ 8-='3454510.250 
(6? A) 3.47534 - -- *OU30 
S 0.29815 . . 
cot. A 0.58631 
(&L) 2.31ft180 + . '0234 
'I' 1.94666 

(i,n)0~$,i34%- - 2.0581 
V 3.059 
rot, A 0.595 - 
(6,, A )  ;E.:1(;7 - .00ng - 
U 4,441 

' ein A 1.391 
I .  6.280- -- - 
(8:, I,) 2 . ~ 7 9  - 'Oln0 
LV 8.155 - 
( 6 : , . 1 )  4.234 t .oolz 
X 1.557 
t n n A  il.NJ5 -- - 

--(61_h) 3.1&6- + 'ool.5 
Y 5.813 
tnn A 1.405 

7-8-464 + 
- - ' 0000 
% I .9-1.2 

l a ,  A) c.346 - . oooo 

EXAMPLE I V .  

0 , I, 0 , ,, 
A A  = 8 0 I 9  39 409 L A  = E O  3 39.728 
A = 1 C 5 4 5  9.6(;2 L o p c = B ~ 3 8 0 I O I 4  

.. . - _  _ 
Thc compntntion will remnin t h e  s a m e  as 

nhove cxcept t h e  following:- 
0 1 N 

L A  = E 0 3 3n.728 
AL = - 0 7 42.728 

- 

c 5.17363 L H = 87.5$39'jE 
- -- 

(6,A) 2.49838 ,0315 
Y a 0.29615 
cot A 2.66152 ' . v 
pp 

(a2 L) 3.35805 , - 
-- :0023 
T 1 -925h , , 

( 6 ? ~ )  1 .~8328  + -- ,1920 
V 4.079 
cot A 2.562 
(6, A) 7,924 - ,' .mot 
-~ 

-- 
U 4.422 
sin A 0,000 , I  

P 
c 5.174 
(6,L) 5 . 5 2 0  + MX)O - -- 
W 4,175 , 

(~,,77.(;93- - 
- . .. 

.o(~nr 
X 1.527 
tnn A 1.438 -- : 

( a l h )  3.G60 + -- 
. wn; 

.Y 5,851 
t,nn A 1'438 
(i ;L)-7:$.1!, - - -- 

.0( too 
% 1.922 
7frn~s71- + .no01 

I -rm 
ICxnnrr~n: VI. ' -- 

0 I ,, 0 I I ,  

A, =S 0203:1.338 LA = .Av 0 80 3 5 . 2 0 0  
A=2675447 .906  Lopc=5.1i31;281 

_ _  -- 
T h e  con~pntn t ion  will remain t h c  snmc a 

above except t b c  Following :- 
n , II 

LA =W 0 30 45'200 
., A L = - 0  21. 29.432 
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1 

EXAMPLE 2.-Secondary Triangulation. Given :- 

To find the latitude and longitude of Kingriiili h.s. and the azimuths of Shadau s. and 
ll%lbui s, at  Kiugriiili h.s. 

SLJ ions~  

Shaclau s. . . . . . . 
Malini ,, , . 
Ringriiili h . ~ .  ... . . . 

C O ~ I P U T ~ ~ B I O N  OF L.~TITUDES, LONGITUDES AND Azrnfu~rrs O F  SECONDARY STATIONS. 
R * 

. 
o , N 0 1 11 

Latitude of Shadau s. = 32 3 34.03, Latitude,of RlalLni s. = 32 7 22.66 
Longitude ,, ,, = 71 3 29.80, Longitude ,, ,, = 71 15 46.72 

0 6 ,  e 

Azimuth of BlalAni s. at Shadau s. = 249 55 15 
0 

a ,, of Shatlau s. at  l lal i l l i  s. = 70 1 45 

Angles 

0 1 I /  

1: :: 
60 14 15 

- 3 , ~ ) 7 ' J l l -  --- ~ -- 

(8!  A )  - .O(I!I (6, A )  ,65701 - . J54 
S 0~37082  0.37112 
rot, A 0.!)ORi7 1 ,87560 

Log Sldes opposite Anglcm 

Feet 
4.8399742 
4..8135035 
4 8290939 

. 
st?.. A,  ~hi!nn a. Stn. B. U i ~ i ~ l . i i l i  h.0. 

At A Az. of Jkfalbni s. = 21!)' 65' 15" 
,, L between do. nod B = - 62 53 - 15 - 
,, AZ. of 6, Kingriili 11.0. = A = 187 2 0 

Deduced Stntion B, King~,i~ili  11.0. I .  I I Dcduccd Gtntion B, Kingriili h.s. 

Stn. A, IIalGni 8. Stn; B, Kingriili h.0. 
At A Az.  of S11ndau 4. = 70" 1' 45" 

,, L bct,!reon do. nnd B = + 56 52 30 
,, Az. O F  B, Kingriili h.0. - A = 126 54 16 

1 .  

Latitude Longit~~clr Lntitude Longitude A ~ ~ ~ ~ ~ ~ ~ f  
-- -- 

0 ,  I ,  0 ,  ,, 0 , I .  

From l ~ t  Dedrlction 32 44 13.31 ... ... 3 0 6 4 8 3 2  
,, 20d ,, 13.30 PI 13t  ,, ... . . . 34 

L 

Yean ... 32 14 13.31 71 G 2.tiO 7 2 48 M e ~ n  . . .  ... ... 30G 48 33 
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TABLE VI1.-Directions for applying the Signs to the Terms of the Latitude, Longitude and 
Azimuth For~nz~le.  

This tnble is t o  be used in conjunction nit11 the pt-cceding one and gives the proper signs 
t o  be applicd t o  the terms SIX, kc.,  4L, kc., and S,A, kc., i n  the computations of Latitude, 
Longitude and Reverse Azimuths. 

TABLE VII1.-For Calculating Azilnuths and Distances of Points of which the Latitudes and 
Longitudes are knotun. I 

When the  latitudes and longitudes of two Stations A and B are known and me require the ' 
distance between them the azimuth of ench station a t  the  other, this table is to  be used 
for finding the  quantities R', S', T', U', V', W', X', Y', Z' employed in the forms for calculation. 

T l ~ e  formulm on which the cnlculations nre bneed ore those given under Table VI, and the trentment is as follows :- 
' 

Taking the formulm for Ah, AL, and A A  and remembering thnt 

6, A = - coe A cosec 1" 
P 
c pin A 

8; L = - - - cosec 1" 
v COJ A 

. I 

we get by eliminating A from each term in succeesion 

.7 f +  6 1 A I  

A A = in seconde of arc { I = 1 + " A 1 o l  Table TI, page 16. 
(-Vf6,A; 1 [ + " A J  

- X ' 6 , A 6 , L 2 J  C +  4 A 

r+  81-5 '1 f + 8,L-l 

I + s < * a , z  I ( + a , L I  
A L  = in second8 of arc { > = {  8 1  I 

I + 
61 + 6 , L  

(- Y' 6, L 3  

+ ein A 6, L 7 f + 6 1  81 

[ +  T f 6 1 A 6 1 L  1 I + 6 , d l  
A A - in seconds of arc { > ,, 

+ 6 , A  I 1  . 

C -  Z' 6, L3 

where R', B', T', kc., hove the following values:- 

B' = sin 2 A sin 1"; 8' - 1 tan h sin 1'; T' = ? ( I  + %an2 A )con A sin 1"; 
4~ 2 

Inin¶ 1)'; v1 = 5 sin 2 A l f l ;  w1 = P'. ( I  1 - coe 2 A) sina 1"; 
4 v I -e '  12 v' cob? A 

It thus appear8 that 8 , ~  and 6 , Z  nre fonnd hy the first pair of eqllstione, and then AA and A Z  depend only on these 
mud the quantities given in tho table; and A A  only needs in addition sin A. 

Again in the rereme process, if AA nnd A i  ore airen, we have the 3rd and 4th equations for finding 6, A nnd 6 , L  and 
then the first pair of equations will give A and c ;  and A A  will be found r e  helore. 



It, remain3 now to explain how, l~nving  given A A  nnd AL, \re cnn obtain SIA nnd 61Z, tllc qunntilies rcquired f o r  
findiug A# c nnd A.4. 

' . We,have 
I . . . . . . . . . . .  . 

& A  = 6, A - R' 6, L? - V' 61 A' - S' 61 A 61 L", (1) 
. . . . . . . . . .  A L  = 6, 1, + S' Z1 A 61 L + U' S1 A' 6, .L - Y' 61 2: (2) 

and the  berms involving U', V'. X', Y' nre vvry .s~nllll colnp:lrtd wit,l~ Ll~ose involving Rf,S'; therefore, onlitling the lust 
tw0.term.s of AA pnd putting A 2  for 6,L, we gcl us ir first a l ) l~ror i~ l~nt ion  
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, Tile differences a h ,  A L  and Ad in Ll~e explanation t o  Table VI may be computed aa follows:- 

. . . . . . . . . . . . . . .  * 6, A. = Ah + R' AD. (3 
Subslitube this for 6; A h (2) nud we ~ o l  

I 

I 

,' 

, 

. 

. 

nhe;o wo hnve pa t  AL' for 61 L 2  in ~ l i o  last term, w l ~ i c l ~  we rllny snfelg do conaidering t , l~e  rnegnit,udc of PI. 

, I~ t>t l l r~ l ing  lion to (1) slid pntt ing 81 A. for 61 A in I.llc I.IIII.cI ltnd l o u r t l ~  ~ O ~ I I I * ,  wc g ~ t  n more accurate value 
of 81 A, &., 

61 A = AA + n' 61 1,: + V' 61 A,' + X' 61 A,, 61 L' . . . . . . . . . .  (5) 
I n  ~ I I C  prnct.lra1 *lrl'llcntio~~ of l.bcse formulrc it, will bo sr~mrient, to uscr 5 plnavs nT drvinlnla of loc~rvit l~ms in ~ I I I .  torms 

i ~ ~ o l r i n : .  R', a', T', a1111 :I placcs inZhc torms involving U', V'. IV', X',  Y', Z'. M I X I I ~ O  in t,ll~. creilt rn~rjorit,y of cwrr the  
ralrrcs o l  61 A :rnd 61 L, obL~riood fl.o~n cqnnt,inns ( 5 )  ancl (-t) will h11 r 3  nccur~~t.c trp r;rn ho ~lc.s~rr(l  : I L I I ~  t .l~is urcllrn,:y rlln 
be testrd by c o m p n r i ~ ~ g  61 A From (5) wil,lr 61 A. uecrl in (S), nnd 6, L From (4) aitl! A L  oo~ployed in (B), and s l~ould  
t p b  +ifIereuces be seusible uuotbor approximation can be made. 

NoT%-Son~c sligllt ~tbbrevi~rlion msy ha introclr~rrd into t.l~is calar~lat~io~r by e ~ ~ ~ p l o y i n g  P Eron~ l'nble VI for 
1 1 
-- coaecl" I L I I ~  tlic co.lop fro111 Tnble X X V I I  for - sec A coecc 1". 

P v 

9 Statioli A,  Bhnorisa H.S. Station B, HandiapQro H.S. 

I A = 2B0 8' 3".728 A = 178' 16' 63Il.888 

L = 78 3 I ,913 
- 
3 

= 5.0354039 
cos A = 1.3998009 

- = a.691%465 
P .' 

cosec l." = 5.3144351 
I , .  

B,A 3.0311764 = + 1074.4257 

Fi.' = 9.95882 
\L! =. 3"09962 

A *= 3.05844 = - .0011 

.T' = 8.256 
.EIA1 = 6.062 

R- 

6,A ' = 2.318 -e  = - -0208 

X' ' =i2.718 
6, A '= 9.031 
6 , L 2  := 3.100 - 
8, A = 6.849 = .NO0 

d .  -- 

AA .,,. ; . . .  = + 1074.4038 
= 17' 54".403Y 

c = 5.0354039 
sin A - i!.4811183 
sec A = 0.0397247 

- = 8.6791363 

cosec 1" = 5.3144351 

6, L -. 1.5498083 = - 35.4667 

S' == 6.33443 
6, A = 3'0'3118 

'6, L = 1.54981 
-- 

6 , L  = 9.91557 = - ,0823 

U' =i1'.094 
6,A2 = 6 . 0 G 2  
6, L = 1.'550 ' 
- 

6 , L .  = 3 . 7 0 6  = - ' . 0 0 0 5  

Y' =I2.117 
6, L L  4.  C49 
- 

6 , L  = 8 , i ( i 6  = .OOOO 

N 

A L  . . . . .  = -35 .5485  

L o g c  = 6.0354039 

sin A = 1.6115937 
6, L = 1.5498083 

6, A = 1.1614020 = -14.6011 

, 
T' - 8.49072 
I A = 3,03118 
61 L = 1.54981 

6? A = 1.07171 = - .I180 

W' =i2.992 
61A2 =:6 .062  
61 L = 1.550 
- 

6,A =4.GO4 = -  .0004 

Z' ' -12.272 
6, L3 = 4.649 
- 

& A  = 8 . 9 2 1  = .OOOO 

AA =-14~6195  . . . . . .  
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The nletliod just described is applicable t o  principnl trinngulntion mliere great accuracy is required. In the ewe 
of secondary triangulalion and for topographical purposes we may neglecl the last two terms in each of the equations 
(1) and (2). I 

r e  shall then have . ~ I A = A A + R ' A L Z ,  . . . . . . . . . . . . . . . . (  6) 

If necessary we can further approximate by using this value of 61L for AZ in (6) and the new value of 61 A in (7), but 
this will rarely be required. 

Having now obtained 6lA and 61L we find A and c from the formulm :- 

a ) ~  = - COB A cosec I", 
P 1 

From which 

c sin A 61Z % - - - 
v coa A 

cosec 1.. 1 

c = - 61A sec A p sin 1"; 
and finally AA will be found as before. 

The signs of 61A nnd 61L will define the quadrant in which A lies; seo Table VII. 

The quantities R', S', T' are .give; in logs to 5 places and U', V', W', XfiY'; Z' to 3 places 
of decimals, the former for every 10' and the latter for every lo of latitude from 0' to 40'. 

The method of computing mill then be as follows :- 

1st. Principal Triangulation :- 

Subtract the latitude and longitude of A from those of B, and we get AX and AL with 
their proper signs. I I 

Find 6,X., an approximate value of SIX, from the formula 

and find the quantity a from the formula 

then 

and 

With these values of 6,X and 8 ,  L find A, c and AA from the equations :- 

6 x 
cot A = Q sec X --L --, 

6lL 

6 , A  sec A c = - - -  
P ' 

and 

A A  = sin X 6,L + T' 6 , X  6,L + W' S,X2 8,L - Z' s1C9, 

in which P and Q arc ol~tained from Table VI.  

The signs oE Slh and S , L  will determine in which quadrant A lies according to Table vII: 



EXPLANATION OF TABLES. . 
I .  

ELAMPLE. 
Station A, PArdho. Station B, Handiapriro. 

b 
= 24O 16' 17".867 X = 24' 25' 5SN.132 

I L = 77 48 40 '557 LS= 78 2 32 .364 

8 

. 

I 

. 3 

t A i d  ~n lnk 2nd 3rd 4th Quadrant, 
- + + - - 

nllrn n1.c - - -- - - - 
6 l L  + '  

, . $ This Ler111 is + when 6 , L  is -, and - when 61L is + . + .  

. To find A, c and B. 

O I V  o I I/ 

Station A, PArdho X 24 16 17.867 L 77 48 40.557 
;, , B, Handiapiro X 24 25 58.1.32 L 78 2 32.364 

' 

, 6 - A ,  AX + 9 40.265 A L  + 13 51.807 
- .- 

, Logarithms. Nat. Nos. 

AX . . . . . . . . . . . . . . .  *+ 580.~~265 
R' ' '7.96066 9 

A i2 5.84005 
. 

1.80071 + .632 
. 6 . . . . . . . . . . . . . . .  + 580.897 

Logarithms. 
. ,. 

1.9975950 
Sec X 0.04019fi 
6+ 2.7641041 
Co-log SIL 3.0805269 
Cot A 1 .ti824 184 -- 

t A  = 232' 39' 47N.233 

9 1"~000000 
S' 8.33727 1 

a+ 2 76410 
5.10137 *+ .001263 - - 

U' 1 1  .(I96 
4 X a 2  5.528 

m .  6.624 
-- + .000004 

Y' 1 2 3 2  
A L2 5 .84.0 

* - 000001 
a 0.00054,94 + 1 .001206 
AL ' 2.9200225 
6 , L = A L - a  2.9194,731 

. .- -- 

AX . . . . . . . . . . . . . . .  *+ 580.265 
R' 5.96066 
8, ~ 2 '  5 83895 

P 

I ,79961 
. - + -6304 

V' 3i.258 
SiX.2- 5 .528  

3 '7x6 -- + '0061 
X' * .12-719 
6, 6,, 2.764 
6,L" 5.839 

3'322 . *+ 
-- ~ 

6 , ~ ~  . . . . . . . . . . . . . . .  i 680303G- 

S I X  . 2.7641041 
Co-log P 2.0040361 
Sec A , 0.2171690 
c 4.9853092 

Nut. N03. 

6,L 2.9194731 
Sin X 1 . G  139084 K 

2.5333815 *+ 341.4928 
6.49185 

S , X  2.76110 
61L 2.91947 

0.17542 *+ 1.4977 
W' r2-96- 
6 , ~ "  5.528 
a& 2.919 

3.4.33 * + '0028 
z' '1m 
6,L" 8.758 

3.633 - -0011 
- 

. . . . . . . . . . . . . . . . . .  A A  + 342.9922 

O I N  

.rr + A = 52 39 47.233 
AA = + 5 42.992 - u = 52 4.5 30,225 

' * I'lrw or n l i n ~ f r  as t l ~ c  rnso mny be. 
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EXPLANATION OF TABLES. 

When both stations A and B, or one of them, lie in south Latitude or west 
Longitude or in both, the folloming cl~anges are required in the cornpubation :- ,, 

If the ray crosses the Equator the sum of the Latitudes should be taken f o ~  
AA'and it is always to be taken as negative. 

When A lies to the south of the Equator the quadrant in which Azimuth A 
lies, is to be deterruhed from the following :- 

& - - 
when - are - - + - 

3 6,L - - + + 
I 

When A lies to tbe south of the Equator, the si n of AA is to be ?hanged. 

When Longitudes of both the stations are west of Greenwich the sign of A L  

+ according as the Longitude of B is -!% than the Longitude df A.  mill be - - greater 

When the ray crosses the Meridian of Greenwich the s i m  of the Longitudes + should be taken for A L  and its sign is --- according as the Longitude of B - 
east is - of Greenwich. 
west 

When the Latitude of A is very small, the quantities R', S', Y', V', Wf,,and 
Z' are to be computed from the formulae on page 20. 

On the folloming page are given 6 examples showing how computations can 
be effected in conformity with the above notes. 
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2nd. Secondary Triangulation : - 
The computations are based on the following three form~ilae :- 

A 1, Ah = - sin (X + T) ... ,.. ... . . .. (3) 
2 2 

These lormulm are deduced ns follows:- 

Le t  A nod B be two mints  on tho enrtli's surFnce, and let. A, L be the Intitudo and longitude of A and A the azimuth 
of B at A, and A + AA, L+ AL nud r +  d + A A be 1110 correspouding quantities for Bynnd c = the distance AB. 

Let 0 be tlie middlo point of A B, nncl let  its Intithde nnd longitude bo A and Z respect.irely, and the nzirnutl~ of A s t  
0 be 0 nnb of B a t  0 bo n  + a, nud let A&, kc. ,  AAA,  &c., rupresenl the differences of lntitude, kc., betweeu 0 and 
B a ~ i d  A .  

Then the formulm on pnge 15 g i ~ e s  :- 

1 ct 3 cg e2 
AA A sin lN = - -: COB a - - - d i n p  a tan A - - - - con3 a Bin 2 A  

ZP I J p v  4 4 p v  1 - e 2  u 

3 cZ eZ CZ 
gin? a tan A - - -  - cost a sin 2 A  A~ A sin 1' = + coo a - - - 

2~ P J p v  4 4 p v  I - e '  

1' cJ . - - -sln2 a con a (1 + 3 tana A) ; 
6 UP vp, . 

' ' sin2 a coe a (1 + 3 tan1 A). therefore Ah #in 1. = I- cos a - - - 
P 24 p  vJ 

c sin a 
Similarly AL sin 1" = - - r3 ' l  + tnn2 A . silt 2 a cos a - 2 sinJ a . -- 

r C " S A + ; Z T ~  i e o s r  COB A 

1 P (  5 tnn A 

1$ 
(? + tant A )T sln 2a corn a AA sin 1" = sin a tan A + - - 

Y 

1 .  -- s1n3 a tsn A (1 + 2 tan' A) . 3 
NOW* + 0 + A B o = d  + A d ,  

therefore 

Now the msximum vnlue of Lhe laet term for B distance of 60 miles and A = 45' i n  betwern 8" and 9'; 

A A  
therefore - eo. a = cos ( A  + - )  +  in(^ + $) r -00004. 

= con (A + A*.) very near],; 
2 

bud - ria o  -. sin A + very near],. ( 7) 

AISO A = A - AA ,+ = ( A + y) + +$ @ins a tan A c0rn.o I#, 
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a d  the.maximum value of the second Lerm is about 6"; 

4 
therefore nad cos A = cos ( A + ?) nearly. 

B 

Consequently lenring out the terms containing third powers of e which are smmll we get:- 

The terms in e' are :- 
3 

c3 . sinz 0 cos 9 (2 + 3 tan2 9) cosee I", I n A A  . . . - - -  
I Z A P  P 

. 1 c3 
, ,, 'A L . . . - , - . sin 0 sec 9 (sinZ 9 see2 + - 1 ) cosec I", 

24 9 

nm . 1 c3 
, ,, A A . .  . . - g ~ . m i n B t n n + ( 2 +  t n d + s i n 9 9 ]  cosecl"; 

. . 
A A  A A 

where g = d +  - - a n d + = h + - ,  
2 2 

and the grgatest vslues of these for a distance oE 60 miles in lntitude 40' are :- 

0 I n  A A . . . 0".05 on nn azimuth 54' 44'. 

.Wo l ~ a r o  therefore tho above three formulm with nll requisite amount oE accuracy for secondary trisngulation and 
anow pcplis. 

cosec 1" cosec 1'' 
I n  the preceding formula log - = co-log (Table XXVI) and log 

P v cos (X + 9) 
= 'co-log (Table XXVII). 

From (1) and (2) me gct :- 

= log (Table XXVI) + co-log (Table XXVII) +log AX + CO-log AL. 
b 

AA Since h, AX, L, AL, p and v are given, this gives A + - : c follows from equation (1) and 
2 

AA from equation (3), 3s that A and c are determined, and B = 180' + .. . 



EXPLANATION OF TABLES. 

EXAMPLE 
Station A, Shadau s. Station B, Kingriiili 11.s. 
h =  32' 3' 34".03 h = 32' 14' 13".31 
L = 7 l  3 29 .HO. L = 71  6 2 -60 

. To find A, c and B.- 
I 

... Station A ... ... ... Sllxdan s. 

... ... J P  B .. .  , . . Kit~grZli  h.s. 
O l  U 

... ... ... XA ... 32 3 3L.03 

. . .  ... ... ... XB 32 1-h 13.31 

AB - *A,, = AX ... ... ... + 0 10 39.28 
XA 8- + ... ... ... 

2 - n * 32 8 53.67 
I ,  

... ... ... ... LA 71 3 29.30 

. . .  ... ... ... LB 71 5 2.60 

... L ,  - La = AL ... ... + 0 1 3f2.80 

Log AX ... ... (1) ' 2.8050911 
,, Tab. XXVI for X,. ... (2) 2.00.1T,:305 

. . .  CO-log AL ... ... 2.032 1,5120 

... ... 1)  Tab. XXVII foi'h, 2.0656779 

I ... 0-9053616 

0 1 // 

AA 
A +  T* ... (3) 187 2 24 

... ... 0.0035866 ... 

. . .  ... (1) + ( 2 )  ... ... 4.8102216 

Sum= 10gc ... , . . . . .  . , . 48'810>082 
-- 

.. .  L o g A L  ... ... ... I 9675 1.80 

... ,, sin X, ... ... ... 1 -72GO028 

. . .  Sum = Log AA ... ... 1.6935508 

O , #  

A A t  ... ... . . .  + 4.9 
... t A‘4 ,.. (4) + 2 5 

... (8) - (4) = A ... ... 187 1 59 

180" + (3) + (4) = B ... ... ... 7 2 49 
~ -- 

-- 

A A .  . - + + -  
a A + 7 u ~n the l o t ,  and, 3 4  4th Qumdrmt when *:~re - - , - - , + , -- + reepeetirely. 

Ah 
t M bu the m r  mign u AL. 
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• EXPLANATION OF TABLES. 

- .  
When both the stntions A and B, o r  one of t l~em,  lie in  south Lntitude or 7c~rt T,ongit~ide ' i r  in boih, the followiug notes besides those on page 24 will Lave to be takea into cousideratiou :- 

9 
When the stations are on opposite sides of the ~ ( u ~ t o r  the middle Latitude is half the  

s n m ~  
difference and AA has the - sign as  AL according as the Latitude of the north station' i n  opposrle 
' qvenler . . . -- AA 

than that  of the south station. The quadrant i n  which A +  - lies, will be determined 
less 2 

from the foUowing :- . .. 
. . When A is north of the Equator, 

AA 
A + - is i n  1st  2nd 3rd  4th Quadrant, 

2 

i x  - + + - 
when - --are - - - -. 

. . AL - - + + '  
, . , When A is south of the  Equator, 

,B . A A  A + is in 1st  2nd . 3rd  4 th  Quadrant, . 
AX + - - + 

when - -  --are - - - - 
AL - - + +' ' 

B 

TABLE 1X.-Computation of Meir/hts.-Correction to Log. Distance in Feet between trvo 

Stations A and B l o  reduce to the Level of Station A. 

I n  the computation of t l ~ c  difference of height of  two stations it is necessary t o  find the 
distance bct\vecn them at thc level of the station wl~ose height is known. , 

The'eidcs oE the ,triangles are the distances at the level of the sea, and this table gives the 
corrections i n  tho .7th place to  be added t o  their logarithms so as t o  get the values a t  any rcquired 
height. . . . . 

ThO correction k determinod os followa :- 

. . 'Let c - length u£ side st the sea level, 

t 0' - ,, nt height of ototion A, 

h = height of A abovo sea level, 

B - radius of earth, 

. , 
R + h  

16g 0' logo t log -&-, and 12 is taken equal Lo 2e, nee page 12 of explanation of Table 111. . * b + *  
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Exmls.-Let h 10W feet in latitude 20". 

Frolu Table I1 . . . . p = 20808279.7 . . . . . . log p - 7'33890178 

,, I . . . . u E. 20031059.7 . . . . . . log u 7.320791216 

log 2 = 0.901020096 
-- 

log 2 p u = 14~04006739 

.- 
+ h = 20870489.2 . . . . log II + h = 7.319532G3 

. . log - R + h _  
it 

000020b1 

1 

so tllnt the correction to the 7th place of logs = 208.1 as  in the table. 

The table gives the correction for every thousand feet from onc to ten and for eacll 
dcgree of latitude from 0' to 40'. 

For other heights ~ n d  latitudes the correction must be found by intwpolation. 

E x a a r ~ ~ ~ . - T o  find the log distance in feet between A qud B in lat. 30' at the lcvel ol  tllc 
station A when the hcigl~t of A is 5,679 feet above sea level. 

From the table the correction for 5,000 feet is 1039.6 

)) )) 600 1) 121.8 

)) 1) 70 ,, 14.6 
, . 

)) )I 9 1, 1 . 9  

Thercforc the cor~ection for 5,679 feet is 1181 

Thus if the log distance between A and B nt sea level = 4.98263056 

then the log distance betwecn A and B at level oE A = 4.9827237 

If the difference of height hctwecn A and B i~ lcss than 5,000 fcct, five-place logarithms 
are s~ificic~lt .  I n  this case the small tablc at the foot of the pnge, w11icl1 ia the samc for all 
latit~rdes, may he employed. 

EX,~HPLE.-TO finrl thc log distance in feet bctween A and B at  the level of the station A 
when the height of A is 4679 feet abovc sea levcl. 

From the table the correction for 4,000 fcet is 8 

)I 1) 79  ,, 0 - 
Therefore the correction for 4,679 feet is 9 

T h l i s  if the log distance between A and B at sea level L- 4.07015 - 
theu the log distance between A and B at levcl of A = 4.67024 
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. 

4 TABLE X.-Computation of Heiylrts.-For converti~z.~ Geodetic Distance in Miter into Secondr 
of Conlhined Arc. 

b . . 111 t l ~ c  compritntion oE tliffcrcncc of Iroiglrt it is 1rc6msnry for thc c n l c ~ ~ l n t i o ~ ~  of txrrcntrinl 
rcfrnctio~r to corivcrt tlrc clistrr~rce bctwcc~r tllc: two utrrtio~i~ illto Scco~itIn of Coutuiucd Arc, 191d . this tnl)lc is to  I)c use11 for thc l)urposc wlrcu t l ~ c  distlrucc is givcrr iu  milca. 

. m .  Boeonds of Cor~tuinod Aro aro doler~ninod an followe :- . a 

2p v 
end tho rndius is takon - -- ns in Tslrlo 111, pogo la 

P + "  

log rstliue - 7~311Ji,llR, aeu pigo 30. 
I 

log 6 - P.717Gb78 

. , .  
Tlromforo tho Contninotl Aro or of' - 62L".'J as in Llro hl~l,lo, 

. The tnl>lo ~ i v c s  t l ~ c  (:ot~tni~lctl Arc in  scc~or~tla for gcotlctic tlirtn~lcce r n n g i ~ ~ g  in l c ~ i p t l ~  from1 
10  milt:^ to '30 r~~ilcq, Solu clrcl~ tlcgl-ce oS Il~lit~rtln ~ I . ~ I I I  0' to  ,ltOd,,rr~~tl rtlso for two I I I ~ L C V N  oI IICCIILIOIM 

0 d R mile, ~ I I C  1:~ttcr 11nl.t of tlhc taI)Ic 1~i1bg iirtl~'~~e1111~:rrt of tlw 11~titutlc. 

l i r a .u~~u. -To  couvert 42-58 nlilcs ill Intitrttlc 2,L0 illto Sccol~tls of Contoincd Arc. 
* 

I 

From t l ~ c  nppcr table, 40 lnilca = 2086.7 

,, lowcr ,, 0-GB = 30.3 

Tl~ercforc the Col~tni~rctl  Arc in S c c o ~ ~ t l s  = 2231 .:3 

' '  T ~ I ~ L E  XI.-Comj,tt2ation of I&ighla.-/?or conacrling Gcodetic Dislnncc ivr Feet inlo Second8 
of C'(lnlrrirte(l Arc. 

a 

. , Tl~ia  tnldc ia t o  IE uacd incltcnd ol Tnblc X, wllcrr tlrc dietoncc ia yivcu ill Ccct. 

Ib is calculubod ns tallows:- * . . 
Let o = distbnco in loot; 

Clrcn, fro111 tho last bnble, we h r o  for hbitrulu 20' 
'k 
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The h h l e  is constfl~~ted far  geuttettc dihtaaees ih fet t  {reckoned from TO00 feet t o  9000 1 
feet for each degree of latitude from o0 to 40°, h t  R silfficient number of decimal places i u  given 
to admit of its beiug used for distauces up to 500,000 feet. 

J .  

'Po-find the Contained Arc proceed'by theffoHo~ing rule :- 

RULE.-Divide the number of feet in the geodetic distance by 100 aiid diminish the .  ' 
quotient by the quantity in the table corresporidi~lg to the h'umber~of feet reckoned by thousands ' 

aud the result gives the number of Seconds of Covbained Arc. . . 

EXAMPLE.-40 convert 224,822 feet in latithde 24"'iato S~conds  of Contained Arc. , ' 

224,822 feet = 225,000 feet apprdximateb. 
A) 

.For 200,000 feet the table gives - 28.8  

:6,000 ,, , I  , - 0 . 6  

9herefai.e for 225,000 .,, JJ .>) - '-26 s . 9  - 
'224,822 divided by 160 = 2248.2 

- - -  

!I'hmefore the Gontained Arc ~ i n  Seconds = 2221.8 

TABLE XI1.-Computation of Heights.-For ob ta in id  the Quantity 6" in  'the formula for 
8nding ,the Terrestrial Refraction. 

The formufa fur-compntnlion of Differente of Height -,and of Terrestrial Refr~d ion  between two .stnliona are 
deduced ~s rollowe:-(see Account uj the Operatione OJ' the Qreat Trigonon~ctvical Suruey o f  India, Vol. 11). 

Let A and B he two statiorrs at which reciprocal vertical observations .have been taken, 
the height of A ahove sea level being known i t  is required to fiud that of 6.  

Let PI r the height of .A in 'feet, 

& + a -  I J  B J J  

c = the distance betweenathe normals of 'A and b at  the level of the sea, 

obtained with the,aid of Tab1.e IX. 

Alto let a - 'the chord of the arc d, 

B - ?the mean rsdius of eurrstur6; 

c' c0 
, thm a - $&sin - c' - y- 

.LR 24 R' 

I 
Kow ,d - c ( 1  + . 
Thrrrfm H I 
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. . 
er naelect,in,n the  tllird term ~ v l ~ i c l ~  is innpprecit~ble, lsl,  ill p r i n c i p l  t . r inn ,o l l l~~t io~~ on neconnt of t h e  small nee^ of Llle side, 

3 ' 2nd, in lligll 8ccondury poiuts or  divtu~lt  811ow penks ill c o ~ l l p ~ h r l s o ~ ~  \vil,ll tile u~~cerlnint .y ill r e f r n ~ . I i o ~ ~  ;- 

Let D l  and D, be t,lle vert,icnl nnples, both nsson~c~l  to be del)rc~sions, which would beobserved ot  A and B if there was 
no refraction and tho l~eighcs of the sigllal ~ t n d  i n s t l . u ~ ~ ~ e ~ ~ t  wore c q u ~ l ;  

then 

= c' sin ) (D2 - Dl)  sec D, . 
. . Let  i,, ib = the heights in feet of the iostrumerits a t  A and B respectively, 

9 4 ,  Sb ,= ) J J> signals J) ,> 
I .  

0 . r,, = the refractions in  the vertical angles a t  A anrl B respectively, assumed to be 
. . tlie same aud = 1.'' 

.' . DnJ Db = the obscrved vertical augles a t  A and B respectively, 110th a s s ~ ~ r n e d  to  be 
depressions, ' 

'. a1sode.l ' S' = the  subtended arigle, thnt is tlic nnglc nt  A bct~\.een the  line joining A and B a n d  r l ~ c  c i ~ o r d  a, 

then  , ' h = c ' s i n S ' s e c l J , .  

'Dot 

D, = Da + so + ~??. 
c' Sll l  1" ' ' )herelore if u e  Inhe r. = rb  = P", we get 

or i f  we neglect insignificant quantities, 

a . then 6 h = c' sin f (Ds - D,) sec Db + -?- ; 

or if S is pot for  f (Db - D,) 

, . . 6 
. . .  h = c ' s i n S s e e D b +  -.  

2 
To calculnto 1110 mf~nclion,  

jf ,  c" = tllc contained arb in seconds, 

' Put 

a n d  7 feet 8" = -- .- -T-- 

2 C' iect s ~ u  1'' ' . then r" = f : c" - (D, + Db) 3 3. fit'. 
. . 

If ei t l~cr  of the obscrsed augles a t  A or B is an elevation - E, or - Eb must be substituted 
. . for D, or D,. 
e 
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As the  difference of height is only required t o  the  nearest foot, i t  will be sufficient to take 
6 t o  the  uearest 0.1 foot, wllile y ueed only he kept t o  the nearest 0.5 foot. 

The coetiicieut of refraction i s  usually dcduced a t  t h e  same time as the difference of ,,, 
, I t 

height, the former beiug rcquirecl iu the calculatiou of heights of surrounding points from which ' 

reciprocal observations have uot been taken. I .  

The table gives P" where, as above, I 

y feet. cosec 1" - y feet. cosec 1" B" = - - - ".-. 
2 c' feet - 19".53- 

2 x 5280 x (distauce i n  miles)- distance i n  miles 
The table is constructed for  values of y u p  t o  12 feet and for  all distances likely 

t o  be required; where the limits of the table are  exceeded, @' must be calculaterl by the above ' 

formula. 
T o  01)tsin P", enter the tahle with the value of y, under which look for the number of miles I 

r e p r e s e ~ i t i ~ ~ g  the distnnce I~et\r.eeri the  s ta t~ons ,  and take the  corresponding value of P" given in ' 

t h e  margin. @" has the  same sigu as y. I 

The fo l lo \v i~~g  form 113s been adopted for  the  computation of height and refraction 
when the irugles a t  A ant1 B are both observed :- 

Tl1r9e cnses are very unusual being due to abnormal conditions; when they occur, they should be very carefully treated as tlle qoentlticc 
involved W I I I  be 8111nll. 

f 8 = I. - I, + g. - gb and 7 = i. + ia - 8. - ph, wl~ore i. and ib are the l~e ig l~ t e  of inetrumenta nnd go and pb heights of si~nnls,  m b  - 
respectively a t  A and 8. )I W l ~ e n  both angles are 1)epressions o is 5, - or  when both are Elevations a is .-, according as the angle at 

Con~pu,tatiofi of Beight  and R~frnction. 
, 

greater -- n n ~ l r  nt B 
leaa 

than ille angle s t  A ; and when one angle 1s an Elevat~on and another e Depression a is f according as t l ~ e  - -- 1s n Depresslot - n ~ ~ g l a  I ~ L  A 
Sf From Tnhle X or XI. 7J B 11118 t110 en1110 elan ns y 
(j R 18 Ilegtttlve wllen bot.11 anales are I)epressl<,~~s nnll ~ O ~ I I I X U  when hot11 nre Elevntions; and  when one angle 1s a n  Ylevstron andanother@ 

q r , o t , r  
Depres~run R 1s 1 aecordrng aa the  augle of l)epro~srou 1s - - then the lrngle of Elevnt~on, 

le ia  

Ohrorvrd 
Ver t~cnl  
Angles 

D- D 
6 =- ' 

D + E  E-E* 
-or - 

f 
n + D  

lt = -, 
2 

D- E + li,. 

Y Y 

f 
0 .- - 
a 

2 
O 
L 
0 

i 

Aslrono~nical 
c ,  Datrs of 
2 ,  Observution 
P 1 

7 i 
I !  - .  
'- : 

1902 

;I- , . 

KO. or c o i ~ m n  (1) 1 ( 2  1 (3) I ts I (5) I cs 1 (7) 1 (8) 1 (91 1 (10) 1 ~ 1 ) l  (12) I(l411 PI 

Station 

O I N  0 ,  1 1  y , , , ; ; l ~  a!) B A Sil.ka~~dn Dnnog H;,S 1 9 8 1 U l C o  I 6 f i 3 0 6 1 s  ! )69.7  8 0 1 3 G 30.6  1.'2i,,5.61;b i b  5.0 g. 2.{6+0.6 2 . 3 1 y + 6 . 0  

Heights in Feet 

- 

+lw.9,432.89080.7 1 1 , . ~ ' ~ ~ i i 5 O O 5 6 ~ , . .  

Heights in Feet Dis-, , 
t,Ll,ce ~errcs- , '  

t,rinl ': 

2 [ Corrn. for Hcight of A. Table 1X 0.00015 
5 . - Set L nt B of  col. (3) froin Tab. XI11 0.00009 

... a\ .ill s of COI. . . .  . . .  ... . .  ... + 7 
Geodetic Distauce A to  i n  feet ... ... ... - 400 

14 t c  from col. (12) ... + 443 ... ... ... + 1647.6 Sum = r for col. (13) ... 50 ... 
- from col. (7) ... ... ... + 0 . 3  

. . .  S I I ~  = TTri~ht  B - A  for pol. (8) + 1647.9 

5 
In- 

s1. r~-  
' ' lent 

or i 

B-A Sipnnl 
Or g 

Refrnc. gk , 

Above Sea Level tion g,E 
Contd. : $ 

Arc 

C" 
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I .  

~ l e n  only one angle is observed the computation of heights may be effected on the foregoing form ss 
~ollows :- 

3 

Computation of Heights. 

D - n Heigl~ls  in Fee t  H e i g l ~ t s  in Fee t  Die- a = -  
2 ' 

- Ihl'es oE ' ' 
.O Obmrration . 

. , Conltl. 
A r t  - u 

,1905 d 
2 

4 

1-p- 

,Corm. for Height of A, ~ i h l e  I X  
5 .- seo L at B of col. (I) from Tab. XI11 

... P sin s of e n ~ .  (4,) ... . bn I Geodetic Distance A to  in feet 

1 

2 L ... S u m = L o g a  

(la ... 
... ... 

... . B - A for eol. (8) 

Xote.-1Vl1en one nngle is observed Lllo obl~er n n ~ l e  - c + E - Y Y 
2r + 39'1 D i ~ l . t t ~ ~ c e  ill ~ l ~ i l e s  Or = O - - 2r + 39'1 I)iernncn 11, ~ n i l r s  

wllere r l a  rqn111 to Lllr rocficiel~l, of rufrl~ction in cnl. (14.) rnnlt i~died by Conlnined Arc, the  ~~or l l ia i rn t  of refrart.ion br i r~g  determined Fro111 rnps a t  
wllich reci!;roc~rl borbirul obserrt~t ,~one nro iukrn : this ungle iE + is a Drprrseion or  L), and if - an  Elertlt,ion or  E;  enter i t  i n  column (3) snd 
proseed us iE both angles nt  A and 8 wuro obserrod, except tha t  in Ending t h e  height (B - A) use 6 insteed of 6' 

2 

For exglanr.Lion of * $ 1 1  $1 qtj ree Footnotes t o  the  form o n  previous page. 

6 I t  will be noticed t l~xt  we add 6 to a instead of T. The reason of this is that as me only 

ohsgrve otlc anglc, and that Frnm a Iteight 6 al)ove A, wc get the differencc of Iieiplit hetweet1 B 
and A too srr~all I)y tliis quautity and must therefore add it to the result to obtain the true 
$iffereme of hciglit. 

. . 
Instcad of employing the foregoing method of finding S we may use either Table XIV . or Table XV. 
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TABLE XII1.-Cot~rputation o,f I3eiglits.-Log. secant of Observed Angle at S la t ion B. 

I t  mill be seen from t l ~ e  f o r p u l a  for 14 on page 33 that sec Db is ~.equired, and it  is the 
logarit11111 of this wl~rch is give11 it1 this table. Tllc t ;~i) lc  is so arranged tllat tllc log s e c a ~ ~ t s  \rave 
5 i n  their s ~ s t l ~  p1ac.c. Tlre log secant of any angle between two of those given 111 the table will 
be rcl)resc~~tetl  by tlle meat1 it1 tlre tilt11 placc. 

ESA~IPLE.-TO find log secant of lo 4'1' 15" 

0 t I/ 

From the table log secant of .. . 1 40 20 is 0.000185 

>) ~9 ... 1 4 3  0 ,, 195. 

Therefore log secant of ... I. 41 15 is 0.00019 

The log secant is rejectaneous iE the  angle is less than 16' 25", while i t  is scltlom greater 
than 2' 7': the table ilas accordingly 1)een given w i t l ~ i t ~  tllesc limits. 

T A B L E  SIV.-Contj) idhtion of Heights.-To f u c i l i l n t c ~ f i n d i n ~ ~  the Suhfenr!rld A~agle  ohe en only one 
angle has been obse~.ved und tlie l)iututice between Stalions A ant1 B i s  !l i iqc~~ iit Lo5. I+et. 

T l ~ i s  ' tal)lc is desiguetl to  meet 11ot11 variation of refractiot~ ant1 cllnngc of Intitnrle, 
and at  the same timc 'it is o ~ i l y  ~iecessi~.y to Iinoa the log tlistal~ce ill feet t)c:r~vcet~ A and B. 
1 1  1l1e rnllge for the coetficicnt oE refraction is from ,03  to .20, wllile tlic latitude is give11 fo r  
every 5' fr01n 0' to  M 3 .  

I 

The c l~~nnt i lg  given in tlie tnble is obtnined as f o l l o m  :- 

Using the notal ion in Table SI1.- 

therefore 

therefore 

But 

where 

T" = k c", wl~ei-o k is t,hc coellicient of refrnrtion ; 

_ c , , I  - 2 k  ., - - D.. 
" 

1 - 2L 
The e o . l r p ~ r i ~ b m  of ( - + ' eowc 1") i s  the tsbulsr q u s n t i t ~ .  
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RULE.-Subtract the quantity in thc tal~le from the log distance in fcet and look out the 
. . " result in tlic 4,-place logarithms. The natural number correspouding is K in seconds of arc. 

The subtended angle S is found by subtracting depressions from or adding elevations to K. 
* 

If any refraction between those given iu the table is to be nrred, it mill be sufficient to ' . interpolate by simplc proportion bctmecn tlie next lowcr and thc ncxt liiglicr. . .' The following form has bccn adoptcd for the computation of heights :- 

. *  
h, 9 nnd 

, 
, Fixed Station A ... ... ... ... 

Deduced Station B ... ... ... . . . . .  
. Log Side in feet (1) ... ... 

... From Table for latitude 30' qnd refraction 1057 (2) ... 
' I  

(1) - (2) = log K iu seconds of arc ... ... ... 

. 
... . . K ... . a .  ,.. 

Observed Angle D or E . ... ... ... ... 

S = K - D o r K +  E ... ... ,.. ... 

- Log tan S ... . . . . , . ... ... 
... (1) ... , . . ... ... . 

Sum = log h ... ... ... ... . . .  

* .  h ... , . .  ... ,.. . 
... ... ... ... * ( i - s ) *  ... 

... , Sum = diffcrencc of I~cigllt in feet ... ... 
IIciglit of A above sea level iu fcct ... ... . . .  

... a , .  ... J J B ,, >I ,.. 

. nfean ,, ... ... ... ' ?, ,, >, . a .  

Wlicn l l i o  
(i - s) hn\,o 

nlussoorcc 
Jaoilli Peak 

5 .4,655 
2.5691 

3 -0004 

0 I :  N 

0 2 0  4.9 
E 2 37 28 

-. - 

2 5 8 1 7  

2 . 7 1 5 3  
5 ..l,5553 

-. 

4,. 17076 

1.1817 
5 

14822 
6930 

21752 

. . .  

L n t  A is oh~crvcd 
opposite signs. 

sign ns 9, and (i-s) its proper sign; when tho observed 

. 
TABLE XV.-Coiotputafion qf I-lei.qhts.-To ,faciIi/nte ,frlding the Subtenrbcd An,qlc when only one 

anglc has been ob.verucd aiod t11e Dislance belruee), Stel ions A and B i s  g i o ~ n  Feet .  
Thr table gircs the quantity IC oC t l ~ c  Inst tnblc, and from i t  t l ~ c  subtcndcd anglc S is fountl 

by subtracting tlcprcsuions or adtling clcvationa. 

T l ~ c  tnl)lc i~ const,~.nctctl for coclficic~lts O F  rcf~*nction ranging from a 0 0  to - 5 ,  for distnnccs 
from 100 j'cc:'t to ~100,000 l'cct,, m~tl for I:ttitt~tlc 20°, tllc menu I,ctn.cc:~i t l ~ c  liarits gcncrnlly atlol)ted 
hi t,llcsc t,al)lcs; by mcalt3 ol' it tllc: sn1)tcntlt:tl n ~ ~ g l c  cau bc Touud at oucc when tlle distaucc is given 
iu  fcct and tlic cocllicic~lt ol  rclractiuu is Luown. 
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Tho construction of the table will be eeen from the following Example:- 

To filld I[. when c = 10000 feet and k = -08 

'log cosec 1" = 3.9949133 as on page 31, 
L P V  

1 - 2 k  -= 
2 

'42 . . . . log = 1.6232493 

c = 10000 . . . log = 4~0000000 

Not. No. = 41.5 . . . log = 1.6181626 

Therefore K = 42". as in the table. 

E x ~ ~ f ~ ~ ~ . - T o . f i n d  S when the coefficient of refraction is .07, the distance is 77,746 
fect and the observed depression is 0' 14' 35". 

, 
I t  is sufficient to keep the distance to the nearest 100 feet. 

O f , ,  

From the table, for 70,000 feet . . . . . K = 0 4 58 

- 
9, 700 ,, . .< . . . ) I  - r 3 

therefore -,, 77,700 ,, . . . . . K = 0 5 31 

Therefore S = K - D = 0 9 4 

TABLE XV1.-Computation of ~ e i ~ l l t s . - ~ a t u r a l  Tangents to 5places  of Decimals. 

The table gives the tangents of angles for each minute from O0 to 16O, and is intended to 
aid in the calculation of heights when a clinometer is not available. 

TABLE XVI1.-Computation of Hei.qhls.-Correction ,for Curvature and Refraction in 
determining Heights with the Clinometer. 

This table gives the correction, for curvatnre of the earth and for refracbon, to the 
digerence of Iieight found by multiplying the distance in feet by the tangent of the anglc of 
depression or elevation obtained from the clinometer. I t  has been calculated with a radius equal 
t o  tlie radius of curvature to  the mcridian in latitude 20' and with cocfficients oE refraction 0.10, 
0.07 and 0.05. The correction is only required to the nearest foot, and the table is so arranged 
as to give this by inspection for any distance up to  48,000 feet. 

Tho correction ia found thue :- 
Let the tangent at A m ~ e t  the normal at B in B; then if B' is verlicallj below B a t  a height equal to that of A 

(difitnr~ce)? 
the correction for curvature = B' B = - -  

2 r;rdios ' 

distnnro 
Again, tLe correction for refroetion = distance x k -- rnu~ue ' where k ia the coe5cient of rofraction, 

(rlietanec)' f 1 - 2 k 
the tots1 correction = -- 
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. 
The argument with which to cnter the table is the distance in fcet. Thus suppose the 

'distance was 20,000 fect and the coef8ciest of reb-action 0.10;  tllcu as 20,000 lies between 19,752 
and 21,028 the correction mill lie between 7'6 and 8.5, and will consequently be 8. 

P 

The way in which the argument is computed may bo seen from tho following example :- 

I Qiven k - -10, find the dintance corresponding to a correction = 0'6, 

log radius = 7'3182362 

log .8 = i.9030000 

. . 
therefore . . 

log (distance)' = 7,4151462 

, log distance = 3'7076731 ; 

N0.m.-The reading in colu~nn 1 will bo + if nn Elerntion nnd - if a Dcln.cerion. * l ' l ~ i ~  correcl.ion from Table 
is nlwnys - nrl~en tho angle obscr\,ed is at B rind + NIICI I  t l ~ c  nndo O ~ S O I T C ~  is : ~ t  A. JVl~en tho n n ~ l c  observed is a t  
A,  3 und'6 aro to be oulerod with their propar signs, and with thcir signs cha~rged wlten tho angle obscrvud is a t  6. 

TABLE XVII1.-Computation of Heights.-For detcrntining Differelaces of Height with the 
Baronzeter.-GAILY. 

TLO formula 
followe :- 

which 

~ i ? e d  ~ tn t io?  A 

Hill temple 

~ a m t a  C3ne Rock 

Iblnta H.S. 

Pamta N. po. 2 
e 

this tablo 

6 
i - s 
feet 

-- 

- 4 

- 4 

+ 4 

+ 4 

3 

- 

- 1144 
- 1025 
- lOBG 
- 370 

depends 

Height 
of A 

in Pout 
- 

2181 

20G3 

1961 

1295 

81:. S u ~ n  
ot t i ,  4 
and 5 
- 

- ll4G 
- 102G 
- 1044 
- 377 

4 
Cowec- 
tion* 

+ 2 

+ 3 
- 2 
- 2 

investigated 

2 
Distnncc 
in feet 
- 

9350 

13230 

10300 

10100 

z,":,","": 

Rampur @ 

Ditto 

Tiri 0 

Ditto 

in works 

IIeigl~t 
oE 8 

in fect 
- 

lo3'j 

1037 

'17j 

918 

(see 

'Ien" 

of B 
ill feet 
- 

1036 

918 

1 
read in^. 

a t  A or Eb 

Besnnt's 

A 

A 

13 

B 

Lct H = height of barometer in inches s t  lower station, 

- .I15 
- .0775 
+ .OD6 
+ .0375 

T = temperature of barometer in degrces Fah, at lower atation, 

t =  I) air 
Y )  lower ,, 

t; = > I )) >> upper ,J 

X = menn latitude. 
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then 

s = height in feet of lower station above sea level, 

x = diEcrence betmcen the heights of the two stations, 

p = the modulus of the common system of logarithms, 

0 = the difference of expansion between mercury and brass for lo Pah., 

r = mean radius of the earth, 

fI 
x = 60158.6 feet ( l o g  , - p 0 (T - T') ) 

t + t' - 64' 
900 

) x (1 + 0-002695 cos 2h) 

Assuming s to be 4,000 fcet, the meah radius of the earth as 20898240 feet, m d  talting an 

approximate value of. x, the expression 00158.6 { 1 + -- ' +.Ppx + 2;) becomes equal to 

60.7 15.51. I f  we leave oiit th6 expansion of the thermometer scale and take the value of 19 to be 
'0001 the formula thcn becomes as givcn by Daily, 

x = 603.45'51 x (1 + 0.002695 cos 2h) 

The quantity A in Part I is the logarithm of 60345.51 1 + 900 

,, of (1 + -0001 (T - T')), 
J J  C ,, I11 J J  of ( 1 + .002696 cos 2X). 

The method of using the table is as follows :- 

From Part I1 tnlie oiit the qiinntity B corrcsponding to thc differencc T - T' of the 
sttachcd tl~ermomctcrs ( i F  al~croitl I ) : I ~ O I I I ( % ~ C ~ R  arc crr1~10ycd U is zero), add it to log II', and 
subtract the sum from log kI. This glvcs a quantity I). 

To the logarithm of D add thc qriantity A from Part I corrcsponding to thc .sum t + t' 
of the dctacl~ctl thcrruon~ctcrs, ant1 t,llc clrla~it~t,y C from 1'nl.t 111 c o r r e ~ ~ ~ ~ l t l i ~ ~ g  to t l ~ c  meall Iatitrl[le. 
The natural uumbcr of the rcsultiny logaritl~m will bc thc rcquircd din'cre~lcc of licigl~t iu feet. 
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TABLE X1X.-Con~pulation of Hciy11ts.-libr determining Difcrences of Height with the 
Uurom~ler.-Loonr~s. 

! ,  EXAMPLE :- 

Contpzdation of Heights from Barometrical Observations. 

Thr  forrnlll:t on rnl~ich this tnl~lc  clcprnds is the same as that  givcn i n  thc last table;  but 
thc c o u ~ t i l ~ ~ t s  crnployctl I)y llnily arc ill somc cascs dilFel.ent from t l~osc  of Loomis: thc lnttrr 
ta1,c.s t l ~ c  rnt.rn1 r : ~ d i ~ ~ s  of t l ~ c  cart11 as 208YtlG29 Ecet, and the coefficient of cos 2)c as 0.00265 
instead of 0.002G95. 

I I  vrc take thc cocficient oE expansion of mcrcury for lo Fah. = .0001; 

. J ,  9 )  J ,  brass scalc ,, = .0000104; 
and their cli5crcncc, vi:.. .0000896 for 8, thc first liuc of the formula on  previous page become3 

c o 1 a . o  log - 2.3103 (T - TI). . . 11' 

D c l ~ r a  
Mussooree 

i n .  
27 563 
23.408 

79O.0 
70 '1 

8 . 9  

79.6 
6 5 . 1  

14#4.7 

0.00039 
1.36936 

1.36975 
1.44033 

0.07058 

2.84'868 
44.81794 
0.00058 

3.GG720 

4647.3 
2233.1 

G880.44 

. . 

. 
a 

' 

, 

. .  

' 

. . 
' . '  

* 

. 
NOTE.-IF Aneroid ~ n r o m c l c r s  nro omploycd, D = 0. 

... ... ... ... Lower Station (L) ... 

... ... ... ... ... Upper ,, (U) 
... Date a r ~ d  Timc of Observation ... ... ,.. 

... ... 13aronieter.at (L) = H ... ... 

... ... ... ... .. J ,  (U)  = 11' 

... . . .  Attached Thermometer a t  (L) = T ... ... 

... ... ... ". >, (U) = T' -.. 
. . 

T - T' ... ... ... . . .  

... ... ... *DctaEhed Thermometer a t  (L) = t ... 
... ... ... ... . 1 )  >) ( U ) = t 1  

... ... ... t + t' . . .  

B f o r T 7 T f f r o m P a r t I I  ... ... ,.. ... 
. ... ..a ... . Log 11' ... . 

... ... ... . . . .  Sum (1) 

... ... ..a ... Log I1 (2) 

'. , ( 2 ) - ( l ) = D  ... ... ... ... 
a Log ... ... ... ... 9 ,  

A for t + t' from Part  I ... ... ... ... 
Cdor  w a n  latitudc 30' from Part  111 ... ... ... . . .  

... Sum = difference of hcight in  log feet ... ... ... 
... ... ... )J J~ in  fcct . . .  

13cigLt of givcn station above sea lcvcl in feet ... ... . . .  
... ,, dcd11ccd ,, > 9 ... ... 

. , . 
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The formula then stands as given by Loomis, viz :- 

H 
x = 66158'6' log ---7 - 2.3409 ( T  - T') . H 

. . 
Part I of the table gives the value in feet of the expression 60158.6 log H for heights of 

the barometer from 11 to 31 inches, only that each value has been d~creased by a certain co2stant. 
which does not change the difference 

60158.6 log H - 60158.6 log H'. 

Part I1 gives the correction - 2.34.00 ( T  - T ' )  depercling on the diffe~ence of temperatures 
of the birrometers a t  the two stations. This correction is to  be omitted if aueroid baromete~s are 
employed. . 

Part I11 gives the correction due to  the term 0.00265 cos 2h. 

Part  IV JJ JJ ,> 

Part  V 

The metl~od of using the table is as follows :- 

From Part I take out the two numbers corresponding to  the heights of the barometers a t  
the upper and lower statiolis. 

To their difference apply the correction in Part I1 corresponding to the vnh~e of T - T', 
the difference oE reading of the two attachccl tlicrmornctcrs, ur~less the 1)nrometers arc anc:roids, 
when this correctiou is not required. llhis gives a first a~~pror imatc  cliffcrcn!:c of hcigl~t ; 11c11c;te 

this by a and apply thc corrcction - 
900 

x (t + t' - 64') for the temperature of the a i r :  this 

givcs a second approximation 6 .  

Enter Part 111 with the two arguments, b and the mean latitude; 

IV ,, argument b ;  J J 

J J  V ,, two arguments, b and the height of the barometer at the lomcr station. 

The sum of the three corrections thus obtained whcn applied to b gives the rcquircd 
difference of height. 
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t ' EX,~MFLE :- y 

Con~pzctntio~a of Beig  Ats frorn Bat.o~netra'cab Observations. 

Detnched Thermometer at  (L) = t . . . 
( U ) = t '  . . .  

. 

D + C  = a  . . .  

S u m =  a + ( d  x f ) = b  
]?art I I1 for b  autl mean lntitude 30" ... 

t Ncgnlive wllen tlic t c w l ~ c r n l u l . ~  a t  (IT) i q  t l ~ c  lo\\.crnnd vice r c ~ . s d  ; but  if Aneroid Gnromctcrs nrr cm[)lo~.cd, C=O. 

TSULE SX.-Conzplctalion of Ifii!,i~ts.-For delo,rrining Heiglrls with the Boiling Point  
Tlle~.~r~onzeter.  

T l ~ c  11ei;llts of tl~c'l)nromftrr ~or rc>\~)o~~t l i~ , , r r  to diflcrcrit I~oiling points arc dcriverl from 
thc ~*rsrrlts oE llcguault's Espcrimcnts, rcvisetl Ijy A. Aloritz, by conversiurl from Prcnch into 
~n 'g l i s l l  units. 

T l ~ c  nppro~imntc Ilcights in t h r  third column of l'nrt I mnp hc ohtnined I)p snhtrnctit~g 
thc fcrt oC 'Cal~lc SIX Pro~u 273 1.1.5 I'cct, 11 11icl1 is tlrc value in  that  tablc correspouding to the ' 
reaclillg of thc baromctcr at t l ~ c  sea levcl, cir., 29.9218 iuclies. . . 

- 1 
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Tlie mi~llipliers in Purl I1 nre loand, on the snpposition that dry nir oxpnnds 0'00108333 of  its volrime for i0 Fsh., 
from bllc forr~~rrl~~-~n~riCiplier = 1 + (to - 82') x 0.002UY333, wlreru Lo is tile luenn tc~~~],crnl.iire oE tlie strntrlm of air I 
pnsscd tlirougli. s o w  tllo teuipurnturo oE the nir deoreuse~ 1" Fall. fur every 381 feet ascellded; so tlrnr, it'Y is tile 

n ?I 
temperalure a t  o l l e ig l~t  h, LLe teuipernLure nt t l p  Ben level is T + 332, and the lnenn temperature = 'I' + - nearly. 

660 

The method of using the table is as fo1lons:- 

Enter Part I with the given boiling point as argument and take out the approximate heigpt. 

Divide i t  by 6G0 and add the result to the air temperature. This gives the mean 
temperature of thc stratum of air passed through. 

Enter Part I1 with the mean temperature as argument, and the corresponding quantity 
when multiplied by the approximate height mill give the required lieight,above tlie sea level. 

E X : ~ \ I P L E . - T ~ ~  boiling point of water a t  Dehra is 208'. 14 Fah. when the temperature of 
the air is 78O.5 Fah. To find tlie height of Dchra abovc the sea lqyel. 

Part I gives for 208'. 14  approximate height = 2020 feet; 

t he re f~ re  mean temperature = 78O.5 + ['%]'= 81°.6. 

Part II gives fdr 81°.6 multiplier = 1.103; 

therefore height of Dehra above sea level = 1.133 x 2020 feet = 2228 feet. 

TABLE XS1.-Parallax of the Sun. 

This tahle gives the pamllax oE the sun for different months of the year at altitudes 
increas i~~g by 6' from O3 to 90'. The values of the paral1:rx for altitudes other than those given 
in the table ruay I I C  foutrd from irispection by simple interpolation. 

Tlic qrlantities given in the first line of the table are the angles snbtendcd b y ,  the 
equatorial radius of the earth at tlie sun; ant1 as the snu's distance is constantly cl~anging, t l~is  
quantity is greatest when the sun is nearest, that is in January, and least 1~11en tlle srin is 

1 1 
furthest away, that is in July. The ratio oE these two quantities is 1 + , : 1 -,, sirlce the 

60 60 
1 

eccentricity of the earth's orbit = - nearly. 
60 

The valncs given in t l ~ c  first line are the '' horizontal parallaxes " for thc particular monfhs, 
and for other al t~t~it lcs t l ~ c  parallaxes have been found by multiplying thc quantities in the first 
line 1)y the cosiucs vftlle correspoudilig altitudes. 

TABLE XXI1.-A,~lronomical Refractions. 

This table givcs tltc mran refractions oE celestial objects for zenith distances ranging 
from O0 to 88' 40' (a limit wt~icli is never exceeded), whcn tlre height of tlie barometer is 
30 iucLcs aud tlie air ten~pcrnture 50' Pall. 

Tllr tnhlc. ns stated in Apprrrd~x I to Grrentvirl~ Ohservntrons, 1838, is bnscd on Bessel'sTabulm Regiomnntnnm dpwn 
to 2. D. $5' and lor 1111 otlrer Z. l) '8 on Seascl'a Bur~dniucr~tu niodrficd. 

I n  addition to this, the third, fonrth and fifth columns of the table si~pplv the rrqiriaite 
data for comptitir~g t l ~ c  refraction for  any zenith dirtancc and fo r  ot l~cr leadings of t l ~ e  h:r~.o~r~r~trr 
and tlicrmorncter. 'rlt(, rc~fraction and diffcreuces which corrcspoud most nearly to t l ~ c  apparcut 
zenith distance arc to be employed. 
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r 'E:I[AIIPLE.-TO find the  refraction for a zenith distance 76' 17" with the  barometer at 
29.85 inches aud tlie temperature of the air 45' Yah. 

I N 

. . ' , Tlle table gives fo izen i th  distance 76' 20' . . . a  . . . . refraction = 3 5 5 . 2  

( 3' of zenith distance = - OU.29 x 3 = - 0 .87  

. a 
• ) I  correction for4  - 16 in. of barometer = - 7 .97 x 0.15 = - 1 20 

I 
i- 5' of temperature = -t 0 .4"i0 x 5 = + 2 .35  

Total correction = + 0 . 3 8  

Therefore the ~ e o u i r e d  refraction = 3 55.4'8 
2 Sin" t . . 

TABLE XXII1.-Valzies of for Co?)~putat ion  of Cii.cunyolat. Azinzuths.  

The valncs in  this table arc computed t o  two placcs of clccimals reqnircd for  the  complitntion 
of a8imptll accortliiig to thc new formula ~ ~ l ~ i c l i ,  as \\.ell as t l ~ c  methotl of  talring observations, 

, .will be foulid fully esplainetl i n  the rl'rigo~~omctricnl IIaud-Uook, subject" AzimutlisJ'. In  this 
tabld, t is tllc samc as A p  of the IIaud-Book. 

TABSE ~ ~ ~ ~ . - - ~ o ~ n ~ u f a t i o n  of Circuntpolar A.zi~,zltths.-To Facilitate the Calculntio,~ qf the 
Correclions-for Inslruiuen#al Errors  of (~olliniatlon, I t~cl inat ion  and Deviation-to the 

, Obserced Times of Transit .  

, The use of tlie table mill be seen a t  once from the formulae for the corrections. 

Le t  a, b, c bc the corrections i n  seconds of arc for devi.ation, ittcliaation,, and collintation 
* respectively. 

Then the correction t o  the obscrved time of transit i n  seconds of time 

- n sin Z.D. + b cos Z.D. + c - 
I t  sin N.P.1). 

T l i ~  tablc gives the values of the sine and cosine of the star's zenith distancc for  each 

degrce from 0" to  go", and thc value of the  factor 1 fo r  N. or S. declinations oE 
15 siu N.l'.U. 

st?rs.for each dcgrc,c from 0' to  4'5'. 

Thc thrce quantities in the numerator of the a1)ove expression ought to  be liept to  the 
first placc of dec~mals, while the resulting correction must bc obtaiued to two places of decimals. 

Tlie rules for thc signs of the corresponding corrections are as folloms :- 

with t l ~ c  star above thc pole, 

Collinzrrlion. If as the azirnl~tll incrcascs t l ~ c  circle reading also increases, thcn the  colli- 
mation corrcction is -t if  P. L. reads liigllest alld the star is observcd wit11 t l ~ c  Face to  the  east. 

0 Inclination. The corrcction is + when west pivot of tclcscope asis is highcst. 

Dc.rintio?i,. When the a z i m ~ ~ t h  of R. M, fl,om ~011th by west deducerl from the angle 
bctmecn tltc 1L. &I. a ~ l d  tJlc 'l'rnl~sit Star  is less tllau its geodetic azimuth, the  deviation correction 

f N is -- for stars - of the zcnith, and vice versa. . . - S 
- I 



46 EXPLANATION OF TABLES. 

TABLE XXV.-Computation o f  Circumpolar Azinz7lths.-To Facilitate the Computation 
of 611 or the Reduction to Elongation (old formula). 

L e t  A = t h e  azimuth of the  star a t  maximum elongation, 

P = the  corresponding h o w  angle i n  arc, 

6 P  = the  interval i n  time from maximum elongation a t  a given moment, 

6A = the  corresponding change i n  azimuth ; 

then 6A is found i n  seconds of arc  (see Account qf the Operations of the Great Trigonometrical 
Survey of India, Vol. 11, pages 145-7) from the formula :- 

2 sin" 6 P  cosec 1" t an  A c o s W . P . D .  
EA = 1 - 2 sinW.P.1). sin2 4 6P + cot P sin 6 ~ '  

I + The sign oE the last term of the  denominator is - according as the: position of the star - 
before E .  or  after W. Elongation 

is - - 
after E. or  bejor.e W. E l o ~ ~ g a t i o n  ' 

Part  I of the  table gives the values i n  natural numbers of 2 sind N.P.D. sin? 6P for 
evcry minute of time oE SP from Om to  30m and for  every degree of the star's N P.D.  from 
0" to  10". Enter  the tnble with 6 P  i n  lninutes of time andbcarry the cpe along the line until  
the  quantity corresponrling to the N.P.D. of the  star is  reached. The variation either for  N.P.D. 
o r  for  6 P  is so slow that  the quputity can rend1l.y be taken out  by inspection. Subtract i t  from 
unity and enter the result i n  the form for  computation. 

Par t  11 contains values oE the term cotP sin6P i n  natural numbers between the limits 
P = 82" aud P = 90' and for  values OF 6P from 0'" to  30"'. 'Yhe differences for  e a c l ~  minnte of 
time and for each 10 m i ~ ~ u t e u  oE arc arb so 11c:trly constant that tlre columu for lm may be taken 
as  giving the former, aud the  horizontal line corresponding to P = 89' 50' as giving the latter: 

T o  use Part  I1 of the tal~le, enter with P to the nearest 10' and carry tllc eye along. the 
comespollding Horizontal line until the column headed wit11 the irltegrnl part of 6 P  in 1rli1111tes 
of time is reaclrcd. Iuterpolate for minutes ant1 tlecimals of :i minute of P in  arc, usitig the 
quautitp in  the  last line but oue as the common di8erence. Next add the prnduct b~.,twcen the 
decimals of 6 P  in minutes aud the quantity in  the column for  l m  correspontling to  the value 
of P. 

EXAIIPLE.-TO find the value of cot P sin 6P, when P = 87' 42' 16" or 87' 4*2'.5 and 
6 P  = 15m72. 

For  P = 87' 4'0', the  column for  1 5 m  gives . . . . . .00266 
Comlnori diaercncc for  10' = - .00019 

therefore differcnce for  Y.3 . . . = -'00019 x .')3= - 4 

Common diflcrcnce for  lm = + .00018 
11 difference for  0m.72 . . . = + .00018 x .72 = + 13 

Therefore the required result = ,00275 
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. : Part 111 contains the logwithmic values of 2 sin2t6P cosec I" for every second of time 
of 6P from Om to 30n1, a d  is to be used i n  compr~ting the numerator of the expression for  6A, 
6P for the purpose being kept t o  two places of decimals of. seconds. 

Tables XXIV and XXV have been constructed to  facilitate the  ~alculat ion involved i n  
* determining tile meridian from circumpol:~r star observatio~ls. 'I'he method, wl~ich is described 

helow, is a rigorolis one and is only to be employed i n  the principal operations of t l ~ e  Survey of 
India. . I t  is not to  be adopted except where great accuracy is required. . 

, .. . Observations are m d e  bctwcen some fired mark or station, which is called the referring 
. .mark, and a c i rcum~~olar  star ucar its elongation. As the position of the star a t  each observation 

has to  be referred to  its position at  elongation the time must be carcfully noted, and it  is 
necessa-q tlierefore to  employ a chr~onomcter of \vllich tlie error and rate aye 1<11o\vt1. Tliese may 

' be detcriniued in several mays, 11nt the usual method, when the station at  ~vhich t,he observations 
are made appertains to  trinng~Jation, is to  place tlie telescope of the tl~eodolite in  t l ~ c  p la~ le  of the 
meridian as give11 by the t r~nugula t~on ,  aild to  observe the  transits of suitable stars every night 

. . throughout the time occupied by tlie observations for  azimuth. 

. When commencing worlr t h s  first thing t o  be done is t o  level the instrument with 
extreme care. As the transit axis level does not  shorn errors of level i n  the body of tlie 

: ins t rmcnt ;  the rcadings of a lcvel fixed near tllc base of the pillars of the instrument pitrallel t o  
the t ral~si t  axis are necessary. Wit11 t l ~ i s  lcvel any residnal errors ~ v l ~ i c l ~  may exist prior to and 
a t  the conclusion .of the observations, are t o  be carcfully notcrl in  tlle four posi:ions of the 
verticrrl circle facing N., S., E. and W., both ends of the level bcing read aud entered i n  the 
field book. 

The instrument slionld now be set to the adopted meridian and the  transit axis tested for 
inclination nrith the transit axis levcl, the two ends of tJle level bei11.g reat1 ~ v i t h  its cross-level 
both east and west, the position of t l ~ c  face of the iustrument, E. or W., being also rioted, as 
this,  position rnust be maintained wlle~i ol)ser\~ing thc time star. T l~esc  r e a d i ~ ~ g s  are required for  
fiudii~g the corrections to tile times of t r a ~ ~ s i t  of the time stars duc to  the tlislevelrne~~t oE the 
transit axis, but t l ~ e  opcrntiou should bc rcpeated at  t l ~ e  eiitl of the obscrrntions as a test 
of thc stal)ilitp of the ilistr~unent. Lescl rcadings 011 onc facc are not to  I)e conilril~cd with those 
on the 'opposite facc for the detcrmiuatiou of the col-rection to tlie time star. Tile time stars 
sllollld for  calivcnience bc taken fro111 tile Nautical Almanac ant1 oug11t t o  be near the e t j~~a tor .  One 
time star cacl~ night is all that is ahsolutclp nccessnry, as t l ~ e  rate oE the cl~ror~ometer  for 
24 ho~irs  is wllnt is ma~itctl, I ~ u t  i t  is prcic~rn1)lc t o  Ilave two in cnsc of accidel~ts. I t  is not 

' . matcri:~l whcthcr they arc ol)servcrl belorc or aCtcr the azirnl~tll ol)scr\ratio~~s, but it  is safer t o  
com'n~eucc wit11 tlic t i~nc . s ta r  lest clo~itls iilterfcre with its ol)servat io~~ aEterw:~rtls. I u  sctliug for 
a'star on (or ve;.y near) the meridiau, it  sl~ould be renic~iibercd that in  north latitudes 

zenith distance = co-latitude - N.P.D. for stars a t  upper cu lmi~~at ion ,  

)) = co-latitudc + N.l'.D. ,, lower ,, 
a ncgativc resrllt signifies tliat the star is south of thc zcnith. 

Thc time stars 1)cing choscn, Ict ns  suppose, to  precede the  azimuth ~bscrva~iona ,  the  
telescope sho~lltl I)c I )ro~~gli t  ro tu~d ,  s:ly, from lcl't to  right to  intersect tlle referri~lg nlark and t l ~ e  
readings of all the n~ic:rosco~)cs t : ~ l ; c ~ ~  and rccorded in the field booli. I t  sl~oultl tllen bc n~oved 
on in t l ~ c  s:mc dircctio~l till pl:~ccd i l l  t l ~ e  atloptcd meridian, \vl~cn t11c first tinlc star should be 
krausitcd and thc rcarlings of t l ~ c  n~icroscopcv again taken and entered. Thc method of reduciug 
thcse observalions will Lc cxl)laiued hel.caLter. . . 



4 s EXPLANATION OF TABLES. 

To enable the  ohscrver t o  find the  circumpolar star t o  wl~ich observations are to  be talcen it 
is nceessary to  compute i ts  horary anglc P, its altitude, and its azimuth A, all a t  elongation, by 
the  ior~uula:  :- 

1, log cos P = log tan  N.P.D. + log tan XI 

2.  log sin A = log sin N.P .D.  + log sec XI 

3. log sin Alt .  = log sec N.P.D.  + log sin A, 

where A. is  the  latitude of the place. The true altitude thus found must be corrcctcd for  r e f r a c t i ~ ~  
by adding the proper quantity given iu  Table SSII. 

The liorary anglc reducer1 t o  time mill, when added t o  the  star's right ascension, give the 
sidereal time of  western elongation a ~ l d  nllen sol)tractcd i t  will give the t i ~ u c  of ecrstcrll elotiga- 
t ion ;  from tllcse the cllronomcter tinlcs of elo11g:ttion may he f'onnd. It is co~ir ,e~~it-r i t  to Itnow 
t l ~ c  diH'crcnt apllarent altitudes oE the star d a r i l ~ g  t l ~ c  ol~scrvati.)ns, ant1 for this 1)url)ose the 
cllange iu altitude from elongation may be fouull nitli  suficieut approsi~nat ion by the  formula:- 

Increment i n  altitude for  1 n ~ i n u t e  of time for no oE polar distance 

A small table showing tlle apparent nltitntle and zenith distance a t  intcrvnls of sap 5 minutes 
bcfore and :~l'tcr clollghtion may with advantage be constructcd and placcd convci~ieutly for  
relercuce, as follows :- 

Polaris-for 30th January 1903, Latitude 23' 14' N., Longitude 08' E. of Grccnaich. 

N.P.D. = lo 12' 17"; no = 1°.205. 

Appzrcr~ I. :<cnith ' 

l ) i s l n ~ ~ c c  

0 l I/ 

GG 33 65 

35 30 

37 5 

38 40 

480 15 

4'1 60 

4,3 25 
4,s 0 

48G 36 

4,8 10 

439 495 

51 20 

62 66 

At TV. Elongation 

Chronomctcr Time 

h m r  
6 62 0 

57 0 

7 2 0  

7 0 

12 0 

17 0 

22 0 

27 0 

32 0 

37 0 

4.2 0 

47 0 

52 0 

Apparcnt Al t i todc  

O I N  

23 26 5 

24 30 

22 55 

21 20 

10 45 

18 10 

1G 35 

16 0 

13 25 

11 60 

10 15 

8 40 

7 5 



EXPLANATION OF TABLES. 

P 

Ahant 20 or 30 m i n ~ ~ t e s  hefore elongation the  observer intersects the rcfcrring mark, 
. moving tile telescope from the side opposite the star, ant1 registers the reading. ITc tl1c311 riiises 

, . the telescope to the reqllired altitnde nut1 moves the i~ls t r~lnlcnt  to aitllirl llalE a minnte of the star's 
aziruutllal reading, mhen hc clamps the i~lstrument and cnl!~loys the tangent screw to bring it into 
suetl a positiou that the star, after the lapse of a fcw aeco~ltls, may triulsit tile wire, ant1 tlirrc:ts the 
assistant to co~lu t  the beats oE the chro~lorneter aloud, so that ~vllen the star appears biscctcd on t l ~ c  
mire the ol)server ruay be able to call ont the esact s e c o ~ ~ d ,  wllicll is recorded with the hour ant1 
millute. The level 011 the 1)orlp of the i n s t r u ~ n e ~ ~ t  is the11 read autl recorded and also the microscope 
~ e a a i u g s  of t h e  horizontal liml). l'lle observer nest  unc:lamps allti overshoots thc star ant1 then 

.' miI,l! a reverse motion Ile agai~l  ol~serves first the star a ~ l d  ~ I I C I I  tllc nlark : this gives a pair of 

, . observations on one face. A similar pair is thcn talten on the other face bcginuing wit11 t h e  
reEerri11g marl;. Pour pairs of observations are generally taken, and they s l~ould be so timed 
that  t w o  are before aud two after elougation. . . 

I n  circl~mpolar star ohs&vations two different systems may he adopted. First, one star 
Gay be observed at  both elong~tious, or secondly, two stars may be selcctetl, of approsimatcly - eq~~al-polar distaucc, hut differing by about 1.2 llours in  right ascension, ant1 the onc ol~servcd a t  
its castel-11 and the other a t  its western elongation. The a d \ ~ a ~ ~ t a g e  oE the first metllotl is that  

' 
. .any arrorv \rllich map exist in  the tal~ulatetl place of tltc star do ndt aifect the result;  but on the  

other hand the ol,serv;&iorls lullst be cootltlctetl ncar SIN)-rise and snn-'set, when both star and 
.' r e f e r i n g  &:rrk map be tlificult to see. The secontt luetllurl has the adval~tage that the stars can 

be chosell so as to he observed a t  nigllt \vlle~l small stars are easily visible, but the results of the 
observatious are burdeued by the errors i n  the stars' places, so that  the  first rnctl~od is the 
preferable of the two. 

When the second method is adopted, care slio111d be taken to select stars of mhicl~ the north 
polar distan(:cs are 11e;lrly eq~lnl, and it is atlvisablc tllat t l~c i r  titiles of e lo~~gat io l l  sllollltl tli1i't.r by 
al~olrt -bT, ~ninlltes so as to  allow of the ol)scrvations to  ortc star I)eing cornpletcd bcforc t l~ose  t o ,  
thc otller are I~egnu. Wllcn tlley are s inln~lte~~eol~sly at  elongatioll both n1:~y I)c ohservetl in the 
a a d e  round of angles wit11 the referriug mark, but t l~ig should not be attclnpted by arly but s 
rapid and esperieuced observer. 

If the selected stars are not in the Nal~tical Almanac, their mcan places must I)e compr~ted 
for tlie first day o f ' t l ~ e  year eithcr from a catnloguc or fro111 l'irble LIV, by the formula :- 

, Mean Right Ascension on 1st January (1910 + y) = Mean Right Asceusio~l on  1st 

*ere p = annr~al  precession in  Rigllt Ascension, 

8 = secular variation 

y.= number of yenrs, 

with a aimilrr formula for North Polar Uistance. 



50 EXPLANATION OF TABLES. 

The following'is a specimen oE the o b s e r v a t i o n s  as entered in the field book :- 1 

Azimuth observed at Loi Hpa-Lnng Hill Station wi th Troughton and Simms' 12-Inch Theodolite 
N O .  II., C/tronot~~cter No. 45-25 by A. J .  Johanr~son 4 Co. 

Observations tdken to Polnris at M'rslern E l o r ~ ~ ~ , ~ l i o n .  

Date 30th Junuary, 1903. 
- 

Readings of L e v e l s  on body of I n s t n ~ m e n t  at commencement. 
L 

Frce  O F  Vertical 
Circle 

Ev~st ... 
South  ... 
West ... 
S o ~ . t l ~  ... 

I {e ' gd~ngs  of '1'1.a11sit Axis Level (I" I 1 ' . T O )  at c o m n l e n c e r r l e n t .  

l ( c ~ t d i ~ ~ c s  
Fuce of V e r t i c ~ l  C' 

Circle 
Cross Level Remarks 

West  end 13net end 

12nst 18 .0  
Went 2 9 - 0  2 3 - 5  - 

,, . ,"." , ,., Corrected 
Object =,, ,.lj35,. M ~ , , "  dDgles Cb'~""mef,er Times of Micrometer 

= C + D  Trsusit  of Ytvr  Bertdiuga 

A B C D E  

. 1 s . I .  , B  

d d  
d 

55 .965 -9  66.8 
0 Callis 3111jorim 662047.57l j . I  61.80 t ;~iZl)t i l~Hlr 83340 '35  C45108.5 9 4  059, f ;65 .0 . i0 .7  
r Csau Aluj*rim 6GP947.7 74.:) ( j l . 30  tiGZ961.30 8 3 6 4 U ~ 8 7  6501  I9 5 1113 887 R,71.1 36.0 

Remarks 

Barometer 26In. 19 
Therluorueter 61°.(1 

Reu t i i~~gs  of Levels 

hi song H.8. R.M. 
1'11Inria 
P<,lnris 
Iai Y#,ng H.R. R.11. 

Lei Sorlg 11 8. R.M.  
l ' ( ~ I ~ r k  
Polar18 
h i  Song n,8. R.M. 
Loi Song 11.9. R.U.  
l'nlnris 

Lovul M, ld = 2"'28 

F. 1,. 
o , 

55  6 

F.R.  
" ,  

2;; 

F.1, 

E. end 35 .1  
N. end 3 5 . 0  
W. end 34.8  
N. end 35 .8  

Lerel N, ld = 1".80 

W. end 32 .7  
N. e ~ ~ d  3 2 . 9  
E. end 33.2  
S. el111 32.1 

E. end 38.1 
6. end 38 .0  
W . e n d  3 8 . 0  
N. end 38 .3  

7.5 6 2C.l 
6.5IXI!~ 
651239 
55 

255 444 .3  
24,; 1027.1 

:,?a: 9 5 7 . 1  
255 4 2 5 . 1  

105 8 6 .1  

i 5 . h  Polaris 727  6 6 ' 0  
Loi Song R.S. R R f .  
L,,i long 11.9. 11.Y. 72k.15 9 5 4  6 .24  
Polv~rir 7 3 7  15.0  
Polaris 7 x 1  22.0 

\V.cnd a r . 2  
N. end 35.0  
E. end a 4 . 8  
8. end 34.6 

MdLiy\inr for  I I I  c.:~ro of Blnr. 

Uere follow level readings similar to thoae at the commenceme~rt but in the reverre order. 

5 1  
9 4 9  
81;!r.,:!4 

r ,6 .0 . i f l '  

29.4. 

'J:I5'0;l8'O 

32!!:IR.(l34.9i16.4 
3 6 ~ 1 : i : l - O : 1 9 ~ ! ~ 3 ~ ~ ~ 7 t i ~ l  

9 3 . 1  

3 5 ' 1  

38.7054,  

6 4 7 ' 8 i J ' O ( i U ' 9 l l 7 4 ~ 9 7 ! 1 . 3 7  

I T  
3(;,4:11'75 
1;;.9t;2.su;5 
:I(i.P:IO.Ci574 

34 

I 

1 
4:14.6:~.i.L.462.75 

8 l . i e . IH ;  

I 

3 

l i . i ~ ~ a 5 . 1 ; 5 . 9  

57.C-I- 

sx 

5:1.H'5!I11.1 
I9 .957~56PC:> 

rr;-(;:!?.r: 
i8.5125.5 

92 

75 6 11.0fi 
GSIl:I1.90 
t i . i l l2!1.:1r 
75 641.63 

2.55 5 49.23 
11 29.31 
1 1  29.13 
6 J!l,3!I 

I05 7 113.83 

cll,,ono. 

nlster 

l l l e s  

. 

54.8  
;,4 4 

l 
75 

Sfi. 1 
14.(f.t9.11 

I 

.i.i,4 

Lercla on hody 
of lnslrlllllellt 

54.1 

274.4 

35.7 

73.H74.2 

6 5 . 8  

N O  nr 
1 % 1 = 2 ~ . a  28 

9 5 4  9.16 

961,12.21 

9 6 4 1 0  97 

05420 .26  

96422 .96  

64.8 

5G.1 

G6.6 

76'0 

66.8 

K O  N 
I n =  l'"89 

1 1 1 n  I 

7 2 41 . 0  
7 6 20 .0  

7 13  34.0 
7 16 6 2 . 0  

7 %  21.0 33 .1  

IZ 

33.1 
33.3 

38.2,:1%.5 
96.292.;  

3 4 ~ 9 3 4 ~ 9 R R ~ O 6 S ~ H  

E 

:I8 9 

W 

34.:~ 
34 .7  

W .  

:35'0:47'9 
35 .038 .074 .  

:rY.t;34.0;r,. 



RXPLAJYATION OF TABLES. 

I n  these observations FL denotes that  the face of the instrument is t o  the  left and FR 
. Ohat i t  is to the r ig l~ t  of the observer, tvlrile 75' 5', 253' i~', 105" 7' a11d 285' 7' are the zero- 

settings of the i l~s t~ .ur t~eu t  which remairi the same for one night but are cl~angrd on snccessive 
nights in  accordance with the system of zero-settiugs adopted iu observing horizontal allgles. 

0 

0 .  

a The reduction of the observations rlom remains. The corrections t o  the timea of transit  
the t imastars  for  collimation, iucliuation aud deviatio~l must first be obtained. 

0 

. . The collimation correction is found from the  ohservations of the reFtrring mark, taken 
during the :rzirn~rtli ol~serv:rtio~is, Iry comp;~ring the reatlir~gs on faces right ant1 left in which t h e  

. instrumelit lias been movetl ill the same direction; thus a r e a d i ~ ~ g  of ~.eferri.lrg mark, before inter- 
section of the circuml)olar stirr, on face leFt w i l l  be compared with a similar reatlir~q o n  face right. 

. Followi~lg this mctlrod iu the exam!~le  giver^, we get tlic ~~ur l~ l le ra  8".2:!, 7".86, 5".3'2 a11r1 EIN.17. 
na1E the mean of these is 3".7, so that tlre correction for collilnatiou iu seco~ids of time is 

1 
+ 3''7 15 siu N.P.L). 

, tlie sign beiug determined by the rule giveu in Table XXIV. 

The rearlings af the transit axis level are W. 467.0, E. 58.0, and the difference divided b j  
the number. of reatlings, or 2 7 5  tlivisiou~, ~nultil~lietl  Ily the v a l ~ ~ e  of olle divisiou of the scale, 

I 
oiz., 1".70, gives 4Ij.7. The correctiou forirlcIirr:rtior~ is therefore - 4 .7  cos Z.D. x 

15 siu N.P.D. 
aecouds of time, the sign bcing determiued by tlie rule iu Table XXIV. 

T o  obtain the deviation correction apply the angle betn-eel1 the referring mark and the 
transit star to the azimuth oE the refel.r.il~:r I I I ~ I . ~ ~ .  to tlc(luce the ~ Z ~ I I I I I ~ ~ I  a t  \ s l ~ i c l ~  the star was 
transited. Tlie diBzrerice b z t w e e ~ ~  tliiv a ~ t d  18:)' gives t l r e ' l ~ o ~ ~ i x o ~ ~ t : ~ l  dcviatiori of tlic instrument 

sir1 Z I ) .  
i n  arc E.' o r  W. oE the rneriditrn, and when mi~ltiplied by we I~ave the correction to 

15 Sill .% l'.lJ. 
the transit in  secontls of tirne. The sigri oE the co~.re~:siori is t le te~mil~ed lly the rule in 'Fable 
XXIY. For tlie example given, tlic a z i ~ n ~ r t l ~  of tlle rcFt:~.rirrg 1n:rrli is lXnO : I i '  49".7J; hence 
the liorizoutal deviation fur 0 Cvu. Alaj. i~ 9"*37 E, a i d  f t ~ r  E C~LII .  M i ~ j .  8".87 E. 

The sllni oE the thrce corrections givcs tlle total col-rcct.ion to  be applied to  the  etar'r 
transit and for 8 Can. Mirj. it is - OY.4 aud for E Cau. J laj .  - 0'-3. 

The r e a d i n ~ s  oE the clironometer timcs as notctl on 6 wires A,  R, C, D and I?, when r e d ~ ~ c e d  
t6 centre wire c allti t11c.ir me:ul tal<er~, give tltc c:l~ro~~l,rr~etcl.  l i r r ~ c :  of t ~ x ~ ~ s i t  of 8 C;111iv niIajorir 
as 6h 4.6"' l9'.5 autl t.lrat of E Can. Al:~j (ill 51"' 27. .3 ,  so that tile currec:tctl tirr~es become 
6h 4A$ l9'.1 and Gh 51m 2 G S . H .  Tile right asc:cnsi~~trs oE t l ~ e  s ~ : ~ r s  b c i ~ ~ g  -19°11 421.9 1r11d 
6' 5 P  6OS.t3, tile error oE t l ~ c  cl~ronomt-ter as tlrtltrc~ctl I ' I .OI I I  t l ~ e  two time star* is ;jU 23'.9 slm. 
The observatio~rs of tlre next night furuis l~ tlie rate of tllc clirouometer. 

Now proceetling l o  the calclrlation of the a x i m ~ i t l ~ :  the 1.ig11t agcension nnd north polar 
&stance of the c i r r : t ~ ~ ~ ~ l ~ o l n r  star or stars l~ave to Ile t1c:dllcctl ~,igorot~sly lor the times oE e lo~~gat ion  

. on the first a1tt1 I:~9t 111g11ts oE ob~erv:rtion, :r11(1 t l~ose t t ~ r  i ~ ~ t e ~ . ~ r ~ c ~ l i a t o  ~ ~ i g l ~ t a  by i11terpo1:rtion. 
A list O F  circ~~rnpolnr.  st;^^ for ~ l ~ e  epocl~ 1st  J:i1111:rry 1 .;I0 is ;:i\'er~ i l l  'I';rl~le 111V. 'I'l~e corrections 

, , for :rllpare~~t ~~l:lc-ea arc to bc computed either by the ~ o r ~ u u l s  giveu iu  Nautical Almnnac or by 
uaiug 'l'uruer's 'Lablee. 



EXPLANATION OF TABLES. 

The horary angle P and azimuth at  elongation A of the circumpolar star, are fonnd for the 
first day from the formulie previously given. Instead of computing these for each day their 
changes are found corresponding t o  the daily change in N.P.D. from the formulz :- 

I f  tabular difference in log tan  N.P.D. for  variation of 1" = a 

)J J )  ,, COS P )J = b  
JY J J  ,, sin N.P.D. )I = c 

9 J J J  ,, sin A J 9 = d 
a 

then the  change i n  hour angle" - - 
b x change i n  N.P.D., 

C 
,J , J azimuth = + - d x change in N.P.D., 

whence follow the N.P.D., azimuth and sidereal time a t  elongation on the  dates of observation. 

The recorded times of observing the star are now corrected for the error of the chronome- 
t e r  and for the rate of the  chronometer for  t l ~ e  interval elapsed from tlle time star's transit. The 
corrected times being subtracted froin the sidereal time of elongation give the interval in-time 
between each observation and elongation, and the diflerences between the azimuth of t l ~ c  star a t  
these times and a t  elongation are found hy the formula on p. 46, thc several terms being found by 
the  three Parts of this table. The observed angle between the referring mark and the star is cor- 
rected up by this quantity and the meau oE the corrected angles applied to  t l ~ e  azin~utll of the s:ar a t  
elongation from south by west, the result being the azimuth ,of the referring mark from south 
by west. The mean of these results is talten for each zero on each face. 

There is still one further correction t o  be applied due t o  the dislevelment of the body of 
t h e  instnrment. To obtairl this, take the level readings for  each star and add the mean oT all 
t h e  east readir~gs on face left to  the mcari of all the east rendi~lgs on face right, doing the same 
for  tlre west readings. A quarter'of the differe~~ce retlucetl to  seconds of arc alld multiplied ly 
the  tangent of the star's apparent altitude at  the time of e1ong:rtion mill give the correction to 
the  angle between the referring mark and the star a t  elongation. The sign of this correction is 
found by the following rule :- . 

When the sum of t h e  E, end readings is greater than that  of the W .  end, the correction 
ndditiue l o  

is  the angle between referring mark and star according as the  azimut,h (from 
sirbtracl ive ,from 

Icss south by west) of the  star a t  elongation is -- than the azimuth of referring mark by 
rlreute?' 

triangulation and vice versd when the sum of t l e  W. end readings is gventer. 

The correction mill have the same sign for all observations of the same grolip whether on 
face rigllt or face left and ml~ethcr the instrumer~t rends from leEt to 1'1g11t or from right to 1c:ft. 
It must be determined separately for each atar and sl~ould be applietl to thc zero means of face 
leEt and face right. I f  the  referring mark is not ill the I~orizori a further correction to thc angle, 
whicll is generally insignificant, is necessary, viz., a quarter of the drfferet~ce of thc levcl r o > t l ~ ~ ~ g s  
multiplied by the taugcnt of the altitude of tire mark. Tlie sign of tliis correction is '  al\rays 
opposite to  that  of the former oue. 

The dislevelrnent in  divisions of the level scale ohtained as al~ove is 0.17 ant1 this multi- 
plied by 2".28 x tan Alt, gives 0". 17 : the sign is + bocause tlre east end readiugs are grentler 
and the azimuth (south by west) of star a t  elongation less. 

Applying thc corrections the angle between the referring mark and the star a t  elongation is 
obtained for the tlifferrnt zeros; tlrc means are tllelr talrr~l oat  by easter~l xud vcstern elongation, 
and finally the azimuth of the referriug mark from south by west deduced. 



~ T ~ B I ; E  XXV1.-Linear Value i n  Feet of one Second of Arc and i t s  Logarilhrn, measured along 
the  meridian. 

The formula, on which this table is based is 

sn, = p 1 sin 1". 
I t  is doduced as follows :- 

I 
Let sl = tho lcngt l~  in feet of the arc between late A and A + ; , L . I 

0 x2 = 1 8  9 A and A - L; 
2 

1 dr 1 d's 1 I V @ff~ 
then 8, = - min 1" - + - 2 ,, ,,, (4 )' .in2 l* + (f) s1n3 1" 2s + kc.. 

thorofore if sm = tho lengt l~  in feet of an  arc of 1". 

< E l  
.- 

a ( l  - r2)  a 
Now d A  .- p = nllere p ia tho radius of curvature to the meridian in lat. A ; 

(1 - 62' hl l l i  A) a 

Lhorcforo !: -- = 3 e2 p cos 2h, r~cglecting terms in e4;  w 

# 3  
sm = p l sin 1" + & p lb in3  1" e2 cos 2A + kc. 

The vnluc of I.l~ie scconrl torm wllcn A = 0' is .000 000 000 002 P feet;  or -09 feet for nn arc oE lo. 

SO that  for cklculaling the l e ~ ~ g l h  of an arc of 1" IVC need the aboro for~nnla. r 

The ta l~ le  is co~nputed for every 5' of latitude from O0 t o  40°, and is to be used i n  
conjunetiou with the two succeetlilig tables i n  computing rectangular co-ordinates, as is explained 
on pages 54 and 55: 

9 

TABLE XXVI1.-Linrar Value ill Feet of one Second of Arc and i t s  Logarithm, measzcred along 
Parallels of Latitude. 

The formula on w11ich the table is based is . 

sp = -00000 48481 3681 1 v cos X pN. 

I t  is deducod as followa :- 

&et sp = L11e length i n  fcet o l  ~ L I T  of p" in a pnrallol of latitude where radius is r. 

then sp = -.L. R". 
18U x 3600 

and + = Y C O S A ;  

wll&ce tho nbove vnlue. 

Thc tall16 is cornp~~ted  for parallels of l ~ t i t r ~ d e  5' apart between the latitudes O0 and 40°, 
and is to I)c 113ecl i11 c o u j u ~ ~ c t i o t ~  with thc prcccding aud succeediug tables in  computiu'g rectallguiar 
co-ordinates, as is erplaiued on pages 5-h and 55. 



64 EXPLANATION OF TABLES. 

TABLE XXVII1.-Arc-uersincs of Spheroidal Arcs of Parallel lo in length. , 

I f  0 and P are two points on t h e  surface of the  earth, and if the parallel through P cuts 
t h e  meridian throllgh 0 i n  p :  aucl if a great circle throngh P be drawn perpendicular to  this 
meridian cutting i t  in N, then p N is Called the Arc-versine of t h e  arc P p and is  given by :- 

Arc-versine of Pp = 11' A L2 
where R' is that f o r  the latitude of P. 

K e  can find this q ~ l n ~ l l i l y  ns Iollo\rs:-Eql~ntions (1) nnd (2) on page 21 give the erpressions for the differences of 
latitude nnd longiit~do of  lwo points. If ~ t .  employ them for finding the position of P referred to N we shall have, are 
page $0, siuce the uziluuth of P at N in  270; 

no that Ah = - R' 8, L', 
nnd AL = 81 L - Y' 6, L3. 

Now if 6, L is tnken as lo, me Love . ~ Y' 6, L3 = 01'.04 in lntitude 20'. 
So thnt i I  we tnke AL = 6, L we commit nn error of 0".04 or 4, feet in lo. 

Now P; = AL nnd P N = 6,L, 'r 

t11ereIore P p  mny be en~yloyed in ploco oE P N ;  
and Ah = p N = nrc-versine of Pp. 

tl~ercfore we hnre Arc-vers~ne of P p  = - R' ALZ, 

or arc-versine of P p  = + It' A L' when N is referred to P. 
where R' is thnt For the Intitnde.of N mllich is practicnlly the same ns for P. 

I 

Tlle table gives the  arc-versine i n  seconds aud iu feet for a n  arc of lo a t  .everI,5' of 
Iatitude from 0" t o  -lOO. I t  also gives fo r  the same latitudes the logarithm of the number of seconds 
i n  tllc arc-vc~sine of a n  arc of l", and it  is this last logarithni which is to  be used in conjullction 
with the two prccccling tables iu  co~nputiug rectangular co-ordinates, as is explained belo~v. 

Tables X S V I ,  XXVII' and X X V I I I  have been prcpared t o  cnable surveyors t h o s e  
aperatioi~s are based on  rectangular CO-ordinates to convert the Iatitt~des and longitudes d the 
Trigonomctrical Survey Stations, whicl~ fall  within raugc of their oper;ttions, iuto rcctatrgulnr 
co-ordinates, aucl thus obtain data for correcting the crrors of their operations by simple proportion. 

The  operations of the  Revenue Survcy are based on rectangular co-ordiuates computed on 
tile s u p p o s ~ t ~ o u  that  the carth i s a  plane, a l~t l  this assl~mption iritrodnccs errors shich 'are  insen- 
sible in  small areas, and insignificant when comparcd with the ordinary errors of mensure~ttent. 

Slippose 0, P, Q arc three stations of tlic Trigonometrical Survey whose latitudes and 
longitndeu arc I;norrn, and we want the co-ortlinates 
of P a t ~ d  Q \vitl~ respect t o  0 which are respect~vely ' I  perpencl~cular nucl parallcl t o  the mcridiau a t  0. 

Draw the parallels 0 0, P p ,  Qg, cutting t h e  
meridian throiigh 0 in 0, p ,  q ,  arid draw P N aud Q S 
perpendicular to the  meridian through 0. 

Then the co-ordinates of P and 8 are :- 

X = P N ,  X = QS, 
and 

Y = O N ,  Y = O S .  

As explained above the X co-orrlinntes P N  and 
8 3 may be considered equal to the  arcs P p and 8 9.  



B EXPLANATION OF TABLES. 

a n d O S = S q  - O q ,  

0 S being negative because S falls south of 0. 

Tl~erefore X in feet = the  diflerence of longitude Kg. 2. 

'converted into feet by Table X S V I I ,  and I 
l'ablc X X V I I I  iuto fcet by Table 

XXVI.  

The  -t. sign bcing used when tlie point is north of 0, .. / I 

and the - J J  ) J  u . J )  south of 0 ; 

in  th; 1attc.r cnse Y mill be + or  - according as the arc-versine is greater o r  less than the  differ- 
, ence-of latitude. 

* VIre !lave thus tllc following rulcs :- 
0 

RULE I.-TO h i d  the perpcudiculnr co-ordinate X in chains. , 

Pilid thc differcilce of longit~ldc betrrcen thc point and the origin i n  scconds; take its 
logari t l i~~l  ant1 adtl t l ~ c  log:~ri t l~m fro111 'I!:ll~le X S V I I  corl.espondi~~g t o  t l ~ c  la t i t~ide of the point 
and the nr~t l~meticnl  comple~ucllt of log (iG. This will give thc logaritl~m of S in cl~ains. 

' X -n,ill be + or - according as the longitude of the point is greater or less than that  of 
the origin. 

RULE 11.-To find the arc-versine i n  seconds. 

To tnicc the lognritllm of the diffrrence of longitude i n  seconds add the logarithm from 
Tahlc X S V l I I  cl)rrcspoiid~ug to tlie latitude of the  point. Tllis mill give the logarithm of the 
arc-versine i n  scconds. 

RULE 111.-To find thc meridional co-ordinate Y in chains. 

'Find Y in scconds from tlie equation, 

Y seconds = arc-vcrsinc + latitude of point - latitude of origin, 

add note its sign. To the lognritllm oE Y in seconds add the logaritl~m i n  Table X X V I  (corre- 
spoudil~g to a Intitnde = latit,~ltle of origin 4 Y) and tlie arithrnctical complement of log 66. 
This mill give the lognritl!m ot' Y iu cl~aius. 

Tl~e  sign of Y i n  c h i n s  mill be the same as that of Y i n  seconds. 



6 6 EXPLANATION OF TABLES. 

Conzputation of Reclnngzclar Co-o~~cli~zntes of T)ligo~zou~et~*icccI and othev Stations 
of zul~ich the Latitzccle a ~ ~ d  Lo~~gi t zcde  ulSe ~ I L O Z U I L .  

From origin ' 

e n d  X is ---- of Origin sccorrliug as the Lon~it .udo of tho Slntion is lhnn tl~nt of tllo Origin. t (d) is 
weat lvrr - 

nrrrzfpr ~ t o s t h  
according sa the h t i tude  of bhe Etation is tLsn that of the Origin. J Y is Boulh of the Origin accord- - iera 

iog u Y in .rc io  4. 

Number of Sheet ... ... ... ... . . .  
Name of Station (S) ... ... ... ... ... 

Long. of Origin (0)  ... ... ... ... ... 
... ... ,, ( s )  ... ... ... 

Difference ... ... ... ... . .  
,, in seconds ... ... ... ... . . .  

... Log ,, ... .... . . .  
Log from T ~ ~ I ' X X V I I  for Gt. of (S) ... ... ... 
A. C. of log 66 ... ... ... . . .  . . .  

Sum = log X ... ... ... ... ... 

... *X (Easting or Westing) in chains ... ... ... 

... Twice log diff. O F  Long. (4 places) ... ... ... 

... Log from Tab. XXVllP for Lat. of (S) ... ... ... 

Sum = log Arc-versine ... ... . . .  . . .  

Arc-versine in seconds ... ... ... ... 

Lnt. of ( 0 )  ... ... . . .  . . .  . 
Lat. of (S) . . .  ... . . .  ... ... ( 

Difference (d) t ... ... ... ... . . , 
Arc-versine in seconds ... ... ... ... ... 

... Al~chraical sum = Y in arc ... ... ... . .  
Y iu seconds ... ... ... . . .  . . .  

4 Y in arc ... ... ... ... ... ... 
L:rt.of ( 0 )  ... . . .  ... ... ... ... 
Algehraical sum ... ... ... ... . .  

... ... Log from Tab. XXVI for Alg. sum ... ... 
Log of in  scconds . . .  ... ... ... ... 

... A .  C. of log GG ... ... ... . . .  

... Sum = lqg Y ... ... ... . . .  

... $ Y {Northing or Southing) in chains ... ... 

... 

... 

01 1 N 

72 10 13.73 
71 20 10.25 

0 5 0  3.48 
3003.48 

3 -477694.7 
1 -978641 1 
2 . 18045G1 

3.6367219 

- 4c!332.~3W. 

6.9552 
7.8987 

0.8539 ,, 

7.14 

0 1 I/ 

20 15 3 0 . ~ 2  
20 15 36.50 

- 0  0 4.12 
+ 7.14 

+ O  0 3.02 
+ 3.02 

O ' N  

+O 0 1.51 
20 15 30.GZ 

20 15 3F.13 

. 2 00,18236 
0' 4.8000(i0 
2.180-1,56 1 

-- 

. O.GG4.2HGG 
-- . -. - - 
+ 4,'G!2 N. 
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t 

Tables XXVI, XXVII  and XXVIII  may also be employed, with all the accuracy desir- 
able for most hractical purposes, for determining the latitude and longitude of a Revenue Survey 
Station wl~ose rectangular co-ordinates have been corrected for errors of measurement and made 
corisistcnt with the correspontling co-ordinates of the Trigor~ornetrical Survey Stations in the 
districts under survey. The latitude and longitude of the origin must of course be known, and 

* the given rectangular co-ordinates must be perpendicular and parallel to the meridian of the 
a orig~n. 

I 

' 

The method of proceeding will be as follows :- 

RULE ~.-TO log Y in chains add the log of 66, the sum is log Y in feet, and Y in feet divided 
by 100'will give an approximate value of Y ih seconds (see Table XXVIj' : find the approximate 
middle latitude = latitude of origin + 4 Y and with i t  enter Table XXVI and take out the 
c,orresponding logarithm : add'its Aritl~metical complement to the logarithm of Y in feet, and the 
result mill be the logarithm of Y in seconds of arc. 

. RULE 11.-To log X in chains add the log of 66 and the Arithmetical complement of 
the logarithm in Table XXVII  correspoudi~~g to a latitude = latitude of the origin + Y in arc, 
and h c p  the sum to 4 places of decimals; multiply this by 2 aud add the logarithm iu Table 
XXVIII  corresponding to the s aye  latitude: the result will be the logarithm of the arc-versine 
in seconds. 

RULE 111.-To find the latitude of the point. 

. 
T l ~ e  required latitude = latitude of origin Y in arc - arc-versiue, where Y has tlie 

same sign in arc as i t  has in chains. 

I 
RULE 1V.-To find the longitude of the point. 

To log X iri cllaills add thc log of 66 and the arithmetical complement oE the logarithm in 
Tnldc XXVII corresponding to the latitude just found. This will give the logarithm of the 
difference of longitude ill seconds. This difference must be addcd to the longitude of the origin 
if S is plus and subtracted ~ v l ~ c n  X is m i n ~ c s .  



... ... ... I Twicc Slim 
Log from Tnblc XXVIII for A', . . .  ... 

6 8 EXPLANATION OF TABLES. 

Reduction of the CO-ordinates of Slations from Reclangulav to Spherical. 

Latitude of origin (A,) = 20' 15' 3OW.62; Longitude of origin (Lo) = 72' 10' 13" 73 

Slim = log Arc-versine ... ... ... . . .  ... 

Name of Station (S) ... ... ... ... ... 
Y in chains ... ... ... .., ... ... 

... ... ... ... ... Log , ,  . . .  

... ... 1 66 ..a ... ... .., 

Sum = log Y in feet ... ... ,.. , . .  ,.. 

Y in feet - -- ... ... ... 
100 

- Y in arc approximately = Y,* 

... ... + t Y. ... . . .  . . .  ... - 
Xo ... ... ... ... ... " F  ... 

... Algebraical sum ... ... ... ... ... 

A. C. of log from Table XXVI  for Alg. Sum ... ... ... 
... Log Y in feet ... . . ... ... . 

Sum = log Y in seconds ... ... ... ... ... 

... Y in arc t ... ... ... ... ... 
Xo + Y in arc = A'. ... ... ... ... ... 

... ... X in chains ... ... ... . . .  

... ... Log ,, ... ... ... ... 
66 ... ... ... ... 

... A:.c. of log f roA'~sb1e XXVII for h', ... . . .  .., 

... Arc-verside ... ... ... ... ... 

X', - Art-versine = Lat. of (S) ... ... ... . . .  

a 

+ 2877.56 

3.45902-l.4 
1.8195439 

-- - 
5.2785683 
0 1 I1 

0 31 39 

0 15 49.5 
20 15 30.62 

20 31 20 
I - - -- - - 

3.D96 1633 
5.2785603 

3.27478;6 

0 1  N 

0 31 23.49 
-- - 

20 46 53.11 
C 

+ 32906.18 

3.5179 
1.8196 
2.0228 

... Log X in chains ... . . .  . . .  ... ... 
GG ... , . . ... 

... A: C .  OE log f r o i ' ~ a b l e  XXVII for ~ a t : ' o f  (S) ... ... 

... Sum = log X in seconds ... ... ... ... 

... Sum ... ... ... ... ... ... 3.3602 
-- 

... X in arc t 
0 r ,, 

( l , " . . .  ::: : : : ,  ::: ::: 1 : :  . . .  

. . .  I\lgehraical ailm = Long. of (S) . . .  . . .  

+ 0 38 12.22 
73 10 13.73 

72 f?i.!)5 

* Y. hslr the ssme sigu as Y in ehaius. t X iu arc and Y iu arc h a w  t,he same tiigrru as lllcg havc in rhniue. 
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, . TABLE XXIX-Linear Va l i~e  in  Miles of a Degree of Arc  mcaszcred along the Meridiu~i .  

This table is computed from thc  same I o r ~ n a l a  as Table XXVI, thc unit hcir~g c l rn~~ged  
from feet to  miles. The term p 1 sin 1" gives the result co:rect to  4 places of dccirunls ot a mile. 

b 

The argument in  this tahle is the inean latitrlde of the extremities of thc given arc. 
Thus the meridional distnnce bctn~cen t l ~ e  parallels of 74' n ~ ~ d  84' is GY .7159 milcs ant1 m:~y be 
reclroned as tlie leugth of a degree a t  tlie latitude of 8". The  table is constructed for  mean 
latitudes rangi~ig from 0' t o  46'. 

E ~ ~ 6 ~ ~ ~ . - R c q l ~ i r e d  the meridional distance between the parallels of 8' 6' and 8' 38'. 

- The rucau latitude - 8' 5' + 8' 38' = 80.358. . . . . . . . .  
2 

BIilrs 
. . . . . . .  The table gives the length of a clcgree a t  8' = C8.7159 

Differe~icc for 1' . . e  . . . . . .  = '+ .0035 

,Therefore difference for 0°.358 . . .  = + -0035 x .358 = + .0013 

L c n g t l ~  of a degree a t  8O.358 . . . . . . .  , . . .  . = 6 8 . 7 1 7 2  

,, Therefore distance betwcen t l ~ e  parallels of 8' 5' and 8' 38' 

- - - .  33 x 68'7172 miles = 37.T946 miles. 
60 

T A B U  XXX.-Linear Value in  ildiles of a Degree of Arc meas~cred a l o f ~ g  Parnllels of Latitzcdc. 

This t a l~ le  is computed by the same formula as Table XSVII,  the unit being cliaoged 
from feet to  miles. 

T l ~ c  argument iu this t a l ~ l e  is thc latitude of the parallel OII  wliicl~ the leng t l~  is required. 
Thus t l ~ e  distance on t l ~ e  parallel of 28' l)et\veen two meridians 1' apart is G I  . 1100 miles. Tile 
table is constr~lct@l for parallels of latitude 1' apart from latitutle 0" to  Iatitu(le 4.6'. * 

3Ex~arr~n.-Required the distance betwcen the meridians 78' 2A' 78' 53' on the parallel 
of 28' 41' = 28O.683. 

I f  P(n) = value i n  miles of 1' on  the parallel of 28O.683 

]I' = 
>J 7, ,, 48O 

n (n - 1) b 
then F(")  = F + n a + + kc.  (sce note to  Table I )  

1.2 1 

where n = .683, and a and b arc t l ~ c  1st nud 2nd differences given by thc table. 
Rl1lcn 

tablc . . . . . . . . . . . . . . .  F = G1.11OD 

) I  a = - .6T3/b; tllcrelore n, n = - 
- 1) b 

>, b = - a0185 >, (n- = + .0020 1.2 
7 

thercforc $'(") = fiO.7213 

ThereCorc the tliqtahrc 11ctmcc1l mcritlinns 7'8' 21,' and i s 0  53' on t11c parallel of 28O.683 
'> () 
d ,  

= x ( iO 7213 miles = 29.3486 miles, 
60 



60 E X P L A N A T I O N  OF T A B L E S .  

T A B L E  XXS1.-Gratictcles of ninps.-Sides and Diagonals of Sqirares of &th of a 
Degree of Latitude arid Longitude, on tire Scale of 4 Inches = 1 Mile, or 1 znch to f of a iMile. 

W B L E  XXXI1.-Gt.nticules uf maps.-Sides and Diagonals of Squares of it16 of cr 
Degree of Latitude and Lo7agitudeJ on the Scale of 1 Itzch to 8 a Mile. 

T A B L E  S X X I I I  8.-Graticules of n~aps.-Sides and Diagonals of ~ q u a ; e s  of i t t i  of a 
Degree of Lat~tucle  and Longitude, on the Scale of 1 Inch to 4 of a Mile. 

T A B L E  X S X I I I  B.-Graticules qf mops.-Sides and Diagonals of Squares of k of a 
Degree of Latitude a ~ r d  Lo~igitude, on the Scale of 1 Inch to 1 Mile. 

T A B L E  XXX1K.-Graticules of maps.-Sides and Diagonals of Squares of 4 of a Degvee 
of Latitude and Loriyitude, on the Scale of 1 Inch to  2 ~Ililes.  

T A B L E  X X X V  A.-Graticmles of naaps.-Siclps and Diagonals of Squares o f  4 of a Degree 
of Latitude and L o ~ z ~ i t u d e ,  on the Scule of 1 Inch to 3 Miles. c 

.- 
T A B L E  X X S V  l3.-Graticziles of maps.-Sides and Diagonals of Syuares of 4 of a degree 

of Latitude and Lonyitude, on tihe Scale of 1 Itich to 4 Miles. 

T A B L E  XXXV1.-Graticules of maps.-Sides and i)iagonals of Squares of 1 Degree 
of Latitude and Lonyitude, on the Scale of 1 I n c l ~  to 8 Miles. 

T A B L E  XXXVI1.-Graticziles of maps.-Sides and Diagonals of Squares of 2 Dfgrees of 
Lat i tude and Lonyitude, on the Scale of 1 Inch to 12 Miles. 

T A B L E  XXXVI11.-G1*nticuIes of n~nps.-Sides and Diagonals of Squares of 2 Degrees of 
Lat i tude and Lonyitude, on the Scale of 1 : 1000,000. 

4 

These tables are fo r  use i n  constructing the graticules of maps, on the  different scales 
mentioned, when the projcction used is the modified form of polyconic which has been enrployed 
by the  department for  many ycars. 

The quantities m, n, p and q in  the  tables are the respective lengths of the sides P S  or 
RQ, PQ, SK and of tile diagonal PR or SR, of each so 
called little square SPQR wl~ose size is indicated i n  the  table. 

As t h e  lengths PQ and SR are the correct lengths of a 
particular angnlar amonnt of the correspoudir~g parallels of 
latitude and SY or 1tQ is the correct length of the meridian 
betwcex~ these parallels, the prqjcction of cach small square may 
hc considered a modified sccntlt coxiical one arid the projection as 
a n l ~ o l e  may with sufficient accuracy be denorniuated polyconic. 

On the scales employed i n  Ta1)lcs X X X I  and X X X I I  
thc area coml~rised in each littlc square is t l ~ n t  of a standard P 9 
aheet, o r  of n planc-tal~le section, ant1 therefore it  will bc sufi-  
cicnt in  p l o t t i ~ ~ g  such sliccts or scctious on tlicse scales to dram a 
line parallel to  t l ~ e  top cdge of the paper and lay off SR, the correspondingp, on it .  
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9 .  Then  with S and R as centres and S P  = m and R P  = q as radii, two circles must be 
described cutting each other in  P and two others with the same centres but with radii SQ = q and 

. R Q  = m cutting i n  Q and the lines SP, PQ, and RQ joined to form the graticule, t h e  
practical test being that  PQ shall equal n. 

I f  however the sheet to  be projected is of the old form viz  twice the angular distance in 
longitude that  it  is in latitude the11 a line should be drawn down the middle of the paper and 
P S  = m laid off on i t :  the point R and a corresponding point It' on the  left of P S  should 
then be determined from centrcs P and S and similarly the points Q and Q'. The graticuleis then 
completed IT joinit~g PQ, PQ', Slt, SR', RQ and lt'Q', the practical test being that each of t h e  

.' tw$,latter shall be equal to nt. 

. . 
I n  the remainder of the tables the  angular siza of the squares is such that  four of them 

are required to  make up a sheet of staudard size. . . 

Such sheets should be plotted i n  the 

A line is drawn down the centre of the paper and o n '  
i t  AB and UC are laid off equal respectively to  each of two 
successive m's on the particular scale. Wi th  A and B as 
cet~trcs and the corrcsponding 7~ a ~ i d  g as radii circles are 

, described cutting iu D and D' aud with C aud B as centres 
, . a r ~ d  t l ~  correspontling p and p as radii circlcs are  described 

cutting in P'and I?': Dl? and I)'$" are joined, 1)E and D'E' 
are each made equal to  AR and the graticule com- D 
pleted by joining the various points. 

'. It will he noticed that there is here a departure from the polyconic projection described above 
since the point I3 belonging to e a c l ~  little square is not plotted but obtained after joining up  the 

' line DF.  T l ~ i s  is tlo~le to m;~ke  the meridians straight lines and does not affect the accuracy of the 
projection, for if el aud e, are tlie corners of the respective Little squares then 

we I~avo,  iE 8, and 8, are the angles w l ~ i c h  AD nnd Be, Innlie with AC 

on the scale of 1 inch = 1 mile betweeu the parallels of 39' 45' and 40' 

8, = 8, and 

D el e, F is a straight line and e, and e ,  coincide with E. 

On the scale of 1 inch = 4 miles between the parallels of 39' and 40" 

-017 
COB 0 - - . O M  

I - 17. COJ 02 = 1~.z6 whenc e  

the co-trdinates of D, el, e,, F are found to be 

fro which it  follows that  P 
DF = 17.245 and that  the  co-ordinates of E are g. GPO 6.6801 

80 that e,, e, and I3 coincide to  the one-thousandth part of a n  inch and DF is equal to AC. 
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On the scale of 1 to  1000,000 between the parallels of 36' and 40°, 

the co-ordinates of D, e,, e,, F are found to  be 

From which it follows that 

6 . 9 1 1  DF = 17.483 and thnt the co-ordinates of E are .811) 
. . 

so that c,, eg and E differ from each other by about the four one-thousandth parts of an inch 
and DF and AC differ by the same amount. This for all practical purposes is coincidence. 

The detail on the sheets on the scale of 1 inch = 4 miles is obtaineci directly from that on 
the scale of 1 inch= 1 mile by rerluction. No appreciable error in detail is iritroduccd by this, for 
if two sheets (the cquivalent of f o ~ i r  half sheets) in each of which the loner parallel is 39' are 
placed together, two in each of which the lower parallel is 39' 30' anrl t qo  in cach of which the 
upper parallel is 4'0°, the extreme points of these parallels correspond to the poir~ts D,E,F,and 

if 0 is the angle mhiclr the n of the first 11alE sheet mnkes with AC, t h e h  of the seco~ld IlalE aheet mill make an angle 
38 - 180, thnt o l  the third hnlf sheet an  a~lglo  of 58 - 360 ~rnd that  of the fourth half sheet nn angle of 78 - 640 each 
with the same line so that  t l~dco-ordinates of the extreme point are 

I {sin 0 + r n  (30 - 180) + sin (60 - 360) + ~ in(70  - 540)) = I  
sin (40 - 270) sin (40 -360) - 

sin (0 - DO) 

coe (40 - 270) sin (40 - 360) 
and n f roe 8 + cos (30 - 180) + cos (5 r -  SM) + eo8 (70 - 540) ) = n  ---- - 

sill (0 - 90) 

and for the three parallels under discussion 0 is given by 

.012 .012 ,012 
COB 0 = - COs 0 = ---- C08 8 = 

17.24G ' 17'24b 17' 246 

wl~i lc  t.he rnlues of n are respectively 6,728, C.C80 and 6,632 
whence i t  ensily follolrs t l ~ a t  :- 

the co-ordinates of the three points undcr consideration whcn reduced to scale of 1 inch = 4 
miles are respectively 

while the co-ordinates of D, E, F are respectively 

so that the points are practically identical. 

Similarly i l  two eheets on the scalc of 1 inch = 4 milcs in carh of which the lower pnrallcl is 
36' be placed together, two in each of wlricll the lower parallel is 38' and two in cacli of which the 
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'upper barallel is 40') the  CO-ordinates of the three extreme points one on each parallel when 
reduced to the scale of 1 to  1000,000 are fouud to be 

phile the co-ordinates of D, E, F on the scale of 1 t o  1000,000 are . 
8 7 .098  6.911 

a . o ~ J  8 . 8 1 1 )  ' .  
. . 

' 

so &at.thc points are identical for all purposes of plotting. 

T A B L E  XXS1X.-Graticutes o f  maps.-Sides and Diagonals of ~ j u a r e s  of 2 Degrees of 
Latitude and Lo7~gilude, on the,Scale of 1 Inch to 28 Miles. 

T A B L E  XL.-Graticules o f  n8nps.-Sides and Diagonals of Squares of 2 Degirrs of 
Latitude and Longitude, on the Scale of 1 b c h  to 32 Miles. 

T A B L E  XLI . IGrat icules  qf maps.-Sides and Diagonals of Squares of 4 De-qrees of 
La l i t tde  and Longilude, on the Scale of 1 Inch to 6-4 Miles. 

T A B L E  XLI1.-Graticules'of nza11s.-Sides and Diagonals of Squares of 4 Degrees of 
Lptitude and Longitude, on the Scale of 1 Inch to 8 0  Miles. 

T A B L E  XLII1.-Grnticules of maps.-Sides and Diagonals of Squares of 4 Degrees of 
Latitudd and Longitude, on tile Scale of 1 Inclr to 96 Miles. . 

T A B L E  XT>IV.-Graticules of maps.-Sides and Diagonals of Squares of 4 Degrees of 
Latitude and Longitude, on lire Scale of 1 Inch to 192 &files. 

T A R L E  XLV.-Graticnles o f  maps.-Sides and Diagonals of Squares of 4 Degrees of 
Latitude ar~d  Longitude, on tire Scale of 1 Inch to 25G Miles. 

~ h e s ' c  tahlcs'are for use in constructing the graticules O F  map$ on the various scales indicated, 
when the projection usctl is a m o d ~ f c d  seca~lt  conical one hnriug for ~ t s  I~rnits tllc par:~lleIq of 
8' a~xd .kOo. ' l 'l~c tal~lcs arc rnt.r~etl dowu to O0 aud i n  some cascs up to 44.') Ijut the projcct~ou is 
really coustrnctcd with tllc nbovc limits. 

Tllc meridians are rcpresented1)y straight lines and the parallels by arcs of circles dcscril~ed 
round a comlnorl centre. Thc position of this cent1.c and tllc a11~1e  of projection (that is the 
angle srll~tcndcd at  the centre by nu arc of parallcl of lo) are determiucd by the following 
cousidsrntions :- 

lo. The Icngths on the meridians shall be tlie samc as the corrcsponding lengtlls on the 
earth's surEace. 

2'. Thc crrors of lengths oE the pnrnllcls of 8' and 40' shall 11c cqrral and each chall he 
e&al to  thc error of length of the parallel a t  n ccrtnin latitlrdc b c t w c r ~ ~  t l ~ r s c  parnllrls w11cl.c it  1s 

vmaximnm. T l ~ e  a i ~ 1 1  oE thc Iattcr will tliKcr from those oC t l ~ c  two former a11d tllc>re will 11r two 
parallrls on w l ~ i c l ~  thc cvrors will hc xrro. Tlu: projcctiou is thus a quasi secant conlcal one 
'though it  c a u o t  be illustrated geometrically. 
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From these considerations it  follows that  if 0 is the centre and 0 t h e  angle of projection,' 
P and E the positions on  the  projectiou of the uorth pole and of a point on the equator respectively, 

0 P = 4280.11 miles 

The  error is zero on the parallels of 12' 30' and 35' 8' 
and on  the parallels of 8', 23' 4.0' 61" and 4.0' the  percen- 
tages of error are respectively 1.8, 1.9 and 2.3. 

The parallels should be arcs of circles but the  chords 
are  plotted instead. 

I f  ABCD is a small square of, say, 2' and if OA is, say, 10~000 miles then 

OL = 0.4 cos B = 9999.75 miles, (. 

so that LM is 1 of a mile o r  on the scale of 1 inch = 32 miles less than the one-hundredth 
part of an inch. 

As each of the squares forms part of one projection hl which the meridians are straight 
lines i t  is immaterial from what liue the projection is started and convenience of handliug 
must be the guide. For esa~nple  the Map of Iridia on the scale of 1 inch =32 miles extending 
i n  longittide from abont GO0 to  about 104' east longitude and ,from about 4' to about 4,0° 
north latitllrle is iu twelve sheets. Each sheet is a rectangle 20 .5  inches i n  longitude and 
24.511 inches iu  latitude, a ~ ~ d  the sheets are arranged by fours i n  lo~lgitude. The central 
meridian, viz., that  of 82' east longitude is draw11 down through the three westeru central 
sheets p:rrallel t o  the  eastern edges G E  the rectangles and a little may t o  the west of them. 
Another line to  represeut the same meritliar1 is tlrawri parallcl to  the western edges of the 
eastern sheets a t  the same distance outhide the edges. Along these two lines the lengths of each 
two degrees of latitude are"laic1 off starting from a poiut rel~rescnting Go a little north of the 
lowevt eilge, care being tnlien that  a t  the juuctious of the various sheets the sum of the two 
parts shall be the correct value. 

The right hand bottom corner of the bottom square and the right hand top corner of the top 
squnrc in  the easter~i central sheets arc plotted, and tlie co~.respondil~g lelt ha r~d  corners in the western 
central slleets. 'L'lle points are joined f o r n ~ i n ~  two uc\v ~neritlians which are tlividcd up  as before zlnd 
the parallels formed I)y jo i r r i~~g  tlie correspo~i~liug points of scction: the process is continued-on 
these two new meridinus uutil t l ~ e  edges of tlre sheets are reached. 

The practical test is that the lengths of all the meridians shall he the same and also that  
the  n's shall he thosc givcn iu  the table ba t  there is a f ~ ~ r t h e r  test in the check diagonal of which 
one is givcn for e:rch sheet. Tli~ls iri tlle 1,ottom sheets thc diagonal of the square eiglit + p e e s  
i n  latitude between 8' and 16' aud eight degrees in  longitude is 24.127 inches. 

The only difficulty now is to  get the nest  meridians drawn i n  their proper plice on the 
adjoining sheets. This is easily effecteci by projecting corners of the last sqnarcs of the central 
eheets on the margins outsitle the eastern or westet.n edges as the case may 1)e and then carefully 
transferring these last squares to their proper positions on the contiguous shcets. I 

I t  is hardly necersary t o  dcscrihe the projection of the other scales i n  detail : the general 
principle to  be observcdis that the top corner of thc top srlllare and thc Imttom corner of the 
bottom square of each sheet should be first plotted and then joined to form the uew meridian. 
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e . FABLE XLV1.-Rectangular Co-ordinates in Chains of the Corners of i t h  De.qree 
Squares, referred lo the centre of the Degree as Origin. 

This table gives the rectangular co-ordinates in  chains of the corners of 4th degrec square3 
referred to  the centre of the degree as origin for latitudes ranging from 0' to 4.0'. 

I t  is computed according to the principles laid down in Tahles X X V I ,  XXVII ,  ;1r1(1 
XXVIII, and is for thc usc uf Rcvenue Surveyors aucl ot11:l.s \\,hose operatio~ls are I~ ; rhc . t l  or1 
rec ta~~gula r  co-ordinates referred to  the centre of a square degrec as origin, but which are i i l t e~~t l -  
ecl .for pul~l~cat ion in maps based on spherical co-ordinates. The points of mhich the rectangular 

. co-ordiuates are given in the table are  the corners of 7' 30" squares. 
. . 

TABLE XLVI1.-Convergency between Meridians 1 Mile apart measui.ed on 
Parallels o f  Lalitude. . . 

The formula from mhich f his table has been constructed, is 

tall h. 
Convergency = 5280 cosec 1" --- 

where v is the  normal t o  the meridian iu latitude h.. 

I t  may be drd~leed us Follows :- 

Let P and Q bc two points I mile apart on t,hc parallel of lalitode A' whose difference of longitude ie A L ;  ( 1 1 - a ~  
bnnge~its at. the point# 1' a d  & to the ~~ler id irz~s  t l ~ r o ~ ~ g l ~  P alrd Q ; tliesc Langents will meet at a poinL T 011 the polar axle 
of !he eurtil. 

Then Lhe convergency = tlle nngle P T Q = AL sin A 

or tan A 
= P Q coscc 1" -- = 5280 eosec 1" tzA . 

EXAMPLE.-TO find the convergency of two points 1 mile apart in  latitude 17' 40'. 

log 5280 = 3 -  72263 

log cosec I N =  5.31443 

log tan X = i ,50311 

1 
log - = 8.67924 from Table I 

v 

Nat.  No: = 1 6 . 5 7  . . . . log = 1,21941 

therefore the convergency = I C . 6  as given in the tnhle. 

Thc tahle is c o n s t r ~ ~ c t r d  for  cvcry j' of Iatitudc from 0' to  40°, ant1 cnnblcs R r v r n ~ l r  
Snrrepcxs ant1 others who employ r ~ c t a n ~ l l l a r  co-ordil~ntes, to  refer observccl n z ~ n ~ u t l ~ s  or ; L ~ I ~ I I I ~  I I \  
ohtailled through triangulation to t l i e~r  meridian of origlll. 

I t u ~ ~ . - E n t c r  tllc tgl~lc  wit11 the Intit,l~de of tile point a t  mhich the convergenry is nrnllted, 
and rnllltiply the quantity so ol~tainerl I,y the ~lurnhel- of miles i11 the perl~e~~tl icular  co-ordi~~:rle 
of t,hc [mint : tlic r c s ~ ~ l t  will Ile thc co~lvrlgel~cy reqnirecl, and mill be additive to  the ohserved 
azidutll if zuesl ol' the origin, subtractive if ectst. 

Exaarrr.~.--Tn latitydc 30' 25' let the length of the co-or(1in:kte perpei~tllcular to the 
mrritliau of origin h ( ~  15.67  milcs, 

then thc convergellcy = 15-67  x aO"a5 = 477",9 = 7' 57".9. 
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TABLE SL\'III .-Lenglhs of C i r c ~ ~ i a r  Arcs. 

This tnble gives, to 7 plzlces oE c1ecim:lls iri terms of radius uuity, the lengths of arcs of a 
circle s r ~ h t c ~ i d i ~ ~ g  angles at t l ~ e  celltl*e.i~nilglllg fl.oru 0".01 to 180'. The tabular r~umbers are also 
of course the circular lucasurcs of tlle corrcspo~ldil~g angles. 

l l u ~ e  1.-'1'0 fiurl the l e l~p t l~  of t l ~ e  :u.t: ~ r i ~ i c h  sl~bte~lrls a given angle at the centre of a ,  
circle of give11 ri~dius. Yind tlie tirlular number corresponding to tlie giveu augle and multiply 
it by tlie radius. 

$;SAMPLE.- 

To find the length of an arc of 57' 17' 44".8 with a radius of 100 feet. 

Tabular No. for 57' is 0.9948377 

1 ' 0000000 
therefore the length of the arc = 100 feet. 

RULE 11.-To fil~tl the degrees, kc., sl~btended hp a given arc at the centre of n c&le of 
given radius. Divirle the arc hp the rz~dius; froni the resblt suhtrnct t l ~ e  next lower tal~ular 
nul~rl~er ; from t,l~e differc~ice the i~ext lower a ~ ~ d  so on, till no subtrahend remains; aiid opposite 
the scverirl uumbers subtracted will be the degrees, ~niliutes, kc.  

l S x ~ u ~ ~ e . - T o  tind tlie angle subte~lded by all arc of 13.6378 feet in a circle whose rdium 
is 100 feet. 

Arc - radius = 1365780 

The table gives for , . 7 O  .1221130 

Difference . . .0144060 

IJ JJ JJ 49' -0142535 

JI JI 11 ".25 12 

therefore the required angle = 7" 49' 31N.25. 0 

TABLE XL1X.-Gauss's S t ~ m  and Diference  Lo,qurithtns. 
This table contains (;a~~ss's Lflgal.itl~rns cldul~trd .from Sho).tl.etlp's Logarithmic Tablea, 

and Galbrclith cind H u t ~ ~ l t f o n ' s  Mu~cuolr!f Mothc,n~rrticnl 'l'clhlr.~, a ~ ~ t l  I)y rncsnlls of it the logaritllme 
of theRllnl nlitl diffrrc:~~ce of two 1111r11l)crs may he i~~~rnetliately tlc1-1vt~tl frolrl the log~lrithrna of 
the r~l~nlhers tl~en~sclvea. T l ~ c  t:il)le corisists oE three parts lleaded respectively A, B and C, the 
corrstructiol~ of w l~ ic l~  iu as follows :- 

A = log ?I, 

B = log ( 1  + :) 
c = log ( 1  + l ~ b )  

hence it followe that 
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t ' 
' Erst, let i t  be required to fiud the logarithm of (a + b) when log a and log b are given, 

o beillg > 6.  Put nc = If; then 
b 

log nt = log a - log b = A in table, 

h log (a  + b )  = log a ( I + -) = log a + log ( 1 + k) = 106 a + B in table, 
u 

RULE.-Subtract the lesser loparitl~m from the grentcr; with the difference enter part A, 
. find the correspol~di~~g l ~ u l ~ ~ b e r  iu part B, ant1 : ~ l d  it to the greater logarith~n ; or enter part A, 

find t l ~ e  correspo~~tlir~g i~uluber ill part C, inid i~dd it to the lesser logarithm. Either procesa 
. will give r l ~ e  logarit11111 of ( a  * 6). 

, EX~IAIPLE.--P~I~~ the logaritl~m oE the sum of tlie number3 whose logarithms are 
0.363175 aud 0 -43045. 

log a = 0.36173 

log h = 0.230445 

log a L log 6 = 0.13128 = A, 

correspondiug value in 13 = 0.21.033 

log u = 0.36173 

log ( a  + b) = I).(iO;206 

correspo~rding value in C = 0.:37161 

log b = 0.2304,5 

log ( a  + I )  = O.fiO206 

Next, let it be required to firid log (a  - h) wit11 the same data. There will be two cases, 

one in w11ic:lr f will be > 2 or (log n - log h )  > 0.30103, the other in which if- w i l l  be < 2 or 
1) b 

(log a - log 6 )  < 0.30103, a b e i ~ ~ g  > I  iu both cases. 

log a - log Ir = log ( I + nl ) = C in table , 

d 
109 (a - L) = log a - log 1 + ;,, = log a - B i n  table. 

RUI.E.-Wher~ Ilogn - log h; is > 0.:3(l lO:<: wit11 the difference rnter part C, find tho 
correspondiug 11u11rLer 111 part II, allti sul)tl.;~c~ it ~ ' I , ~ I I I  tllc grcatcr logoritlm. 
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I n  the second case let then 

log a - log b = log 1 + - = B in table 
' 3 

log (a - b) = log a - log ( 1 + m) = log a - C in table. 

RULE.-When (loga - log b) is < 0.30103, with the difference enter part B, find the 
correspoutliug number in part C, and subtract it from the greater logarithm. 

ESAUPLE 1.-Find the logarithm of the difference of the numbers whose logarithms 
are 3.44134 and 1 e21352. 

loga = 3.44-134 

logb = 1.21352 

log n - log b = 2.22782 

Next lower uumber in C = 2.22261 . . . . . . corresponding value in I3 = 0.00261 

Remainder = :::} . . , . . . . subtrnct 521 x 6 Tabular difference in C = - - 
994 

3 

J l  ,, in B = 6 -- 

log a = 3.44134 
.- 

log (a - b )  = log a - B = 3,43876 

EXAMPLE 2.-Find the logarithm of the difference of the numbers whose logarithms are 
0- 25012 and 0.08395. 

log a = 0 -25042 

log h = 0.08395 

log a - log b = 0.lG6.7 

Next lower number in B = 0.16633 . . . . . . . corresponding vali~e in C = 0.19733 
-- 

Remainder = 
14 x 68 

Tabular difference in B = . . . . . . . . subtract - - - - 30 
32 

,, in C = 68 - 
J J  c = 0.49;0:3 

P 

lop, n = 0.250-1.2 

log (a - I )  = log a - C = T.75330 - 
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G:LIISS'S Tablcs give logarith~nically the correlations of the following functions :- 

"l'l~us .if the log:lritllrn O F  ta11?8 is givrrl, :l11(1 part A of the table is er~teiccl with it as an 
u*gunlel~t,  tllc correspolldil~g ~ lumbor  irl part U nrill be the Iogal.it11111 of cosec", and ill part C the 
logaritl~ln of sec'8. % 

. E s i e r ~ ~ ~ . - G i v e n  lo: tan" = 00.47712, part A ;  then from part I? log coscc" = 0°.124D1a, 
and frbtrr part C: log sec28 = 0.60206. 

P 

TYlle11 the irltlen of the given lopnritlim is negative ;nter part A nvith the corrc.s!lor~ding 
negatilte 1og:tritl1111, ~ I I C I I  the logn~~i t l~m of' tl~c: I ' I I I I ~ ~ I ~ I I  B \\.ill I)e ~ O I I I I I ~  i l l  part (:, :111(1 the 
lo ,va~~it , l~~n eC tl~c: Fulictio~~ (: \ \ f i l l  I,c fo1111t1 ill !,art 13. Co~~\rc~rscly nrllell t l ~ c  logal.it.l~rll o f  13 01. C 
is o~l ly to I)c fou l~d  ill part C or  B tlrc corresl)outli~~g 1oga1.itl1111 of the l ' u ~ ~ c t i o ~ ~  A \rill be ~~cg;tti\.e. 

ISX.I~IPI .II . -G~~CII  log ta11?8 = $!2.4.324, = - 1.96676, part d; t11e11 frorn part C 
109 cose'c'8 = 1 .9G 163, a1111 t'rollr part D: log sec?6' = 0.00577. 

Agaitt l o g o  being given let i t  be required to  fi11c1 log(1 + a ) .  

1tur.e 1 .--\lrhcn rt is grrnt,er t1in11 1, i . e . ,  \ i , l ~ c l ~  log n positive, enter part A with the given 
logniitllln, alltl thc c:orrcspor~di~~g 1111l11i)er ill C \\,ill he Iog(1 + ( I ) .  

RULE 2.-Whcn n is less t l ~ a n  1, i .e . ,  \vhrn log n neg:tt,ive, enter part A with the negative 
logaritllm, : L I I ~  tlre corl.espontIilrg ~ ~ u n l b c r  in U \\rill be logjl i- u). 

1. Civcn l o g a  = 2.62562 

Next lo\vcr number in A = 2.fi2OOO . . . . . corresponding value in C = 2.62104 

' Differcncc - - 562 
5 6 9  998 . . . . . add ---- = 561 

Tabular difference ill C = 998 1000 
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2. Given log a = 2.62562 

Then tlie negative log of a = 1.37438 
\ 

Next lower number in A = 1.37400 . . . . . corresponding value in  B = 0.01798 

Difference - - 38 x 4 . . . . . subtract --- - 
100 

- 2 
Tabular difference in B = 

Lastly, log a being given let i t  be required to find log (a - 1) or log (1 - a). 

RULE 1.-IE log a is > 0.30103, i.e., a 2, enter part C ~vitli it, the corresponding number 
in A will be log (a -' '1). 

RULE 3.-If log a is < 0.30103 hut > 0, i . e . ,  a < 2 but > 1,knter part B with it, the corre- 
sponding number iu A will be the negative log of (a - 1 ) .  

RULE 3.-If log n be negative, i.e., a < 1 .  with the negative log of a enter part B or C 
and take the corresponding uumbcr in C or B ;  this \rill be t l ~ e  liegative log of (1 - a ) .  

EXAJIPLES. 
1. Given logo = 2.62462 I 

Next lower numbcr in C = 2.62101 . . . . . correspp~ldi~ig value in A = 2.62000 

Difference - 

- 
4 5 8 x 1 0 0 0  =, . 459 . . . . . add -- 

Tabular difference in C = 998 998 

log (a - I )  = A = 2.62459 
2. Given log a = 0.03981 

Next higher number in B = 0.03987. . . . . . corrcspondin.g value in A = 1.01700 

Difference - - 
. . .  add 6 x 1 0 0  - 

8 
, - 76 

Tabular difference in B = * 8 

therefore negative log of (a - 1) = 1.01775 

therefore log (a - 1) = A = 2.98225 

3. Given log a = 1.626613. 

Then the negktirc log of a = 0.37438 

Next lower number in C = 0.37433 . . . . . corlaesponding valuc in B = 6.33838 

Differcnce -- - 
5 x 4 2  - 

Tabular difference in B = 4 68 

), ,, in C = 58 __--. 
therefore negative log of (1 - a) = B = 0.23829 

thcrcfore log (I - a )  = 1.76171 
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T A B L E  L.-Conzmon Logarithms to 4 ~ p l a c e s  of Decimals. 

This table gives tlie logarithms t o  4 places of decimals of all nunlbcrs from 100 to 399. 

TABLE L1.-Coin~izolz L o g a ~ i l h m s  lo 5 places of Dccinzcrls. 

This table gives the lognr i t l~~ns  to 5 places of dacimnls of all nnrnl~rrs from 1000 to  9999, : and is iutendetl especially to aid the calculatious of tllc Heveilue Branc l~  o i  this Survey. 

' 0 

T A B L E  LT1.-LogaritA~nic Sines and Cosines lo 5 places o j  Decimals. . , 

This table gives the logar i t l~n~ic  sincs and cosines of angles diffrrinp.l)p 1' hetneen O0 and 
' go0, anh is intendecl especially to  aid iu thc traverse calculatiol~s o l  the ltcvenue Branch oE tLie 

Survey. a 

' T A B L E  LI I I . -Az i~~ i7 t l?~  nnd Appnl.cnt Al t i lude  of Poln7.i~ co)np~tled w i t h  Nor lh  
l'olnr Distance lo lo', rcntl dletrlz 1kft.uclion. 

The tablc is con'strtrctcd for  x North Polar Distance of Polaris lo lo', bnt ns corrections 
' for e&rv lQN of  N. 1'. D. : ~ r c  given, it  can IIC I I S ( : ~  for  t l ~ c  eo~.rect K o r t l ~  1'(1lar I l is tn~~c(:  as given 

by t l ~ c  Nanticnl h l ~ n : r ~ ~ a c .  'I'l~c time 11ei11g I<no\vr~, :111 that  is ncccssnry is to i ~ ~ t e r s c c t  t l ~ c  %tar 
ant1 read t l ~ e  11ol.ixo11tal circlc, thcu t l ~ e  ;1zim11tl1 c:tn Irc ol)t ,ni~~etl I I ~  i~~sl~c,ct iou from the table. 
 he fable is constrr~ctctl~to sni t  Iatit~ttlcs t l i i f c r i r ~ ~  1,p Y l ~ c t \ v c e ~ ~  O0 ;i11(1 -10' a11t1 for l ~ o u r  augles 

, from 0)' to 1%". Tlrc talrlc further gives tile hour a11g1e a t  eloligatiou ~vitli  its correction for an 
increment of 10" ~ I I  N. 1'. D. 

thrn 

vbers 

The f o l m n l a !  hy w l ~ i c l ~  Llle nlt i tudr and nzimritll slid tl~c cllnngcs iqtbeni due Lo chcrngc in N.P.D. (A) hnre been 
computed aro as follows:- 

Let t - 11o11r nliglc ill nny t ime oxccpt elongation, 

= l : ~ l i l  udc, 

6 = tho dccli~~ntion, 

I = tl~c z r ~ ~ i l l ~  distilnco, 

q = 1 . 1 1 ~  pnleli;~clic a l ~ g l o ,  

A = the n z i ~ ~ i u t l i ,  

sin t 5 = 11 scc X nnrl sin A = cosrc ein A sin 1 ; 

711 tan N = - -  sin ', 1 ;  = d u o s  h cus  6 ;  nnd n = sin 1.(6 - A). 
11 

d ("11.) = - c o ~  q d A and d A = '%I d A ;  
sin ( 

rna h s in  A 
sin q = . .. 

S I I I  A 

From t,lir n h o w  llle 1.r11r zeni l , l~ d i s I : ~ i i ( . ~  b 11ns l ~ e r ~ i  rnii~p~~l~rl nnd t l ~ o m e n n  rcfraclion, from T~ble I  of Chruronet's 
Astronomy, Vnl. 11, 111,s I I I . V I I  : I I I ~ I I P L I  I D  o h l i ~ i ~ ~  l l l r  I I ~ ~ ) I L I . C I I ~  !~ll,~l,ll(le. 

I 
Tllc formlllm n l  r lonfnl ion,  1' bcili; I.lic I I O I I ~  :lltfilr, n1.o :- 

ein (IIII..) A ain A soc A ;  sill A = sin A scc A ;  mud COB P = ton A ton A, 

rho appsrout altitode bcing f o ~ ~ n d  aa before. 
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Tllo chnnges in the preceding e lcn~ent ,~  ior n ch:tnge in A nre :- 

d 1' = - hr l l  A cosec 1' sceZA d A ;  

The tahlc may be used for  t ~ ~ o  p~rl.poses. First,  Given thc nltitnde a11d hour angle, the 
latitatle 111:iy I)e ol) ta i~~erl  I)p :L scrics oI' i~~t l :~ . t )o l ; r t io~~s .  'I'l~c r e u l t s  dii'fer only 1)p a Ferr s e c o ~ l d ~  
from t l~ose  al.ri\.ed :it by the I I I C ~ ~ I I I ( :  give11 ill thc N:~ i~ t ica l  XIHI;LII;L(:, I~lrt ch(: c o ~ ~ r p ~ l t : ~ t i o n , i ~  
ratllcr I:ll)~)rious ; u ~ d  ci~lluot be recomlucndcd. ~ E C O I L L ~ ,  Given the Intit~rde aud hour angle, to 
f b i l  the azi11111 tll. 

Or1 Nov. 9th 1905, i n  Istitnde 2 i 0  4#7' 26" an observation was talten t o  Polaris at 
21A 9"' 54s; dcteruuine r l ~ e  azimutl~. L 

h m s  
On Nov. 9th 1905, the Itight Ascension of Polaris = 25 26 17 

Sidereal tin:e of' ol~servation = 21 4 54 

l'hc North Polal: Distance of Polaris = lo 11' 41N:  correcting the tabular quantities 
for 1' 41" of N .  P. D., we get :- 

0 I N  h in s 0 1 It 

I n  latitude 26 0 0 nt 4 20 0 Azimuth = 1 12 36 

I )  J I  ,, 4, 4'0 0 ,, = 1 16 12 3 

therefore ,, 26 0 0 ,, 4 21 23 ,, = 1 12 4.7 

and ,, 28 0 0 j l  ,, = 1 14 7 

whence 

This is the nzirn~lt l~ O F  PoI:~ris rncas~~rcrl from north cithcr to the  enst or to the,west. 
If the s~tlel.e:rl time of ol~sc:rv;itaou I)(: I)ccwcc:~) t,lle IC.il. a11d 1211 -1 1 t . A .  t11t~11 I'ola~.is is west of 
thc ~ I I C I . ~ I ~ I R I I ,  O : I I I I ~ W ~ R C  it i (!:LY~,. 'I'ltt: a z i ~ n ~ ~ t , I l  EI.OIII  s o ~ ~ t l ~  ro1111t1 I)y west will t,hcrefarc 118 
18:)' I ~ ~ I I I I *  t . l~( :  : ~ z i m ~ ~ t l ~  fou11r1 fr0111 the I . ; ~ I ) I C  i t 1  tIl(+ 1st C;LW : L I I I I  180' ~ I I ~ s  t,Ilt! : tzi~r~l~t.h ~ ' O I I ~ I ~  from 
t111. r;rl)le i l l  the 211tl case. Irl t l ~ c  c:l.;e K i \ r ~ - ~ ~  a l~ove tllc si~li:l.c:tl tilnc oi' oI)serv:ttio~~ is nbt between 
R.r\. :11111 12" $. 11.1\.; ~ I ~ t ~ r c F o r e  tile azimutlr is east o i  the nlcridian and the nzimuth from 
rout11 by west is 181' 13' 5'3". 

It ia evidcut kllnt t l ~ c  nrit,hmct,ic in  this compsrtation wo~~l r l  have hccn mrlcl~ simplified if 
Polrri* l~ntl Irct:~~ ol).pcrved a t  olre o [  tlte I l o ~ ~ r  : \ I I ~ I ~ R  ~llerltio~~etl i r l  t l ~ e  t : ~ h l c ;  I)ut os this may llot 
be couve l~ ie l~ t  a t  all times, nu esirll~ple of t ~ r c  most gclreral typc l ~ a s  ~ C C I I  choaeu. 
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TABLE L1V.-Elements of Circumpolar Slurs for 1st January 1910. 

The table contains a list of 80 cil.cumpolar stars down to tlie 8th magaitode situatcd within 
' of the pole and arrauged in order of their r i g l ~ t  ascensions. The mean right ascer~siorls ant1 

' declinations are given to 2 places of decimals of asecond, except those of the Nautical ~ i lmat tac  
 tars : the apparent places of the latter can be talcen out  a t  oncc from the almanac. The mcan r i g l ~ t  

, as~ensions dnd declinations, the annual precessions in  right ascensior~ and dccl iuat io~~,  tllc sccnl:rr 
. . variations of precession and the third tlifferenccs, havc been computecl I)y t l ~ c  l.igorons fornlnl;e givcr~ 

. in tlie Catalogue of Fundamcnlnl Stars by Newcomb. I n  most cases Newcon~l ) '~  C:atalo,y~o, of 
Acndr~mental Stars and the Greenzviclr Second Ten-Year (:ataEogue 1890 mcrc ~lsctl, 11ut a few stars 
whicl~ a!:e not given there were obtained from the Greenwich Ten-Year Cntalq!/ue 1880 or (;t.rrn~uich 

' 

Ninx-Year Catalogue 1572. The proper motion was taken from the corrcspolidir~g catalogr~c shel l  

given there, and when not, i t  ir  left b lank  The uni t  i n  the columns heaclecl --; nltcl "" is the 
(11 d lG 

eixth place of decimals or the quantities are in  millionths of a second. 

The formulz for finding the mean place of a star on the 1st  January of the year 
(191: + y )  are :- ' 

where a and 6 are the mean right asccnsion and declination on 1st .Tannary 1910, 

da dS 
alid dl altd are the anuual precessions in right ascension rntl declir~atiol~, dt 

d2a d2E ,, 2TJ and dp ,, . secular variations 1 Y ) I  9 t 

,, p alld p' ,, proper motions 

l'he lormulac for rompnting thc nppnrcnt plnces ant1 tltc \ : ~ l ~ t e s  of  constant4 thrrc.ln 
~ 1 1 1  l 'o~~titl 111 the Ns~lt ical  :\lrnal~:~c, I I I I ~  tltr cornp~~tn t~ol l s  arc II I I IL ' J I  I'arbilitatc(I 11y u k ~ r ~ g  
I ,  1 urucr's Tables for f u c r l ~ f u l i n ~  the co,~tp~clalion oJ' Slur Constants. 



EXPLANATION OF TABLE& 

9 SitrS + t TABLE LV.-Valtrea of >:-;-for the Reduction of Circuna-meridian Observations for l,atitude. 
3rn 1 

This table is intended to be employed in the computation OF latitude from circum-rneridian 
observations of the suu or a star. The formula for fiuding the latitude is as follons :- 

If = true meridian zenith distance, 

& = an ol~served ex-meridian zenith distance, corrected for refmctibn, 
and iu the case of the sun or a planet also for semi-diameter and 
parallax, 

A = north polar distance of sun or star, 
L 

yo = an approximate value of co-latitude, 

= f to when the object is above the pole, 

the positive sign being used when the star is north of the zenith and the negative one when the 
star IS soutll of the zenith. 

t = the difference between the chronometer time of transit 3 r d  that 
of observation, 

then 3 = to - A; 'when the object is above the pole 

sin' ? t 
where A = cosec t sin A sin yo and m = 2 -.-'-, sin In 

and the co-latitude = A _+ 3 when the object is above the pole, 

or = 3 - A ,, ,, ,, below ,, 

the positive sign being lised when the star is north of the zenith and the negative one when the 
star is soutl~ of the zenith. 

I n  the above formula. t sliould be less than 20 minutes and tgrea tcr  than lo0, and conae- 
quentlp the table is only coustructed to give m for all values of 1 from O"0 20m. The log?rithms 
of thc several quantities m, sbould they be required, mill be found in Part 111 of Table XXV. 

I n  practice a numher of observations (say ten) should bc taken, and it is better that some 
sl~ould he on one side and some on the other side of thc meridian, but it is not necessary to rcduce 
each of thcse separately : the above form~ila is sufficiently accurate if 3, be take11 to reprrrent the 
mean of the zenith distances corrected as above described and m the mean of the q~lautit'es 
2 w1n2 $ t -,,-- corrcsponrling to the respective hour angles of observation. In  case 6f the sun A is 

sln 1 
the rrorth polar &stance corresponding to the mean of the times of observation. 
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Ex~lrrp~~.~Circurn-meridian Observations for  Latitude to  a Gruis (South) at Mahadeo Pokra h.s.,  
Novem1,er 8, 1905. 

~, ,1eA6der~-ed  with 6-inch Theodolite No. 1100 6y T~.ou,qhto$ tj Simrns ; Vertical Circle I.: L, reads Alf i t f tr l~ { F  H. ,, Zenilh dirtnnrr 

m 
Y 

;i 

P; 

-- 

22.0 24.01 456 
23.0 23.0 G44 

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

& I e a n 7 5 4 8 . 0  
Lpvel corrn. + 0 . 6  

Nean o b d .  Z.D. (corrected for level) 7 5  4 8.6 

* 

m s 
6 15 
4 5 5  
3 29 
2 1  
0 89 
0 53 

sum 3351  
Mean 23~71 

Level Headings 

I Dirlsion = 6 O . 0  
t m *  

77 
4,7 
24 
8 
1 
2 

Object 
h'. or S. 

Cl~ronornelar Timea of Obaervalion 
g 

Circlc Rendinga 

' B Barometer Zenit,h 
s Tl~c r~no -  

meter A 2nd ( 3rd I Menn 

nlenn 

- -- 
O 

d d l ~ r n s m s m s  
25.0 21.021 55 12 

. 

, 

- 

h m s 

N ' A is - if tho object i6  bolow tho Pole. t -: according ne the object is -;-of Lhe Zenith. 
b 

7 f according 
ahorr 

..I the object is tho Pole. I n  thc upper tnblc f ie the diffcroneo betwocn Ll~ecl~ronorneler tin18 of lranait nnd tha t  of below 
observation and in the lower m is the moon of the quantiliee of Lhe upper table corresponding to the qusntilies 1, taken from 
Table EV. 

Conlputntion of  Latitrrdc hy  Civcunl-~~eridional Z e ~ ~ i t h  Distances. 

. . .  Station ... ... . . .  ... ... 

... Dale [Astronomical) ... ... ... ... 
Longitude ... . . .  ... ... ... ... 

... Object, N. or S. ... ... ... . . , ... 
R. A. of object ... ... ... ... . .  . . . .  
Cbr. error . . .  ... . . .  , . . ,.. ... 
Chr. time of transit ... ... . . .  ... . . .  

Mean obsd. Z. D .  ... ... . . .  ... ... 
Refn.-prnIIax , . . ... ... . . .  ,.. . 
Appror. Z. D. = ... ... ... ... ... 
N.P.D. = A . . .  ... . . .  ... ... ... 

... A * k t & = y o  ... . . .  ... ... ... 
Log cosec 5, ... ... , . . ... ... ... 
,, sin A ... ... . . .  ... ... ... 
,, sin yo ... ... . . .  ... . . .  ... 

... 9 ,  m  ... ... ,.. ... ... 

. . .  Sum = log A.m . . .  ... ... ... ... 
A.m ... ... ... ... s . .  ... 

56 . . .  ... . . .  ... , . . ... 
5 , T T A . m  = ( ... " ... ... ... ... ... 

A ... ... . . a  ... ... ... 
2Co-lat. = A *  +_t ... ... ... . . .  ... 
Lati t~idc ... . . .  . . .  ... ... . . .  

hlahadeo Pokra 
Nov. 8, 1905 

0 I I, 

8.5 31 20 
a G r ~ ~ i s  (Soutll) 
- - - - 

h m r  

22 2 10 
- 
- 

43 - 
22 1 2 7  

0 ,- 
75 4  9 

t 0 2 47 
-- : 6 56 

137 25 42 
62 18 4,6 
0.0148226 
7.8302754 
i'9-1,718:2 
1.5276299 --- 
1.3199150 

Y I I )  

0 0 21 
75 G 56 
75 (i 35 

137 25 4.2 
- -. - -- - - 

62 19 7 
- - - - -- - - -. 

27 d H )  63  
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TABLE LV1.-Factors for Bessel's Probable E r r o r  Formuke. 

The formulie for  finding the  probable error of a single observation of a group,. or of the 
mean of the group, are given i n  "Airy's Tt~eo1.y of Er rors  oj' Obse~.vations, 1875 " article 60, 
as follows :- 

0.6745 - 
p.e. of a single observation i= dig. --- ,,/sum of squares of apparent errors. 

0 6715 - - - ~~ .- -- 
p.e. of the  meal1 - -. Jsum of squares of apparent errors. . ' 

4 1 1  (71 - 1) 

0.6745 0 .6745  
The table gives t h e  values of the  two factors --- n- and J -- for  values of n from 

Jp  n (n-1) 
2 t o  100 inclusive. 

TABLE LVI1.-Quadrilateral Surfaces ?f 15' i n  Latitude and  i n  Longitude on the, 
Terrestrial Ellipsoid. 

This table gives the  areas i n  square miles, t o  3 places of decimals, cf squares of 15' side 
between t l ~ c  latitudes 0' and 40'. 

The table is oomputed from l l ~ e  formula :- 

x (circular measure of 16'): = 

For  purposes of interpolation each area given in t l ~ c  table must 11e consirlered as cor- 
responding t o  its middle latitilde ant1 the interpolation carried on, as in the foot-notc to  Table I, 
for the middle latitude of the space required. 

If the area of a 5' space is required, the areas in  the table must first be divider1 by 9 and 
then considered as the 5' spaces correspo~~ding to the middle latitudes, and the interpolation carried 
on as before. 

nP 
More generally, iE the area of an n' space is required, multiply the 15' areas 5p and 

interpolate as before. 

TABLE LVII1.-Semi-ditsrnnt! and  Semi-nocturnal Arcs, shozuin,q the time of i h p  risin.9 and 
seltrng 01 the Sun, Moon, 01. Er/ltrilorial Slam. 

The table, nbridged from that  in  "Hints to 'liazrellrrs." give5 half the time that a 
celestial body contil~ues above or  below thc horizon when the latitudc atltl dcclinatiol~ are ..>1' t , l~e 
aarne or  ot' contrary names : i t  affords the means of computing the rising :~nrl set,ting of t.hc hrln, 
moon and equatorial stars, anrl the  length of the day and night. No allo~vancc is madc for 
rrl'rnction which ill extreme cases will catlse an error QE 3". p a r  conveliiencc a table of t,he 
dates corresponding to sun's declination is added. 

To  find the time of the ai~n's rising or setting. Entcr  the table with argt~ments  latitoc'e 
an11 declination. Then the tshular narnljcr is t l ~ c  a1)parent time of the sun's sett,ing or r i ~ i n g  
according as the arguments are oli t,he same or  ror~trary names, 2nd tliis s~~l~tr : lc ted tiom 
I:! hours will I)e thc apparent timc of riaing in tlic fo rmer  casc or sctting iu the latter. Twice 
the time of risjng or settilrg will gi'vc the length of the night o r  day. 
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b '  . 
EXA~IPLB'.-TO find the apparent time of sunrise and sunset and the  length of the day and 

night i n  lat. 3z0 N., declination 18' if. 
h m 

For arguments, lat. 32' N., declination 18' N. . : . . tabular number = 6 47 

h m 
Therefore the time of sunset = 6 4'7 . . . . . . .  Length of the day = 1 3  34 

And ,, ,, sunrise = 5 13 . . . . . .  ,, ,, night = 10 26 

To find the time of a star's rising and setting. Find the  right ascensions of the sun and 
star from the Na~iticnl Alrnar~ac and sul)tract the former from tlie latter increased by 24 hours if 
necessary. The difference is the approximate time of the star's passi~rg tlie meridian. I311ter the 
table yitll arguments latitude and declination, the tal)r~lar nnmhcr is half the time the star is 
above or below the liorizorl according as the latitude and declination are of the  same or different 
names, and in the Iattcr case i,t must 11c subtracted from 1 2  l~ours  to  get half the time of con- 
tinuance above the I~orizon; s l~btract  or nrld half the time atlove the horizon from star's meridian 
passage ant1 the result will be the time of t11C star's risiug or settirtg. 

EXAMPLE.-At what apparent time does S OpLiuchi rise and set on  May 1st  1905 
in lat. 30' N. ? 

h m 
0 . Star's Right Ascension on 1st May 1905 . . .  = 1 6  9 I 

# 

Su11's . . .  >) )> )I = 2 3 2  

Approximate time of star's meridian passage . . = 13 37 

Arguments, lat. 30' N., declination 3' 27' S.  

h m 
Tabular number = 6" 8m, subtract from 12 hours . = 5 52 

Time of star's rising . . . . . . . . . .  = 7 4,5 P.M. 

A m 
. . . . . . . . . .  J )  ,, sctting = 1 9  29 ,, o r = 7  29 A.M. 

TABLE L1X.-Cor~~rclions for reducing Apparent to Mean Solar Time. 

Thaw corrections must bc applicd to  the apl>al.cnt time wit!i the signs given in the  
table to ~.c.tlr~c:c to IIIC:LII timc. If grcater accllracy is rcqr~ircd thc Naritical A l m : ~ ~ ~ a c  ]nust be 
used whcrc: the quau~il ics  will be fouud under tllc 11eadi11g "Equation of Time," on page I of 
eacli mor~th.  

T A B m  L?i.-S/10u)in,.q Li11,k~ to hc s i~b l~~nc le~l , f rom rnrlr Cf~oin, in  an ascending 01- descending 
1121~) in urdcl to ~.erlr~ce il lo /Ire Zio~~izonlal Measz~re. 

'l't~is t:rl)lc gives tllc nrlml~cr oF lir~lis to  1)r sr11)trnctctl from each chain on different ascents 
or dcsccnls 1'1.o1t1 I '  lo 30°so as to rc!tlllr:c: i t  to t l ~ e  I~orizor~t:~I. 

1 ,1'11r 1 1 0 ,  i . r c l : > l : ~ l  S I I : I I . I >  p~~s*(,t l  n v n r  i l l  I IS( . ( . I I~~~IIC 1 1:111t i l1  011 11 ~ I , , ) I c  of 0 clcp-?en is 100 cos B l in lw,  80 that the numbers 
givon I I I  t l ~ t :  I t 1 1 1 1 ,  s :XI.,, l l ~ ~  \ ' , , I I I ( . ~  C O ~ I . C S ~ ) U I I ( ~ I I I ~  to 100 vcl.nin 8 for dilTercnL vulues of 8 Cronl lo to 3U0. 

Tubulnr expression = 100 vcrain 12" = 100 r -021862 = 2.19. 
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E s . i ~ r u ~ ~ . - T o  find the horizontal mea&re corresponding to a distance of 2 chains 56 linlts' 
on an iucliue of 3' 20'. 

20 
Tabular number corresponding'to 3' 20' = 0.14 + - x -10 = 0.173 ; 

60 

therefore the number of links to be subtracted = 2.56 x .173 = .44, 

and the horizontal distance = 2 chains 55.66 links. 

T A B L E  LX1.-For the conversion of Feet into Miles. 

The table give8 the equivalent in miles of any number of fcet from 1 to 99,999, alld I)y 
simply altering the decimal points i t  call be used for any larger number. 

EXAMPLE.-TO find the number of miles in 35,798 feet. 

The table gives 35,000 feet = 6.6288 miles 

* J J Jl 8 ,, = 0.0015 ,, 
-A- 

Tliereforc 35,798 ,, = 6.7799 ,, 

T A B L E  LXI1.-For the conversion of Miles into Feet. 

The table gives the ecluivalent in feet of any nnmhcr of miles from 0 . 0 1  to '39.39, n~ltl  
by altering the decimal places i t  can be used for any number of miles. 

EYAJIPLN.-TO convert 6.7799 miles into feet. 

The table gives 6 miles = 31680 feet, 

Jl J I '7700 , = 4,065'6 ,, 
- 

JJ J J .0099 ,, - 52.3 ,, 

Therefore 6.7799 ,, = 35798 ,, 

TABLE! LXII1.-For the conversion of Links i n f o  Fee/ .  
-, 

Thc table givcs the value in feet of any numher of liuks from 1 to !)9,!)99 and niny 
hc used for any other numher by altcring the decimal places. 

Ex . inv~~ . -To  fintl thc numhcr of feet in 77210.52 links. 

The table gives 77000 links = 60820 fcct, 11 

j , ,, 210 ,, - 188 .6  ,, 
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TABLE LX1V.- l ibr  the contersion of Feet inlo Links .  

Tho taldc gives the valuc in links of any number of fcet from 1 to '33,999 and may hc 
used for any other number by altering thc decimal places. . 

EXAMPLE.-TO find the number o£ lixllrs in 50958.91 feet. 

The table gives 50,000 feet = 76757 .6  links, 

1 )  1 )  
8 , , =  1 2 . 1  ,, 

- 
9) I> -94  ,, - 1.42 ,,. 

Thcrcfore 60958.94 ,, = 77510.53 ,, 
# 

TABLE L X V . - F o r  the conversion o f  Versls  and h'ilometres into Mi les  and uice vei.sa". 

This table gives the values, to 1 places of decimals of miles, of rlistances from 1 to 10 
,veysts and from 1 to 10 kilometres: aurl i t  gives ~,alucs o f  distances from 1 to 10 milcs i l l  vc!rsts 
and kilometres: it alsa gives the accurate value in ltilometres of 1 milc and the value in fcet 
of 1 ?erst. . 

* 
TABLE LSVI. -E'OI .  the convtrsion of French into English flfcasures. 

TABLE LSVI1. -P70r  the conversion of Englisli iulo Frenclr Measures. 





* 
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APPENDIX. 

- 
No. 1. 

Problems relating to Trigonometrical Interpolations; 

1.-To$nd the po.~itions of two poiuts hy obsc~.vations fieom them to two knownpoinl8. 
5 

1 s t  Solution. 

The following solution of the problem is due to Major R, ~ . ' W a h a b ,  R.E., and mill be 
foqnd of especial use in trn~~s-frontier 1-econnaissance where a Surveyor is working in a valley with 
fixed but inaccessible points on either flanli. 

Let A aud B be the two linown points and X and Y the points whose positions are to be 
determined. 

Fig. 1. Fig. 2. 

From the triangles B X Y and A X Y, 

B X = XY sin I? Y X cosec SBY; 

A X = XY sin A Y X cosec XA.Y; 

therefore . 5 = =in B Y X sin X A Y cosec X B Y cosec A Y X. 
A X  
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givcn 
niiried 

R X .  Thus in the triangle A B X the  ratio - 1s determined, and the  included angle A X B is  
A X  

hp observation and the  side A B is  known, so that  the  sides A X and B X may be deter- 
as follows :- 

Let  
B X  

t a n + = - - s i n A X B ;  
A X  

Illon 

therefore 

, B N is drown perpendicular to A X, 

A PI pnrallel to B N, nnd B X pnrnllel to A X ,  

the angle A X M = r. 

@in A 9 B sin x cosec ( A  X B - +) = A x B B bl 

- B S n i n A X B  - -  
A U  c o s B  A X '  

but B A s i n A X B  = sin B A X ;  
A B 

tl~ereEore tan B X = sin A X B sin x cosec (A X B - x ) ,  

aud A X = A B sin A B X cosec A X P, 

B X = A B sin B A X cosec A X B, 

and S Y ia determined I)p the solr~tion of the triangle A X  Y. 

Tlie Eollo\vin,o is a specimen of the  form in  which the computation may be carried out :- 
0 I N  

B Y X  . .  114 30 25 . . .  logsin '1 9589989 
X 4 Y . .  24 2 26 . . .  :, sir1 1 .60992)84 
X B 1- . .  19 20 17 . . .  ,, cosec 0.4799868 
A Y X . .  55 21. 43 . . .  ,, cosec 0-OSJ1.668 

. .  . A X B .  54 23 3 4 .  ,, sin 1.9101052 

x . . 47 52  6 Sum = ,, tan x 0.01,3556 1 

A s T3 . . . . . . . . . .  !, sill Y.9101052 
. . . . . . . . . .  .r ,, sin 7.8701 728 

. . .  . .  ( . r - X S n j . ! + n r ( A S l 1 - x )  G 31 28 , , cosec  0.9lS-E3181 

( 0  - o r  I . . 79 19 39 Sum = ,, tan B A S 0.7247961 
. 

S ~ I ~ I ~ ~ B A S ~ ~ ~ I A S R  . I33 43 13 .I 

1 .  3SO' - Sum = .\ 11 S . . 46 16 47 . . ,, sin 1 .;S5H1)7 16 
2 .  . .  I3t\X . . . . . .  ,, sin T . 99t?-l.:? 18 

. . . . . . . . .  . . . . . .  A X I !  ,! cosec 0.OH!)X!).1,8 
i . . . . . .  A i l . .  . . . . . . .  J> 4.906 1x84 

. - .  

S l ~ n i  of 1 ,  2 and . . . . . . . . . .  ,, A X, 4~86505'1.8 
.. 2. :I ant1 4 . . . . . . . . .  ,, l % X  4 .  !)8!(5050 

-. -. -- -- - . - -- - --. 
' I L ls  s i l ~ u i d  be uded wllcn t IU greltler L~IIIII A 1 B. 
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0 '  , 2nd Solution. 

This is due to Colonel T. P. B. Renny-Tailyour, R.E. 

Assuming 1 foot as the value of XY, the values of lok B X and log A X are found in terms 
of it from the triangles X B Y and S A Y. 

With these two values and the includcd angle A X B thc valuc of log A B is computed on 
; Form P. 25. The difference between this nut1 the true valuc of log A B is then added to the above 

values of 1ogB X, log A X and log S Y to get their true values. 
' 0 

' Thus . . Log X Y . . . . . .  = 0 ~0000000 Log X Y . . . . . .  = 0~0000000 

. . . . .  . . . .  L o g  sin U Y X = i a9589969 Log sill A Y X = I .9155342 

Log C O S ~ C  S B Y . . .  = 0.47998G8 Log cosec X A-Y . . .  = 0.3900016 
0 . . Log B X . . . . . .  = 0.4389857 Log A X . . . . . .  = 0.3065358 

. . . . . . . . . .  Included Augle C 54' 23' 34" 
. - - -- 

A 

. . . . . . . . . . . . . .  Log siq C 1.9101052 
0 

,, (B C = a) . . . . . . . . . . . .  0.4~389857 . 
. . . . . . . . . . .  CO-log (A c = b )  i . G ~ I ~ ~ G I ~  

. . . . . . . . . . .  Sum = log tan x 0.0435551 
. - -- 

x . . . . . . . . . . .  4.7' 52' 6" 

. . . . . . . . .  (C - +) or (x - C)" = D 6 31 28 

. . . . . . . . . . . . . .  Log sin C 1.9101052 

,, s i n x  . . . . . . . . . . . . . .  1.8701728 

. . . . . . . . . . . . .  ,,' cosec D 0.9445181 

. . . . . . . . . . . .  Sum = log tan y 0.7247061 
-- 

. . . . . . . . .  y or (180' - y)* = A 79' 19' 39" 
---- 

. . . . . . . . .  180' - ( A  + C) = B 48G0 1G' 487" 
ir 

. . . . . . . . . . . . .  Log coscc A 0.0075783 

Snm = log (AB = C) . . . . . . . . . . .  Oe3;iG(;G91 
4 

. . .  ' t Iinown valuc (see Major Wahab's example) 4,.9O(i1884 

. .  . . . .  \. log I3 X = 44.!)8'130.i0 log A X = 4a.8550651 10: S Y = 4.54'95193 
a 

* 1111s al~ould bo iised ~ v l ~ o n  s ia grentcr LLirn 0. 
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2.-To find the position of a point 6y observations front it,to three known points. 

Let A B C he three I ~ U O W ~  points, snow 
peaks for installer, and let P be the point ~vl~ose  B 
position is requircd. 

The azilnllth of A at  P and the angles 
A P II ant1 B Y C are ol~scrvcd, alld tllc approxi- 
mate lelrgtlls P A and P C taken oE by a, p.rir of 
couipasses or otlrerwiss. \ I 

With the azimi~th of h and tlie length P A 
the back azimuth of P at 11 is compntcd. This 
applied to tlie Icnnwn azimlltll of 11 at A will give 
an approsi~nate value for tllc nilgle B A P and 
similarly an approximate vsluc of the angle B C P 
is obtained. ; P I 

r j 
The triangles B 4 P and B C P are com- 

puted and two values of the log side B P obtained. i 

Also 
B P  s i n R A P  -- = 
A fi sin A I' B 

so that log B P = log sin B A P + a constant 

therefore the change in log B P due to an error in B A P is equal to the change in log sin B A P. 

Similarly the change in  log B P due to an error in B C P is equal to the change in log 
sin B C I?. 

So that the total differencc of th.: two values must be divided up in the ratio OE change in 
log sin I3 A 1' : changc in log sin B C P. 

e 

Now 
P A  s i n A R P  -- - -- = a constant practically since the small chnnge iu P A B 
P I3 - s ~ n  1' A U 

will not much affect the sines oE these angles. So that 

Log P A = log P B + a constant nearly 

the change in log P A = change in log P B very approximately. 
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9 ' .Tllerefore when t total difference of the two valrlcs of log P R has been divided up in 
tho mtio the partthtcioaging to triangle U A rnnst be appliell to log 1' A to get a new 

aud that belongillg. to triai~glc B C P must be applied to log P C to get its ncm value. 

With these new values ancl the original azi~nuth a t  P the values of P B are computed 
and these should now agree. If t l~cy do not, tile process must be continued till they do. 

The differences of latitude and longitude can then be computed as usual. 

Taken from Captain Woorl's Report on the IderztiJicrrtion and Nonzenclnture of the Himalayan 
Peaks as seeir from Iiatj~zandu, Nepal, 1904. 

d * 
From the lrllown triangle Peak SXVI I I (A)  -Peal: X S V  (B)-Peak XXII (C) :- 

. . Log side A B iu feet = 5.4,6 12370 

And from observations :- 

At Kaulia h.s. (P) azimuth of A = 139' 35'38" 

,, ,, angle between B and A = 69 47 54 

)J JJ J ,  B and C = 31 2-1 4 

The approximate length of P A = 54.72 miles = 5.4tG07800 Log feet 

and the approximstc latitude of P = 27' 49' 9". 

With thcsc approximatc Icngths and latitndc and the observed azimuth, baclc azimuths were 
computed on Form P. 17, tlic values dcdrrced being :- 

a 

At A azimuth of P = 319' 19' 9" 

,, C ,, ,, = 61 5 5 0  

c differences bctwccn t,l~esc and thc azimuths at A of R and nt C oE B are the angles at A he- 
een U and P and at C betwecll I3 arid P, namely, 36' 35' 2" and 51' 17" 33" respectivaly. 
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The three angles of each of thc triangles B A P and B C P b e b g  thus known, by solving ' 
the triangles, two values of the log side B P are obtaiuetl, viz :- 

5 - 26-1,0562 f r o k  triangle B A P 

and 5.2636939 ,, ,, B C P  

The difference 3623 must 1)c di\lideci i ~ p  in thc ratio of the change in log sin B A P : the clranke 
in log sin B C Y, i .e . ,  ill the ratio of + 28 : + 17 

v 

so that Log P A = 5 n4s708110 -2254 = 5.48705856 

and 
* 1, 

Log P C = 5.3678G'1.G+ 1369 = 5,3680015 

With these values of the sides and the observed azimuth the process was repeated and* 
the two values of the common side now became 

5.2639938 from triangle B AIJP 

After dividing up the difference 2560 as before it was found that 

Log P A = 6.4.706653 

and Log P C = 5 -3679683. 

The process mas acain repeated with the al~ove values, and as hoth the triangles gave the same 
value of the common side, i.e., 5.263834.5 no further approxirnatio~~ was necessary. 

The co-ordinates of Kaulia h.s. were now computed from Peak XXV with this value of the 
common side, the results beiug :- 

Latitude 27' 4,8' 58'.7, Longitude 85" 16' 4,8N.3. 

The values given in Captniu Wood's revised computation arc :- 

Latitude 27' 48' 68".9, Longitude 85' 16' 47"*9. 

A rufficiently close agreemc ~t for the purpose. 
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3.-Compcctatiom of the Azintulh of B from A and their Distance apart 
when th8 Latitudes of A and B and the Azimuth of A from B are Icnown. 

I ' 

The solution of the problem is obtaincd from pages 26 and 27 as follows :- 

If log E. AX. tan 

le t  Approximation, log AA = log n + log tan ( A  + AA).  
AA x 

A A  = X ,  A +  T = ~ + ~ ~ - ~  2 = YI- 

2nd Approximation, log AA = log n + log tan y, 
AA ."2 - 

AA = X, A f 7 = A + A A - -  L - Ya. 

3rd Approximation, log AA = log n + log tan y, 

AA = x, 
AA 

A +  7 - = A + A A - ; x = y 8 .  

A =  A + A A - X ,  
c = -  p Ah sir, 1" sec y,. 

Azimuth of A from B = B 
... Log Q ... 
... ... J J  AX ... ,, tan Xi ... 

Sum = 1ogn ... ... 
... L o g t a n B  ... 

Sum =. log x, ... ... 

In Secondary Triangulation where great accuracy is not  required, the 3rd approximation 
ie superflnous. 

w 
The following is a specimen of the form i n  which the computation may be curried out :- 

x,* ... ... 
t x ,  ... ... 

... B - + x l = y ,  ... 
L o g ' t a n  , , . . .  ... 

... ... J J  

... Sum = log x, ... 

... a x2t  ... 
.f x2 . a .  ... 

... B -  + x ,  = y, ... 
... A =  180" + ( B -  x,) 

Co-log P ,.. ... 
Log A  h  ... ... 

... ,, Bet y9 ... 

... ~ # n = l o g c  ... . ., 

0 I I1 

36 49 50.81 
27 45  16 .52  
pp + 0 55 24.71 

1 ~ 1 .  or 3rd 
Bis in or4zqund~a~lt wllon AA is poaitive but lho signs wil l  be roverssd when AA is nogotivo. 

0 1 11 

24 8 3.728 
244 26 -- 58.132 ---- + 0 17 54.40'18 

3 

... ... ... 
LA ... ... . .  

11 ... - X, = AX ... 

0 I I/ 

32 3 348.03 
32 14 10.81 

+ 0 10 39.28 
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Methods of determining Time, Latitude and Azimuth from Astronomicas , 
Observations. 

The following methods for  determining Time, .Lalilude and Azimuth by astronomical obsema. 
tions nre those i n  most.general use among explorers and surveyors engaged in trans-frontier work, 
arid are here given t o  obviate the necessity of consulting larger works. The methods for determining 
Longitude are purposely omitted, as the  results will i n  general not be Pound more accurate than those 
derived from dead reclioning. 

1.-To Jind the Time. 

1st Method. By a single altiludc of a star or of the sun when the latitude i s  known. 

The altitude sh0ul.d be observed with a sextant, o r  with a' theodolite on both faces, and the 
time noted by a clocli or watch. For greater precision ohserve several altitudes i n  quick socceo- 
sion, notiug the time of each, and take the mean of the altitudes as correspo~~ding to the mean 
of the  times. Correct the observed altitude for instrumental errors, refraction and also, in case 
of the  sun o r  a planet, for  semi-diameter and parallax. 

Then if = the  corrected zenith distance, 

y = the co-latitude, 

A  = the north polar distance, 

t = the  hour angle, 

T = clocli time corresponding to c ;  
JZ>z{ + A - y) sin ( 5 -I- 7 - A) 

ain 4 t = sin y S I I I  A  I 

sin (S - y)  sin ( J - A) 
= 'd sill 7 sin A 

, 

sin 4 (5 + A  - y) sill 4 (5 -t y - A) 
h , t =  J---- sin 4 ( A +  7 - 5) sir1 4 (5 + A + 7)' 

= Jsin (s - 7)  sin (s - A) cosec (s - () cosec 8 

where t - + A + 7 = s .  
2 

I f  a = thc riglit asccnsion of the star o r  planet for the approximate time of observation, 
t 

then the siderenl time of observnt i~n = n + :, l o  thc  upper or lower sign being used according an 

t h e  s tar  is mest or east of the meridian; and tllc error of the clock on sidereal time 'g 

T - (a t ;>). If the clocli eml~loyed gives mean time, the sidereal time a t  mean noon mu8 

be subtracted from the  sidereal time of ohscrvation and the result converted t o  mean time; thp 
d s e r e n c e  from the  clock t ~ m e  is the clock error. 
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.If the sun be observed. then the apparent time = 
15 

if on the east side of the meridian. To  this must be applied the equntion of time t o  obtain the 
true meat1 time of observation . The difference from the clock time is now the  clock error . 

The l ~ o d y  observed sllould not have less than lo0 of altitude and should be as near the 
p i m e  vertical as possibie . 

E X A ~ Y  PLE.-Comnputntion of Time . 

' t 111 ctrao ot. S u n  ~ l l c t l  olrsct.~~rl  por t  o f  ~ n c r t d i n n  . 1 should be eutered: and in c u e  of Ytnr nlleu obsorred 
rart saltlrnclrrl  frout . 
..... of meridin~~, t u t o  be 11, R.A. ... 

udded to  

... ... Station ... ... ... . 
Pate  (Astronomical) ... ... ... ... . .  
Longitude ... ... ... ... ... . 

... ... Object. E . or W . ... ... ... 

... ~ e a n ' o b s d  . Z.D. ... ... ... ... 
llefraction - Parallax ... ... ... ... ... 
Corrected Z.D. = ( ... ... ... ... ... 
N.1'. 3 . = A  ... ... ... ... ... 
Co-latitude = y ... ... ... ... ... 

... ... a,. 0.. ... Sum = 2s .. . 

... s ... ... ... ... 

... ... ... ... 3 - c  ... 
S - A  ... ... ... ... ... ... ... ... ... ... 5 - 7  

... Log cosec s ... ... ... ... ... ... ... ... ... (s - l-) . . . .  ... ., sin (s - A) ... ... ... ... ... ... . a .  ... ... , I >.. (s - Y 1 

... Sum = Log tan2 4 t ... ... ... ... 

... ... ... ..a ... JJ tan 4 f 

... ... ... ... ... .a t ... t ... ... ... ... 

t in t ime  t . . . .  ... ... ... ... 
... *'s R.A. or 3 ' s  Eq . of T . . . .  ... ... ... 

5 Local S.T. of Obsn . . . .  ... ... ... ... 
O S.T. at Local M.N. ... ... ... ... ... 
$ ?  
a 

tn S . Int .  erval from ,, ... ... ... ... ... i Ilctardntion . . . .  ..a ... ... ... ... 
TI.IIC M.T. of Obsn . ... ... ... ... ... 
Chr . Tirnc ,, ... . . , ... ... ... ? 

' Clir . Error ... ... ... ... ... ... 

Dehrs Dlin 
12th Oct.. 05 

0 . I/ 

78 3 15 
a Corotlae W . 

0 ' I/ 

58 4. 5 4. 5 ' 
+ 1 24 

58 4. 7 9 
6 2 5 7 4 7  
59 40 3 1  

181 25 27 

90 4.2 4.4 
31 55 35 
27 '4.4 67  
31  2 13  

- 
0.00;)0336 
0.276684,5 
1.6680 145 
i.71.'!3051 

i -6570377 
'i.8285189 

0 1  n 

33 58 16 .9  
67 66 3 3 . 8  

h VL s 
4, 31 4.6.2 

15 30 4.0.0 

20 2 2 6 . 2  

-13 0 42.3 

G 41 4'3.9 

- 1 5 . 8  

6 40 38.1 
6 4.0 28 

- 1 0 . 1  
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2aii Method. By equal altitudes of a star or the sun. 

If TI, T, be the times marlied by a clock when a star has the same altitude hefore md 
after crossiug the meridian, then T 2 4 (TI + T2) mill  be the   lock time of its meridian transit, 
and the error of tllc clock can at once be found. 

If instead of a star the sun be employed, the clock time of apparent noon will be equal to 

where 2 t = the elapsed time between tlie observations, 8 = the small horary decrease of poiar 
distsuce: if the polar distance is increasing 8 mill be negative. The equation of time having 
been applied, the clock error on mean noon is known. 

For equal altitrides of the sun before and after midnight, i .e. ,  on the afternoon of one day 
and thc morlling of the next, tan h cllnnges sign aud the clock time of apparent midnight i e  

t a n k  cotA t 8  
+ (ii.7 + tmr)lj.  

I 

The most favomable condition of observation will be when the object is observed'nearlp 
east or west of the meridiai~, but tlie altitude sLould not be less thau 10'. 

The advantage of this method is that any error of graduation of ttie sextant or theodolite 
will have IIO effect; and the disitdvn~rtage is that some hours must elapse between the two obser- 
vations, as the star should not be near the meridian. 

11.-To find tJ:e Latitude by Observatios. 

1st Method. By circum-metidinn allifudes of a s for  or the sun. 

For an explanation and example see Explar~ation of Table LV pages 74 and 75. 

2nd Method. By nltifude of the pole star out of tile meridian. 

Adopting the notation employed in the Preface to the Nautical Almanac, 

if I = the Istitqle, 

a = the true altitude of the star, 

p = the apparent polar distance, 

h the hour a ~ ~ ~ l e  of t l ~ c  star = S - a; S being the local sideral time of obsenrtion 
aud a the appnrcnt right ascensiol~ of the star;  

then 1 a - p cos h + 1 sin 1" ( p  sin h)' tan a 

The Nautical Almanac gives taljles to facilitate the computation as foIlows :- 

Table I gives - p cos h, or the first correction. 

, I , 4 sin 1" ( p sill Id)' tan a, or the recond cwrcdior. 
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Table 111, which depends on the difference between the true and a s s u m e t l . ~ a l g ~  of p and 

a, the third correctron incrcascd I)y 1' to render the quantities addillye, and this accoullts 
for tire 1' which is sul)tracted from tlie "Corrected Altitude". 

For an example see the Nautical Almanac. 

1st Method; Givetz the 2iixe and the latitude. 

The azimnth can be obtainca from Polaris at once by means of Tablc LIII; the method 
of proceeding will be found in the explanation of that table. 

2nd Rfethod. Giccn tlie latitude nnd also the time approxi~~zately.  

Observe the angle between the referring marlc and a circumpolar star at elongation. 

The time of elongation of thc star, its azimuth and the altitude for setting the telescope 
may all be found fron; forinnla: 1, 2 and 3 on page 4'8. The azimuth of tlie marlc from north will 
be the n ~ ~ g l e  1)etmeeu star and marl: tlie azilnr~th of tllc star at elongation according as the 
stain is between tho ]nark and the pole or otllcrwise. 

3rd Rlethod. Given the latitntdc and tiine. 

Observe the angle between the referring mark and a circumpolar star near elongation. 

I f  P be tlic llolir angle at elongation, and SP the interval before or after elongation, and 6A 
the corresponding difference in azimuth, 

6P 
then tan 6A = - 2 sin" sec X cot-8 cosec P approximately ; 

2 

The log. oE tlie first part is given in Table XXV, Part 111. 

EXA~IPLE.-Obscrvntions wcre taken at aalpaiguri s., latitude 26' 31' 15", longitude 
85' bs', on 7th January 1005, to X U 1 . s ~  AIinoris ncnr Westarn Elongation, the angle between 
the rcrel.rir~g mnrlc and stnr was lo 8' 3GV.6, thc sidcrcal time of obscrvation l h  1" 4S8.G and the 
Azimuth ol 1t.M. by triangulation 180' 1' 40". 

The dcclinntion 6 = 88' 59' 54'' 3 
I 

at elongation. 

? and R. A. = l gh  16" 48O.3 

To obtain 6P t,l~c limc from clon~ntion, cmplov formula 1, and also to get A, the azimuth 
of the stnr at clongntion, cinploy formula 2 011 pagc 68. 
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Log cos P = log tan )t + log cot S  ~ o g  tin A= lo; cos 6; lo;: S ~ C  * 
fog tan )L = I-6981316 log cos 6 = 4 ~2425785 

,, cot 6,= 2.2426448 ,, sec X = 0,0482876 
-- -- 

Sum = ,, cos P = 3.9407764 Sum = log sin A = 2.2908661 

h in s 
I? in time = 5 58 0.0 

Star's Right Ascension a t  elongation . . 10 16 48.3 

Sidereal time )) . . 1 14 48.3 

)) of observation . . . . . 1 1 48.5 C 

SP . . . . . . . . . . . . . 0 12 69.8 
6P Log 2 sin? - - cosec 1". = 2.52058 
2 

,, sec X . . . . . 0.04829 

- 
Sum = Log S A  . . . 0.81153 

Angle between R. M. m d  star . . = lo 8' 36".5 - 
Corrected angle ,, . . .= 1 8 483 

Azimuth of star at elongn. = A . . = 1 7 10 - 8 

11 Marli from north . . = 0 1 33 

4th Method. Gicen the lime and tJ~e  lulitude. 

Observe the angle 1)etn-ccn referrin: mnrli and any star of North Aspect, i.e., whose decli- 
nation is greater tliau the latitude of thc placc. 

cos h tan 6 - sin h cos t 
If t is the azimutl~ of a star, then cot z = where is the lati- 

sin I 
tude, 6 the declination and t tlie hour angle of the star. 

The f o r n ~ ~ l l n  is tnkon from Dboliltle's Prncticnl Astronomy, p. 635. 

* 6 8  is -- for enstern and -+ for wcstcrn elongation necording ae the azimuth (from 9, by W.) of tho stnr +. - 
I r ~ r  

e1ongat:on is - - - than the nzimutll of R.11. by trinngulnbion. I n  cneea where I1. M. falls beween tlro atnr at olongh 
grsalcr 

tion and ita observed position, the observed angle ie to be subtracted from 6A to get tho sbgle between R.M. md alas .b 
elongaLio~. 
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, 
Cornputation of Azimuth frotn Stale Obserualior~s zvhev the Latitude and Time are known. 

Applicable to  Stars of 1VortJt Aspect only. 

Object observed 
Date (Astronomical) 

0 1 11 

Longitude in Arc 

Mean bf CIir. Times 
Cl~ronotncter Correction . . . 
Local 3Ic:lu 'Lime 
Lo~~gi tu t le  in 'l'ime 
G1.cc11\rich Alean Time (a) .a 
S. 1'. at Gr. JIcan Noon .. . 
Loc:tl &lean Time 
Accele~~atiou for (a) 
Sari; = Local S. T. of Obsn. = 13 ... 
It, A. of St:w 

- + B - a = Hour Angle 

0 1 I/ 

Dccli~lation ... 

Sum = Log (6) . .. 

, ( b )  - ( c )  t ... 
Log ,, = ( d )  .. . 
,, sin t = (e) .. . 

(d) - (e) = Log cot 2 

0 I N  

z = Xzimnth OF Star 
A ~ ~ g l c  It. %I, m ~ d  Star $ ... 
Azi~nrrll~ of 1t.M. from N.. = A 

* To 3 1)lnrrs of dcrim:rla. t Suln is to bo tnlien when t lies bolmccn 90" nnll 30" .  f I n  dc(111citlp l.l~is nngle 
1 nr!rlar/ l o  nl.;.njs sulrlrl~ct ' 1 . 1 1 ~  ~.cntii~l: of Stnr lroni lho t  of R. M. T o  oLlain A,  l l ~ c  Azin~ullr of Slar is to be  - 

81rltrlrcted Jl~ura 
Lltu , ' 

rnrt , b!lplo o c c o r d i ~ ~ g  RS it  is --- o l  LIJC Meridian, i.e., according us t is gcrn'N' 11i.n 180'. 
west less 
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5th Method. Given the latitttde. 

' I  

Observe tlie angle between tlie reEerring mark nnrl the star and the star's altitude Gmulta- 
neously, n-hich is done by getting the star on the intersection of the cross wires of the tlleoclolite. 
The star should not be at a high altitude : it  should be near the prime vertical and rather on the 
side towards the apparent pole than gn thc other side. 

Then if 5 = corrected zenith distance, 
A = north polar distance, 
A = the azimuth of the star from north, 
y = co-latitudb, 

then 
sin 4 ( A  + y - c )  sin 4 (A + 5 - y) tan 7 = -- " 2 2/-- slu : ( y  + c - A) sill 4 ( A  + y + (1 ) 

-- 

= d s i n  (8 - 5)  sin (s - y)  cosec ( s  - A)  corec s  

C + A + L S  where -;j- 
n 

Contp~itnlion o f  A=ii)l.7cth (?Iori=or~tnl and Vevlical Aizgl@ obsej.ved 

... ... ... Station . . .  ... . . .  
... $t;~r,  E. or W. ... ... ... ... 

... ... Date (Astronoinicsl) ... ... .'. . 

... Mean Zcnit.11 Distance ... ... ... . -. 
... ... ... ... ... Iterraction ... 

... ... Corrected Z.D. = ... ... ... 

. . . .  ... ... Co-latitude = y ... . . .  

. . .  . . .  ... ... N.P. Distance = A ... 

... ... ... Sum = 2s ... ... 

... ... s ... ... .., 

... . . .  ... s - A ... ... 

... . . .  ... s -"I.. . . .  

... ... ... s - 3 ... ... 

... ... ... ... ... Log cosec s ... 

. . .  . . .  ... ... ,, ,, ( 3 - A )  ... ... . . .  ... ... ...  ,, gill (3  - r y )  ... . . .  ... ... , ,, ( 8 - 5 )  ... 

... ... ... ... Sum = log .ton2 4 A ... 

... ... ... ... ,, tan ; f A  ... 

... ... + A  ... ... . . a  

... ... ... A ... ... ... ... ... Angle R.M. and Stm* ... ... 

... ... Aziru~ltli of It.&f. from N.* . . .  ... 
For dednction of Lhe nnglo beLwccn 1L.M. and Star and the Azimnth of B.B. from 

s im~rl taneo~ts l~) .  

Yengneytaung h.s. 
a And laon~cda: W. 

19th Jan., lp02 

Q I N  

43 17 0 
+ 4'5 

4,3 17 4,s 
69 17 30 
G1 26 51  

17.4 2 6 

87 1 3 
25 34 12 
17 43 33 
48  43 18 

O.OOOS887 
0.364,!)050 
i .~lrns:js!l 
i .K:i'3>759 
--- 

T . (;88~;03.5 
1 .84#-1,3018 

-- 
0 i ff 

84. 56 348 
----- 

C;:) 63 8 
163 18 1 

.. - -- - -. 7- 

!I3 2.1, 5! 
-- 

nor~h see lootnotcs to I 

lsst page. 
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6th Method. Giwn the time and latilude. 

Observe the angle between the referring mark and any star. The best result mill be got 
when the star is near the pole. 

t = the hour angle oE the star, 

6 = declination j, 

A = azimuth )) 

y = the co-latitude; 

tan y = cot 6 cos t ,  
cot A = sin (y - y) cot t x cosec y .  

from north, 

Co~npzltation o f  Azirnzct?~ from Star Observalions when the Time is known. 

* ,> .,l;nP-x i s  1.0 I,? I I ~ C ~  w l ~ c n  ,T is : l . rnt~r  t l ~ n t l  ISW. t ]SO3-p i s  t o  11c IISNI n.llr11 1) I S  c rcn to r  I.hnn !lo0. 1 T o  Ile 
nr.t.ll \\.illl~>nt, rv:nill l o  siqns. S Snln i 4  I I I  I I C  ncrcl 1 s t  nritli s ln r s  ni' S O I I ~ I I  ( I P ~ . ~ ~ I I : L : I O I ~  :11111 211,lJy w h e n  1) i~ prentcr t h a n  
9;) i I - 0  I I I I I I  0 I : I ~ : I I  I ql l l ( I ) ' - z  is 1 0  l)c I I S C ~  1st. rn11l1 S L O ~ S  O F  sn~ l t l !  <!eclin:~tion a n d  
; 11~11~  < A ~ ~ I I I  s l , ~ r s  01 norI , t~ ~ I c c l i ~ ~ : ~ t i o n  \ ~ I I ~ I I  !, i s  g:c:ttcr tI1n11 7. 

Stntiou . . .  I . . .  . . .  ... , . .  . . .  
. . .  S t a r E . o r n ' .  ... ... ... ... ... 

Datc (Astrorromical) ... ... . . .  ... ... 

Local sidereal t i~l le  of observation . . .  ... ... ... 
K . 6 .  of star . . .  I . . .  . . .  ... . . .  . . .  

Differe~~ce = x ... . . .  . . .  ... ... . . .  
t .  

1: ill arc . . .  ... ... ... ... . ... 
... , I ,  or (360'- 2)" = 11 . . .  . . .  . . .  . . .  

, ~ o r ( 1 8 0 ~ - g 1 ) t  = t  . . .  ... ... . . .  ... 
... Ileclinatiou of star = 6: t . . .  . . .  . . .  . . .  

Log cot 6 . . .  . . .  . . .  ... . . .  . . .  
,, COY 0 9 . . .  . . .  ... ... . . .  

Sum ='log tan y ... ... ... ... ... 

71 . . . . .  ... ... ... ... ... 
... Co-latitude -- 7 . . .  ... . . .  ... ... 

ni!Tc~.rnPc or surtl$ = p . . .  . . .  ... ... . . .  
/ 3 o 1 . ( 1 8 0 ~ - / 3 ) I ( ~  = 0  ... ... . . .  ... . . .  
Log sin 0 . . .  ... ... . . .  ... . . .  
;, cot t . . . .  . . .  ... . . .  . . .  ... 
,, cosec y ... ... ... . . .  ... ... 

, 
S I I ~ ~ I  = log cot .Z ... ... ... ... ... 

: or, ( 1  80'- z)y = A ... . . .  . . .  . . . ... 
Al~glc 11.;\4. nr~tl star ... . . .  . . .  ... ... 
A z .  of H,.hl. f r o m  N. . . .  . . .  . . .  4 " '  

. .\. tl~c, Z I - I I ~ ~ I I  ~ I \ I R I I C C S  I I I U S ~  Ile ror~.csctc~d for  rciractiolr barometric a ~ l d  tl~ermometric 
~ C ; L I I I I I ~ Y  6lro~1lcI 1)c t;ilie~i ~rh~:rcver  they are ol)scr\ cd . 

I(a11lia h.s. 
U r s e  Minoris 

Oct. 25, 1903 

It 711, s 
2 1  43 33 .6  
15 47 21 . ( j  

-- 

5 56 12.0 
0 / w  

89 3 0 
89 3 0 
89 3 0 
78 5 4 3  

. 

1 .3.?3!3 100 
2.2195811 

- - -- 

8.543-1.9 J I 
0 I N  

0 12 Z 
6 2 1 1 3 4  

-- 

61 59 33 
61 59 33 

1 .04,590-1,7 
2 .2  19(i408 
3.456-1,908 

- 

O. ri,%xm3 
0 , ,/ 

1 3 5 4 t 3  
100: 5.2 16 

.. - - . - ... - 
!I3 :!G 33 
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No. 3. 

Formulae f requent ly  employed  in Calculations. 

Solzctio~a of Oblique-Angled Spherical Frin~lgles. - 

Given the Itwee sides, a, b, c. 

cos (a + 0)  cos A = - ---- cos b cos c . 
where tan 0 = - . - - ,  

SIU 6 slU COS e1 SIU a , 

d' ;!Y ( s -  b) sin (s-c) o r  sin + A = sin s sin (s - a) . 
sin 6 sin e , c o s ~ A =  - 

siu b sin c ' 

or  t an  4 A = d & ( s  - b) sin (s - c) I w h e r e s = i ( a +  b + c ) .  
s1n s sill (s - a) 

Given t w o  sides an$ tlie contained cingle, a, b, C. 

cos c = cos a cos b + sin a sin b cos C 

- cos n cos (b - 0)  - - - -  - -- , where tan 0 = t an  a cos C ;  
cos e 

e A + H - COY 4 (a - b) - - A - B sin 4 (a - b )  ' 
or tan - - cot 4 C and tan  - -- - - 

2 cos 4 (a + 6)  2 sin 4-G-+^b) cot t C. 

Given two sides am? a n  angle opposite one qf them, a, b, A. 

c = 0 * B', 
where t an  8 = tan h cos A, 

and 
cos e cos a 

COS 0' = -. 
cos b 

Therr  are two triangles fulfilling the givcn comrlitious ; if however c is cither greater t11x11 
180" or negative, the correspol~tling triangle must he rejected. 

Tllc other parts can be found by one of theformulae of the first group. 

Given the three an!jles, A, B, C. 

sill (A  + 8) c m  R ros C . 
COS a = 

n& R sin-C-sin-6' 
where cot 0 = - - 1 

SIII  A 

- COY S coy (S - A )  
- -  - 

(5 - 13) COT ( S  - (:) . 
or  sln f a = d--  sin^ rlrl C 

; ros 4 a = 
S l l l  U SIU (: 

> 

- raos P (.oqP(S - A )  
or tan 4 a = where S = 4 (A  + R + C) .  - U) cos (S - C)' 
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Given two angles and the side adjacent, A, B, c .  

cos C = - cos A cos B + sin A sin B cos c 

cos A sin (B - - - 
sin 9 

'I, where cot 6 = cos c tan A ; 

3 
a 4- b - cos 4 (A - B) a - h  s i r i + ( A - R )  or tan -, - t an  4 c and tan -- - --- 

t- cos + ( A  + 13) 2 - SIL.  + ( A  + U) tan 4 c. 

Giveu tzuo angles atid a side opposite one of them, A, B, a .  . 
C = e + O', 

where . cot 9 = ~ : I I I  B cos a ,  
b 

and 
sin 0 ros A sin' 8' = :--.- - 

cos U 

Thcrr will I)c two triangles fulfilling tllr rcquircd coi~ditions; if however C is either gl.cater 
tharl 180" or ~iegntire, the c o r ~ . e s p o ~ ~ d i i ~ g  t r i :~~~; le  must he rejected. 

t,llrcc augles being known, the other parts call be found by one of thc formula: oE the 
fourth group. 

Solwtiotc of Bight-An.qlecl Spherical TI-iuwgles. 
P 

Al-rn~~gc t,hd fivc parts n ,  !)O0 - 13, !)OQ - C, $20' - A R I I ~  h ill n circle leaving out the 
right angle (: ; c-onsitlcr any one oE them as n middle p:~rt, then all thc fo r~nulx  l'ollo~v from 
Nal'ier's two rules :--- 

1st 'I'hc sine ol the middle part = The product of the  tangents of the atljnccnt parts 

2ud - 
,I , I  - 1, 

cosines I >  opposite ,, 

G i r m  the Iftree sides, a ,  h, c .  

, where s = 4 (a + b + c) .  
0 (S - ( I )  
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Given two sides and the angle contained, a, 6, C .  

c = 6 sec2 C$ cos 0, 
a 

where tang '#I = - 
b 

and  siu 6 = sin 2$ cos 4 C. 

sin C sin .7: t an  A = -, --- 
SlIl ( C  - x) ' 

where tan  x = --a_ sin C 
h 

a siu C -, and c can be found from the formula, c = - . 
sin A 

Girren the angles a n d  a side, A, B, C ,  a .  
c 

(L h 
-. - - C - - -. 
sin A sin K sin C 

GCven two sides and a n  a n g l e  opposi te  ose of t h e ~ ~ z ,  a, b, A. 

e 
If b > n there are two triangles fulfilling the required conditions. 

Reclitciio~z of the ~ e a d l ~ z g  ox (I Xel-curial B a ~ o n z e t e ~  to ally te?~~pe~.atro.e.  

Let  h = observccl height oE the 13nro111ctcr, 
t = tetupel.;tt~lre of tht: Attac11c:tl The~~n~orns t~er ,  

T = temperatllre t o  ~rllicll the observctl h i g i l t  is to  he reduced, 
m = c s p a ~ ~ s i o u ,  in  volume, of mercury, 

I = linear espar l s io~~ of scnlc, 
I 6 = uormal tcu~peratllrc oE star~dnrd scale (generally = 62' Fi~h.), 

then the redl~ctiou to the  rcq711rctl tcmper:~t l~rc will I)(! 

~onzpal~ison of the T ~ C ~ ' I I Z ~ O M ~ ~ ~ ' ~ C ~ ~ ~  S C ~ E ~ P S .  

5 
z0 Hcal~rnr~r  = ($?" 6 ? r ') F;drlc~~llcit  = refJ Cenl irr:ulc 

1 1 
- -. - 

* Tors graduutron was used by C e l s ~ l ~ s  nrld rr sur l le l~o~es  cullc[l :icLcl Irrur. 
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No. 4. 

Certain '~urnerical  Quantities frequently required. 

- Base of Nspierian Logarithms . . . . . . . . - E = 2.7182818 285 

Modulus of the common Logarithms . . . . . . = log e = 0.434 294,4 819 

Ratio of the circumference of a circle to  its diameter = T = 3.141 5926 536 

log w = Oe497 1498 727 

Arc of a circle equal in length t o  the  radius . . . . . . = 57" 17' 444".8 

Sin 1" = 0.0000018481 . . . . . . . . . log sin 1" = 6.685 5748 668 

log cosec 1" = 5.3144251 332 

Weight of a litre of dry air (bar. = 760 millimetresJ ther. = O°C) = 1.293 grammes 

,, cubic foot of water = 436247.4,a grains . . . = 62.32 lbs. avoir. 

Length of the secouds pendulum i n  latitude of Greenwich . . = 39.14500 inches 

Acceleration produced by gravity 3 J J l  = 32.191374 ft. per aec. 

Co-efficieot of expansion of air in volume per lo Fahrenheit = 0.0020361 

J J  9 J mercury in volume PJ - 0.0001001 - 

,, of linear expansion of brass I I  - - 0.00001 04 

9 J JJ  J I  iron 9 J - 0~0000065 - 

Velocity oE light = 186300 miles per second 

,, sound in air a t  32' Fahrenheit = 1091 feet per second. 
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No. 6. 

The Morse Alphabet. 

Tllc system adopted i n  the army and navy is called the flashing systena, and has 
for  its elcillents ir loug and a short tlasl~, representing a dash (-) and a dot (-). ]<very 
requisite. sig~lnl is formed of a combir~ation of these symbols with pauses of proper duration. 
+\ tins11 occ~tpies t l ~ e  space of three dots. The pause betwecn the  symbols composing a letter or 
other sign cqr~als a d o t ;  tliat l ~ e t n e e n  the letters of a word a dash. 

.-ill messages are, spelt out by means of the  Morsc Alpliabet. N o  abbreviations are used, 
except such as arc  common i n  ordiuary writing, or may be specially authorised. 

A - -  B - - -  

Miscellaneous Signs. 

Station sign - - - - 
H i g l ~ t  ---- 

Repeat - - - - - - 
Cipher - - - - - - - - 

Comma - - - - - -  Full stop - - - - - - 
a 

Preparative or  Erasure - - - - - - - - - etc. 

Stop - - - - - - - etc. 

General auuner - - - - - - etc. 
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. station sign followed hy a letter is the distinguishing signal of the station to whicll 
that letter has becn assigned. This is used a t  tile beginrii~ig of every message :,s a call signal, 
,,d at the end to show that  the messiige is finisl~etl. 

The repeat s i ~ n  is used after receiving a message 'to show what words reqairc reIletition. 
~ h ( .  numerical order of such words is iudicated by the lettcrs a. b. c. . . . . . . k insteatl of the 
figllres 1. 2. 3. . . . . . . 0. Thus " repeat" blc means repeat t l ~ c  20th word of thc message. 

8 
llhe si,gn is  used wllcll the whole or part of a niessage is to  be trausmitted iu  ciptler. ' ~t slloultl precede and follo~v the  portion in  cipher. . 

' 
lllle preparntive is used when communicating with two or more stations in  sight to call . . their attentio~l. I t  is also used to call the attention of an u n l t n o w ~ ~  station. To acltnomlcdge 

this sig!~, the receiving station should give, iustead of thc "general answer", its own 
, diStillgrusl~ing letter (without the prefix P.), and repeat this till the nest  stgoal is begun. 

This sigu is also the  esusure, and is used to erase a word that has been wrongly sent. I t  
should in this case be acknowletlged by the erasure. 

The stop denotes the end of a message that  has been preceded by no distinguislliug sigual. 

The general a y w e r  is tlic acltnon~ledgmeut of a signal received. 
' . 

Every word must be repeated till anwered  before the next word is sent. 

APPENDIX. 

No. 6. 

Star Charts. 

Thesc Charts represent the  aspect of the heaveus as seen from a place in latitude 30° N. 

The projection uscdis tlre ordinary stereographical one, the eye beiug supposed at  thc nadir 
and the plane of ~ r o j e c t i o n  that  passing through the centre and perpel~dicular to thc linc joir~i~lg 
the zeuith and nadir. I n  this projection cvery circle on thc spherc is represented I)y a circlc on 
the p1a11e antl i t  is a very siml)le matter to determirle tlie of thc centres arid the radii 
of the various circles representing the graticule of right ascerlsiorl antl d~aclination. The stars 
are talien from tlie Nautical Almauac of 1909 and go down to the 48th Rlaguitude. 





STAR CHART FOR LATITUDE 3 6 ~ .  
0 HOURS , 



STAR CHART FOR LATlTUDE 3 d ~ .  
3 HOURS 



STAR CHART FOR IJATlTUDE 3 6 ~ .  
6 HOITRS 



STAR CHART FOR LATITUDE 3 d ~ .  
9 HOURS 



STAR CHA4RT FOR LATITUDE 3 d ~ .  
12 HOURS 



STAR CHART FOR LATITUDE 3 d ~ .  
'15 HOURS 



I C 
. 

STAR CHART FOR LATITUDE 3 6 ~ .  



STAR CIIART FOR LATITUDE 3 d ~ .  
21 HOTJRS 



TABLES. 



TABLE I.-Normals terminated by the Minor Axis, and their Logarithms. 

L o g a r i t l ~ m s  

Nor~nals  lect Did. 

-- 

a + b 

10,27 , 

'0949 

'0974 , 

'OJ97 
I1,21 

1 1,44 

1 1,67 

1 r,9r 
12,15 

'2737 
I 2,6 I 

1 2 , 8 j  

* 1 3 P 7  

'3.3' 
13 ,  j 4  

'3976 
14,OO 

14,23 

1 ~ 6  
1.1~69 

1499 1 

1 5 ~ 1 4  

15,37 

15,60 

1 5 ~ 8 2  
1 0,o j  
I h , z 8  
1 6 , j o  

16,72 

1 6 ~ 9 5  
17 , '7  

17v39 
I 7,62 

17983 
I 8,06 

18,27 , 
I 8,50 
1 8 , 7 l  

18994 

19,15 

IY937 

'9,58 

-. - 



( 3 )  

TABLE I.-Normals terminated by the Minor Axis, and their Logarithms. 

, 
Logul.iL11rna 

Latitude Norl~lals in Log~~ri t l~ms 

feot Diff. of L I I O  Diff. Latitude Diff. of 1110 Diff. N8r111n's in 
foet  Norn1111s Nor~r~sls I- -- - 

0 I 7 . 3 2 0  
0 I 

209 

15 o 
10 
z0 

30 
40- 
50 

16 o 
:o 
20 

30 
40 
50 

17 o 
lo  
20 

30 
4' 
50 

18 o 
10 

20 

30 
40 
5c 

19 o 
l o  
'0 

30 
lo 
50 

20 0 

27585.1 
27686.6 
2 7 7 S 9 ' 2  
27892 .8  
2 7 9 9 7  j 
28103.1 

28209.7 
28317'3 
2 S 4 2 5 ' 9  
28535.5 
28646 .1  
28757 '7  

2 8 S j 0 . 3  
28983.8 
29098.3 
1 9 2 1 3 . 8  
'933O'3 
29447'7 

29566.0 
29685 .4  
29805.6 
29926.9 
30049 '0  
30172.1 

30296.1 
30421.1 
30547 '0  
3 0 6 7 3 ' 8  
3 0 ~ ~ l . 5  
30930' '  

31059.7 

100.5 

::::: 
103 .6  
1 0 4 ' 7  
l o j . 6  

lo6" 

107.6 
108 .6  
I o 9 . 6  

::::: . 
112 .6  
' I 3 ' j  ""' 
1 1 5 ' 5  
1 1 6 . j  

1 1 8 . 3  
1 1 9 ' 4  
I Z 0 "  

1 2 2 ' 1  

1 2 3 . 1  

1 2 4 ' 0  
l Z 5 ' O  

::i:i 
::::: 
129 .6  27 0 

I 0  

2 0  

3O 
4O 
50 
60 

30 
4 0  
50 
60 

' 3 1 ' 4  

7191,16 
7212,24 
7 ~ 3 3 ~ 5 3  
7 ~ 5 5 ~ 0 3  
7 ~ 6 9 7 4  
7298,6 j 

7120.78 
7343,11 
736 j,6 j 
738540  
7411.35 
7434,jO 

7457.86 
7481,42 
7j05,19 
7529,15 
7553.3' 
7 5 7 7 ~ 6 7  

7602,24 
7627,oo 
7 6 j l P 9 j  
7677 , lo  
7702,4j  
7 7 2 7 4 9  

7753.73 
7 7 7 9 ~ ~ ~  
7805.78 
7 8 3 2 ~ 0 9  
7858,59 
7 8 8 5 , ~ s  

2 0  31321 ' 5  

3 7 2 j S . y  
37423 '0  
37587 '8  
37753'3 
379 '9 .5  
380S6'3 
38253 '8  

209 

3 ' 4 5 3 ' 7  
31580 .8  
31720.8 
31855 .7  

2 1 9 2 9  

21'50 

2 1 3 7 1  

2 1 ~ 9 1  

"8'3 
22133  
2 2 p 5 4  
22375 
22195  

23 '15  

::::: 
23377 

24:36 

'4157 
2 ~ 1 7 6  
2,4!95 
'5) ' s  
2 5 r 3 5  
25'54 

::;;: 
26 ,1  
26,31 
26,50 
,6,09 

209 

1 3 2 b 2  

1 6 4 .  
1 6 4 . 8  
165 .5  
lfj6 . 2  

1 6 6 . 8  
1 6 7 .  

- 
7 .320  

79"6,47 2jI,44 

133" 
1 3 4 ' 0  
1 3 4 ' 9  

-- 

50 

22 o 
10 

2 0  

3 0  
40 
5O 

23 o 
10 

2 0  

3 0  
40 
50 

24 o 
10 

20 

3 0  
4O 
50 

9198.24 
9 2 3 ~ ~ 2 8  
9260,46 
930°'79 
93351'5 
9369!85 
9404,60 
- - 

7.320 

7993!9' 
8021,53 
8049,34 
8077~33  

---. 

32543 '3  

32683 .4  
3 2 8 2 4 . 3  
32966.1 
3 3 ' 0 8 . 7  
33252 '2  
333!16'5 

33541 .6  
33087 .5  
3 3 8 3 4 ' 3  
33981 .8  
34130 '2  
34279 '4  

3 4 4 2 9 . 1  
34580.1 
34731 .6  
34883 .9  
35537'0 
35190.9 

33'89 
34104 
34'r8 
34 33 
34:46 
34,b0 
34175 

- -. - 

27'62 
2 7 3 1  
27,99 

25 o 35345.5 
3 2 0 7  

2 0  3 j o j 7 .  I 

1 4 0 ' 1  8 2 4 9 P 4  2 9 ~ 6  
I4O.9 , ~ ~ ~ y , ~ 8  '99'4 
1 4 1 "  

30 
4O 
50 

26 o 
1" 

20 

3 0  
4' 
50 

' '5'' 

::8:& 
1 4 7 ' 5  

1 4 9 L 2  1 4 8 ' 4  

::!:& 
1 5 1 ' 5  

: 
1 5 3 ' 9  

3 j 8 1 4 . o  
3 5 9 7 1 ' ~  
36130.0 

36289 .1  
36449'0 
30609.5 
36770 '8  
36932 '8  
37095 '5  

8427.09 
8157.37 
6487,Y 
8 j18 ,43  
8549 ,21  
s j ~ o , ~  5 

8611.26 
8 6 4 . ~ ~ 5 4  
8673,98 
870 j . jS  
8 7 3 7 ~ 4  
8769,26 

301'0 
30,28 

30,62 
3 0 ~ 7 8  
30p94 

31r11 

31*28 
31944 
31'6G 
3'976 
31,92 

' s 6 ' 9  

1 5 8 ' 4  

' 5 9 ' 1  

I b o .  
1 5 9 . 9  

1 6 1 . 3  

1 6 2 . 7  l G 2 . 0  

1 6 3 ' 4  

8898,51 
1 5 7 ' h y 3 1 , 2 1  

8964,07 

9030923 
8997'07 

9003.54 
9096,99 
9130,$,o 
9164,35 

::$' 
3 3 0 0  
33:16 

33345 
3 3 h 1  
33175 



TABLE I.-Normals terminated by the Minor Axis, and their Logarithms. 

Diff. 

+ 
1 6 8 . 2  
1 6 Q . Q  

:;::: 
170.7 

1 7 1 ' 4  

0 I 

28 0 
l o  

20 

3 0  
4 0  
50 

Normals in 
feet 

209 
3 8 2 5 3 . 8  
38422 '0  
3 8 5 9 0 . 8  
38760 .2  
38930 '4  
39101'1 

in 
feet 

209 
44679.8 
44867 '9  
45056.5 
45215 '4  
45414 .8  
45624 '6  

Latitude 

-- 

0 I 

34 0 

10 

20 

3 0  
40 
50 

Logaritlims 
oE the 

Normals 

7 ' 3 2 0  
9404.60 
9439~4'  
9474949 
9509~64  
9544993 
9580~34  

1 8 5 . 3  0505v23 38,43 
10 43746 .2  

5 .  8 
0 5 4 3 ~ 6 6  38, 53  41119 

2 0  4 3 9 3 2 . 0  1 8 6 . 2  0582P19 38,62 
30 44118 .2  [ 8 6 . 8  0620~81  38,72 3O 5 ' 0 ~ 4 . 3  199.2 
4 0  4 4 3 0 5 ' 0  0 ~ 5 9 9 5 3  38,82 4 0  5 1 ~ ~ 3 . 5  1g9.4 
5 0  4 4 4 9 2 ' 2  [s7.(j 3 8 , 9 ~  50 51482 .9  
6 0  44679 '8  0 7 3 7 ~ 2 6  

-- 
7 '321  209 7 ' 3 2 '  

45814.9 
46005.5 
4 6 1 ~ 6 . 6  
46388 .0  
46579 '8  
46772 '0  

46964.6 
47157.6 
47350 '9  
41544.6 
4 7 7 3 8 ' 6  
47933 '0  

48127.7 
4 8 3 2 2 . 7  
4 8 5 1 8 . 1  
48713 '8  
48909'8 
49106'1 

49302 .7  
49499'5 
4 9 6 ~ 6 . 7  
49894.2 
5°0Y1'Y 
50289.9 

50488.1 

35 o  
10 
2 0  

30 
40 
s o  

36 o 
10 

2 0  

30 
40 
50 

37 o  
10 
20 

3 0  
40 
s o  

38 0 

lo  
20 

30 
4O 
50 

39 o 

Diff. 

3 4 , ~ ~  + 

35,01 
3 S p 1 j  
3 j , 2 y  

5,41 

9615,89 3 5 p 5 5  
10 39444 .5  9651957 35368 

Diff. 

. 
188 .6  

::;:: 

40 
50 

30 o 
r o  
2 0  

30 
40 
50 

: 
191. ,  

:;::: 
, 9 2 . 2  

1 9 2 . 6  

1513'0 193 .3  

i;::: 
1 9 4 . 4  

1 9 4 ' 7  

:;::: 
1 9 5 . 7  
196 . o  
196 .  

196 .6  
1 9 6 . 8  
1 9 7 .  2 

' 9 7 ' 7  
1 9 8 . 0  

Logurithms 
oE the 

Normals 

7.321 
0737~26  
0776,26 
081j ,35 
0854~54  
o893,81 
0933,16 

3 9 9 6 4 . 3  
40138.8 

40313 .8  
40489.5 
40665.8 
40842 .6  
41020 .0  
41198.0 

Din. 

+ 

39'00 
393"9 
391r9 
39927 
39135 

0972,61 
l o r  z,14 

39145 
39853 

r 7 4 ' 5  

1 7 5 ' 0  
1 7 5 ' 7  

:$:: 
1 7 7 ' 4  
i 7 8 . 0  

1 ' ~ ' 5  

33 o 43560.9 

o o j r , r 6  
0089,40 
o126,66 
0 ~ ~ 4 3 3  
o z o r , j ~  
0239~10  

0276~80  
03 I 4,6 I 
0 3 5 2 ~ 5 3  
0390t55 
0 4 2 8 ~ 6 7  
0466,90 

lo 

2 0  

3 0  
4 0  
5 0  

32 o 
lo 
2 0  

30 
4 0  
50 

37103 
37114 
37Vz6 
37237 
37,48 
3 7 ~ 5 9  

37170 
37'Y 
37j92 
38,02 
38 ,12  
38'23 

38133 

9 7 5 9 ~ 3 7  
9 7 9 5 , ~ s  

9831.86 
9868,30 
9904.81 
9 9 4 1 > j 2  
9978,12 
001 5,23 

1 2  10,99 
1251,00 
I 29 I ,08 
3 3 3  
1371946 
1411,76 

1452,13 
1492~56  
1533106 
'573v63 
1614,26 
1 6 5 4 ~ 9 6  

1695,71 
1736153 

36,]8 

$;:: 
36,55 
36,67 
36,80 
36,91 

3 9 ~ 9 3  
~ 0 1 0 1  

40*08 
40115 

40,30 

40 37 

40:j0 
40,57 
40,63 
40'70 

40,75 
4 0 , 8 ~  
4 ~ , 8 7  

1 8 4 . 9  

4 1 5 5 5 ' 6  
41735 '3  
4 ' 9 ' 5 ' 5  
42096.2 
42277 '5  

4 2 4 5 9 . 3  
42641.6 
42824 .5  
43007 '8  
4 3 ' 9 I . 7  
43376 '0  

1 7 9 . 7  
1 8 0 . 2  

. 3  

::::: 
1 8 2 . 9  
183.3 
I g 3 . 9  
Is4.3 

1777~40  
1 8 1 8 ~ 3 3  
1 ~ 5 9 ~ 3 ~  
1 900~36  

40,93 

41,04 



( 5 

TABLE 11.-Radii of Curvature tp the Meridian, and their Logarithms. 

20 86567.1 130'3 27.23 

60 87122.5 144'0 7943,76 
- - .- 

207 7'3'7 207 

Logt.11ms. of 
t l ~ e  Hndii of 
CurvaLure 

7'3'7 
794~,7~ 
7974,54 
8006,04 
8038 25 
s ~ ~ ~ : ~ ~  
8104,78 

8139,10 
8174~13 
8209,86 
8246.29 
8283,42 
8321,25 

53j9,78 
'3399PO 
84~8,92 
8479,53 
5jm0,84 
8562,S4 

8605,j2 
8648,89 
86~2~95 
Si37970 
8783913 
8829,24 

8876P3 
5923750 
89i1.65 
Yo20147 
90~9,~7 
grzo,~q 

917019~ 
9222749 
9~749~7 
9327951 
9381,oz 
9435019 

LatiLude 

-- 
0 I 

7 0 

1 0  

20 

30 
40 
50 

8 0 

1 

20 

30 
4O 
5O 

9 
lo 

20 

3O 
1O 
5O 

10 o 
'0 
20 

30 
40 
jo 

11 0 
10 

20 

30 
40 
50 

l2 0 
I 0  
20 

30 
40 
50 

Diff. 

+ 

30,78 
3r~50 
32~21 

3',g1 
33962 

34,32 
3jP03 
35173 
36943 
37r13 
37983 

3%53 
39922 
39,92 
40,61 

42~00 

4~9~' 

:::s 
44,7 
45,43 
46,1 I 

4679 
47,47 
48!I j 
4s,S2 
49,50 
50'17 

50'84 
51'51 
52,'s 
52,84 
53151 
j4,17 

Logtl~lns. of 
the Itndi~ of 
Curvature 

7'3'7 
7301.49 
7301~86 
7302s96 
7304'78 
73O7,35 
7310,64 

7314,66 
7319>42 
7324.91 
7331,Iz 
733807 
734575 

7354.16 

Diff. 

f.8 
5.2 
8.8 
12. 

15.8 

i::; 
26.3 
29.7 
33'3 
36'7 

400" 

~ ~ t i l ~ d ~  

-- 

0 I 

0 o 
10 

4 ,ZO 

30 
40 
50 

1 0' 

1 0  

20 

' 30 
4c. 
50 

2 o 

Diff. 

+ 

P37 

1,82 
2957 
31'9 

; 
5'49 
6,z I 

61::: 
i::: 

Rnrlii oE 
Currature 

in feeL 

207 
87122.5 
87269'9 
87420.6 
87574.8 
87732'3 
87893 ' 2 

88057.5 
88225.2 
88396'2 
88570.6 
88744.4 
88929.4 

89113.9 
89301'6 
89492.7 
89687' I 
89884.9 
90085.9 

90290.2 
90407'9 
g0;oS.S 
'90923'0 
91140'5 
91361.2 

9'585'2 
91812.5 
92043.0 
92276.8 
(J25'3.7 
92753'9 

92997.4 
93244.0 
93493'8 
93746.8 
94003'0 
94262'4 

Radii oE 
Cllr~tture 

in reet 

207 
84048.6 
84050'4 
S405j.6 
84064.4 
84076'6 
84092'4 

84111.6 
84134.4 
84160'7 
84190'4 
84223.7 
84260.4 

84300.7 

50.8 7373'17 10,60 
30 84442.4 7383177 

Diff. 

+ 
147'4 
, jo.7 
Ij4" 

'57.5 160.9 

164.3 

:;::: 
::::: 
184.5 187.7 
Iy l .  I 

194.4 

::::: 
'O4.3 
207'7 

214. 

217.5 
220.7 

224.0 
227.3 

::;:; 
236.9 
240.2 

246.6 243'5 

249.8 
2 j g . ~  
256.2 
Zj9.4 

40 
50 

3 0 

10 

, 20 
30 
40 
50 

4 o 
1 0  

2d 

30 
40 
50 

5 o 
IC 
20 

40 
50 

84496.6 
84554'3 

84615.5 
84680.1 
84748.3 
S4819.9 
8489j.O 
'84973.6 

Sj055.6 
8j141.1 
~jz3o.I 
85322.6 
85418.5 
Sj517.8 

85620.7 
95726.9 
85836.6 
859r9 .8 
86066.4 
86186.4 

54.2 
57'7 

61.2 
64.6 
6s. 
71 .6 
75'1 
78.6 

82'0 

85'5 
89.0 
g2'5 
95'9 
99'3 

Io2'9 
'o~" 
1°9'7 
11y 2 
116'6 
120'0 

7393,10 
7407,15 

7419.94 
7433745 
7447.69 
7462,65 
7478,35 
7494,77 

7511~91 
7529.78 
754~~37 
jj67,69 
7~87~73 
7608,49 

7629.97 
7hj2,rS - '("'Io 
7698,74 
7723,IO 
7748,1 8 

12,05 

"979 
13'j1 

::::: 
15"0 

16r42 

17'14 
17187 
1~759 
'9.3' 
ZWJ4 
'0'7~ 

22392 
23.64 
24,36 
2510s 



TABLE 11.-Radii of Curvat~lre to the Meridian, and their Logarithms. 

I 

Rudil  oE Logtl~l l ls .  oE 
1 Cl~rrnt l~rc  ])iff. the Itutl~i of 

ill feet Curvuturc 

L o p t l ~ ~ i i s .  of 
tllr 1It1c11: o l  1 D i l .  I/ Lntitudo 
Curvntorc 
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TABLE 11.-Radii of Curvature to the Meridian, and their Logarithms. 

~ ~ ~ , b ~ ~ d ~  1- 
28 o 

10 

; 20 

30 
40 
50 

29 0 
10 

zo 

ltttdii of 1,o;tllrns. of Rurlii of Log! lims. O F  
CorvcLtllre the Radii of D iE  Latitude &rvaturo DiE. tllc Ihdii oE Diff. 

in  feel  Corv~il,ure in  Feet Curritture 

' 30 34329.2 7iY5123 I o ~ , I ~  30 j19.0 40 1 31848.2 5 2 0 . ~  7g03r41 108,j6 40 
801 1,97 50 

30 o ' 35591 .6  5 2 2 ' 6  8 1 ~ 0 , g o  108p93 36: o 
Sz30.19 109 '29  10 

208 

29742 '9  
3 0 2 4 4 . 8  
30748 .6  
31254 .4  

' 31762 '2  
, 32271 .8  

32783 .3  
33296 '8  
33812 .1  

+ 
j O I "  

: 
j o 7 . ~  

' 

513.  j 
5 1 5 ' 3  
5 ' 7 ' 1  

.- -- 

7 ' 3 1 8  o I 208 + 7 ' 3 1 9  
+ 

6943773 LOj,Oj 
7048.78 Io5,45 

5 4 ~ 2 8 . 5  
54601.  j 
5 5 ' 7 5 ' 6  

55750 .3  
56327 .2  

7154,23 

zo 36942 '1  833~9S6  '092~7  1 20 56y04.,j  5 7 7 ' 4  
1 l",O&" 

3 0  57483 '  I j7'" 
3O 3747'" 5 2 9 . 6  40 37999 '6  

j7'" 
573:0 
574 I 

5 7 5 ' 2  
5 7 6 ' 4  

50 

31 o 
10 

2 0  

' 3O 
40 
50 

32 o 
I 0  
2 0  

30 
40 
50 

33 o 
10 
2 0 ,  

30 
40 
50 
6c, 

IOj ,8 j  $::: 

1S99,63 
Z O I S , ~ ~  
2L38,j0 

2 ~ 5 8 ~ 2 9 ,  
2378.31 

3 8 j 3 1 . 0  

39064.0 
3 9 5 9 5 ' 7  
4013 j .O  
4 0 ~ 7 3 . 0  
41212.6 
41753 '8  

42296.6 
42841 .0  
43356'9 
43934 '3  . 
44483 .2  
45033 '7  

45585.6 
4 6 1 3 9 . 0  
46603 .8  
47250 '0  
47807.6 
48366.6 
4 5 9 ~ 7 . 0  

7260,08 
7366j33 

7472.97 
7580,or 
7687*43 

0 

"913' 
119,55 

L20,02 119,79 
120,24 

- 1  208 

50616 .1  

5 3 1 ' 4  

' 533 '0  
5 3 4 ' 7  
5 3 6 . 3  
5 3 8 . 0  
5 4 9 . 6  
5 4 1 . 2  

5 4 2 ' s  

5 4 4 ' 4  5 4 j . 9  

5 4 7 . 4  
5 4 8 . 9  
5 j o .  

5 5 1 ' 9  

::::I 
j 5 6 . 2  
5 5 7 ' 6  
5 5 9 ' 0  
5 6 0 . 4  

106,2 j 

106!64 
107104 

107,42 
1 0 7 ~ ~ 0  

-- 

8 6 7 1 , o ~  

S7S210S 
8 8 ~ 3 ~ 5 1  
930512s 
YI1793Y 
Y ~ Z Y V Y ~  
~ 3 4 2 ~ 6 1  

40 
50 

35 o 
I 10 

I 20 , 

208 

I I r,o8 
I 1  1,43 

I12,11 
112 ,4 j  

51181 .7  
51748 .6  

52316.7 
52886 .1  
j 3 4 5 6 . 7  

I 13,r I 122,27 
9455972 I 
95h9114 I 0  6 3 3 2 3 ' 3  1 1 3 , 7 j  9 h Y z , S ~  114,ob 2 0  6 3 9 1 2 . 4  : 3957,.51 122 ,79  ~ i ~ 6 ~ y 5  1 4 , 3 ~  30 6 4 5 0 2 . 3  j90.S 

7 ' 3 1 9  

50 58643 '3  

4 0  

- ,  

5 6 6 . 9  

568 .  I' 
5 6 9 ' 4  
570'6 

37 o 
10 

2 0  

3 0  
40 
50 

6 j 0 9 3 . 1  

1306~73 
1 4 2 4 ~ 8 0  

' 5 4 3 ~ ~ 3  
1661.72 
1 7 8 o . j j  

5 9 2 z j . o  
59807.6 
60391.2 
6 6 9 7 5 . 8  
6 1 j 6 1 . 3  
6 2 1 4 7 . 8  

40Y0v30 122~96  

117154 
I 17,82 
,18,07 

~ 1 8 ~ 3 3  
I 

I lS ,83  
I19,08 

9911.33 
0026,01 

ol41.00 
0256.28 
0371,86 
0487174 
0603.90 
0720'35 
0837,08 

5s1 '7  
5 8 2 . 6  
5 8 3 ' 6  
5 8 4 ' 6  
5 8 5 ' 5  
5 8 6 ' 5  

114,6S 

I I 5,28 
5 '58 

115,SS 
116 16 
116:4j 
I 16,73 

2 9 8 1 ~ 6 8  
3 'O2>99 
322i .49 
3346720 
3468.09 
3590~17 

::::;: 
121,50 
121 ,71  
I 2 I ,89 
122,08 

50 

39 o 
10 

2 0  

3 0  
4,o 

6 0  
5' 

6 5 6 8 4 . 6  

66276.9.  
66870 '0  
6 7 4 6 3 . 8  
6 8 o j 8 . 4  
6 8 6 5 3 . 6  

6 9 8 4 6 . 1  
6 9 2 4 ~ ' 5  

5 9 1 ' 5  

5 9 2 ' 3  
593.1 
j 9 3 ' 8  
5 9 4 ' 6  
5 9 5 ' 2  
5 9 5 ' 9  
596 .6  

4203p26 
4,326,38 

4449.66 
4 5 7 3 ~ 1 0  
4696,69 
4823,43 
4 9 4 4 , ~  
5068,32 

. 5192,47 

123,12 

1.23~28 
1 2 3 , 4 4  

:ii:;: 
123,S7 
124,02 
I54,15 



( p  + v)%osec 1" TABLE 111.-Logarithms of the Factor T-T for computing the Spherical 

Excess of a Triangle. 

Latitude Logarithms Latit.ude Logarithms Latitude Logarithms Latit.ude Logaritllnls 

- - - 
11 22 

- 
10'37505 1s-37484 10'37404 33 10'37333 

505 12 23 417 34 
24 13 

324 
504 476 

25 
35 

503 14 
409 

36 
315 

471 
26 

4 0 2  
502 15 466 394 37 

305 

16 27 
295 

500 46 I 386 38 286 
17 28 377 39 276 

* 369 40 266 
494 444 360 

9 491 20 437 31 
21 

351 
10 487 431 32 342 

1, 

TABLE 1V.-For determining the Spherical Excess in Secondary Operations.' 

Area oE Triangle in 
Square Miles 

5 
10 
15 
20 
30 
40 
50 
60 
70 
80 
90 
100 
200 
300 
400 
600 
600 
700 
800 
900 
1000 

Mean Lat~tude of Triangle 

0" 

I 1  

0 . 0 7  
' I 3  
' 2 0  

- 26  
' 40  
' 5 3  
.66  
' 7 9  
'93  

I . o6  
1 . 1 9  

1 .32  
2 . 6 4  
3 ' 9 7  
5 .29  
6 .61  
7 ' 9 3  
9 .26  

10.58 
1 1 . 9 0  
13 '22  

3 5 O  

" 

0 . 0 7  
' 13  
' 2 0  

.26 
' 39  
'53  
.66 
'79  
. 9 2  

1 '05  
1 .18  
1 ' 32  
2 . 6 3  
3  95 
5 .27  
6 .58  
7 .90  
9 ' 22  

1 0 ' 5 3  
11 .85  
13 ' 17  

40" 

, N 

0.07 
' I 3  
' 2 0  

.26 
'39 
'53 
.66 
'79 
' 92  

1.05 
1 .18  
1 '32  
2 .63  
3'95 
5.26 
6.58 
7 '89  
9 '21  

10.52 
11.84 ' 
13.15 

6' 

I1  

0 ' 0 7  
"3 
' 20 

.26 
' 4 0  
' 53  
.66  

10" 

I f  

0 ' 0 7  
"3 
' 2 0  

.26  
' 40  
' 53  
.66 

30" 

I 

0.07 
"3 
' 2 0  

.26  
' 4 0  
'53  
.66 

l 9  ' 9 2  
1.05 
1 . 1 9  
1 .32  
2.64 
3 ' 9 5  
5 .27  
6 .59  
7 .91  
9 ' 23  

10'54 
11 .86  
13 .18  

25' 

11 

0 . 0 7  
' I 3  
' 2 0  

.26 
'40  
' 5 3  
.66  
'79 
' 9 2  

I .o6  
1 . 1 9  
1 .32  
2 . 6 4  
3 '96  , 

5 2 8  
6 . 6 0  
7 .92  
9 . 2 3  

10.55 
11 .87  
13 .19  

15' 1 20' 

' 79  
'93  

I 

0 ' 0 7  
"3 
' 2 0  

.26  
' 4 0  
' 53  
.66 
'79  
' 93  

I '06 
1 . 1 9  
1 '32  
2 .64  
3.96 
5 .28  
6 .61  
7 ' 9 3  
9 .25  

10.57 
11 .89  
13.21 

I ' 06  
1 . 1 9  
1.32 
2.64 
3 .97  
5 .29  
6 . 6 1  
7 ' 93  
9.26 

10 .58  
11 .90  
13.22 

~~~-~~~~~ 
I 

0 . 0 7  
' I 3  
' 2 0  

.26 
' 4 0  
' 53  
.66 
' 79  
' Y 2  

I . o6  
1 . 1 9  
1 .32  
2 .64  
3 ' 96  
5.28 
6 . 6 0  
7 '92  
9 . 2 4  

10 .56  
11 .88  
13 .20  

1 .06  
1 . 1 9  
1 ' 3 2  
2.64 
3 . 9 7  
5 .29  
6 .61  
7 ' 93  
9 .25  

10.57 
11 .90  
13 .22  
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T B ~ ~ ~  V.-Reciprocals of Numbers to facilitate the Computation of 
Weights of Observed Angles. 

~~~~b~~~ 

2 '469 

2.410 

2'353 

2'299 

2'247 

2.198 

2.151 

2.105 

2'062 

2 '020 

I .980 

1'942 

1 ' YO5 

1.869 

1'835 

I .So2 

I ,770 

''739 

7'709 

I ,651 

I .653 

*",,,bcrs 

1'653 

I -626 

I '600 

7'575 

1'550 

r -  j27 

I ' 504 

1.481 

I ,460 

I '418 

I '399 

"379 

I '361 

1'342 

1'325 

1'307 

I '290 

1'274 

1.258 

1.242 

1 Numbers 

- 

200~~000 

66.667 

40 ' 000 

28.571 

22'222 

1 8 . 1 ~ ~  

15'355 

13'333 

11.76j 

10 .  j26 

9'jZl 

8,696 

8.000 

7'407 

6,897 

6.4j2 

6.061 

5'714 

5'4Oj 

5,128 

4.878 

Recipro- 
cals 

0'41 

'42 

'43 

'44 

4 5  

'46 

'47 

'48 

'49 

' '50 

'5' 

'52 

'53 

'54 

'55 

.56 

'57 

'5s 

'j9 

.60 

1.242 

I '227 

1'212 

1.198 

1.183 

1.170 

1.156 

I 143 

1.130 

1'117 

1.105 

1 '093 

1 ,081 

I '070 

r .o58 

1 '047 

I '036 

I .026 

1'01 5 

1,005 

0'995 

Recipro- 
cals 

0.61 

.62 

'63 

'64 

'65 

.66 - 
'67 

.68 

'69 

7 0  

'71 

'72 

'73 

'74 

'75 

'76 

'77 

.78 

'79 

.So 

Numbers 

4'87s 

4.65: 

4'444 

4'255 

4.082 

3.922 

3'774 

3'636 

9'  509 

3'390 

3'279 

3'175 

3'077 

2'955 

2'899 

2.817 

2'740 

2.667 

2'597 

2'532 

2 ' 469 

Recipro- 
cals 

0'01 

'02 

'03 

'04 
, 

'05 

.06 

'07 

.oS 

'09 

10 

'I1 

I 2  

3 3 

'I4 

" 5 
1 6  

"7 

1 8  

"9 

'20 

Recipro- 
cnls 

0.81 

.82 

'83 

.84 

'Sj 

.86 

'87 

.8S 

'89 

'9O 

'9' 

'92 

'93 

'94 

'95 

.96 

'97 

.98 

'99 

1.00 

Recipro- 
cals 

---- 

0'21 

'22 

'23 

'24 

'25 

,26 

'27 

.28 

' 29 

'30 

'3' 

'35 

'33 ' 

'34 

'35 

.36 

'37 

'38 

'39 

'40 

I 



TABLE V1.-Logarithms for facilitating the Computation of 

Diff. 

- 

: 
I 

3 
3 

i 

9 
I 0  

lo 

I 2  

I 2  

' 3  
' 3  
' 4  

:2 
1 6  

" 
' 7  
' 9  
' 9  

22; 
2 2  

2 2 

'3 
2 3  
'5 
'5 

3 ;  
'9 

3' 

LaLituda 

-- 

0 I 

0 o 
10 

2 0  

3 0  
40 
50 

0 

I 0  

2 0  

3 0  
40 
so 

2 0 

10 

20 

3O 
4 0  
5 0  

3 o 
10 

2 0  

3 0  
4 0  
So 

4 0 

10 

2 0  

3 0  
4 0  

50 - 
a .  o 

10 

2 0 

3O 
40 

5" 

6 
10 

2 o 
30 
4 0  

50 
6 3  

Q 

- 

1 '9971076 
1076 
1077 
1078 
1080  
1082 

- 
1.9971085 

1088 
1092 
1096 
I t o r  
1106 

7 g 9 7 1 r r ~  
1117  
1124 
1131 
"39 
1 1 4 7  

- 
1 . 9 9 7 1 1 5 5  

!164 
1174 
1184 
1194 
I Z O ~  

; ' 9 9 7 1 ~ 6  
1228 
1 2 4 1  

1 2 j 4  
1267 
1 2 8 1  

-- 

1 . 9 9 7 1 2 9 5  
1310 
1325 
1341 
1357 
1374 

F9971391 
1409 
1427  
1446 
1465 
1484 
1504 

P 

3 . 5 1 ~ 6 6 ~ 5 0  
6949  
6948  
6947  
6944 
6941 

?g96b937 
6932  
6926  
6920  
6 9 1 3  
6905 

- 
3 . 9 9 6 6 8 9 7  

6888  
6878  
6868. 
6856 
6844 

- 
3 .9966831  

6818  
6804 
6789  
6773 
6757 

- 

3 .9966739  
6722  
6703 
6684  
6664  
6643 

3 .9966621  
6599 
6576 
6553 
6528  
6 j o 3  

- 
3.9966477 

6 4 j  1 

6424 
6396 
6367 
6338 
6308  

Diff. 

+ 
O 

3 
3 
4 
4 
5 
5 

5 
6 
7 
7 
8 

8 
9 

10 

'10 

'0 

1 1  

1 1  

1 2  

13 
I 3  
1 3  
1 4  

14 
1 5  
I S  
' 6  
l G  

'7 

:H 
1 8  
' 9  
19 
19  
2 0  

R 

- 
8 ' 3 8 1  24 

24 
24 
24 
24 
24 

- 
8.38124 

24 
24 
24 
24 
24 

- 
8 . 3 8 1 2 4  

23 
2 3  
2 3  
23 
2 3  

F 3 8 1 z 3  
23 
23 
2 2  

2 2  

2 2  

&38122  
2 2  

2 2  

2 1  

2 1  

2 1  

8 , 3 8 1 2 1  
2 0  

2 0  

20 

20 

2 0  

8 . 3 8 1 1 9  
19 
V 
18 
1 8  

Diff. 

- 
O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

0 

O 

O, 
O 

O 

O 

O 

O 4  

O 

0 

0 

0 

0 

1 

0 

0 

0 

1 

0 

0 

0 

0 

1 

O 

1 

0 

0 ' 2 9 8 1 4  
814 

5 I 6 
817  
818  

o . z g 8 z o  
' 823 

826 
829  
832 
836 

0 . 2 ~ 8 ~ 1 '  

 iff. 

+ 

0 

: 
2 

3 
3 
3 
3 
4 

5 
4 

T 1 I 

856  
862 
868 

0 ' 2 9 8 7 4  
881 
888 
896 
904 
912 

0 . 2 9 9 1 1  

950 
960 
971 

0.29982 
993 

0 .300o j  
0 1 7  
029  
042 

O f 0 0 5 j  
0 6 9  
083  
098 
I 1 2  

127 

- 

Iuroite 
2 . 2 3 8 1 ~  
1.93712 

761o j  
6 3 6 1 ~  
53927 

1.46014 
39325 
33532 
28423 
23856 
19725 

1.15956 
12490 
09283 
06299 
03509 
00890 

0 . 9 8 4 2 3  
96090 
93879 
917.77 
89775 
87863 

6 
6 

6 
7 

1 7 
8 
8 
8 

9 

I 

10 

10  

1 1  

1 1  

1 2  

1 2  

l 2  

1 3  

'3  
14  
I S  

I j 
14  
15  
16 

- --. 

- 
Inflpitc 

30102 
17607 
12491 
9687 

7913 
6689 
5743 
5109 
4567 
4l31 

r 3769 
3466 
3207 
~ 9 8 4  
2790 
2619 

2467 
2333 
z 2 l 1  
2 1 0 2  

ZOOz 

19'2 

0 .86034  ( l s29  
1752 ,":::A 1682 

8 0 ~ ) 8 j  
79127 
7792; 

0 .76479  
75080 
73728 
72418 
71150 
6991y 

0 , 6 8 7 2 5  
67566 
6643y 
65342 
64276 
63237 
62224 

l h 1 7  
155' 
I S G 0  

1 4 4 ~  
130Y 
13;2 
'3" 

I23I  

'"2' 
"59 
"'7 
'"97 

l03Y 
Io13  
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Terrestrial Latitudes, Longitudes, and Reverse Azimuths. 

Latitude V Diff. U Diff. W Diff. X Diff. Y Dill. Z Diff. 

0 I + - 
0 0. Ef. neu. ?fini te  lnfinitc Pf. neg. 

10 j . 7 6 6  4 ' 7 3 5  3 , 8 6 2  
301 20 4 . 0 ~ 7  

176 434 176 2 1 6 3  
30 258 339 '25 40 ;:! 

9 7  50 465 036 
- 

1 0 4 ' 5 4 4  79 79 r 6 4 0  
- 

10 6 1 0  1 706 
2 0  

815 
86  I 
902 

+ 
lnflnito 

:;: 
, , j  
97 

67: 

:: 
41 

38 
34 
32  

26 

'3 

ip 
20 

' 9  

l 7  

l 7  
16 

'5 

l 4  

:: 
:5  
I 2  

1 1  

I, 

I I 

2 , o 7 8 4 4  5 6 5 S  
10 878 34 6 2 3  
2 0  3 2  592 

910 ' 30 5 30 9 4 0 1  ,7 
40 535  
50 5O9 

1"flnlto 

1 . 8 4 0  

539 
363 
238 
141 

1 . 0 6 2  
0 . 9 9 5  

937 
886 
84  1 
8 0 0  

0 , 7 6 2  
7 2 7  

665 
"' 
61 
638 

0 . 5 8 7  
563 
5'41 

520 
500 
481 

0 . 4 6 3  
440 
429 
4 '3  , 
397 
3x2 

0 . 3 6 8  
354 

472 

:: 
3 l  

2 7 
26 

2 2  

2 I  

I 9  
l 9  

I S  

:: 
16 
I 4  

'5 

l 4  

l 3  

13 

1 2  

I '  

l o  

lo  

3 
10 

20 

30 
4'0 
50 

4 0 

l o  

2 0  

30 
4 0  
Sf' 

5 o 
r o  
2 0 

3" 
~ c ,  

, 50 

6 0 

10 

2 0 

3' 
4 0  

L 

Tg40 
- 9 7 4  
1.006 

036  
064 
O9O 

1 - 1 1 ~  

138 
160 
181 
2 0 1  

2 2 0  

7 z 3 8  
2 5 5  

303 
3 1 s  

1 ~ ~ ~ 2  

346 
160 
372  
385 
397 

1 . 4 0 ~  
420 
431  
442 
452 

147 
138 

- + - 
lnl inl te  ~ ~ f i ~ ~ t ~  Infl~ll to lnflnlte I"l. nCa. 

5 . 2 2 6  2 ' 2 3 5  

1 7 ~ ~  352 176 
250 758 

1 2 j  430 1 y 3  6 3 3  623  536 97 

79 F 7 8 2  159  7 9 

$ - 916 390 
134 t ' 4 5 7  6 7  

5 I  3 ' 0 3 '  

45  225 9 I  
41 308 

0 4 1  

063  
0 8 4  
lo4 
1 2 2  

- 
3 ' 1 4 0  

'5' 
174 
190 
2 0  j 
2 2 0  

- 
3 . 2 3 4  

2.18 
2 0 1  

274 
286 
298 

- 
3'30 ' )  

3 2 1  
332 
342 
35 :  I(, 

35 
32 

2 7  

" 

:: 
2 2  

' 57  

2 3  

2o 

18 ' 

18 

16 

' 5  

I 4  

I 4  
l 3  

I 3  

:: 
I I 

1 2  

,, 

34' / 13 
3 2 7  , I 2  

7 3 ' 3  
45' 
517 
5.76 
632 
685 

7 7 3 4  
781 

b9 7 5 
b5 

3 
53 

" 
47 5 , 4 8 4  

462 
440 
419 
400 
381 

- 
5 ' 3 6 3  

346 
330 
3 ' 4  
300 
285 

j . 2 7 1  
258 
4 
233  
Z Z I  

209 

1.198 
187 
177 
167 

"9 
255 
281 
306 

~ ' 3 ~ 0  
323 
370 
398 
419 

3 1 5  
303  

0 . 2 9 1  
279 
268 
257 

2 1  

2o 

I 9  

I 6 
l 7  
I 7  
16 
16 
15 

I 4 
1 4  
1 4  

1 2  

I 2  

1 1  

I ,  

1 0  

I 94  

1 .157  
1 2 2  

'9' 
060 
'3' 
006 

0 . 9 8 1  
99' 

26 
~6 
25 

2 3  2 4  

23 
z 2  

2 1  

2 1  247 1 1  

37 
35 
3 2  
30 
2 8  

26 

25 
23 
2 2  

936 2 1  

907 
946 

t . 9 8 2  
2 , 0 1 7  

0 5 1  
0 ~ 4  
"5 
145 

--- 
2 . 1 7 4  

2 0 2  

734 
7 2 1  

696 
709 

0.684 
673  
O h 2  

651 
640 

1 3  
1 2  

13 

I 2  

, ,  
1 1  

1 ,  

39 

36 
3 5 
34 
33 
31 
30 

f j  
27 

876  

0 . 8 5 8  
840 
823 
807 
792 
777 

0.762 
748 

I 8 

17 

1 5  
15 

1 5  
14 
14  



TABLE V1.-Logarithms for facilitating the Computation of 

Latitude 

0 I 

10 
2 0  

30 
40 
50 

0 
I0 

20 

30 
40 
50 

10 

2 0  

30 
40 
50 

10 0 

10 

2 0  

30 
40 
50 

11 o 
I 0  

2 0  

30 
40 
50 

12 o 
10 

20 

30 
4 0  
50 

10 

P 

- 
3 ' 9 9 6 6 3 ~ 8  

6277 
b245 
6213 
6180 
6147 

- 
3.9966112 

6077 
6041 
6005 
5963 
5930 

- 
3'9965892 

5852 
5812 
577> 
573O 
5688 

- 
3.9965646 

5602 
5558 
5514 
5468 
5422 

- 
3.9965375 

5328 
5280 
S23I 
5181 
5131 

- 
3.9965080 

5029 
4977 
4924 
4870 
48 I 6 

4706 

DIE. 

- 

3; 
32 
32 
33 
33 

35 
35 
36 
36 
37 
38 

38 
40 
40 
40 
4 2  
42 

42 
44 
44 
44 
46 
46 

47 
47 
48 
49 
50 
50 

5' 
51 
52 
53 
54 
54 

55 
55 
56 
57 
58 
58 
58 

Q 

- 
1.9971504 

1525 
1 5 4 ~  
1567 
15% 
1612 

- 
1.9971635 

16s8 

1682 
1706 
1731 
1756 

- 
1.9971782 

1808 
1834 
1861 
'889 
1917 

- 
1.9971945 

"974 
2 0 0 4  

2034 
2064 
209 5 

- 
1.997"" 

2157 

2 2 2 2  

2255 
2289 

- 
1.9972322 

2357 
2392 
2427 
2462 
2499 

- 

1.9972535 
2572 

20 

3O 
4 0  
50 
60 

Diff. 

+ 
2 1  
2 1  

2 1  

2 2  

23 

:: 
2 4  
2 4  
25 
25 

26 
26 
26 
27 ,s 
28 

28 
29  
30 
30 
30 
31 

6: 
33 
32 
33 
34 

33 
35 
35 
35 
35 
37 

36 
37 
38 2610 

2647 
2686 
2724 
2764 

4650 
4593 
4535 
4477 
4419 

37 
39 
38 
4 0  

R 

F 3 8 1 1 8  
'7 
'7 
'7 
I(5 
I 6 

F 3 8 1 1 6  
'5 
15 
I5  
'4 
1 4  

- 
8.38113 

'3  
I 3  
I 2  

I 2  

I I 

- 
8.38111 

I 1  

I 0  

O9 
09  

h 3 8 1 0 8  
CIS 

O7 
O7 
06 
06 

E 3 8 1 o 5  
O5 
O4 

O4 
O3 
0 3  

- 
8 3 8 1 0 2  

O 2  

Diff. 

- 
- 
I 

0 

0 

I 
0 

o 
1 

o 
o 
I 
o 

I 
o 
0 

f 
o 
I 

o 

I 

o 
I 

o 

I 

0 

I 

o 

I 

I 

o 
I 

o 

A 
I 

or  
O0 

O0 

8.38099 
99 

I 

o 
1 

g 

0.30143 
'59 
175 
'92 
209 
226 

0.30244 
' 262 

281 
30° 
3 '9  
339 

o ' p 3 5 9  
379 
400  
421 
443 
465 

0.30487 
510 
533 
557 
581 
605 

0.30630 
655 
680 
706 
732 
759 

0.30786 
813 
841 
869 
898 
927 

0.30956 
986 

D~ff. 

' +  

16 
17 
17 
17 

I 8 
18 
19 
19 
19  
2 0  

2 0  

2 0  

2 1  

2 1  

2 2  

2 2  

2 2 

2 3  

23 
2 4  
2 4  

z4  

2 5 
,5 
25 
26 
26 
27 

2 7 
2 7  
28 
28 
29 
29 

29 

30 
30 

0 .31016 
046 
O77 
109 
1 4 ~  

T 

0 . 6 2 2 2 ~  
61238 
60275 
59336 
58419 
57523 

0,56648 
55792 
54955 
541361 
53335 
52551 

0.51783 
51030 
50293 
4957O 
43861 
48166 

0.47484 
468 r5  
46159 
45S14 
44'$51 
44260 

0.43649 
4 3 0 5 ~  
42460 
41881 
4'3" 
407 51 

0.40201 

3g659 
39127 
38603 
jao87 
37580 

0 . 3 7 ~ ~ ~  
36s89 

30 
31 
32 
31 

I 

Diff. 

- 

986 
363 
939 
917 
896 

375 
s j 6  
837 
819 
gor 
7g4 

768 
7 j 3  
737 
723 
709 
69 j  

682 
669 
656 
645 
633 
62, 

61 I 
5 99 
590 
579 
5 7O 
560 

5 50 
542 
532 
524 
516 
507 

so0 
49' 
484 

36105 
35628 
35'59 
34697 
34242 

477 
469 
462 
4 5 5  
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lerrestrial Latitudes, Longitudes, and Reverse Azimuths. 

Latilude 

-- 
0 I 

'I 9 
l o  
2 0  

3 0  
40 
j o  

U 

----- 

- 
5 ' 1 3 8  

129 
I 2 1  

112  

104 
096  

I 

8 I 8 
0 . 5 6 4  9 

10 433 
2 0  440 0 7 4  

, 30 448 8 066  
40 456 0 6 0  
50 463 523 

- 
9 8 

o 3.470 ' 7  5-046 F 5 7 4  0 . 1 2 3  F 6 7 2  l 6  
0 . 5 1 5  

8 

10 477 
' 

0 4 0  7 687 '5 508 
2 0  484 1 0 702 

'5 500 7 30 490 028 5 9 j  0 1  716 I 4  493 
40 497 0 2 2  6 '94 731 :: 486 

Diff. 

- 

f 

a 

?r 

- 

3 ' 3 7 2  
381 
39O 
399 
408 
416 

I 

W Diff. k Diff. Y Diff. Z Diff. 

50 

10 0 

lo 

20 

30 
40 
50 

11 o 
10 

2 0  

30 
40 
50 

Diff. 

+ 
9 
9 

f 

- 
1'472 

482 
491 
501 
509 
518 

503 
- 
3 , 5 0 9  

5'5 
5" 
527 
53' 
538 

- 
3 . 5 4 3  

548 
554 
559 
563 
568 

+ 

10 9 

9 

12 
- 

0 3 , 5 7 3  F g 5 5  0.009 : 1 6 8 4  ti 

10 578 

944 698  993 
40 59' 940 703 y86 
50 595 937 3 708 5 983 

6 

6 
6 

6 

6 

, 

0 .226  
216 
207 

: f :  
180 

2 

016 
- 
5.011 

0°5 
ooo  - 

6 . 9 9 5  
99O 
98 5 

6-.981 
976 
972 
967 
963 
959 

13 o 3 ' 5 9 9  
I 0  r o  603  

50 618  9.8 4 954 0 : 6 0  622 915 739 9 50 031  4 

- 
I0 

9 

940 ], 354 2 
951 378 

5 902 
" 

373 

r 9 0 8  

0 . 3 6 8  

359 
354 

341 
340 

5 

F 4 6 1  
480 
500 
5'9 
537 
555 

I 2  

I I 

7 6 1 ~  
621 
627  
634 

640 645 

7 . 6 5 1  
657 
662 
668  
673  
678  

+ 

i f  

0 . 3 9 9  

5 

2 
5 

6 

0 , 6 1 9  
610 
600 
59' 
581 
573 

- 

9 
l o  

087 

0 . 0 8 0  
0 7 4  
0 6 7  
0 6 1  
O5 5 
049  

0.:;; 

0 3 1  
0 2  5 
0 2 0  

0 1 4  

1 

6 
6 
6 

6 5 

745 

F 7 5 9  
772 
786 
799 
8 1 2  
824  

- 
~ ' ~ 3 7  

8 7 1  
885 
896 

I 4  

I 3  
I 4  

I 3  

' 3  
I Z  

:: 
1 2  

,, 
1 2  

, ,  

479 

0 , 4 7 2  
466 
459 
453 
446 
440 

O.434 
4~~ 

4" 
40 5 

7 

. 7 
6 

6 
6 
6 
6 

2 
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TABLE V1.-Logarithms for facilitating the Computation of 

Latitude 

0 I 

la 0 

10 

2 0 

3O 
4 0  
50  

15 o 

Diff. 

- 
6, 
h0 
(51 
b1 
b2 

62 
64 

P 

3-9964419 
4359 
4'99 
4 ~ 3 '  
4 I 7 7  
41 15 

- 
3.9964053 

R 

- 
8.3S099 

98 
97 
97 
96 
96 

5 3 8 0 ~ 5  
94  
9 4  
93 
9 2  

92 

16 o 

Diff. 

- 
I 
I 

o 
I 
0 

I 
I 

I 

1 

o 

I 66  
3.9963664 

10 

2 0  

3 0  
4 0  
50  

Q 

/ 

1.9972764 
2803 
2843 
2884 
2025 
2966 

- 
1 .9973008  

S 

0.31140 
172 
205 
~3~ 

- 
3730 

- 

i f f .  

+ 
39 
4 0  

41 4 1 

41 

4 2  

3050 
3032 
3 '35 
3 '79  
3223 

DiE. 

-I- 

32 
33 

T 

0 '34242  
33794 
33352 

42 
4 2  

',3 
44 
44 

Diff. 

- 
448 ,,, 
43j  :: 3,917 

I 0  

2 0  

30  
40  
50  

17  0 

10 
2 0  

3 0  
40  
5 0  

18 o 
10 

2 0  

3O 
40  
50  

19 o 
10 

2 0  

3 0  
40 
50  

20 o 
10 

20 

3 0  
40 
50 
6 0  

305 

0.31339 
. 373 

408 
443 
479 
5 '5  

O ' 3 I j j "  
588 
626  
663 
701 

. 740 

0 .31779  
618  
8 j 8  
898 
938 
979 

0 .32021  
062 
105 

234 
loo 

0 ' 3 2 2 7 7  
32' 
366 
411 

457 
503 

0 .32549  
~9~ 
643 
6~70 
i 3 8  
787 
s 3 6  

34 
3 4  

3, 
36 
36 

3597 
3 j 2 9  
3461. 
33Q2 
3323 

- 
3.9963252 

31Sz 
3110 
303 9 
2966 
2893 

- 
3.9962519 

2745 
2670 
?595 
2519 
2442 

- 
3 ' 9 9 6 2 3 6 j  

2287 

:: 
38 
37 
3n 
39 

39 
30 
40 
40 

4 2  

43  
4 2  
43 
44 

4 3  
45 
4 4  
4 5  
4 h  
q 6  

4' 
47 

i g  
'(' 

49  

32066 

0.31649 
31239 
30835 
3'4s6, 

6 8  3312 90 
, j  0 

68 3357 

h9 

417 
410 
404 
399 
393 
388 

0 ' 2 9 2 7 3  
28896 
2 8 j z j  
2 8 1 j 8  
z i i 9 7  
27440 

0.27089 
26742 
26400 
26062 
25729 
25400 

0 ' 2 j o j 6  
247j6 
2 4 4 4 0  
24128 
"sZI 
2351 7 

0 '23217 
2 2 q 2 2  

b9 

71 
7o 
7 2  
7 1  
73 
7 3 

74  ,, 
:i 
76 
77 

-- 
I 

382 
' 377 

371 
367 
361 
357 

351 
347 

:!; 
333 
329 

324 
320 
316 
312 
307 
304 

300 
295  

2209 I 7 s  

8 0 

3494 
- 
1.9973541 

35s8  
~~3~ 
36S4 
3732 
3781 

- 1.9973830 
3870 
3920 
3980 
4030 
40s I 

- 

1 .9374133  
4185  
4237 

F 9 9 6 1 a 9 0  
I 8-18 
1727 
1644 

22630 I ;$ 
2 2 3 4 1  j zs ‘! 

So 
t 2  

y , 
8; 
R 3  

:: 
4g 
,g 
48 
49 

:; 
So 

' " so 
5 I  

5 2  

5 2  

5 2  

2z057 
21776 

0.21498 
2 1 2 2 5  

2 0  
 ZOOS^ 
2 0 4 2 4  
20163 
19906 

I j61 

1394 

281 

278 
2 7 3  
27' 
2 h 7  
263 

257 

8 8  

8 3 8 0 8 7  
8 6 
8 6  
85 
84 
8 3  

F 3 8 0 8 3  
82 
81  
80 
80 
7 9 

r 3 s 0 7 s  -- 
" 
77 

5 4 

O 

: 
1 
I 

O 

: 
0 

I 

0 

I 
76 
75 
74  

S . 3 8 ~ i 3  
73 
72 

4396 
- 
1 9 9 7 4 4 j 0  

1 5 Q 4  

1 

I 

I 

I 
71 

::: 
1 

5 -1 
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ierrestribi Latitudes, Longitudes, and Reverse Azimuths. 

Latitude V Diff. U Diff. W Diff. k DIE. Y DiE. Z DilT. 

I I 
------- 

0 + - - + - 1 - + - - 
14 o F 6 2 2  c'91 j 1-739 , . 9 j 0  1.031 0 '340 

10 626 
3 3 743 946 040 

3 747 941 2 0  331 

40 636 067 323 
50 639 903 076 

9 318 5 

15 
- 

o 3.642 G900 7 7 6 2  T9zj F o g 5  0 .314  4 
10 6 4 j  -898 766 920 093 4 310 

916 I 306 2 0  648 896 769 
30 651 894 773 913 "0 302 3 

4 0  654 
50 6 j 7  9O 5 127 294 

- 
16 , o 3 .659 6 8 8 3  

- 3 T y o t  4 I 0.290 4 1'783 
l o  662 8S6 ; 787 897 287 

3 
20 6 6 j  8 8 j  790 894 151 

8 
'S3 4 

30 667 S S  793 800 158 % 279 
4 

3 3 i66 276 887 40 670 88; 790 
50 

17 0 

10 

2 0  

30 
40 
50 

18 0 

t o  
zo 
30 
40 
50 

19 o 
10 

2 o 
30 
4 0  
50 

3 

3 

3 
3 

3 

3 

20 o 
19 

2 0  

30 
4 0 

50 
60 

672 

3-675 
677 
679 
681 
683 
685 

- 

3.657 
689 
691 
693 
695 
697 

3.698 
700 
703 
705 
i O j  
706 

174 
- 
1 . 1 8 1  

189 
1 9 ~  
203 
r l o  
217 

- 
1.224 

231 
238 
2 4 j  
2 j 1  

258 

;.2o5 

271 
/ I  

2-,- 

284 
290 
zc)(i 

.- 
3.708 

709 
j r 0 

711 
713 
714 
715 

3 

, 
. 

2 

2 

, 

I 

7 
7 

7 

6 

67 
67 
6 

I 

I 

, 
I 

860 

c .879  
877 
876 
875 
874 
873 

c 8 7 2  
871 
870 
869 
866 
867 

0 . ~ 6 7  
866 
866 
80s 
&(I; 

S64 

272 

0.269 
26 j  
262 
258 
255 
252 

0.249 
245 
2 4 2  

239 
236 
233 

0.230 
227 
224 
2 2 1  

2 1 9  
216 

F 8 6 ,  
864 
863 
86; 
SO3 
80,;  
863 

I 

, 

I 

O 

O 
I 

O 

4 

3 

3 

3 

; 
O 
O 

I 

O 

CI 

O 

O 

800 
- 
1.803 

806 
809 
812 
815 
8 17 

- 
1.820 

823 
826 
828 
831 
834 

- 
I .S36 

829 
S4r 
844 
s46  
848 

,sjl 
833 
S j j  
S j S  
800 
862 
864 

3 

3 

: 

% 

883 

TSSO 
876 
873 
869 
866 
863 

F 8 6 0  
8 j 6  
S j j  
s j o  
847 
844 

- 
1.841 

8;s 
835 
832 
S L ~ )  
8.7 1 

3 

; 

; s 2 ( '  
.- 

1.302 
302 
1 

"" 
326 
332 
33s 

S Z I  

S I S  
Slh 
8 1 3  
Sro 
808 

?I 
3  6 

6 

0 .213 
2 1 0  

2n8 

zz: 
200  

1 9 i  

3 

3 

2 
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k, TABLE V1.-Logarithms for facilitating the Computation of 

LsLitude 

-- 
0 I 

21 
I0 

2 0  

30 
40 
50 

22 o 
10 

2 0  

30 
40 
50 

23 0 

I0  

2 0  

3O 
4O 
50 

24 0 
I0  
20 

30  
40 
50 

25 0 

I0  
20 

30 
40 
50 

26 o 
10 
2 0  

30  
40 
50 

27 o 
10 

2 0  

30 
40 
50 
60  

P 

- 
3'9961394 

'3" 
1224 

Q' 

- 
1.9974780 

4836 
4893 
4950 
50°7 
5065 

7 9 9 7 5 ~ 2 3  
5182 
5241 
5300 
5359 
5419 

9 9 7 5 4 7 9  
554' 
5601 
s~~~ 
57'4 
5786 

7.9975848 
59" 
5973 
6036 
6100 
6164 

;9976228 
6292 
6357 
6422 
6488 
6553 

F9976619 
6686 
6752 
6819 
6886 
6954 

- 
1.9977022 

Tog0 

Diff. 

- 
g4 
86 

Diff. 

+ 
56 
57 
57 
57 
58 

58 
59 
59 

59 59 
60 

:: 
b1 
b1 
b2 
62 

66: 
(j3 

64 
63 

64 

64 
6 4 
6 5 

Ed 
b j  

66 

zi 
67 

i i  
68 
68 
68 

R 

- 
8.38068 

(5 7 
66 
6~ 
6 4 

8 ' 3 8 0 6 ~  
62 
62 
61 
60 
59 

F 3 8 0 1 8  
57 
s6 
55 
54  
5 3 

F 3 8 0 5 2  
5' 
5' 
5O 
49 
4 8 

P 3 8 0 4 7  
46 
45 
44 
43 
42 

% ' 3 ~ 0 4 1  
40 
39 
38 
3' 
3 6 

- 
8.38035 

34 

Diff. 

- 

I 

I 

: 
I 
I 

1 
I 

14 

1 

I 
I 

0 

I 

I 
I 

I 
I 

I 

1 

I 
I 
I 

I 

i 
I 

S 

0.32836 
885 
935 

''53 
0946 

- 
3.9960879 

'79' 
07O3 
0614 
OS25 
0435 

- 
3.9960345 

0254 
0163 

- 0°7'. 
3 . 9 9 ~ 9 9 7 ~  

9886 

s9959792  
9698 
9604 
9 j09  
9414 
9318 

- 
3.9959222 

9125 
9028 

(j9 
(j9 
69 
70 

B 7  

:: 
88 
'9 
8 9 
90 

9: 9 
93 
92 

94 
P5 
95 
96 

96 
97 
97 

7827 
7724 
7620 
7516 
7412 

33 
32 
3' 
3O 
29 

Diff. 

+ 

I 

1 

I 

I 

O'33O35 18910 

0'35016 
08 2 

::n 
284 

- 
3.9958635 

103 
Io4 
104 
104 

248 
244 

T 

0 '  I 9906 
19653 
19402 

8535 
8435 
8335 
8234 
8133 

- 
3.9958031 

7929 
7 1 5 ~  
7227 
7 ~ 9 ~  
7365 
7435 

Diff. 

- 
253 

66 
6 7  

100 

100 

iz: 
1 0 2  

I 0 2  

086 5' 1 8 6 6 ~  '4' 

0.33138 5 2  0.18430 239 
235 ' 

294 

40 1 17281 

2 2 1  54  0.17060 
, 2 1 9  0 '33455 

16841 216 ' I0  
16625 565 

732 

o a 3 j 7 8 8  
846 
YO3 
961 

0.34020 
078 

0.34138 
197 
258 
3 1 ~  
380 
441 

0.34503 
566 
629 
692 

756 8 2 0  

0.34885 
95' 

12'57 
11998 
11840 
11685 
11531 

159 
1 j g  

::: 

56 

57 
58 

58 
59 
58 

60 

c0 
b2 
b r  

62 
fj3 
63 
(j3 
fj4 
6 4  

65 65 
66 

0.15788 
15584 
1 5 3 ~ 4  
15185 
,4990 
14796 

0.14605 
1441'  
1 4 ~ ~ ~  '1 
'4'45 
1 3 ~ ~ 3  
13683 

O'::::: 

13'56 
"9'4 
1zY15  
12648 

0 1 ~ 4 ~ ~  

"3'9 

iz: 
,?, 
199 
195 
194 

191 
189 
187 
184 
182 

178 
175 
174 
172 
169 
167 

I 66 
163 
1 f ~ 2  
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Latitudes, Longitudes, and Reverse Azimuths. 



( 18 ) 
f a  TABLE TI.-Logarithms for facilitating the Computation of 

Latitude 

0 I 

28 0 

10 

3 0 

30 
4 0  
5 0  

29 0 

10 

2 o 
3O 
40 
5 0  

30 o 
10 

2 0  

3O 
4 0  
5O 

31 0 

10 

2 0 

3O 
4 0  
5" 

32 o 
10 
2 0  

3O 
40 
50 

33 o 
10 

2 0  

3O 
4 0  
50 

34 0 

10 

2 0  

3 0  
40 
50 
60 

P 

- 
~ . ~ j 7 4 1 2  

7303 
7203 
7097 
6 o I 

68! j 

r 9 9 j 6 i 7 ~  
667  r 
6 j64 
6456 
6345  
6239 

- 
3 9 9 j 6 1  j o  

O o z l  
59" 
5801. 
s 6 q 1  
5530 

- 
3 ' 9 9 5 5 4 6 9  

535s  
5246 

Diff. 

- 

106 

l o 6  

107 

'07 
10s 

los 
1°9 

::; 
1 1 0  

I I O  

110 

1 1 ,  

1 1 1  

, , , 
1 1 2  

Q' 

- 

I ' i 9 7 7 4 3 j  
7504 
7574 
7645 
771 5 
7786 

- 
1 . 9 9 7 7 s j 7  

7928 
8000 
8072 
8144 
8216  

7 9 9 7 8 z 8 9  
8362 
8435 
8 j o S  
8 j S 2  
8656 

- 
1 .9978730  

8x04 
8 S i 9  
8933 

4909 
- 

3.9914796 
46b2 
4 jhS 
4 4 5 4  
434O 
4225 

F 9 9 j 4 l ~ o  
3905 
3370 

9028 
9104 

F 9 9 7 9 ~ i 9  
9255 
9330 
9406 
94'3 
9559 

7 9 9 7 9 6 3 0 7  
9713 
9790 

I 1 2  

::: 
I 14 
1 1 4  

1 1 4  

1 1  j 

: : j  
, , j 

Diff. 

+ 
6 9  
7o 
7 1  

7o 
71 

:: 
7 2  

7 2  
7 2  

7 2  

73 
73 
73  
73 
74  
74  

74 

:t 
7 4  

3764  
3147 
3531 

3 9 9 5 3 4 ' 4  
3297  
3 ' 8 0  
306 2 

2945 
2 x 2 7  

2708 

Diff. 

- 
- 
I 
I 

2 

1 

I 
I 

: 
I 
I 

T 

I 
I 
I 
I 
I 

R 

8.38029 
2 Y  

27  

25 
2 4  
2 3 

8.38022 
2 I 

20 

'9  
1 8  
' 7  

F 3 8 0 1 6  
'5  
I 4  

I 3  
I I 

10 

F 3 8 o o 3  
08 
O7 
06 

75  
7 6 

'2 i 
7 5  

:; 
76 

77 
77 

2 
I 

1 

I 

I 

I 

I 

0 5  
0 4  

B 3 8 0 ~ 2  
O1 

O0 

5 3 7 9 9 9  
98 
97 

7 , 3 7 9 9 6  
Y 4  
9 3  77 

9""; 

78 
7S 
78 
78 
79 

79 
7 9 

117  
, , 6  

I17  
117 
117 
1 1 8  
117 
1 1 8  
119 

I 

I 

: 
1 

1 

92  
91  

9 0  

8 . 3 7 9 8 9  
8 7  
86 
8 j  
8 4  
83 
8 2 

S 

0 . 3 5 2 8 4  
352 
4 2 1  

490 
559 
629 

0 ' 3 j 7 0 0  
771 
842 

9867 
- 
I ~ 9 9 8 0 0 2 2  
- 
1 ,9980100  

o r 7 8  
0 2  jh  
0334 
0.11 3 
0 4 3 ~  
0571 

894 
973 

Diff. T Diff. 

707 79 l  
876 
961 

0 ,38047  
133 

+ 
68 
69  
69  
6 9  
7o 

71 
7 '  

:: 
0'36059 

0.361 3~ 74  0.09821 

78 
79 

80 

207 
281 
3 j 6  
4 3 l  
507 

0 .36584  
661 
738 
816 

96 

06675 95 

493 
I 

08228 

8 4  
85 

8(, 

0 . ~ 5 3 1  
11379 
11228 
11080 
109!3 
107b8 

0 . 1 0 6 ~ ~  
1 0 j 0 4  
10364 
10226 

08374 
0 8 4 j 7  

0 .08342  

0 ' 3 7 5 4 0  
623  

-- 

- 

!5? '5" 
148 
'47 
'45 

'43 
'4' 
'4' 
'3' 

74 
74  

7 5  7 j  
76 

77 
77 
77 
78 

I 18 

"5 

07364 
07262 
07161  

0~07c162 
06963 

8 2  

i: 
::: 
99 
99 

09090 
o g j 6 0  
09431 
09304 
09179 

0,09055 
08932 
08811 
08692 

'3' 
'3' 

I Z 1  

"9 

0.07678 
07572 
07468 

I 08  

'04 



Terrestrial 'Latitudes, Longitudes, and Reverse Azimuths. 

' 

, 

' 

' 

Z 

- 

0.114 
1 1 2  

11 I 

109 
108 
107 

0 .105  
104 
1 0 2  

101 

100 

0 9 8  

I 

Latitudo 

, -  

0 I 

28 o 
10 

2 0  

30 
4 0  
50 

29 o 
10 

2 0  

, 3O 

Diff. 

- 

- 

I 

2 

: 
2 
I 

: 
2 

0 - 2 - 
3 0 .  o F 7 1 8  6 . 9 2 6  1 . 9 4 2  I 3 

- 
1 . 6 9 7  

- I 
1 ' j83  

3 096 2 
2 0  716 

I 930 
3 0  7 ' 5  932, 

U 

- 

- 
6 ' 9 0 2  

904 
906 
907 
909 
911 

- 
6 . 9 1 3  

,915 
917 
9 l 0  

Din. 

- 

+ 

3 
4 

W 

- 

- 
1 ' 9 3 0  

9 3 '  
932 
9:3 
934 
935 

- 
~ ' 9 3 6  

937 
935 
939 

50 

31 0 

10 

2 0  

3 0  
40 
50 

32 0 

10 

2 0  

30 
40 
50 

33 o 
10 

2 0  

3 0  
40 
50 

34 0 

10 

20 

3 0  
4 0  
50 
60 

])iff. 

- 

+ 

, 
2 

2 

2 

40 
50 

V 

- 

F 7 2 6  
725  
725 
724 
7 2 4  
723 

j . 7 2 2  
722 
721 
72O 

92 I 

1)iff. 

_- 
- 

I 

0 

I 

I 

I 

1 

Diff.' x Diff. Y 

6 7 3  

7 ' 9  
7 l b  

- 

3 . 7 1 2  
71 I 
710 
708 
707 
706 

- 
3 ' 7 0 5  

7 I 3  

I 

- 

- 
1 ' 5 3 7  

541 
545 
549 
5 j 3  
551 

- 
1 .561  

565 
568 
572 

700 

+ 
I 

] 

I 

I 

1 
I 

: 
I 

oob  

9 2 4  
576 

: 

I 

I 

937 

- 

- , 

1 . 7 1 7  
716 
714 
7 '2  
710 
709 

- 

1.70; 
705 
703 
702 

9 6 j  

698  

- 
I 

I 

0'93y 
942 
944 
947 
940 
952 

- 

6 ' 9 j 4  

947 

702 

580 

957 
900 
962 
965 
968 

6 . 9 7 1  
973 
970 
979 
gSz 
$5 

6'9S8 
90 '  
901 
907 

5 ' O:)O 

0,l.Z 
6 j o  

701 
7cio 
OgS 

- 

3 , 6 9 7  
6 y 6  
694 
6 9 3  
& ) I  

690 
- 
3 . 6 S 8  

6S7 
6 S j  
b83 
082 
OX" 

2 

2 

I 

601 

I 

' 
, 

I 

, 
2 

3 

3 

3 

: 

0 9 1  
- 
1 ' 9 1 7  

9-18 
949 
950 
951 
951 

- 
1 . 9 j 2  

953 
g;4 
955 
955 
9 j 6  

;oj7 
9.8 
9 j 8  
959 
900 
900 

7 a 0 ~  
962 
9Or 
90.3 
y0.3 
90.1 

O 

I 

I 

, 
I 

O 

I 

I 

I 

O 

I 

O 

A 
I 

T 6 s 7  
6 S j  
694  
682 
680 
679 

1 . 6 7 7  
- 

676 
674 
672 
671 
6 6 ~  

- 
1 , 6 6 8  

666 
66 j 
603  
662 
6 6 0  

- 
1 . 6 5 9  

657 
6 j 6  
654 
653 
6 j 1  

I 

f 

I 

I 

f 

f 

f 
I 

- 
I . 6 0 j  

608 
612 
615 
619 
622 

- 
1 . 6 2 5  

629 
632 
635 
639 
642 

- 
1.64: 

649 
6 j z  
655 
6 j 8  
661 

-- 
I , 665  

668  
671 
674 
677 

0 .089  
0 8 8  
087 
086  
0 8 j  
0 8 3  

0 . 0 8 1  

3 

3 

3 

2 

I ' 

: 081  
080 
0 7 9  
078 
077 

0 . 0 7 6  
075  
074 
0 7 3  
072 
0 7 1  

0 . 0 7 0  
060 
"68 
067  
066 

1 

I 

: 
1 
I 

I 

I 

: 
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f. T14BLE V1.-Logarithms for facilitating the Computation of 
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Terrestrial !Latitudes, Longitudes, and Reverse Azimuths. 

W Diff. X' Diff. Y Diff. Z Diff. Latitude V Diff. U 

--- 

- 
5.006 

010 

013  
o r 6  
0 1 9  
023  

7 0 2 6  
0 2 3  
O33 
036  
O4o 
043  

5-047 

- 

1 ' 9 6 5  
965 
966 
966 
967 
967 

- 
1 , 9 6 8  

969 
969 
970 
970  
971 

- 
1 . 9 7 1  

0 I 

35 o 
10 
2 0  

30 
40, 
5 s  

36 o 
l o  
2 0  

30 
40 
50 

37 . O  

Diff. 

+ 

4 
10 

20 

30 
4 0  
SO 

38 o 
10 

2 0  

+ 
I 

O 

I 

O 

- 

3 . 6 7 8  
676 
675 
673  
671 
669 

- 
3 . 6 6 7  

665 
66 j 
661 
659 
657 

3 . 6 5 5  

, 

- 
, 
I 

z 

, 

, 

, 
653 
651 
649 
647 
6 4 j  

- 
3 , 6 4 2  

640 
638 

7 0 6 8  

O j o  3 

972  1 
057  , : 973 

628 728 o j r  
06 r 626 731 973 OSr I 

- 
1 . 6 5 0  

648  
647 
645 
644 
642 

- 
1 . 6 4 1  

639 
638  
636 
635 
633  

- 
1 .632  

I , 

065  

080 
4 0  , 633 2 

975 
y76 
976 

F 9 7 7  
977 
977 
978 
978 
979 
979 

F 6 2 3  

50 

39 o 
13 

'0 

30 
40 
SO 
60 

, -  

, 
I , 
I , 

: 
I , 
, 
I 
I 

072 
076 

974 
- 2 

0 ' 0 4 9  

O 

I 

o 
, 
o 

631 

F 6 2 8  
626 
624 
621 
619 
616 
614 

I , 6 8 3  
686 
689  
692 
695 
6 9 8 .  

- 
1 . 7 0 1  

70 4 
707 
710 
713 

. 716 
- 
1 .719  

975 
975 

6 2 j  734 0 5 0  

619  
6 1 8  
616  

7 . 6 1 5  
613  
612 
610  
609 
608 
606 

% 
2 

, 
5 

+ 

: 
i 

: 

,, 
I 

I , 
I 

068  

T o 9 '  
O95 
099 
103 
107 
" I  

"5 

0 . 0 6 4  
063  
062 
061  
0 6 0  
05  9 

0 . 0 5 9  
058 
057  
056 
0 5 j  
0 5  5 

0 .054  

6.2, 
6 x 1  

4 

; 

~ 

- 
I 

I 

I 

: 
0 
I 

I 

I 

: 

745 047  I 
74s  046 

I 

751 

r -753  
756 
759 
761 
764 
767 
770 

739 
742 

2 

, 

046 

0 ' 0 4 5  
0 4 4  
0 4 4  
043  
042 
0 4 2  

0 4  1 

I 

I 

, 
I 
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1 TABLE VI1.-Directions for applying the S~gns to the 

When station A lies to the laorth of the Equator. 
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Tt:rms of t h e Latitude, Longitude and Azimuth Pormu!ze. 

When station A lies to the south of the Equator. 

Nors.-Tile Azimuth is Lo ba reokonod from Boulh by H oat. 

Terms of L h  ForrnuL 

--- .-- - -- 

S,A 

81 L 

61 A 

1 

6 2  A 

, b,L 

6, a 

8, A 

8, L 

s3 A 

6 ,  L 

8, A 

Megnltude of Lhe glvon Azimuth A 

- 

I- 
-. 

0' to 90" 90' Lo 180" I -  I '  180" to 270" 270' to 360" 

+ 
- 

+ 

7 

3 

- 

+ 

- 

- 

+ 

- 

+ 
- 

- - -- - 

+ 
+ 
- 

- 

+ 
- 

- 

+ 
- 

- 

- 

+ 
+ 

- 

- 

+ 

- 

+ 
- 

- 

- 

+ 

+ 
+ 
- 

-- 

- 

+ 
- 

- 

- 

+ 

- 

+ 
- 

4. 

- 

+ 



TABLE VII1.-For calculating Azimuths and Distances of points of 
which the Latitudes and Longitudes are known. 

Lst. R' Diff. S' Diff. T' Diff. Lat. R' Diff. S' Diff. T' Diff. 

0 I + h 
0 0 , ~ n f .  neg. lnf .  ~ d .  n e ~ .  ~ n f ,  

10 9 '851x6 30102 s 1 4 6 4 1  
2 0  8 .15218 17608 44744 I;::: 
30 32826 12492 62354 

74849 

6.38454 
3'455 
38457 
38460 
38463 
38468 

G 3 8 4 7 4  
38481 
38490 
38499 

18 i09  385x 

G 3 8 5 3 3  

50 

1 o 
lo 

2 0  

30 
40 
50 

2 o 

+ 
I 

: 
6 

I 2  

I 4  
10 

2 0  

30 
40 
50 

3 o 
10 

2 0  

3O 
40 
50 

4 o 
10 

z0 
3O 
40 
50 

6 o 

55007 

8 6 ~ ~ 2 3  
69614 
75410 
80521 
85092 
89226 

F92999 

+ 

177 IZ.007 177 313 ,,6 
597 132 439 

'94 - 
12 .898  14.775 

157 
9 .622  

. 932 70 '  
13.066 1 3 4  

913 ; 
920 , 283 614 

' 

927 373 90 917 

I 4  
17 
16 
Is 

:: 
2 I  

2 2  

23  
2 5  

:: 
,8 
2 9  
30 

32 

O f  

6 o 
I 0  

2 0  

30 
40 
50 

6 o 
10 
20 

30 
40 
50 

7 o 
96469 

- 99681 
7 .02670  

05465 
08090 

F 1 0 5 6 ~  
12902 
15120 
17229  
19239 
21158 

T z z g g 5  
24756 
~ ~ 4 4 ~  
" 0 7 ~  
~ 9 6 3 8  
31148 
32606 

67iX6 91 
579f, 

4571 
4134 

10 

'O 

30 
40 
50 

8 0 

10 

2 0  

30 
40 
50 

9 0 

10 

2 0  

30 
40 
50 

10 o 

T 3 2 6 0 6  
34'" 
35378 
36698 
379T8 
3g220 

- 
7.40425 

4I59? 
4'737 
43846 
44gz6 
4 ~ 9 7 ~  

7 4 7 0 0 4  

3 2 1 2  

2989 
2795 
2625  

24" 

2109 

2olo 

'9'9 

1690 
1626 
1566 
1510 

1458 

F 9 2 4 6 0  
- 99'57 
7 . 0 4 9 5 ~  

10075 
I 

1879 j  

,22577 

6697 7919 
5,$oI 
5117  

457s 4 

3782 

+ 
1408 
1364 
1320 
1280 
1242 

1205 
1172 

I I o 9  

1080 
I o 5 2  

1026 

26056 
29278 
32278 

' 35°85 
37722 

740209 
42561 
44794 
46918 
48944 
50880 

2 

54513 
56223  
57868 
59455 
60986 
62466 

78223 
7 9 2 2 9  

, 80216 
81182 
82128 

7 8 3 0 ~ 4  

48005 
48982 
49935 
50867 
51778 

;52669 
5354' 

- 
7.62466 

:::g: 
66629 
67933 
69201 

- 
7.70433 

7 1 ~ 3 3  

73938 

- 
7.77187 

47 
48 

5' 

1; 

3000 
2807 
2637 

'487 
23'2 
2233  
2 1 2 4  

2026 

:::: 
1710 

1 6 4 j  
1587 

"g 

''33 
1009 

987 
966 
946 

926 
908 
BgO 

977 
953 
932 
9" 

:;: 
853  

5 4  

56 

57 
5 S 

:: 
6 2  

63 

38547 
38561 
3 8 ~ 7 8  

38594 38612 

F 3 8 6 3 1  
38652 
38673 
3869 j  
18/18 
38743 

F ~ 8 7 6 ~  
38795 
38823 
3885' 
38882 
38912 
38944 

33457 
395'4 
39552  
39601 
39651 

-. 397'' 
39754 

+ 
1431 
1387 

::A: 
1268 

1232 
1200 

1167 
1 r 3 8  
I I o 9  

8 

3ggo/ 
39861 
39gx6 
39972 

& 4 0 0 t 9  
,40087 
40146 
40207 
40268 
40330 
40393 

54393 
i s z8  
ib0l6 
56847 

7 5 7 6 3 2  
58402 
59157 
59897 
60624 
6 1  
62037 

- 
- 
6 .38944  

3897: 
39012 
39017 
39083 
39x20 

- 

6.39159 
3 9 1 9 ~  
39'39 
19280 
39323 
39367 

8 3 5  
8 , s  
goI 

::: 
755  

::; 
I 3  

700 

84852 
85724 
86581 
87421 

7 8 8 2 4 7  
89057 
89854 
go637 
91407 
92164 
92909 

2- 

+ 
33 
35 
3 5 
36 
37 

3 19 9 
41 
41 

43 
4 4  

8 
, 

gl0 

!:: 
797 
783 
77s 
757 
745 

F 3 C ~ ~ ~  4 4 
46 
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TA$LE VII1.-For calculating Azirnutlls and Distances of Points of 

which the Latitudes and Longitudes are known. 

9' 
- 
- 
7 .92909  

9 ~ ~ 4 ~  
9 4 3  
9 j075  
95775 
96464 

- 
7 .97144  

97'14 
98475 

Diff. 
- 

+ 

7oo 
6 s 9  

680  
67c, 
(,h1 
d j 1  

Din. 
- 
+ 

688  
675 
6(j4 
6 5 2  
6 4 1  

631 
620 
bog 

Lrt. I- - 
0 I 

10 0 

10 

, 2 0  

30 
40 
50 

11 0 

10 

2 0  

30 67817 99126  6 4 3  3 0  82228 Ij45.2 462 43610 101 3 40 82614 386 ,5914  40 , 68407 - 99769 
50 68988 6.00403 

634  41154 
43711 I , , ,  

74 50 82996 382 16373 459  43813  

'"3 

0403  9 41619 44442 

Lot. 

0 I 

l5 0 

10 

20 

3O 
4 0  
5 0  

16 o 
I 0  

2 0  

II' 

- 
F 6 2 0 3 7  

62725 
63400 
64064 
64716 

, 65357 

7'65998 
66608 
67217 

12 o 
10 

20 

' 30 
4' 
so 

1.1 o 
1 0  

2 0  

30 
40 
50 

15 o 

T' 
- 

6-40393 
40457 
4 0 j 2 3  
4 0 5 ~ 9  
40656 
40724 

- 
6.40793 

4OS64 
40935 

niff. 
- 
+ 
6 4  
66 
66 
b7 
68  

6 9  

7 1 

7 2  

- 
R' i f f  S' Diff. T' Dill'. 

~ ~ 2 8 ; o  
73324 
73831 
74330 
74822 
753O7 

T 7 j 7 ~ r  
76256 
76721 
77190 
77632 
78078 
7S j18  

T785 .19  
78953 
79381 
7ys04 
80221  

80633 

T 8 1 0 4 0  
81441 
81837 

5" 
514 
jo7 
4 y 9  
492  
4 8 j  

47S 

:6j 
459  
4 5 z  
446 
440 

+ 
435 
42y 
423  
417  
4 1 2  

407 

396 

W' 
-- 

- 
1 2 ' 5 4 2  

586 
627  
6 6 j  
7 0  1 

.-- 

12 .735  
76s  
799 

, 8 2 9  
857  
8Sg 

Llll,. 

- -- 

lo 
1 I 
12 ' 
I:( 
1 , h  

15 
I (i 
1 7  

G o 4 6 1 9  
05193  
05759  
063 1 9  
06873 
07421 

X. 

1 2 . 6 1 8  
624  
629  
635 
64 1 

- 
1 2 . 6 4 8  

654 
6h2  

~ 

- + -. + 
42835 9 3 

' 3 0 7 ~  '9 5 

in 
i n  
20 

D i L  
- 

+ 

5 

8 

DilT.' 8' Inill '. 
' 

lJ' i Y' D i l .  V' Din, 

13563  

6 1 4 0 4 0  
1 4 j l J  
14986 

I 1 2  
C . 0 7 ~ 6 2  

11093  

5'0 

::: 
560 
5 5 4  

+ 
4 4  
4 1  

38 
36 

3 1  
3 3  
31 

%: 
28  

12 .927  
935 
044 
953 
963 

1 2 . 9 7 3  
984 
6 

1 1 . 0 0 8  
0 2 ,  

0.34 

484  

$; 
4 7 1  
466 

b4~700 

41781 
41864 
41948 
42032 
42118 

1 3 . 8 4 6  
889  
'929 
yh(1 

z.001 

E.034 
005 
095  
123 
'" 
'75, 

pp pp 

-I- -- + + 
455 7 j  

, -- 

+ 

‘10 

i7 
3 ,  

3 3  

2 0  
,y ,,, 
20 

l o  

1 0  

l 1  

1 2  

l 2  

' 3  
I 3  

43119 
432 16 

c '43313  
4341 1 

4 3 j l o  

:: 
83 
s4 
8 4  
86 

97 

97 
98 
'9 0 

1m 

530 
50' 
6 6  I 

- -  

13 .720  
775 
g 2 6  
874 
9 ' 9  
962 

18 o 
10 

r o  
3 0  
40 
50 

6 8  
h 3  

59 
5 5  
j r  
48 

~ 8 5 5 3 5  
85880 
86221 
86558 
86991 
87220 

I 5  20 

4 3  

9y2  
S . O Z ~  

054 

8.082 
I o 7  

'3O 

::: 
14' 

i;i 
329 

33 
2 9  

28 
25 
'3 
2 2  

6 1 ~ 4 7 3  
19902 
20327 
20749 
21168 
21584 

::; 
4 2 5  
4 2 2  

419  
4 1 6  

0 4 4 5 4 9  
44658 
44767 
444878 
44989 
45151 

I o 7  

::; , , , 
, , , 
1 1 2  
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TABLE VII1.-For calcalatin,~ Azimuths ant1 Distances of ~ o i n i s  of 

which the Latitudes and Longitudes are known. 



~ B L E  VII1.-For calculating Azimuths and Distances of Points of 
which the Latitudes and Longitudes are known. 

Lut. R' Diff. S' Diff. T' Dlff. Lat. R' i f f  S' i f f .  T' Diff. 

1 0 1  

30 o 
l o  

, 2 3  
30 
40 
50 

31 o 
I0 

20 

30 
4O 
jo 

32 o 
d o  
20 

30 
40 
50 

33 o 
1 0  

2" 

, 3 G  
4 0  
50 

31 o 
10 

t o  
30 
40 
50 

35 0 

i?otgrr 
02466 
02608 
02748 
02887 
03023 

F o 3 1 ~ 8  
03290 
0342.1 
03550 
0 3 ~ 7 7  
03802 

6 0 ~ ~ ~ 6  
04047 
0411'7 
0 4 2 s j  
04401 
0 4 5 1 h 1 1 5  

F o r 6 2 S  
04739 
04841 
04955 
05061 
o j 1 6 j 1 0 4  

n o j 2 6 7  
05368 
05466 
05563 
0 j 6 5 9  
0 j 7 j 2  
0jS44 

Lnt. U' Din. Y' Diff. V' niff. X' Diff. W' i f f .  Z' Din .  

+ 

14' 

140 

139 
136 

'35 
13' 

131  

0 

30 
3 1 
$2 ' 

33 
:I h 

3 
:Ni 
:3 7 
9 H 
:3 ! )  
40 

- 
6 . 4 4 4 8 4  

44776 
45067 
45357 
4S647 
45935 

d 4 6 r z r  
46509 
46794 
47079 
47363 
47646 

- + - + - + 
1 1 . 1 9 1  12 '292  8 . 3 ~ '  

2fj 208 I 7  318 
337 

+ 

:;: 
290 

290 2&js 

287 
287 
2 8 -  

2S4 
2s3 

1 2 1  

,,, 
I l g  
111' 

::: 
'09 

107 
106 

lo' 

l o '  

9' 
97 
96 
93 
" 

1 2  , 7 6 9  
7 7 s  
757 
795 
804  

h . 8 1 3  
82 I 
830 
838 
846 

245 

I 

::: 
,so 
279 

:;; 
2 7 6  
2 i j  

G ~ 7 9 ' 8  
y3z10  
48490 
48770 
49049 
4 9 3 ~ 8 ~ ~ ~  

6 4 0 6 ~ 6  
4gS83 
j0159 
50134 
50709 
50984 

51530 
S o  
52074 
j2345 
52616 
52886 

855 

366 344 

377 

6 5 4 3 0 6  
54466 
5 r b 2 7  
54789 
5495' 
55114 

F j j z 1 7  
5544' 
55606 
55771 
55937 
j6103 

363  23 55' 

+ 
9 

; 

& 
; 
,g 

6 . j 6 2 7 ~  
56437 
56606 
56774 
~ ~ 9 4 4  
5 7 1 1 3 1 6 9  

C 5 7 2 8 4  
57455 
7 

-- 

-- + A + 
1 1 , 1 3 3  1 2 . 3 8 9  

2 0 2  

1 1 . 2 4 8  :: G ' 4 r 5  
I 6 

z 70 4 
2 4  

507 294  2 2  
3 16 522 I 5  

'5 

j 

+ 
160 
161  
162 

,b4  

163 
164 

161 
l(j6 
1(j6 

264 

1 1 . 2 8 3  
P 2  

322 
342 
31'3 
384 

167 
l G 7  

;$ 
,;, 

::: 
I 2  

2 7 j  

2 7 j  

:;: 
273 
2 7 1  

2 7 1  

2 7 1  

270 

' I 2  1 7 2  
I i 4  

174 
1 7 4  
176 

I T 5  

' I 6  1 7 7  
177  

0 I 

35 0 

10 

20 

3' 
4O 
50 

36 o 
10 

20 

30 
4' 

57799 
57971 
58145 

6 ~ j 8 3 1 ~  
58493 
581'69 
58844 
59020  
59197 
59374 

l 9  

' 9  

:; 
,, 

3S9 2 3  351 

z . 4 1 1  
2 1  

2 2  
S 3 j 7  

362 432 2 I  
453 2 0  

371 4 73 

j I o  

F o 5 & 4  
05935 
06023 
061'0 

06196 
06280  

G 0 6 ~ 6 2  
06442 
06521  
06598 
0 ~ ~ 7 4  

37 o 
10 

2 0  

30 
4' 
50 

38 o 
lo 

0 

j: 
2 i  
6 6  
6 5  

63 6 I 
60 
5 8  

6 0 1 ' 8 ~ 0  
06891 
0 6 ~ 6 0  
07028 
Ojo94 
07159  

6 0 7 2 2 2  
072S3 
07343 

3 0  
40 
50 

39 o 
l o  
t o  
30 
4 0  
50 

40 0 

57  
5 5  

54  
5 2  

49 
47  
46 
4 5  

+ 
9 '  
8 8  
8 

S4 

!: 
79 
77 
76 

07401 
0745s 
07513 

6 ' 0 ~ ~ 6 7  
07619  
o i d j o  
07719 
07766 
0 i 8 1 2  
07857 

50 74 06748 

6 5 2 8 8 6  
53155 
4 
~ 3 ~ 9 '  
53g6' 
54227 

q 5 4 i g 4  
54760 
55026 
5 
5 5 5 ~ ~  

6 .56084  
~ ~ 3 4 ~  
56611 
~ ~ ' 7 3  
57135 
57397 

6' 57659 
570'' 
58180 

55820 

1 . 6 1 5 4 5  
6 1 7 2 9  
61915 
62100 

62286 
6 ~ 4 7 3  

C 6 2 6 6 o  
62848 
63036 

::: 
263 
2 6 2  

2 6 2  
262  

::: 
260 
261  

s844 '  
58701 
58960 

6 j922o 
59479 
59737 
59996 
60254 
6 I 

60769 

61361 

+ 
269 

268 
2 6 7  

::; 
266  
265 
6 
,(j4 

184 
184 
186 
Is. 

187 

::; 
1 s 8  

63225 
63415 
63604 

-. 
6 637?5 

63yb6 
ti4178 

,bO 
'j9 

260 

::! 
' jS  

l S 9  

190 

:;: 
192  

64562 
64756 
64950 

- 

6 ' 5 9 3 7 4  
59552 
5973' 
599'9 
60089 
60269 

T'6ol5o 
60631 
60813 
60995 
61178  

+ 
178 
178 
179 ,so 

I 8 1 

, t i2 
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TABLE 1X.-Computation of Heights.-Correction to Log. Distance Feet 

between two Stations A and B to reduce to the Level of Station A. 

Correction to the 7th place of decimals. 

10000 

zoS2',6 
6 
6 
6 
6 

2082.5 
5 
4 - 3 
3 

2082.2 
? 1 

o 
2081.9 

8 

2081.7 
6 
4 
3 
I 

2081.0 
2080.8 

7 
5 
3 

'2080'1 
o 

2079.7 
6 
4 

2079'2 
zo7S.c) 

7 
5 
3 

3078.1 
2077.8 

6 
4 
I 

2076'9 

Height i n  Feet of Stution A 
Latitude 

0 

0 
1 
2 
3 
4 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

15 
16 
17 
18 
19 

20 
21 
22 
23 
2 4 

2.5 
26 
27 
28 
29 

30 
31 
32 
33 
34 

35 
36 
37 
39 
39 
40 

for sny Intitnde brtaeen 0" and 400. 

Correction to the 6th place of decimals 

1000 

208.3 
3 
3 
3 
3 

208.3 
2 

2 

z 

208.2 
2 

z 
2 

2 

208.2 
2 

I 

I 

I 

208.1 
I 

I 
I 

0 

208.0 
o 
o 
o 

207.9 

207.9 
Y 
9 
9 
8 

207.8 
8 
8 
7 
7 
7 

'9 2 I 

2000 

416.5 
5 
5 

. 5  
5 

416.5 
5 
5 
5 
5 

416.4 
4 
4 
4 

~4 
416 '3  

3 
3 
3 
2 

416.2 
2 
I 

I 

I 

416.0  
o 

415.9 
9 
9 

415.8 
8 
7 
7 
7 

415.6 
6 
5 
5 
4 
4 

3000 1 
624.8  

8 
8 
8 
8 

624.8 
7 
7 
7 
7 

624.7 
6 
6 
6 
5 

624.5 
5 
4 
4 

624.3  
3 
2 

2 

I 

624 .0  
o 

623.9  
9 
8 

623 '8  
7 
6 
6 
5 

623 '4  
3 
3 
2 

I 

I 

4000 

833 '0  
o 
o 
o 
o 

833'0 
o 
0 

832 '9  
9 

832.9 
9 
8 
8 
7 

832 '7  
6 
6 
5 

3 . 5  
8 3 2 - 4  

3 
3 
z 
I 

832 .1  
o 

831.9 
8 
7 

831.7 
6 
5 
4 
3 

831.2  
r 
o 

830.9 
9 
8 

5000 

1041.3 
3 
3 
3 
3 

1041.3  
z 
2 

2 

I 

1041.1  
I 
o 
o 

1040.9 

1040.9 
8 
7 
6 
6 

1040.5 
4 
4 
3 
2 

1040.1 
o 

1039.9 
8 
7 

1039'6 
5 
4 
3 
2 

1039'0 
1038.9 

8 
7 
6 
5 

6000 

1249.6 
6 
6 
5 
5 

1249'5 
5 
5 
4 
4 

1249.3 
3 
2 

I 

I r  

1249'0 
1248.9 

9 
8 
7 

1248.6 
5 
4 
3 
2 

1248.1 
o 

1247.8 
7 
6 

1247.5 
4 
2 

I 

0 

1246.8 
7 
6 
4 
3 
1 

7000 

1457.8 
8 
8 
8 
8 

14:7'8 
7 
7 
6 
6 

1457.5 
5 
4 
3 
3 

1457.2 
I 
o 

1456'9 
8 

1 ~ 5 6 . 7  
6 
5 
4 
2 

1456.1 
o 

1455'8 
7 
6 

1455.4 
3 
I 

o 
1454.8 

1454.6 
5 
3 
2 

o 
1453.8 

8000 

1666.1 
I 

I 

I 
o 

1666.0 
o 

1665'9 
9 
8 

1665.8 
7 
6 
5 
4 

1665.4 
3 
I 

o 
1664.9 

1 6 6 ~ , 8  
7 
6 
4 
3 

1 6 6 ~ 1  
a 

1663.8  
6 
5 

1663.3 
I 

o 
1662.8 

6 

1662.5 
3 
I 

1661.9 
7 
5 

9000 

1874.4 
4 
3 
3 
3 

1874.3 
2 

2 

I 

I 

1974.0 
1873'9 

8 
7 
6 

1873'5 
4 
3 
2 

o 

1872.9 
B 
6 
5 
3 

1872.1  
o 

1871.8 
6 
4 

1871.3  
o 

1870'9 
7 
5 

1870.3 
o 

1869.8  
6 
4 
2 
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' TL4Br,E X.-Computation of Heights.-For converting Geodetic Distance 

in Miles into Seconds of Contained Arc. 



TABLE XI.-Computation of Heights.-For converting Geodetic ~istance 
in Feet into Seconds of Contained Arc. 

Lst. 

0 

0 
1 
2 
3 
4 

5 
ti 
7 
8 
9 

10 
11 
12 
13 
14 

15 
16 
17 
18 
19 

20 
2 1 
32 
33 
2 k 

25 
26 
27 
2R 
29 

30 
31 
32 
33 
34 

35 
36 
:3 7 
38 
39 
W 

, 

Qeodet~c 

4000 

-0.435 
435 
435 
436 
436 

437 
438 
439 
440 
441 

443 
445 
446 
448 
450 

453 
455 
457 
460 
463 

466 
' 469 

472 
475 
479 

482 
486 
489 
493 
497 

501 
505 
5O9 
513 
517 

SZ2 
sz6 
5 30 
535 
539 
544 

3000 

" . 
-0.326 

326 
326 
327 
327 

328 
358 
329 
3 30 
331 

332 
333 
335 
336 
3 38 

339 
341 
343 
345 
347 

349 
352 
354 
356 
359 

362 
364 
367 
3 70 
373 

3 76 
379 
3a2 
385 
388 

39' 
394 
398 
40 1 

404 
408 

Dletanca 

6000 
-- 

-0.544 
544 
544 
545 
545 

546 
547 
5 49 
550 
552 

5 54 
556 

560 
563 

566 
569 
572 
575 
579 

582 
586 
5 90 
594 
598 

603 
607 
612 
616 
621 

626 
63 1 

636 
641 
647 

6j2 
657 ::; 
674 
6 80 

lo00 

-0.109 
109 
'09 

Io9 
'09 

109 
109 
110 

110 

I 10 

III 
I I I 
112 

112 

113 

113 
114 
114 
115 
I 16 

I 16 
117 
I 18 
'19 
IZO 

1.71 

12 I 
122 

123 
124 

125 
I 26 
127 
I 28 
129 

130 
131 
I33 
134 
I35 
136 

7000 
- 

-0.76 
76 
76 
76 
76 

76 7 7 
77 
7 7 
77 

78 
7 8 
78 
Y 8 
79 

7 9 
80 
80 
81 
8 r 

82 
82 
8 3 
8 3 
8 4 

84 

:I 
86 
87 
88 
88 
89 
90 
91 

9' 
92 
93 
94 
94 
9 5 

In Feat 

6000 

I 

-0.65 
65 
65 
6s 
6 5 
6 6 
66 
66 
66' 
66 

66 
6 7 
67 
67 
68 

6 8 
168 
69 
69 
69 

70 
70 
71 
7 1 
7 2 

72 
7 3 
7 3 
7 4 
75 

7 5 
76 
7 6 
77 
78 

7 8 
7 9 
80 
80 
8 I 
82 

2000 

I 

-0.218 
218 
218 
218 
218 

219 
219 
219 
220 

221 

22 I 
222 

223 
224 
22j 
226 
228 
229 
230 
231 

233 
234 
~ 3 6  
23s 
239 
241 "' 
245 
246 
248 

250 

zjz 
254 
257 
259 
261 
263 
265 
267 
2 70 
272 

8000 

-0.87 
8 7 
8 7 
87 
87 

87 
88 
8 8 
8 8 
88 

89 
89 
89 
90 
90 

9' 
9' 
9' 
92 
9 3 

9 3 
94 
94 
95 . 
96 

96 
97 
98 
99 
99 

I .oo 
I O I  
1.02 

1 '03 
I '03 

I '04 
~ , o j  
1.06 
I '07 
1 '08 
I .09 

9000 

I 

-0.98' 
(98 
98 
98 
98 

99 
98 

9 9 
99 
99 

r'oo 
1.00 
1.00 

I;OI 
1.01 

I '02 
1'02 

I '03 
I 'OE 
I '04 

I '05 
1.0; 
1'06 
"07 
I '08 

I '08 
''09 

' 1 . 1 0  

1 . 1 1  

1.12 

1.13 
1.14 
1'14 
1.15 
I '16 

1'17 
1.18 
r.19 
I ' 2 0  
1'21 

1'22 
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T A B ~ E  XI1.-Computation of Heights.-For obtaining the Quantity 
p" in the formula for finding the Terrestrial Refraction. 
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TABLE XII1.-Computation of Heights.-Log. secant of observed Angle 
at Station B. 

TABLE X1V.-Computation of Heights.-To facilitate finding the Subtended 
Angle when only one angle has been observed and the Distance between 
Stations A and B is given in Log. Feet. 

Log. secant 

0~00010,5 

I1,5 
12,s 

1385 
14,s 

15,s 
16,s 

17:s 
18,s 

19,s 1 

Angle 
- 

0 1 * 

I 45 37 
I 48 lo 

I 50 39 
1 53 5 
I 55 28 

1 57 47 
2 0 5  
2 2 19 

2 4 32 
2 6 42 

Log. secant 

O.OOOZO,~ 

21,s 
22,s 

?$5 
24,s 

2595 
26,s 

27,s 
3&5 

2935 

Angle - 
0 I 11 

1 15 35 
' 1 19 6 

I 22 28 

I 25 42 
1 28 49 

1 3 '  50 

1 34 45 

I 37 35 
I 40 20 

1 43 0 

Angle 

0 1 * 

o 16 25 

c 28 32 

0 36 51 

0 43 37 
0 49 28 

0 54 4 2  

0 59 28 
1 3 52 
1 8 0  
I 11 54 

Lnt. 

0 

O 
5 

10 
15 

20 

25 
30 
35 
-40 

Lat. 

0 

0 
5 
10 
15 

20 

25 
30 
35 * 

Log. secant 

o ' OOOOO,~ 
1,s 

2,s 

3>5 
4 6  

5,s 
. 695 

7~5 
895 
91 5 

Adopted Refract~on expressed in Decimals of Contained Aro 
- 

0.20 1 0.10 1 0.09 / 0.08 I 0.01 I 0.06 1 0.05 / 0.04 I 0.03 

2.5276 

5277 

5277 

5278 

5280 

5281 

5284 
5286 

5288 

2'4027 

4027 
4028 

4029 

4030 

4032 

4034 

4036 
4039 

2.3920 

3920 

3921 

3922 

3923 

3925 
3927 

3929 
3932 

2'3815 

3815 
3816 
3817 
3818 

3820 
3822 

3825 

3827 

2.3613 

3613 
3614 
3615 
3616 

3618 
3620 

3623 

3625 

2,3420 

3420 

3421 

3422 

3423 

3425 
3427 

3429 
3432 

2.3713 

3713 
3714 
3715 

3716 

3718 

3720 

3722 

3725 

2.3515 

3516 
3516 

3517 

3519 

3521 
3523 

3525 

3527 

2.3327 

3527 

3327 

3328 

3330 

3332 

3334 

3 3 3 6 ,  
3338 



TABLE gV.-Computation of Heights.-To facilitate finding the Subtended 
Angle when only one angle has been observed and the Distance between 
Stations A and B is given in Feet. 

Con- 
tn~ned 

Arc 
ln Feet 

3000 

0000 

7 0 0 0 0 0 0 1  

Adopted Refruction expressed in Decimale of Contnined Arc 

I 1 / 0.2 I 0.1 / 0.09 1 0.08 ( 0.07 I 0.06 ( g.05 I 0.04 I 0'0.3 I 0.0l 1 0.01 I 0.00 

2741 

I ,I 

0 1  
0 1 

0 2  
0 2  

o  9  
o r z  
0 1 5  

0 1 8  
0 2 1  

0 2 4  
0 2 7  

0 3 0  
0 5 9  
1 2 9  
1 5 9  
2 2 8  

2 5 8  
3 2 8  
3 5 7  
4 2 7  

4 5 6  

0'3 

I u 

0 0  I 

o  6  
o  8  
o r o  

o r 2  
0 1 4  
0 1 6  
0 1 8  

o z o  

0 5 9  
1 1 9  
1 3 9  

1 5 9  
2 1 8  
2 3 8  
2 5 8  

0.5 0'4 

32 17 28 20 

I " ,  

5 0 0 0 0 0  

7 0 0 0 o o 1 0 1  

o o  
4 0 0 0 o o o  
b O O O o o o  

~ 0 0 0 0 0 0  
/ 0 0 0 o o o  
8 0 0 0 0 0 0  

o o o  

1 O O O O o o o r o  
2 0 0 0 0 0 0 0 2 0 0 4 0  
B O O W O O O ~ O  
4 0 0 0 0 0 0 0 4 0  
6 0 0 0 0 o o o 4 9  

~ 0 ~ ~ ~ 0 0 0 5 ~  

H ~ O O O O O I I ~  
9 O O O O o o 1 z g  

1 ~ 0 0 0 0 0 0 1 3 y 3 1 8  

32 57 

I I 

0 0  

o r  
0 1  

0 2  

0 2 

0 2  

0 3  
0 3  
0 4  

0 4  

o  11 

0 1 6  
0 2 0  

0 2 4  
0 2 8  
0 3 2  
0 3 6  

0 4 0  
1 1 9  
1 5 9  
2 3 8  
3 1 8  

3 5 7  
4 3 7  
5 1 6  
5 5 6  

6 3 5  

20 45 

s 

1 0 0 0 0 0 0 0 0 0 0  
2 0 0 0 0 0 0 0 0 0 1  
3 0 0 o o o o o 1 o 1  
4 0 0 o o o o 0 I  

G O 0 0 0 0 1 0 1  

S 0 0 0 0 0 1 0 2 0 2  
C J 3 0 0 0 0 1 0 2 0 3  

1 0 0 0 0 0 0 1 0 2 0 3  
2 0 0 0 0 0 0 2 0 4 0 6  

o  3  
4 
5  

6 
7  
8 
9  

9  

29 o 
24 13 

I I 

0 0  

0 1  
0 1  

2 1  15 24 43 
29 39 

zr 4 j  

I ', 
0 0  
o r  
0 1  

I * 

0 0  

0 1  
o r  

2 2  1 4  
31 38 30 19 

I w 

0 0  

0 1  

0 1  

0 2  

0 2  

0 3  
0 3  
0 4  
0 4  

0 5  
o r o  
o  15 
0 1 9  
0 2 4  

0 2 9  
0 3 4  
0 3 9  
0 4 4  

I rl 

0 0  

o r  
o r  

0 2  0 2  
0 2 / 0 2  

30 58 

0 2  
0 2  

0 3  
0 3  
0 4  
0 4  

0 5  
o r o  
o  15 
o z o  
0 2 5  

0 3 0  
0 3 5  
0 4 0  
0 4 4  

0 2  

0 2  

0 3  
0 3  
0 3  
0 4  

0 4  
0 9  
o  13 
0 1 7  
0 2 1  

0 2 6  
0 3 0  
0 3 4  
0 3 8  

0 4 3  
1 2 5  
2 8  
250  
3 3 3  

4 1 5  
4 5 8  
5 4 0  
6 2 3  

7 5  
14 10 

0 2  

0 3  
0 3  
0 4  

0 4  
0 8 ~ 0 8  

o  1 2  

0 1 6  
o z o  

0 2 4  
0 2 8  
0 3 2  
0 3 6  

0 4 1  
1 2 1  

2 2 

2 4 2  
3 2 3  

4  3 
4 4 4  
5 2 4  
6  5  

6 4 5  

I s 

0 0  
o r  
o r  

23 43 

0 2  

0 3  
0 3  
0 4  

0 4  
0 8  
o  1 2  

0 1 7  
0 2 1  

0 2 5  
0 2 9  
0 3 3  
0 3 7  

0 4 2  
1 2 3  
2 5  
2 4 6  
3 2 8  

4 9  
4 5 1  
532  
6 1 4  

6 5 5  
13 50 

2 2  44 

0 2  
0 2  

0 3  
0 3  
0 3  
0 4  

0 4  
0 9  
o r 3  
0 1 7  
o z z  

0 2 6  
0 3 0  
0 3 5  
0 3 9  

0 4 3  
1 2 7  
2 1 0  

2 5 4  
3 3 7  

4 2 1  
5  4  
5 4 8  
6 3 1  

7 1 5  
1 4 3 0  

0481  0 4 9  
1 3 7  1 3 9  

23 I 4  

I r 

0 0  

o r  
o r  

2 2  
3 1 4  
4  2 

4 5 1  
5 3 9  
6 2 7  
7 1 6  

8 4  
16 9  

0 2  
0 2  

0 3  
0 3  
0 4  
0 4  

0 4  
0 9  
o  13 
0 1 8  
o z z  

, 0 2 7  
o g r  
0 3 6  
0 4 0  

4 4  
1 2 9  
2 1 3  
2 5 8  
3 4 2  

4 2 7  
5 1 1  
5 5 5  
6 4 0  

7 2 5  
14 50 

2 2 8  
3 1 8  
4  7  

4 5 7  
5 4 6  
6 3 5  
7 2 5  

8 1 4  
16 28 

I *I 

0 0  

0 1  
o r  

I 

0 0  
0 1  

o r  
0 2  

0 2  

0 3  
0 3  
0 4  
0 4  

0 5  
0 9  
o r 4  
0 1 9  
0 2 4  

0 2 8  
0 3 3  
0 3 8  
0 4 3  

0 4 7  
1 3 5  
2 2 2  

3 1 0  
3 5 7  

4 4 5  
532  
6 2 0  
7  7  

7 5 4  
15 49 

I r, 

0 0  

0 1  

o r  
0 2  
0 2  

0 3  
0 3  
0 4  
0 4  

0 5  
0 9  
0 1 4  
o r 8  
0 2 3  

0 2 7  
0 3 2  
0 3 6  
0 4 1  

0 4 5  
r g r  

0 2  

0 2  

0 3  
0 3  
0 4  
0 4  

p 5  
0 9  
o  14 
o r 9  
0 2 3  

0 2 8  
0 3 3  
0 3 7  
0 4 2  

0 4 6  
1 3 3  

2161  2 1 9  
3  z  
3 4 7  

4 3 3  
5 1 5  
6  4  
6 4 9  

7 3 5  
15 9  

3  6  
3 5 2  

4 3 9  
5 2 5  
6 1 2  
6 5 5  

7 4 5  
15 29 



TABLE XV1.-Computation of Heights.-Natural Tangents to 5 places of Decimals. 



( 35 1 
Decimals. 

I 

0 
1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

2L 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 

41 
42 
43 
41 
45 

46 
47 
48 
49 
50 

51 
52 
53 
54 
55 

56 
67 
68 ' 
69 
60 

XVI.-Computation 

9' 

0.15838 
868 
898 
928 
958 
988 

'16017 
047 
077 
107 
I37 

0.16167 
1 9 ~  
226 
256 
286 

316 
3 46 
376 
406 
435 

0.16465 
495 
525 
555 
585 

615 
645 
674 
70 4 
734 

0.16764 
794 
824 
854 
884 

914 
944 
974 

'17004 
033 

0.17063 
O93 
'23 
153 
183 

213 

TABLE 
I - 

, 0 
1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
25 
24 
25 

26 
27 
28 
29 
30 

'31 
32 
33 
34 
35 

36 
37 
38 
39 . 
40 

41 
42 
43 
44 
45 

46 
47 
48 
40 

of 

lo0 
0.17633 

663 
693 
723 
753 
783 

813 

873 
903 
933 

0.17963 
993 

-18023 
05 3 
083 

r 13 

173 
203 
233 

0.18263 
293 
323 
353 
384 

414 
444 
474 
504 
534 

0.1856~ 
594 
624 
654 
684 

714 
745 
775 
805 
835 

0.18865 
895 
925 

;;a 
'19016 

046 

8' 

o.~4~54 , 084 
113 

14' I73 
202 

232 
262 
z91 
321 
351 

0.1~381 
410 
440 
470 
499 

529 
5 59 

. 588 
618 
648 

0.14678 . 707 
737 
767 
796 
826 
856 
886 
915 
945 

0.14975 
' r 5005 

03 4 
06 4 
094 
124 
153 
183 
213 
243 

0'15272 
302 
332 
362 
391 
42 1 

48 1 

Heights.-Natural 

11° 

0.19438 
468 
498 
S29 
559 
5% 

619 
649 
680 
710 
7 40 

0'19770 
80 r 
83 1 
86 I 

s 891 

921 
952 
982 

'2001 2 

042 
0.20073 

103 
133 
!64 
194 
224 
254 
285 
3'5 
345 

0.20376 
406 
436 
466 
497 

527 
557 
sag 
618 
648 

0.20679 
7O9 
739 
770 
800 

830 
86 I 
891 

places of 
15' 

0.26795 
826 
857 
888 
920 
95' 

982 
'27013 

044 
076 
107 

0.27138 
169 
201 

232 
263 

294 
326 
357 
388 
419 

0.27451 
482 
513 
545 
576 

607 
639 
670 
7c1 
732 

0.27764 
795 
826 
858 
889 

921 
952 
983 

'28015 
046 

0.28077 
109 
140 
IjZ 
203 

234 
266 
297 

l Z O  

0.21256 
286 
316 
347 
377 
408 

438 
469 
499 
529 
560 

0'21590 
62 I 
651 
682 
712 

743 
773 
804 
834 
864 

0'21895 
925 
956 
986 

'22017 

047 
078 
108 
'39 
169 

O.ZZZOO 
23 1 
26 I 
292 
322 

353 
383 
414 
444 
47j 

0.225oj 
536 
567 
597 
628 

658 
689 
7'9 

gzl 
952 

0.20982 
'21013 

073 
104 

134 
164 
195 
225 
256 

50 

51 
52 
53 
5 E 
55 

56 
57 
68 
59 
60 

329 
360 

0.28391 
423 
454 
486 
517 

549 
580 
612 
643 
675 

7 so 
78 1 

0.2281 I 
842 
872 
903 
934 

964 
995 

'23026 
056 
087 

Tangents 

13" 

0'23087 
117 
I 48 
179 
209 
2 40 

271 
301 
332 
363 
393 

0.23424 
455 

547 

5 78 
608 
639 
670 
700 

0.23731 
762 
793 
823 
85) 

885 
916 
946 
977 

'24008 

0.24039 
069 
100 

131 
162 

193 
223 
254 
285 
316 

0.24347 
377 
408 
439 
470 

SO1 
532 
562 

5 " 
5 40 

0.15 570 
600 
6 30  
660 
'j89 

, 7I9 
749 
779 
809 
838 

to 5 

14' 

0.24933 
964 
995 

'25026 
056 
087 
118 
149 
I 80 
211 

242 

0.25273 
304 
335 
366 
197 
428 
459 
490 
521 
552 

0'25583 
614 
645 
676 
707 

769 800 
831 
862 

0'25893 
924 
955 
986 

.26017 

048 

079 IIO 

141 
, 172 

0.26203 
235 
266 
297 
328 

359 
390 
42 1 

593 
624 

0'2465 j 
686 
7'7 
748 
778 

, 809 
8 40 
871 

; 902 1,. 

933 

452 
483 

0.26515 
5 46 
577 
608 
639 
670 
701 
733 
764 
795 

3O3 
333 

0.17363 
393 
423 
453 
483 

513 
543 
573 
603 
633 

136 
0' 19166 

197 
227 
257 
287 

3'7 
347 
3 78 
408 
438 



TABLE XVI1.-Computation of Heights.-Correction for Curvature and Refl*action 
in determining Heights with the Clinometer. 

I 

Contnined Arc 1 :  Adoptod Relroction expressed in Decimuls of 

0.05 

Distance 
in feet 

4 808 
8 825: 

10 752 
. 12 722 

14 425 
15 948 

17 337 
1 H  ti23 
19 825 
20 959 
23 035 

23 060 
94 042 
24 985 
25 894 
20 772 

27 G32 
2s 44<7 
29 248 
30 028 
30 789 

31 531 
32 255 
32 964 
3H 659 
34 339 

35 003 
35 060 
3G 302 
3G 9:34 
37 554 

38 165 
38 766 
39 358 
39 941 
40 516 

41 083 
41 642 
42 193 
42 738 
43 275 

43 80G 
44 331 
44 849 
45 302 
45 869 

46 370 
46 866 
47 357 
47843 
48 323 

0.10 

Diatnnce 
in feet _ - 
6 100 
8 834 

11 404 
13  493 
15  300 
16  915 

18  388 
19 762 
21 028 
22 231 
23 371 

24 459 
25 500 
26 501 
27 4G5 
28 396 

29 297 
30 172 
31 022 
31 860 
32 666 

33 443 
34 212 
34 964 
35 700 
36 422 

37 129 
37 823 
38 504 
39 174 
39 833 

40 490 
41 118 
41 746 
42 3Gh 
42 974 

43 675 
44 168 

753 
45 330 
45 900 

46 464 
47 020 
47 570 
48 114 
48 G.51 

40 183 
49 709 
60 230 
M) 745 
61 255 

Correction 
in feet 

0 ' 5  
"5 
2 '5  
3 ' 5  
4 .5 ,  . 
5 ' 5  

6 .  j 
7 ' 5  
8 . 5  
9 ' 5  

10 .5  

1 1 . j  ' 
13.5 
13 ' 5  
14 ' 5  

.IS'S 
16 .5  
17 ' 5  
18 .5  
'9 '5  
20.5 

21.5 , 
22'5 
23 '5  
24'5 
25 ' 5  
26.5 
27 '5  
28.5 
2 9 ' 5  
30'  5 

31 ' 5  
32 '5  
33 ' 5  
34 '5  
35 '5  

36 .5  
37 '5  
38 ' 5  
39 ' 5  
4 0 ' 5 ,  
41 ' 5  
4 2 ' 5  

43 '5  
44 ' 5  
45'5 
46.5 
47 '5  
48'5 
49 ' 5  
50' 5  

Correction 
in  feet 

---- 

0 . 5  
"5 
2 ' 5  
3 ' 5  
4 ' 5  
5 ' 5  

6 . 5  
, 7 ' 5  

8 . 5  
9 ' 5  

1 0 . 5  

11 .5  
12.5 
' 3 ' 5  
1 4 ' 5  
15 ' 5  
16 .5  
1 7 ' 5  
9 ' 5  
' 9 ' 5  
20.5 

21 ' 5  
22 ' 5  
23 '5  
2 4 ' 5  
25'5 
26 .5  
27 ' 5  
28.5 
29 ' 5  
30 ' 5  

31 .5  
32 '5  
3 3 ' 5  
3 4 ' 5  
3 5 ' 5  

36 .5  
3 7 ' 5  
38 .5  
39 '  5  
40'5 

41 '5  
42 ' 5  
43 ' 5  
44'5 
45 ' 5  
46 .5  
47'5 
48 .5  
49'5 
50'5 

0.07 

'Cislance 
in feet 

4 900 
8 487 

10 957 
12 964 
14  700 
16 251 

17 667 
18 977 
20 203 
21 358 
22 454 

23 499 
24 500 
25 461 
2G 387 
27 282 

28 148 
28 989 
29 805 
30 600 
31 375 

32 131 
32 870 
33 592 

' 34 300 
84 993 

35 672 
36 339 
36 994 
37 637 
38 270 

38 892 
39 505 
40 108 
40 702 
41 288 

41 865 
42 435 
42 997 
43 562 
44 100 

641 
45 175 
45 704 
46 226 
46 743 

47 253 
47 759 
48 259 
48 754 
49 244 

Correction 
in feet 

o ' j  
I ' 5  
2 ' 5  
3 ' 5  
4 ' 5  
5 ' 5  

6 . 5  
7 ' 5  
8 . 5  
9 ' 5  

10 '5  

11 ' 5  
1 2 ' 5  
13 ' 5  
14 ' 5  
15 '5  
16.5 
17 ' 5  
1 8 . 5  
19 ' 5  
20.5 

21 .5  
22 '5  
23 ' 5  
24 '5  
25 '5  
26 .5  
27 ' 5  
28.5 
29'5 
30 ' 5  

3" 5  
3 2 ' 5  
3 3 ' 5  
34 ' 5  
3 5 ' 5  

36.5 
3 7 ' 5  
38.5 
3 9 ' 5  
40 ' 5  

41 '5  
42 ' 5  
43 ' 5  
44 ' 5  
45 ' 5  
46'5 
47'5 
48 ' 5  
49'5 
50' 5  



( 37 ) 
TABLE XVII1.-Computation of Heights.-For determining Differences of 

Height with the Barorneter.-B~~~y. 

. 
' 

' 

i l l  degrc~e 

t + I.' 
0 

109 
,110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
1.31 
132 
133 
134 
135 
136 

,137 
138 
130 
14.0 
141 
142 
143 
144 

i n  

,' L + t' 
0 

73 
74 
75 
76 
77 
78 
79 
So 
81 
82 
83 
84 
85 
86 
87 
88 
89 
go 
01 
92 
93 
g1 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
lo6 
107 
108 

Tliermomelc~s. 

e t + t' 
---- 

0 

1 
2 
3 
4 
5 
G 
7 
8 
9 

10 
11 
12 
1 3 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
?6 
27 
28 
79 
30 
31 
32 
33 
34 
35 
36 

' y . . ~ '  

0 

0 
1 
2 
3 
4 
5 1,. 

6 
7 
8 
9 

10 
11 
12 
1 3 
14 
16 
16 
17 
1 H 
19 

the Open Air 

A -- 

4'78497 
78544 
78592 
78640 
73687 

4,78735 
78782 
79830 
78877 
76925 

4'78972 
79019 
79966 
79113 
79160 

4,79207 
79254 
79301 
79348 
79395 

4,79442 
79489 
79535 
79582 
79628 

4.79675 
79721 
79768 
79814 
79861 

4.79907 
79953 
79999 
80045 
So091 
80137 

t + t' 
0 

37 
38 
39 
4.0 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
G8 
69 
70 
71 
72 

PART 

lA 

4.749~3 
74965 
7j016 
75068 
75120 

4.75171 
75223 
75274 
75326 
75377 

4.75429 
75480 
7553' 
75582 
75633 

4'75684 
75735 
75786 
75837 
75868 

4'75938 
75989 
76040 
76090 
76141 

4'76191 
76241 
76292 
76342 
76392 

4,76442 
76492 
76542 
76592 

, 76642 
76692 

Pal~renheit. 1.-Thermometers 

A 

4.76742 
76791 
76841 
76891 
76940 

4'76990 
77039 
77089 
77138 
77187 

4'77236 
77285 
77335 
77384 
7?433 

4'77482 
77530 
77579 
77628 
77677 

4'77725 
77774 
77823 
7787: 
77919 

4'77968 
78016 
78065 
781 13 
78161 

4'78239 
78257 
78305 
78353 
78401 
78449 

11.-Attncl~ed 

A 

4.So183 
80229 
80275 
80321 
80367 

4.80~13 
80458 
80j04 
80550 
80jgj 

4.80641 
80666 
80731 
80777 
80822 

4.80867 
80913 
80958 
81003 
8104s 

4.61093 
81138 
81183 
81728 
81273 

4.81317 
81362 
81407 
81452 
81496 

4.81541 
81585 
81630 
81674 
81719 
81763 

PAUT 

B 

o.ooooo 
004 
0°9 
0'3 
017 

0'00022 

026 
030 
03j 
039 

0'00043 
04' 

OS2 
OS6 
06 I 

0.00065 

074 

t, + t' 
0 

146 
146 
147 
148 
I49 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
1G5 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
'178 
179 
180 

111.-Lat. of 

A 

4.81807 
81851 
818~6 
81940 
8 1 ~ 8 4  

4'82028 
82072 
82115 
82160 
82204 

4.82~~8 
82291 
82335 
82379 
8 ~ ~ 2 3  

4.82465 
82510 
82553 
82597 
82640 

4.82684 
82727 
82770 
82814 
82857 

4.82900 
82943 
82~86 
83029 
83072 

4.83115 
83158 
83201 
83244 
83287 
83330 

the Place. 
-~ - 

rr - TI 
-- 

0 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
:3 I 
32 
33 , 
34 
35 
36 
37 
3H 

U 

oaooo87 
09I 
09( 
100 

104 
0~00109 

113 
1'7 
122 

I 26 
0'00130 

13 5 
139 
143 
148 

o.oo~jz 
150 
161 
'65 

083 

C 

0'001 17 
l L 5  
I 10 
IOI 

090 
0'0007=J 

0j8 
040 
020 

UOO 

1.. 99960 

942 
960 

925 
9 10 

- 

1.99900 
8 90 
885 
883 

I 6 g  

T-I" U L n l i l ~ ~ d e  

- 

0 

41 
42 
43 
44 
45 
46 
4.7 
48 
441 
50 
51 
52 
63 
54 
55 
56 
67 
58 
69 2 56 

o.00174 
178 
I 82 
187 
191 

0'00195 
200 

204 
208 
2 12 

O .OOZI~ 
221 

225 

230 
234 

0.00238 
243 - 
247 
251 

0 

0 
5 

10 
16 
20 
26 
30 
36 
40 
45 
50 
56 
ti0 
ti5 
70 
75 
80 
85 
90 



TABLE X1X.-Computation of Heights.-For determining Differences of 
Height with the Barometer.-LOOMIS. 

- 
Pam I. 

Argument :-The observed I Ie ig l~t  of the Barometer a t  either Station. 
- -- 

Bo1.o. Unro. Baro. Baro. 
in 1 t 1 i I 1 e t  1 D ~ E .  in I t 1 Din. in 1 ~ e e t  1 ~i.. 

I n c l ~ e s  I n c l ~ o s  111clies Inclies 
--- p- 

11.0 
11 .1  1653.3 

11 .5  

11 .6  
1 1 7  
11 .8  
11 .9  
12.0 

121 
12.2 
12.3 
12 '4  
12 .5  

12 '6  
12 '7  
1 2 . 8  
12 .9  
13 .0  

13.1 
13.2 
1i3.3 
1 3 4  
1 3 . 5  

11.6 
1 4 7  
13" 
13 .9  
14.0 

14 .1  
1 
16 '3  
14 .4  
5 

14.6 
1 1 . 7  
4 
14.9 
1.3.0 

1. i . l  
1.5.2 
1 5  
1 
1 . 5  

15.G 
14.7 
1 6 8  
15.9 
16.0 

2jjS.3 

2784'5 
3008.7 
I 

3451'6 
3670.2 

3887.0 
4102.0 
431j.3 
4526.9 
4736.7 

4944'9 
51j1.4 
53j6.4 
5jjg.j 
5761.4 
5961.6 
6160.3 
6357.5 
6jj3.2 
6747, j 

6940.3 
7131.7 
7321"7 
7510.3 
7697.6 
7883.6 
5068.2 
82j1.j 
8433.6 
8614.4 

8794.0 
8972.3 
9149.j 
932j.j 
9500.3 

9673.9 
9846.2 
10017.5 
10187. j 
10356.8 

10524.8 
1ohy1.8 
1nSj7.7 
11022'5 

11186-3 

22S'z 

226'2 

,,$., 
222'4 
220'5 

218.6 

::;:: 
::;:: 
209.8 

208 ' 2 
206. 
zoj.o 
2a3'3 
201'7 

19S'7 
197'2 

194'3 
' 9 ~ ' ~  

: 
138.6 
1s7'3 

::::: 
1Sz.1 
ISo.S 

1 ~ 9 ' ~  
1 i 3 3  
177'2 
176.0 
174'8 

173'5 
17'" 

"" 
1~9.l 
"'" 
lhi" 

163'8 

16 .5  

16.6 
16.7 
16 .8  
1 
17 '0  

1 7 . 1  
17 .2  
1 7 3  
1 7 4  
17.5 

17.6 
17.7 
17.8 
17.9 
18 .0  

18 .1  
1 8 . 3  
1S.3 
1 8 - 4  
1S.5 

11.6 
1 7  
18" 
18.9 
1 9 . 0 1  

11990.3 
12148.2 
1230j.l 
11461.0 
12616.1 
12770.2 

12923.5 
13075.8 
13227.3 
13377.9 
13527.6 

13676.5 
13824.j 
13971.7 
14118.0 
14263.6 

14408.3 
1jj52.3 
14hgj.4 
14837.8 
14979 '4 
15120.3 
1j260.3 
15399'7 
I jj3Y.3 
1j676.2 

157'9 
156'9 

: j j : :  
Ij4" 

1!3'3 

:i::: 
Ijo.6 
149'7 

148'9 
14'" 

147'2 
146'3 
145'6 

144'7 

143:1 

. 

:@:: 
139'4 
118.6 
137'9 

1 9 1  1 I 
1 0 4  ' 1jgr9.S 
l o 3  I 1608j.j 
19.4 162~0.j 
1 0 . 5  16354.3 

1 9 . 6  16488.j 
1 9 7  16621.4 
19.8 , 16753'7 , 

137'1 
136'5 
I3j" 
I3j.O 
134'3 

133'7 
I 3  
132'3 
131'6 
13'" 

130'3 
129.7 
1zy.o 
129.4 
127'7 

126'5 
5 9  
125'3 
124'7 

19 .9  
20 .0  

20.1 
20.3 
20 .3  
20.4 
20.5 

20.6 
20.7 
20.8 
20.9 
21.0'  

21.6 
21.7 
21.8 
21.9 
33.0 

22.1 
22.2 
22 .3  
22.4 
22.5 

24.6 
22.7 
22.8 
22.9 
23.0 

23 .1  
23.2 
23.3 
2 3 4  
23.5 

28.6 
93'7 
27.8 
a;.9 
2-E.0 

168Yj.3 
17016.3 

171466 
17276.3 
174Oj.3 
17533.7 
17661.4 

1;788,6 
17915.~ 
18041.0 
18166.3 
18291.0 

2 1 1  
2 1 . 9  
2 & : <  1 
21.. 1 
24.5 

2 1 . 6  
2 
2-k.S 
24.9 
23.0 

25 1 
23.2 
2.7.3 
2.i .4 
25.5 

3.j.G 
25.7 
25.8 
25.9 
2(;.0 

19027.0 
19147.7 
19267.8 
19387.9 
1yjo6.4 

19624.9 
19742.9 
1gS6o-3 
19977'2 
20093.6 

121.2 
120'7 
"O" 
119'6 
"9" 

"8'5 
""o 
'I7'' 
'16'9 
"6'4 

21858.4 
2199h.6 
22104.3 
22211.6 
22318.4 

22424.8 
22jjo8 
22636.4 
22741.5 
22846.3 

zzojo6 
23054.4 
231 j7'9 
23261.0 
~3363.6 

2346j.9 
23567'7 
23669.2 
23770'3 
23871.0 

29.1 
2 0 2  
2 
29.4 
m . 5  

q , , , 7  
!nti 

29.8 
2!).9 
30 .0  

:10.1 
80.2 
30.3 
30'4 
30.5 

30.6 
:30.7 
80.8 
1 0 . 9  
31 '0  

108'2 

107'7 
1°7'.1 
106.~ 

106.0 
106'4 

'05'~ 
1°5" 
lo4" 

104'3 
1c3'8 
103'5 
Io3" 
'o'" 

102'3 
'O"a 

:I::: 
'OO.7 

20.6 
26.7 
20,s 
26.9 
27.0 

27.1 
27.2 
27.3 
27.4, 
37.5 

20209.4 
20324.8 
20459.6 
20jj4.0 
20667.8 

20781.1 
20894.0 
21006.4 
8 
21229'7 

21340'6 
21451'1 
z1j61.1 
21670.6 
21779.7 

27.6 
27.7 
27.8 
27.9 
28.0 

28.1 
2 8 2  
2 X 3  
28.4 
28.5 

21.6 
28.7 
28.8 
2s.9 
29.0 

26813.9 
26903.5 
26902.8 
270s1 .9 
27170.h 

27259.0 
27347'1 
27434.9 
27j22.. 1 
27609.7 ' 
27696.6 
27783.3 
27869.7 

115.8 

"4'8 
"4'4 
113'8 

113'3 

::;:f 

110'9 
IIO.5 
"O'O 

109.5 
I09" 

89'9 
sy,6 
89'3 
3'I 
88.7 

88.4 
88,1 
s7.8 
87'6 
87.2 
86.9 
86,7 

24467,o 
24565"1 
24662.7 
24760.0 
24857.0 

24953.5 
z j 0 ~ ~ , 8  
25145.7 
z 2  
2533~5.~ 

$:: 
97:6 
97 3 
97'0 . 
96'6 
96'2 
95.9 
95.5 
95'2 

25431.2 
25525.7 
25619.9 
2j7r3.7 
25807.1 

~j900,3 
25993.1 
26085.6 
26177.7 
26269.6 

26361.1 
264j2.3 
26j43.2 
26633.7 
26724.0 

94'8 
94.5 
94" 
93'8 
91.4 

93'2 
92.8 

g9::: 
9I.9 

91'5 
9"2 
9O.9 
90.5 
9O.3 

2j95-' ) 

86.0 
85.8 28041.5 

28127.1 
28212.3 
28297.3 
2fi342.0 
28466'4 

85.6 8j,2 

85,0 
84.7 
84.4 



TABLE XIX.-Computation of Heights.-(Continued). 

PART 11. 
CorrrbLion due to T-T', or  the  Difference of the Telnperatures, in degrees Fahrenheit, of t h e  Barornetera 

nt  t h e  two Stalions. 

N~gat iue  when the Temperature al the Upper Station is the  lower, and vice ver.rd. 

r y - ~ '  

O 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 

T-T' ---------- 
O 

27 
28 
20 
30 
31 

32 
33 
34 
5 
36 

37 
3 8  
39 

T-T' 

O 

14 
16 
16 
17 
18 

19 
20 
21 
22 
23 

24 
25 
26 

Correction 

Feet 

2 . 3  
4 . 7  
7 . 0  
9 . 4  

I 

1 4 . 0  
1 6 . 4  
1 8 . 7  
2 1 . 1  

23 .4  
25.8 
2 8 . 1  
3 0 ' 4  

Correctior~ 

Feet 

6 3 ' 2  
6 5 . 5  
6 7 . 9  
7 0 ' 2  
7 2 ' 6  

7 4 ' 9  
7 7 ' 3  
7 9 ' 6  
8 1 ' 9  
8 4 . 3  

8 6 . 6  
8 9 . 0  
9 1 . 3  

Correctiol~ 

Feet 

3 2 ' 8  
3 5 ' 1  
3 7 ' 5  
3 9 . 8  
4 2 . 1  

4 4 ' 5  
4 6 ' 8  
4 9 ' 2  
5 1 . 5  
5 3 . 8  
5 6 . 2  
5 8 . 5  
6 0 . 9  

% .- 
l i  s 
.- 

, #  - 
o Q 

L 
a 
4 

Peet 
1000 
2000 
3000 
4 0 0 0 , 1 0 . 6  
5000 

GO00 
7000 
8000 
9090 

10001) 

11000 
12000 
130r)O 
14000 
I S O U O  

16000 
17000 
18000 
1!)000 
20000 

21000 
22000 
2:3Ol)[' 
24000 
25000 

PAwIV. 
Cor;:c,tion 

Dccrensa 
of Grovity 

on a 
Vertical. 

Alwa,us 
Positiue. 

Feet 

2 . 5  
5 . 2  
7 ' 9  

1 0 . 8  
1 3 . 7  
1 6 . 7  
1 9 . 9  
2 3 . 1  
2 6 . 4  
2 9 . 8  

3 3 ' 3  
3 6 . 9  
40.6 
4 4 . 4  
4 8 . 3  

5 2 . 3  
5 6 . 4  
6 0 . 5  
6 4 . 8  
69 .2  

7 3 . 6  
7 8 . 2  
8 2 . 9  
8 7 . 6  
9 2 . 5  

T-'l.' j Correction 

O , Feet 
I 

53 ' 1 2 4 ' 1  
54 1 2 6 ' 4  
55 
6 
57 1 1 3 3 . 4  
5 5 ' 1 3 j . S  
5 9 ;  1 3 8 ' 1  
6 0 ,  1 4 0 . 4  
6 1 1  1 4 2 . 8  
62 1 4 j . 1  

6 3  1 4 7 . j  
64 1 4 9 . 8  
6 5 ,  1 5 2 . 2  

T-'I" 

O 

40 
41 
42 
4'3 
44 

45 
46 
47 
48 
49 

50 
51 
52 

T - T '  

66 
67 
68 
69 
70 

71 
72 
73 
74 
75 

76 
77 
78 

P A ~ T  111. 
Correction due  to  t.lle C11n11ee of Gravity 

llle Latit,lde of 45U to the LsLi- 
tilde of the  Placo of Observation. 

Positioefrom Latitude 0' to  4.7; 
Negatiue from Latitude 4 9  to SO0. 

LaLitude. 

0" 
YO, 1 :$ I ?:: 1 g: 1 :$ 1 450 

Correction 

Feet 

9 3 ' 6 ,  
9 6 . 0  
9 8 ' 3  

1 0 0 ' 7  
1 0 3 . 0  

I O j . 3  
107 .7  
1 1 0 . 0  
1 1 2 . 4  
1 1 4 ' 7  
1 1 7 . 0  
1 1 9 . 4  
1 2 1 ' 7  

Correction 
-- 

Feet 

1 5 4 . 5  
1 5 6 . 8  
1 5 9 . 2  
1 6 1 . 5  
1 6 3 . 9  
166.2 
168 '6  
170 .9  
1 7 3 ' 3  
1 7 j . 6  

177 '9  
1 8 0 . 3  
1 8 2 . 6  

PART V. 
Correction due to the Height of Lhe 

Lower Station. 

Always PosCtiue. 

a 
F 
bO . - 

w" g 
u a .s 
.2: . - 

Feet 
2 . 6  
5 . 3  
7 ' 9  

13 .2  

1 5 . 9  
18 '5  
2 1 . 2  
23 '8  
2 6 . j  

29 .1  
3 1 . 8  
34 .4  
3 7 . 1  
3 9 ' 7  

42 .4  
4 5 . 0  
4 7 ' 7  
5 0 ' 3  
53 '0  

j 5 . 6  
5 8 . 3  
60.1) 
6 3 ' 6  
6 6 . 2  

H e i g l ~ t  oE Uarolneter nt Lower Station. % 

113 in. 

Peet 
o 
o  
o 
o  
o  

o  
o 
o  
o  
o 

o  
o  
o 
o  
o 

o 
o 
o  
o 
o  

o 
o  
o  
o 
o  

Feet 

2 . 5  
5 . 0  
7 ' 5  

10.0 

1 2 . 4  

1 4 . 9  
1 7 ' 4  
1 9 . 9  
22 .4  
2 4 ' 9  

2 7 ' 4  
2 9 . 9  
3 2 ' 4  
3 4 . 9 1  
3 7 ' 3  

3 9 . 8  
4 2 . 3  
4 4 . 8  
4 7 ' 3  
4 9 . 3  

5 2 . 3  
5 4 . 8  
5 7 . 3  
5 9 . 8  
6 2 . 2  

Feet 
1 . 3  
2 . 6  
4 ' 0  
5 . 3  
6 . 6  

7 . 9  
9 . 3  

1 0 . 6  
1 1 . 9  
1 3 . 2  

1 4 . 6  
1 5 . 9  
1 7 . 2  
1 8 . 5  
1 9 . 9  
2 1 . 2  
2 2 . 5  
2 3 ' 8  
2 5 . 2  
26.5 

2 7 . 8  
2 9 . 1  
3 d . j  
3 1 . 8  
3 5 . 1  

Feet 
2 .0  
4 ' 1  
6 . 1  
8 ' 1  

1 0 . 1  

1 2 . 2  

1 4 . 2  
1 6 ' 2  
1 8 . 3  
20.3 

2 2 . 3  
24.4 
2 6 . 4  
28 .4  
3 0 ' 4  

3 2 . 5  
34 .5  
3 6 . j  
3 8 . 6  
40.6 

42 .6  
44 '7  
4 6 . 7  
4 8 . 7  
5 0 . 7  

Feet 

0 . j  

0 . 9  
1 ' 4  
1 . 8  
2 . 3  
2 . 8  
3 . 2  
3 ' 7  
4 . 1  
4 . 6  

5 . 1  
5 . 5  
6 .0  
6 . 4  
6 . 9  

7 . 4  
7 . 8  
8 . 3  
8 . 7  
9 . 2  

9 . 7  
1 0 . 1  
10.6 
11.0 

1 1 . 5  

Feet 
1000  
2000 
3000 
4000 
5000 

6000 
7000 
8000 
Cl000 

10000 

11 000 
12000 
13000 
14000 
15000 

l G O O O  
17000 
18000 
19000 
20000 

21000 
22000 
23000 
24000 
25000 

p-- 

Feet 
1 ' 6  
3 ' 1  
4 ' 7  
6 . 3  
7 . 8  

9 ' 4  
1 1 . 0  

1 2 ' 5  
I 

1 5 ' 7  
1 7 . 2  
1 8 ' 8  
2 3 ' 4  
2 1 . 9  
2 3 ' 5  
2 5 . 1  
2 6 . 6  
28 .2  
2 9 . 8  
3 1 . 3  

3 2 . 9  
3 4 . 5  
3 6 . 0  
3 7 . 6  
3 9 . 1  

Feet 
0 . 8  
1 . 5  
2 ' 3  
3 . 1  
3 . 8  

4 . 6  
5 ' 4  
6 . 2  
6 . 9  
7 ' 7  

8 . 5  
9 . 2  

10 .0  
1 0 . 8  
" ' 5  
1 2 . 3  
1 3 . 1  
1 3 . 8  
1 4 . 6  
1 5 . 4  
1 6 . 1  
1 6 . 9  
1 7 . 7  
1 8 . 5  
1 9 . 2  

Fcetl 
1 ' 3  
2 ' 5  
3 ' 8  
5 . 1  
6 ' 4  

7 ' 6  
8 . 9  

1 0 . 2  

I 

1 2 . 7  

1 4 . 0  
1 j . 3  
1 6 . 5  
1 7 ' 8  
1 9 . 1  

2 0 ' 3  
2 1 . 6  
2 2 . 9  
2 4 . 1  

25 .4  
26.7 
28 .0  
29 .2  
30.5 
3 1 . 8  

Feet 

1 . 1  

1 ' 7  
2 . 2  

2 ' 8  

3 . 3  
3 . 9  
4 . 4  
5 ' 0  
5 . 5  
6 . 1  
6 ' 6  
' 7 '2  
7 ' 7  
8 ' 3  
8 ' 8  
9 . 4  
9 . 9  

1 0 . j  
1 1 . 0  

1 1 . 6  
1 2 . 1  

1 2 . 7  
1 3 . 2  
1 3 . 8  

Feet 
1 '0  

2 ' 0  

3 ' 0  

4 ' 0  
5 ' 0  
6 . 0  
7 ' 1  
8 . 1  
9 - 1  

1 0 ' 1  

1 1 . 1  
1 2 . 1  
1 3 . 1  
1 4 . 1  
1 j . 1  

16 .1  
1 7 . 1  
1 8 . 1  
1 9 . 2  
2 0 ' 2  

2 1 . 2  

2 2 . 2  
23 '2  
24 .2  
2 5 . 2  

Feet 
0 . 6 0 . 4 0 . 2  

1 ' 1  

1 ' 4  
1 ' 8  

2 . 1  

2 ' 5  
2 . 8  
3 ' 2  
3 ' j  

3 . 9  
4 . 2  
4 ' 6  
4 ' 9  
j ' 3  

5 . 6  
6 . 0  
6 . 3  
6 . 7  
7 ' 0  

7 . 4  
7 ' 7  
8 ' 1  
8 . 4  
8 . 8  

Feet 

0 ' 7 0 . 3  
0 ' 5  
0 . 7  
0 . 8  

1.0 

1 . 2  

1 . 3  
1 . 5  
1 ' 7  
1 . 8  
2 . 0  

2 . 2  

2 ' 3  
2 ' 5  

2 . 7  
2 . 8  
3 . c  
3 . 2  
3 . 3  

3 . 5  
3 ' 7  
3 ' 8  
4 . 0  
4 . 1  



TABLE XX.-Computation of Heights.-For determining Heights with the 
Boiling Point Thermometer. 

corresponding 

Approx. 
Height 

- 

Feet 
21086 
21028 
20969 
20911 
20852 

20794 
5 3 1 2 0 7 3 4  

20675 
20615 
20556 

20496 
20437 
20378 
20319 
20260 

20201 

20142 
20084 
zoo26 
19968 

19909 
19851 
19792 
19732 
19673 
19614 
19554 
19495 
19437 
19378 

19319 
19261 
I ~ Z O Z  

19144 
19086 

19028 
18970 
18913 
18855 
18796 
18738 

to the 

Boiling 
Point 

- 

O 

178.0 
1 
2 
3 
4 

5 
6 
7 
8 
9 

179.0 
1 
2 
3 
4 

5 
6 
7 
8 
9 

180.0 
1 
2 
3 
4 

5 
6 
7 
8 
9 

181'0 
1 
2 
3 
4 

5 
G 
7 
8 
n 

132.0 

1.-Approximate 

Approx. 
Height 

- 

Feet 

23466 
23406 
23346 
23286 
23226 

23166 
23108 
23048 
22990 
22931 

22872 
22811 
22751 
22690 
22630 

27.570 
22510 
22450 
22390 
22330 

22271 
~ Z ~ I Z  
22152 
22093 
2203j 

21976 
21917 
218j9 
21800 
21740 

21680 
0 8 0 2 1 6 2 0  

21560 
21500 

21441 
21381 
a1322 
21263 

zgoaizoq 
21145 
21086 

Height in 

Boiling 
Point 

- 

" 

174.0 
I 
2 
3 
4 

5 
6 
7 
8 
9 

175.0 
1 
2 
3 
4 

5 
6 
7 
8 
9 

176.0 
1 
2 
3 
4 

5 

7 
H 
9 

177.0 
1 
2 
3 
4 

5 
6 
7 
8 
!-J 

178.0 

Boiling 
Point 

170.0 
1 
2 
3 
4 

5 
6 
7 
8 
9 

171.0 
1 
2 
3 
4 

5 
6 
7 
8 
9 

172.0 
1 
2 
3 
4 

'.5 
6 
7 
8 
9 

173'0 
1 
2 
3 
4 

5 
6 
7 
8 
9 

174.0 

Fahrenheit. 

Baro- 
meter 

Inches 

15.963 
998 

16.033 
068 
103 

138 

2x0 

246 
282 

16'318 
354 
390 
426 
462 

498 
534 

2% 
642 

16.678 
715 
752 
789 
826 

863 
900 
937 
974 

17'011 

17.048 
085 
1 2 2  

160 
197 

235 
272 
310 
348 
3 8 ~  

17.423 

Observed Boiling 

Baro- 
meter 

-- 

Inches 
14'606 

639 
672 
705 
738 

771 
804 
837 
870 
903 

14.936 
9b9 

15.002 
035 
068 

102 

136 
170 
204 
238 

15'272 
306 
340 
374 
408 

442 
47h 
510 

544 
578 

15.613 
648 
683 
718 
753 

788 
823 
858 
893 
928 

1 5 . ~ 6 3  

Feet 

Baro- 
meter 

- 

Inches 

13'350 
380 
4x0 
440 
470 

500 

562 
593 
624 

13.655 
686 
717 
748 
779 
$10 
841 
872 
903 
934 

13.965 
996 

14.028 
060 
092 
124 
156 
188 
220 

2 5 2  

14.284 
316 
348 
380 
412 

444 
476 
508 
540 
573 

14.606 

PART 

Bero- 
meter 

Inches 
1a.188 

216 
244 
272 
300 

328 
356 
384 
412 
440 

12.468 
497 
526 
555 
584 

613 
642 
671 
700 
729 

13.758 
787 
816 
845 
874 

903 
932 
961 
990 

13.020 

13'050 

1x0 

140 
170 
209 

230 
260 

320 
13.350 

- 

Appyox. 
Hrigllt 

Feet 

1 6 ~ 1 6  
16358 
16302 
16z4j 
16188 

16131 
1 7 4 1 6 0 7 3  

1 6 ~ x 5  
15957 
15899 

15841 
15784 
15726 
15659 
15612 

15555 
15498 

:;$: 
15328 

15271 
15213 
1 5 1 5 5  

15098 
15040 

14983 
14926 
14868 
14811 
14755 

14698 
1 ~ 6 4 1  
14585 
14527 
14470 

14413 
14357 
14299 
14242 
1 4 ~ ~ ~  1 
14129 

Point 

Approx. 
Heiglit 

- - - 

Feet 

18738 
18679 
18619 

' 18561 
18j03 

18444 
183Sj 
18327 
18269, 
18211 

18153 
18096 
18038 
17981 
17924 

17865 
17806 
17747 
17689 
17631 

17572 
17514 
17456 
17398 
17341 

17283 
17225 
17168 
(7111 
'7054 

1699; 
16937 
16878 
16820 
16762 

16704 
16640 
16jR8 
16jg1 
lQ73 
16416 

in degrees 

Boiling 
Point 

O 

182.0 
1 
2 
3 
4 

5 
G 
7 
9 
9 

183.0 
1 
2 
3 
4 

5 
G 
7 
8 
9 

184.0 
1 

' 2 
3 
4 

5 
G 
7 
Fi 
!I 

186.0 
1 
2 
3 
4 

5 
6 
7 
H 

186,: 



i ( 41 

TABLE SX.-Computation of Heights.-For determining Heights vith the 
Boiling Point Thermometer.-(Contiuuecd). 

Boiling 
Point 

O 

i 9 8 . 0  
1 
2 
3 
4 

5 
6 
7 
8 
9 

1 0 9 ' 0  
Z 
2 
3 
4 

5 
(i 
7 
S 
'3 

2 0 0 ' 0  
1 
2 
3 
4 

5 
(; 

7 
8 
!) 

2 0 1 . 0  
1 
2 
3 
4 

Ti 
; 
7 

n 
902'0 

noiling 
YoinL 

O 

1 9 0 . 0  
1 
2 
3 
4 

5 
6 
7 
8 
9 

1 9 1 ' 0  
1 
2 
3 
4 

5 
l3 

7 
8 
9 

1 9 2 . 0  
1 
2 
3 
4 

5 
(i 

7 
H 
!) 

1 9 3 . 0  
1 
2 
3 
4 

5 
G 
7 
8 
9 

1 9 4 . 0  

Ap1w.o~ 
L i e ~ g l ~ t  

Feet 

9646 
9590  
9535 
9479 
9424 

0 3 ~ 9  
9314 
y 2 5 9  
9204 
0149  

y o y j  
9039 
SyS3 
8029 
8874  

S S I ~  
s i b 4  
S j o y  
S 6 j 4  
8 5 1 ) ~  

8544 
S j S y  
S435 
8 3 8 ~  
8324 

8270 
Sz I 5 
8160  
8105  
80 j1  

7996 
7941 
7887 
7831 
7777 

7723 
7668 
7613 
7560 
7 5 0 j  
7 4 j o  

1.-(Conli~rued).  

Boiling 
YoinL 

O 

194.0 
1 
2 

4 

5 

7 
8 
! 

1 9 5 ' 0  
1 
2 
3 
4 

5 
G 
7 
8 
'3 

1DG.O 
1 
2 
3 
4 

5 
G 
7 
8 
9 

1 9 7 . 0  
1 
2 
3 
4 

5 
C; 

7 
8 
n 

10S .O 

Dsro- 
meler 

Inches 

2 2 , 4 9 8  
545 
592 
639  
6S6 

734 
781 
8 2 9  
876 
924 

22.971 
23.019 

067 
"5 
163 
211  

259 
308 
356 
405 

23 '453  
502 
550 
599 
648  

697  
746 
795 
S45 
894 

2 3 ' 9 5 3  
993 

2 4 , 0 4 2  
092 
142 

191 
241 
291 
341 
391 

2 4 . 4 4 2  

Appror. 
l l e i g l ~ t  

Feet 

14129 
14072 
14015 
'395Y 
13902 

13845 
13788 
13732 
13675 
13619 

13561 
13506 
1344rj 
13392 
13335 

13278 
13222 
13165 
13109 
13053 

12997 
12939 
12883 
IZSZO 
12771 

12714 
126 iS  
I 2 6 : ) ~  
12545 
1 2 4 s ~  

12413 
12377 
12321 
1 2 2 0 j  
1 2 2 0 s  

12152 
120y6 
1 2 0 4 0  

11984 
11927  
,11871 

~ ~ i l i , , ~  
poi l l t  

186 .0  
1 
2 
3 
4 

5 
6 
7 
8 
9 

1 8 7 ' 0  
1 
2 
3 
4 

5 
6 
7 
8 
9 

188.0 
1 
2 
3 
h 

G 
7 
H 
!) 

189.0" 
1 
2 
3 
41 

5 
6 
7 
rr 

l g o ' o  

Bsro- 
meter 

Inches 

20 .685  
729 
773 
8x7  
861 

g05 
949 
993  

2 1  '038 
082  

21.126 
171 
216 
zho  
3 0 j  

' 3jO 
3 9 j  
440 
485 
530 

21 '576  
621 
666 
7 1 2  
7 j S  

803  

51 
941 
987 

22'033 
0 7 9  
125 
172 
2 1 s  

264 
311 
3 j 8  
404 
451 

z z , j y S  

- 

Appro 
I~eirIl  

Feet 

745c 
7306 
7342 
7287 
7233 

7178 
7124 
706(, 
7015 
696 i  

09c7  
6 S j 2  
67yS 
6744 
66Sy 

6635 
6 j S r  
6526 
6473 
6 4 1 s  

6364 
6 3 1 0  
6257 
6202 
6148  

6094 
bo4c1 
59b" 
5031 
537s  

5824 
5 7 7 ~ ~  
5710 
5062 
5608 

g j s j  
5501 
5447 
5393 
5340 
52Sj  

Dlrro- 
nretel. 

Inches 

17 .423  
461 
499 
537 
575 

614 
652 
690 
729 
767 

17.806 
844  
833 
922 
961 

18 '000  
039  
078 
117 
156 

1 8 . 1 9 5  
235 
274 
314 
353 

793 
432 
472 
512 
552 

18.592 
h32 
672 
712 
753 

793 
833  
874 
914 

"55 
1 8 , 9 ~ ) 6  

Dnro- 
rnoter 

I ~ i c h e ~  

1 8 . 9 9 6  
19.036 

0 7 7  
I 1 8  
159 
2 0 0  

2 4 1  

283 
324 
365 

1 9 . 4 0 7  
4 4 s  
490 
532 
573  

615 
657  
699  
741 
783 

19 '825  
868  
9 1 0  
952 
995 

20'037 
080 
123 
166 
208 

20.251 
294 
338 
3 3 1  
424 

467 
511 
554 
599 
641 

20 .685  

P A ~ T  

Approx. 
Height 

- 

Feet 

11871 
11816 
11760 
11704 
11648 

11592 
11536 
11479 
11424 
11368 

11312 
11257 
I 1 2 0 0  

11144 
11089 

11033 
lo977  
r o c ) ~ ~  
10S66 
10810 

10755 
10699 
10643 
I O ~ S S  
'0532 

10477 
1 0 4 2 1  

10365 
lo310  
10255 

10200 

10144 
1 0 4 s  
10032 
9977 

(1022 
9866 
ys12 
9756 
9701 
1,646 
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TABLE XX.-Computation of Heights.-For determining Heights with.th6 

Boiling Point Thermometer.-(Conti~tzcecl). 

' 

' PART I.-(Continued). 

Boiling 
P o ~ n t  

O 

209'5 
G 
7 
8 
9 

210'0 
1 

3 
4 

5 
6 
7 
8 
9 

211.0 
1 

. 2 
3 
4 

5 
6 
7 
8 
9 

212'0 

Doiling 
Point 

" 

202'0 
1 
2 
3 
4 

5 
6 
7 
9 
9 

503.0 
1 
2 

4 

5 
6 
7 
8 
9 

204.0 
1 
2 
3 
4 

201.5 

Boiling 
l'uil~l ------- 

O 

204.5 
6 
7 
8 
9 

205.0 
1 
2 
3 
4 

5 
6 
7 
8 
9 

206'0 
1 
2 
3 
4 

5 
G 
7 
S 
9 

207.0 

PAFIT 11.-JIullipli~rs for Mcan Temperature (Falrrenheit) of tho S t r a t u n ~  of Ail. pasaed through. 

Baro- 
metcr 

Inches 

24.442 
492 
542 
593 
644 

694 
745 
796 
847 
898 

24.949 
25.030 

0j1 
Io3 
154 
206 
2j7 
309 
361 
413 

25.465 
517 
569 
621 
674 

25'726 

Earo- 
meter 

Inches 

28.464 
521 
579 
636 
693 

28.751 

:a 
924 
982 

29.040 
098 
156 
215 
273 

29.331 
390 
449 
508 
566 

625 
684 
744 
803 
862 

23.922 

Baro- 
meler 

~ n c h e s  
25.726 

779 
831 
884 
937 

zg.ggo 
26,043 

096 
149 
202 

255 
309 
362 
416 
470 

26.523 
577 
631 
685 
740 

794 
548 
933 
957 

27.012 
27'066 

Approx. 
Height 

Feet 

528j 
5232 
5178 
5124 
5070 

5017 
4963 
4909 
4356 
4802 

4749 
4695 
4642 
4588 
4535 
4481 ' 

4423 
4375 
4321 
4267 

4214 
4161 
4108 
4054 
4000 
3948 

Approx. 
Height 

Feet 

13~5 
1253 
1200 
1148 
1096 

1043 
9 90 ,,, 
886 
834 

782 
730 
678 
625 
573 

521 
469 
4r.6 
364 
313 
261 
209 
156 
104 
52 
o 

Mean 
l'elop. 

0° 
0 . 5  
1 
1.5 
2 

2.5 
3 
3 . 5  
4 
4 '5  

5 
5 . 6  
6 
6.5 
7 
7 '5 

A 

Multi- 
p l ~ e r  

-___ 

0.933 
954 
935 
936 
938 

939 
910 
941 
942 
943 

0,944 
94 j 
946 
947 
948 

0.949 

Bpprox. 
Height ---- 
Feet 
2621 
2j68 
2515 
2462 
2409 

2357 
, 2303 
2251 
2199 
2146 

2094 
2041 
1988 
1935 
1882 

1830 
1775 
1724 
1672 
1620 

1567 
1514 
1463 
1410 
I357 
1305 

Approx. 
Height 

Feet 

3243 
3b94 
3841 
3788 
3734 
3681 
3628 
3575 
3522 
3469 
3416 
3362 
3310 
3256 
3203 

3151 
3097 
3044 
2991 
2938 
2885 
2832 
2779 
2726 
2673 
2621 

nIcnn 
Temp. . 
37'5 
38 
85.5 
30 
39.5 

4.0 
40.5 
41 
41.5 
42 

42'5 
43 
4,a.s 
4.h 
45'5 
4'5 

IvIenn 
Temp. 

30' 
30.5 
31 
31.5 
32 

32.5 
33 
33'5 
34 
3b.5 

35 
35.5 
46 
3G"j 
47 
37.5 

Multi- 
plier 

1.011 

013 
014 
015 
016 

017 
018 
019 
ozo 
02 I 

1'022 

023 
024 
025 
026 

1'027 

Mean 
Temp. 

7'5 
8 
8.5 
9 
9 .5  

10 
10.5 
11 
11'5 
12 

12'5 
1:3 
1 3 5  
14 
1 5  
15 

Boiling 
PoinL 

O 

207'0 
1 
2 
3 
4 

5 
6 
7 
8 
9 

208.0 
1 
2 
3 
4 

5 
6 
7 
8 
9 

209.0 
1 
2 
3 
4 

209.5 

8111lti- 
11licr 

0.996 
997 
998 
999 

1.000 

OOI 
002 

003 
004 
005 

1'006 
007 
008 
oor) 
010 

1'011 

Multi. 
plicr 

0.949 
950 
9j1 
9j2 
9j3 

954 
yjg 
9j6 
9j7 
9jS 

0.959 
960 
961 
963 
964 

o.96j 

Baro. 
meter 

Inches 

27.066 
IZI 

176 
231 
286 

341 
397 
452 
507 
563 

27,618 
674 
730 
786 
842 

858 
9j4 

28.011 
067 
123 

28.180 
237 
293 
350 
407 

28.464 

Menn 
Temp. 
- 

1.5' 
16.5 
16 
16.5 
17 

17.5 
19 
19.5 
19 
1 0 5  

20 
20.5 
21 
21.5 
22 
22.5 

blulti. 
plier 

0.965 
966 
967 
968 
969 

970 
971 
972 
973 
974 

0.975 
976 
977 
978 
979 

0.98~1 

b1cnn 
Tclnp. 

23'5 
2:3 
2 5  
24 
2.4'5 

25 
23'5 
26 
2 6 . 5  
27 

27.5 
28 
2Y.5 
29 
29'5 
30 

Multi- 
plier 

0.980 
981 
982 
983 
984 

985 
986 
988 
989 
990 

0.991 
992 
993 
994 
ggj 

0'996 



TABLE XX.-Computation of Heights.-For determining Heights with the 
I Boiling Point Thermometer.-(Continzcecl). 

TABLE XX1.-Parallax of the Sun. 

I ' A ~ T  11.-(Continued). 

N o ~ ~ , - P a r d e x  is additive to Altitudc and twbtmctive from Zenith Distance, 

Mean 
Temp. 

--- 
75' 
75 '5  
76 
76'5 
77 

77 '5  
78 
78.6 
79 
79.5 

80 
80.5 
81  
81.5 
82 

82.5 
83 
8 3 ' 5  
84 
84.5 
85 

dlt~tudo 

0 

0 
5 

10 
15 
20 

25 
3r 1. 

35 
40 
45 

50 
55 
GO 
G5 
70 

75 
80 
85 
90 

Mean 
Tcrnp. 
- 

65O 
65.5 
66 
66'5 
67 

67.5 
6s 
68'5 
G9 
G9.6 

70 
70.5 
7 1  
7 1 5  
72 

72.5 
73 
73.5 
7.4 
74.5 
76 

)lean 
T.,,,~, - 
45' 
45.5 
46 
46.5 
47 

47-5 
48 
48.5 
49 
49.5 

60 
50'5 
51 
51'5 
52 

52.5 
5.7 
53'5 
54 
54'5 
59 

January 

9 ' 0  
9 ' 0  
8 . 9  
8 . 7  
8 . 5  
8 . 2  
7 ' s  
7 ' 4  

' 4  

5 ' s  
5 ' 2  
4 ' 5  
3 . 8  
3 ' 1  

2 ' 3  
1 ' 6  
0 . 8  
0'0 

Multi- 
yliar 

1.069 
070 
071 
072 
073 

074 
075 
076 
077 
078 

1'079 
oSo 
081 
082 
083 
084 
0 8 j  
086 
087 
089 

1.090 

Mean 
Tcu~p.  

55O 
55'5 
56 
56'5 
57 

0 3 2 5 7 ' 5  
58 
58 '5  
50 
59.5 

60 
60 '5  
6 1  
61 '5  
62 

62.5 
63 
63.5 
G-k 
64.5 
65 

. Multi- 
plier 

1.027 
028 
029 
030 
031 

033 
, 034 

035 
036 

1.038 
039 
040 
041 
0 4 2  

043 
044 
045 
046 
047 

1.048 

DIhlti- 
plicr 

1.090 
091 
092 
093 
094 

095 
096 
097 
098 
099 

I ' I O O  

I O I  

I O Z  

103 
104 

105 
106 
107 
108 
109 

1 .110  

Multi- 
plier 

-- 
1.048 

049 
050 
051 
052 

053 
o j 4  
055 
056 
057 

1.058 
059 
060 
061 
062 

'' 063 
065 
066 
067 
068 

1 ,069 

81~11 
nrid 

.ctOb~. 

8 . 8  
8 . 8  
8 . 7  
8 . 5  
8 . 3  
8 . 0  
7 ' 7  
7 ' 2  
6 . 8  
6 .2  

5 ' 7  
5 ' 1  
4 ' 4  
3 ' 7  
3 ' 0  

2 ' 3  
1 ' 5  
0 . 8  
0 '0  

February 
nnd 

Ih?~~, l lbe .  

9 ' 0  

Alenn 
Temp, 
- 

!Is0 
95.5 
96 
96'5 
97 

97'5 
98 
98 .5  
99 
99 '5  

100 

Altitude 

0 

0 
5 

10  
15 
20 

25 
30 
35 
40 
45 

50 
55 
GO 
G5 
70 

-- 1 3  

80 
85 
90 

AInrch 
nnd 

0 1  

8 . 9  

D1:~y Jurrc 
nrid July 

~ C ? ~ ~ ~ ~ l l l b ~ ~  1 *:lit8t 1 

Multi- 
plicr 

1'131 
132 
133 
134 
135 

136 
137 
139 
140 
141 
1 4 2  

Mnlti- %:;. 1 plicr 

8 . 8  
8 . 7  
S . 6  
6 . 5  
8 . 3  
8 . 0  
7 ' 6  
7 ' 2  
6 . 7  
6 .2  

5 ' 6  
5'O 
4 ' 4  
3 ' 7  
3 ' 0  

2 . 3  
"5 
0 . 8  
0 . 0  

85O 
83.5 
SG 
8G.5 
S7 

87 '5  
SY 
88'5 
89 
89.5 

96 
90.5 
0 1  
91.5 
92 

92.5 
93 
93.5 
94 
94.5 
95 

8 . 8  
8 . 7  
8 . 4  
8 . 1  
7 ' 8  
7 ' 3  
6 . 9  
6 ' 3  

5 ' 8  
5 1  
4 ' 5  
3 ' 8  
3  ',I 

2 ' 3  
1 . 6  
0 . 8  
0 . 0  

-- 

1.110 
1x1 

I13 
1x4 
I I ~  

116 
"7 

' 1 1 8  
1x9 
1 2 0  

1 .121 
rzz 
123 
124 
125 
126 
127 
128 

' 129 
130 

I ,131 

8 . 7  
8 . 7  
8 .6  
8 ' 4  
8 .2  

8 . 6  
8 ' 4  
8 . 1  
7  7  
7 ' 3  
6 . 8  
6 . 3  

5 ' 7  
5 ' 1  
4 ' 5  
3 ' 8  
3 ' 0  

2 ' 3  
1 . 6  
0 . 8  
0'0 

I 

8 . 7  
8 . 7  
8 . 6  
8 . 4  
8 . 2  

7 ' 9  
7 ' 6  
7 ' 1  
6 ' 7  
6 . 2  

5 ' 6  
5 ' 0  
4 ' 4  
3 ' 7  
3 ' 0  

2 ' 3  
1 ' 5  
0 . 8  
0 . 0  

7  I 
6 . 7  
6 . 2  

5 ' 6  
5 ' 0  
4 ' 4  
3 ' 7  
3 ' 0  

2 ' 3  
1 ' 5  
0 . 8  
0'0 
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TABLE XXI1.-Astronomical Refractions. 

- ~ - - 

NOTES.-1. ltcfrnction i odrlifive to Apparent Zrt~itli Distnnrc nnil ssblrarfit~~ frnm Appnrent. hltitndc. 
a,,L/r,rr4,  r~ fro," l p s s  

2. Corrcction for I~nrometer is ---- : - -  - Ncnn 1:cCroction if l)aro~nctcr rcnrls than :iC Inches. 
"dt / , f , lV f,) 91lorc 

sal , f r r rc l i~ . r  from Ir i!/hr.r 
3. Correction for temperatnrc is - . - ,, tempcrnture is  - than tci Fnhr. add~ltre lo  lofuer 

Diff. for 

B ~ . ~ ~ ~ e , ,  

I 

0.00 
'q3 
'07 
'1 1  

'14 
'17 
'21 

'24 
.zS 
'3' 
'35 

0.38 
'42 
'46 
'49 
'53 

'57 
.60 
.64 
.68 
'72 

0.76 
.80 . 
'84 
.8S 
'92 

.96 
1.01 

'oj 
'('9 
'14 

1.19 
'23 
.28 
'33 
.38 

::::. 
Z C U I I I I  

Distlrnre 

0 

0 
1 
2 
3 
4 
5 

G 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
3 8 
19 
20 

21 
22 
23 
24 
? .j 

26 
2 7 
23 
20 
30 

31 
32 
33 
34 
35 

3G 
37 

far 
~ ~ r ~ ~ ~ ~ ~ .  

0.121 
.rzj 
"129 
134. 
.1;9 

' I44 
, .I49 
'154 
160 
166 

p.172 
"79 
.186 
' '93 
.ZQI 

'210 

.218 

.22S 
'23s 
' 249, 

0.260 
'273 
.287, 
,331 
'318 
'335 

:355 
.366 
'377 

81enn Refrnc. 
tion for Bnro 
30 in. 
Temp. 60' 

Fohl.enlicit 

I N 

0 0.0 
1.0 
2.0 
3'1 
4'1 
5'1 
6.1 
7'2 
8.2 
9'2 
10.3 

o 11.3 
12'4 
'3'5 
14.5 
15.6 

16.7 
17.8 
18.9 
20' I 
21.2 

o 22'4 
23.6 
24'7 
26.0 
27'2 

28.4 
29'7 
31'0 
32'3 
33'7 

o 35.0 
36.4 
37.8 
39'3 
40.8 

43'9 

3funn Refrnc- 

DiE, for t:~r t,ion for Bnro nirr, 
IL. z D 

, 
+ 0'035 

'037 
'038 
'O39 
'041 

'042 
'044 
'047 
'049 
'051 

0'054 
'057 
'060 
'064 
.06S 

'072 
'076 
'081 
'088 
'095 

0.101 
' 109 
1 1 s  

'129 
'142 
'Ijj 

'171 
I S Z  
'190 

33 
30 
40 

41 
43 
43 
4 E 
4.5 

DitT, for 
1.2. D. 

+ 0'017 
'017 
'017 
.or 7 
.OI 7 
.017 

'017 
;017 
'or7 
'01 7 
'or7 

0'017 
,018 
,018 
.or 8 
.or8 

.or8 
,018 
.or9 
.or9 
.or g 

0.019 
,019 
'020 

'020 

'020 

'02 I 
'OZZ 
'022 

'023 
.ozj 

0.023 
.023 
'024 
'02 j 
'02 j 

.026 

l " ~ m p .  

I 

0.000 
,002 

. O O ~  

.os6 
'00s 
'010 

'01 z 
'or 4 
.016 
.01s 
.ozI 

0.023 
.02 j 
'027 
.029 
'031 

'033 
'036 
'038 
'040 
,042 

0.045 
,047 
'049 
.ojz 
'Oj4 

.oj7 
'059 
.062 
'06 j 
.067 

I 

Diff. for 
1 i n c h  

nllm muter 

2.04 
'12 

'19 
'27 
'35 

'44 
'53 
.62 
-72 
.82 

2.92 
3'03 ..- - 3  

.28 
'41 

'55 
'70 
.86 

4'03 
'22 

4.41 
'63 
.S6 

j.11 . 
.38 
.6S 

6.01 
'20 

0.070 
'073 
,076 
'079 
'082 

'454 

'459 
'46j 
' 470 
.476 
'482 
'4Ss 

,268 

'275 
' 280 
,287 
-29j 
'30'1 
'319 

Z m i t l ~  

0 1  

46 
47 
48 
40 
60 

51 
52 
53 
54 
65 

66 
67 
55 
59 
GO 

61 
62 
(3 
6L 
6-5 

GG 
67 
68 
60 
70 
7 1  

72 O 

30 
73 0 

' 204 

'69 

.78 
'8; 
'97 

4.07 
" 7  
'27 

4j.j 
47'2 
48.9 

050.6 
52'4 
54'3 
56.2 
58.2 

'j4 

BtlllronheiL 
-- 

I *  

1 0'3 
I 2.4 
1 4'7 
I 7'0 
1 9'4 

I 11.9 
I 14'5 
1 17'2 
I 20.1 
I 23'1 , 

126.2 
1 29'j 
1 33'0 
1 36'7 
I 40.6 

I 44.8 
I 49'2 
1 5Y59 
I 58'9 
2 4'4 

2 10'2 

2 16.5 
2 23'3 
2 30'7 
2 38's 
2 47'7 

57'4 
3 2.8 
3 5'3 

30 
79 o 

30 

-- r . )  o 
10 

20 

30 
40 
50 

56 o 
1 0  
20 

30 
40 
50 

'21 j 
'227 

0.237 

.028 

.028 

.ozS 

0.029 
'031 
.032 
'03 3 
'034 

.60 

.66 

1.72 
'78 
.Y4 
.9l 
'97 

3 14'2 
3 23'j 
3 27.1 

3 34.1 
3 36. j 
339'0 
3 41'6 
344'2 
3 46.3 

3 49.6 
3 52'3 
3 55'2 
3 58.1 
4 1'0 
4 4'1 

'094 
'098 

0.101 
'105 
.lo9 
'112 

116 

.So 
7.02 

7.26 

,401 
'414 

0.428 
'433 
'438 
'4.13 
'448 

'34 
'253 
'257 
'263 

' jr 
'60 
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TABLE XX1I.-Astronomical Refractions.-(Continued). 

NOTEE.-~. Refraction is additive to Apparent Zenith Distancc and subtractive from Apparent Altitude. 

2. Correction for barometer is Ff'btmctzvefrom lrsa 
lo 

Mean Relrnction if barometer reads -- then 30 Inchw. 
more 

3. Correction for tempere+,nre is SNttrart"Je from hi ,~hrr  
a&rl%ve lo I, temperature is - than 60" Fahr. 

lo we* 

, 

2:;- 
~ ~ ; ~ ~ ~ c  

~ ~ f f ,  for 
lo Temp. 

N 

0'494 
'526 
'532 
'540 
'547 
'554 
'562 
.570 
' ~ 7 ~  
.,-86 
'594 
'603 

I 0.61.2 
'621 
' 630 
.640 
'6jo 
,660 

'670 
'681 
'692 
'704 
'716 
'728 

0.740 
'753 
'767 

Mean Refrac- 
tion for Baro. 

K:,"ppe$. 
Bulrrenl~eit 

Diff. for B::sr 
8.40 
'5' 
.62 
'74 
'85 
'97 

9.09 
'22 

'35 
.48 
'62 

. '76 

9'90 
10.05 

.20 

.36 

.52 
'68 

'0.~5 
11'03 

'21 

'39 
-62 

12.02 
'24 
'46 

Diff. 
1' z. D. 

I 

+ 0'3x5 
.320 
'330 
'340 
'345 
'355 

'365 
'375 
'385 
'395 
'405 
'415 

0'430 
'440 

'465 
'480 
"495 

'5O5 
'520 
'540 - 560 
'575 
'590 

0.610 
'635 

A ~ p a .  

$etk,, 
Distance 

0 1  

77 o 
I0 
20 

30 
40 

a 50 
78 o 

I0 
20 

30 
40 
50 

.79 0 
10 
zo 
30 
40 
50 

80 o 
10 
zo 
30 
40 
50 

81 o 
10 

20 

- 
0 1  

84 30 
40 
50 

85 o 
10 

20 

3O 
40 
5' 

86 o 
5 

I 0  

15 
20 

25 

8630 

4o 35 
45 
5O 
55 

87 o 
5 

10 

15 
20 

25 

87 30 
35 
4O 
45 
5' 
55 

88 o 
5 
10 

15 
20 

25 
88 30 

35 
40 

Xean Refrac- 
ti01 for Baro. 

34  in. and ,.,, 
Fallranlleit 

1 ' 1  

4 7'2 
4 10'4 
4 13.6 
4 '7.0 
4 20'4 
4 23'9 

4 27.5 
4 31'2 
4 3j'O 
4 38'9 
4 42'9 
4 47'0 

4 51'2 
4 55.6 
5 0.0 
5 4.6 
5 9'3 
514'2 

5 19'2 
5 24'3 
5 29.6 
5 35'1 
540.8 
546.6 

5 52.6 
5 58.8 
6 5.3 

30 
40 
50 

82 o 
10 

20 

30 
4O 
50 

83 0 

'0 

20 

30 
40 
50 a 

84 '0 
10 

a3 

1' 6 D. 

I 

18.71 
19'25 

'76 

20.31 
'9 

21.5 
22.1 

'9 
23'6 

24'4 
'7 

25'1 
.6 

26.0 
'4 

26.9 
27'5 
28.0 

'5 
29.0 

'5 

30'1 
'7 

31'2 
.8 

32'5 
33'1 

33.8 
34'9 
35'6 
36'4 
37.2 
38.0 

'9 
39'8 
40'7 
41'7 
42.7 
43.7 

44'8 
46.4 
47.8 

6.11'9 
6 18.8 
6 25'9 

6 33.3 
6 41.0 
6 48.9 
6 57'2 
7 5'7 
714.6 

7 23'9 
7 33'5 
7 43'5 
7 54'0 
8 4.9 
8 16.2 

8 z8.1 
8 40. j 
8 53'4 

DiE. for 
l"Temp. 

Diff. for 

, 
1.203 
'235 
.268 

1.302 
.34 
'44 
' 48 
'53 
'57 

'62 
'65 
.68 
'70 
'73 
.76 

1'87 
'90 
'94 
'97 

2.01 ' 

'04 

.08 
'12 

'25 
'29 
'34 
'39 

2'44 
'49 
'54 
'59 
76 
.82 

-88 
'95 

3.02 

.zS 
'09 

36 

3'45 
'54 
-76 

I n  

9 7'0 
9 21.3 
936.2 

952.0 
10 9 
10 26 
10 44 
I 1  4 
I 1  24 

1 1  46 
1 1  57 
I2 9 
1 2  21 

1 2  33 
12 46 

1 2 5 9  

'3 I3 I 2  26 
13 41 
'3 s6 
14 1 1  

1 4 2 7  
I 4  43 
15 o 
15 18 
15 36 
I5 55 

16 14 
16 34 
16 55 
17 1 7  
'7 4' 
18 3 

18 28 
'8 53 
19 20 
19 47 
2016 
2046 

21 17 
21 50 
22 24 

' 700 
'725 

'755 
' 780 
.8ro 
'840 
' 870 
'910 

0'945 
.980 

1'025 
'070 
,110 

a 160 

1'215 
'265 
'325 

DiTi:r 

I 

+ 1'395 
'460 
'535 

1.620 
'70 
'79 
.89 
'99 

2'11 

'21 

'29 
.36 
'43 
'50 
.58 

2.66 
'75 
'84 
'92 

3-02 
'13 

'23 
'33 
'45 
.58 
'71 
'83 

3.96 
4'12 
'29 
'44 
.60 
'79 

4'99 
5'19 
'40 
'63 
.86 

6.11 

6.38 
'67 
.98 

13'16 

13'41 
'67 
.94 

14'23 
.56 
'86 

15.18 
.51 
'85 

16.21 
.58 
'97 

17-38 
'80 

18.24 

'795 
'810 

.g26 
'842 
.858 
'876 
.894 
,913 

0'932 
'998 

r'ozo 
'043 
.067 
.09z 

1.118 
'145 
'173 
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2 Sin" t TABLE XXII1.-Values of ------- for Computation of Circumpolar Azimuths. 

Sin 1" 

Sceondv 

O 
1 
2 
:j 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
19 
19 

90 
21 
22 
2s 
24 
25 
26 
27 
2% 
29 

30 
31 
8'2 
33 
8 
35 
36 

3 7  
33 
j )  

40 
41 
43 
48 
44 
4 

47 
4% 

om 

0.00 
0.00 

0.00 

0.00 
0.01 
0.01 

0.02 

0'32 

0.03 
0.04 

o'oj 
0.06 
0.08 
0 . ~ 9  
0.11 
0.12 
0.14 
0.16 
0.18 
0.20 

0.22 

0'24 
0.26 

1 "' 

1.96 
2.03 
2.10 

2.16 
2.23 
2.51 
2.3s 
2 
2 . j ~  
2.60 

2.67 
2'7j 
2'83 
2.91 
2.99. 
3'07 
3.15 
3.23 
3'32 
3'40 

3'49 
3'j8 
3.67 

51 
52 
53 
54 
5.5 
36 
57 
68 
59 

Ij.yj 
16.14 
16.3~ 
16.j1 
16.70 
~tl.Yg 
17.08 
17'28 
17.47 

. .. 

2") ---- 

7'8j 
7.98 
8.12 
8.zj 
8.39 
8 . j ~  
8.66 
8.80 
8.94 
9.08 

e9.22 
9'36 
9'50 
9.64 
9'79 
9'94 
10.09 
1 0 . ~ 4  
10.39 
IO'j4 
10.69 
10.84 
11.00 

0.2813'76 
0.31 3'8j 
0.34 1 3.94 

I 
1'48 
I 
1.59 
1'6j 
1.71 
1'77 
1'83 
1.89 

II'lj 
11.31 
11.47 
11.63 
11.79 
11.yj 
12.11 

12.27 
12'43 
12.60 
12.76 
12.93 
13.10 
13'27 
13.44 
13'62 
13'79 

13.96 
14.13 
14'31 
14.40 
14'67 
1j'Sj 
Ij.03 
Ij.21 

15.39 
1j.57 

Ij.76 

0'37,4'03 
0'40 
0'43 
0.46 

0'49 
o'j2 
o.j6 
0'59 
0'63 
0.67 
0.71 
o'7j 
0'79 
0'83 

0'87 
0.91 
0.96 
1.01 

1'06 

6.72 
6.84 
6.90 
7.09 
7.21 
7.34 
7.46 
7'60 
7'72 

190'47 
1 ~ 1 . 1 2  

rc1.76 
102'41 
1y3'(?6 
103'71 
194'36 
Igj'ol 
19j'66 

2y.10 
29.36 
29.61 
29.86 
30.12 
30'33 
30.64 
30.90 
31.16 

4'12 
4.22 
4.32 

4.42 
4'jZ 
4.62 
4'72 
4.82 
4.92 
j.03 
5'13 
j.24 
j.34 

j.4j 
j'j6 
j.67 
5.78 
5'99 

r'Io,h.or 

9"' 

159.02 
159.61 
160.20 
160.80 
161.39 
161.98 
162.58 
163.17. 
163.77 
164.37 

164.97 
165.57 
166'17 
166.77 
167.37, 
167.97 
108.j8 
169.19 
169.80 
170.~41 
171.02 
171.63 
172.24 

-- 
3" 

17.67' 
17.87 
18'07 
18.27 
18.47 
18'67 
18.87 
19.07 
19.28 
19.48 

19.69 
19'90 
20.11 

20.32 
20.53 
20.74 
20.9j 
21-16 
21.38 
21.60 

21.82 
22.03 
22.25 

1'1gi~1'13 
1.20 1 6.24 
1.26!6.36 

6.48 

6.60 

172'8j 
173'47 
174.05 
174.70 
175.32 
175.94 
176.56 

177'18 
177'80 
178'43 
179'Oj 
179'68 
180.30 
180'93 
181.56 
182'19 
182.32 

183.46 
184.09 
184.72 
185'3j 
185'99 
1d6.63 
:87'27 
187.91 
188'jj 
189'19 

189.83 

2 7  
22.70 
22.92 
23.14 
23.37 
23.60 
23.82 

24.oj 
24.28 
24.51 
24.74 
24.98 
~ j . 2 1  

~j'4j 
2j.68 
25.92 
26.16 

26.40 
26.64 
26.68 
27.12 
27.37 
27'61 
27.86 
zY.10 
29.35 
28.60 

zS.8j 
46'18 
46.50 
46.82 
47.14 
47.46 
47.79 
48.11 
48.43 
48'76 

Hour - -  - 

4" 
f, 

31'42 
31'68 
31.94 
32'20 
32'47 
32'74 
33.01 
33.27 
33'54 
33.81 

34.09 
34'36 
34'64 
34.91 
3j.19 
35'46 
35.74 
36.02 
36'30 
36.58 

36-87 
37.15 
37.44 
37.72 
38.01 
38.30 
3S'j9 
38.88 
39'17 
39'46 

39.76 
40.05 
40.35 
40.65 
40.93 
41.2j 
41.55 
41.85 
42.1j 
42.45 

42.76 
43.06 
43.37 
43.68 
43.99 
44.30 
44.61 
44.92 
45.24 
45.jj 

45.87 
67.19 
67.58 
67.96 
68.35 
68.73 
69.12 
69.j1 
69.90 
70.29 

Angles in 
51" 1 

49'09 
49.41 
49'74 
jo.07 
jo.40 
50'73 
jI.07 
51'40 
51'74 
52'07 

52'41 
52'75 
53'09 
j3.43 
j3.77 
54'11 
54.46 
54'80 
j5.15 
jj.50 

55.84 
56.19 
56'5j 
56.90 
j7'2j 
57.60 
j7.96 
j8.32 
58.68 
59'03 

59.40 
59.75 
60.11 
60.47 
60'84 
61.20 
61.57 
61.94 
62'31 
62.68 

63.05 
63.42 
63.79 
6+'16 
64.54 
64.91 
6j.29 
65.67 
66.05 
66'43 
66.81 

92'12 
92.57 
,13.fiz 
03.47 
93.92 
(1.1.38 
94.83 
9j.29 
95.74 

Time 
6ni 

70.68 
71.07 
71'47 
71'86 
72.26 
72'66 
73.06 
73'46 
73'86 
74'26 

74'66 
75.06 
75'47 
75.88, 
76'29 
76'69 
77.10 
77.51 
77'93 
78'34 

78.75 
79.16 
79.58 
80'00 
30'42 
80.84 
81.26 
81.68 
82.10 
82.52 

82.9j 
83.38 
83.81 
84.23 
84.66 
8j.09 
8j.52 
8j.gj 
86.39 
86.82 

87.26 
87.70 
88.14 
88'57 
89.01 
89'45 
89.89 
90.33 
90.78 
91.23 
91.68 

120.98 
121.4,) 
itz.01 
122.jj 

123.oj 
123.j7 
1z4-09 
124.61 
12j.13 

153'77 
1j4.35 
154.03 
~jj'jl 
1j6.00 
1j6.67 
157.25 
157.84 
158.43 

7m 

96.20 
96.66 
97.12 
97'58 
98.~4 
98.50 
98.97 
99.43 
99.90 
100.37 

100.84 
191.31 
101.78 
102'2j 
102'72 
103.20 
103.67 
104'15 
104.63 
IO~.I\O 

10j.j8 
106.06 
~oh'gj 

- -4 
8"' 

I 

12j.65 
126.17 
126.70 
127.22 
127.75 
128.28 
128.81 
129.34 
129.87 
130.40 

130'94 
131.47 
132.01 
132.jj 
133.09 
133.63 
134.17 
134'71 
13j.2j 
1jj.80 

136.34 
136'88 
137.43 

107.03 
107'jl 
107.99 
108.48 
108.97 
109.46 
109.yj 
110.44 
110.93 
111.43 
111.92 
112.41 
112.90 
113.40 
113.90 
114.40 
114.90 

11j.40 
1lj.90 
116.40 
116'90 
117.41 
117.92 
118.43 
r18.9~ 
119.45 
119.96 

120.47 

137.98 
138'j3 
139.08 
139'63 
140.18 
140'74 
141.29 

rqr.8j 
142.40 
142.96 
143'jZ 

.144.08 
144.64 
145'20 
14j.76 
146.33 
146.89 

147.36 
148.03 
148.60 
149.17 
149.74 
I j0.31 
rjo.88 
1j1.4j 
1j2.03 
1j2.61 

rjj'rc) 



2 Sin2 + t 
TABLE XXII1.-Values of -7- - for Computation of Circumpolar Azimuths. Sin 1" 

, 

, 

! 

Seco~lds 

w 

0 
1 
2 

, 3 
4 
5  
6  
7 
8 
9 

10 
11 
12 
1;j 
14 
15 
16 
17 
18 
19 

20 
21 
28 
2;3 
24 
35 
26 
27 
2Y 
29 

30 
31 
32 
33 
34 
63 
36 
37 
38 
8 9 '  

40 
41 
42 
3 
4E 
45 
46 
47 
48 
49 

50 
51 
52 

GE 
1'5 

in Tirne. 
15m 

441.63, 
442.62 
443'60 
444.58 
445.56 
446.55 
447'54 
448.53 
449'jI 
4j0.50 

451'jO 
452.~19 
453.48 
454.48 
455.47 
456.47 
4j7.47 
458.47 
459'47 
460.47 

461.47 
462'48 
463.48 
464.48 
465.49 
466.50 
467.51 
468.52 
469'53 
470.54 

471.55 
472'57 
473.58 
474'60 
475.62 
476.64 
477.65 
47S.67 
479'70 
480.72 

481.74 
482'77 
483.79 
484.82 
485.85 
4S6.88 
487'91 
488'94 
1Sy'97 
~ ~ I ' c I  

492.oj 
4~3.08 
104.12 
I 

- 
- 

196.32 
196.97 
197.63 
198.28 
1~8.94 
199.60 
200.26 
zoo.92 
201.59 
202.25 

202.92 
zo3'jS 
toq'zj 
204.92 
205.59 
206.26 
206'93 
207.60 
208.27 
208.94 

209.62 
210.30 
210.~8 
211.66 
212'34 
213.02 
213.70 
214.38 
215.07 
215'75 
2 1 6 ' . ~ ~  
217.12 
217.81 
218.50 
'21~'19 
219.88 
zzo'j8 
221.27 
221.97 
222.66 

223'36 
224.06 
224'76 
225.46 
226.16 

' 226.86 
227.57 
228'27 
228.98 
229.68 

230'39 
231.10 
231.81 
2 2 2  

56 234.57 
57 235.38 
6s 236.10 
59 236.82 , I 

12n1 

282.68 
283.47 
284.26 
28j.04 
285'83 
296.62 
*287'41 
288.20 
289.00 
289.79 
290.58 
291.38 
292.18 
292.98, 
293'7b 
294'58 
295'38 
296.18 
296.99 
297'79 
298.60 
299.40 
300'21 
301.02 
301.83 
302.64 
303'46 
394.27 
305'09 
30j.90 
306.72 
307.54 
308'36 
309'18 
310.00 
310.82 
311'6j 
312.47 
313.30 
314'12 

314.95 
315.75 
316.61 
317.44 
318.27 
319'10 
319.94 
320.78 
321.62 
322.45 

323.29 
324.1) 
324.97 

0 3:j'SI 

11"' 

237.54 
238.26 
238.98 
239'70 
240.42 
241'14 
241.87 
242'60 
243'33 
244.06 

244'79 
245'52 
246.25 
246.98 
247'72 
248'45 
249.19 
249'93 
2j0.67 
251.41 

252.15 
252.89 
253.63 
254.37 
~j5.12 
2jj.87 
256'62 
257'37 
~j8.12 
258'87 

259.62 
260.37 
261.12 
261.88 
262.64 
263.31~ 
264 15 
264.91 
zhj.68 
~ 6 6 . ~ ~  

267.20 
207.96 
268.73 
~ 6 9 ' ~ ~  
270.26 
271.02 
271.79 
272'56 
273.34 
274.11 

274.88 
275.65 
276.43 
277.20 

lGn l  

502.46 
503~50 
504'5j 
joj.60 
j06'6j 
5d7.70 
508'76 
jo9.81 
510.86 
511'92 

512.99 
j14.03 
515'09 
j16.15 
j17.21 
518.27 
519.34 
520.40 
521.47 
522.53 
523.60 
524'67 
525.74 
526.81 
j27.89 
528.96 
j30.03 
531.11 
532.18 
j33.26 

534.33 
535.41 
536.j~ 
537'58 
538'67 
j39.75 
540.83 
541'91 
543.03 
544.09 

545.18 
546'27 
547'36 
548.45 
j49.55 
550'64 
551'73 
5j2.83 
553'93 
5j5.03 

j56.13 
5j7.24 
5j8.34 
159.44 

2'33.24 1 213.95 
381.08 
381.~9 
382.90 
383.S~ 

279.5j 
280.3~ 
281.1t 
281.90 

562'.76 
j63.87 
564.98 
j66.08 

13"' 1 ------- 
I 

331.74 
332'59 
333'44 
334'29 
335'15 
336.00 
336.86 
337'72 
338'58 
339.44 

340'30 
341.16 
342.02 
342.88 
343'75 
344.62 
345.49 
346'36 
347'23 
348.10 

348.97 
349.84 
350.71 
j~1.58 
352'46 
353'34 
354.22 
3j5.10 
3jj.98 
356.56 

357.74 
358'62 
3j9.51 
360.39 
361.28 
362.17 
363'07 
363'96 
364.85 
365.7, 
366.64 
367.j3 
368.42 
369'31 
370.21 
371.11 
372.01 
372.91 
373'82 
374.72 

375.62 
376.j~ 
377.43 

328.3j 
j29'19 
330.04 
330.89 

Hour A~igles  

14"l 

384'74 
385'65 
386. 56 
387'48 
388'40 
389'32 
390'24 
391.16 
392.09 
393.01 

393'94 
3g4'86 
395'79 
396'72 
397'65 
398.58 
399'52 
400'45 
401'38 
402.32 

403.26 
404.20 
4oj.14 
406.08 
407'02 
407.96 
408.90 
409'84 
410'79 
411'73 
412.68 
413.63 
414'jg 
415.54 
416.49 
417'44 
418 40 
419.35 
420.31 
421.27 

422.23 
423.19 
424.15 
425.11 
426.07 
427 04 
428.01 
~28.97 
429.93 
430.90 

431.S7 
1432.84 
4j3.82 

379.26 
380.17 

277.98 326.66 

437.71 (4$3.28 
43S.69' 499.32 

56O'jj 
5 6 ~ 6 j  

l9nl 

708.42 
709.66 
710'90 
712.15 
713.39 
714.64 
715.90 
717.13 
718.39 
719.63 
720.89 
722.14 
723.40 
724'65 
725.91 
727.18 
728'43 
729'69 
730.95 
732'22 

733.48 
734.73 
736'00 
737.28, 
738.53 
739.81 
741.07 
742.35 
743'62 
744'89 

746.17 
747.45 
748'72 
jjO.00 
751'28 
752.56 
753'84 
75j.13 
756.40 
757'69 

7j8.96 
760.26 
761.54 
762.83 
764.12 
76j.42 
766.71 
768.00 
769.29 
770'58 
771'88 
173.18 
774'48 
775'78 

- 

17m 

567.19 
568'30 
569'42 
570.j3 
571.65 
572'76 
573.88 
575'00 
576.12 
j77.24 

j78.36 
579.48 
sS0.60 
581.73 
582'85 
583.98 
jS5.11 
586.25 
587.38 
588.50 

589'64 
590.77 
591:90 
j93.oj 
594.18 
5yj.32 
596.46 
597'60 
~ ~ 8 . 7 4  
599.89 
601.02 
602.17 
603.32 
604'46 
605.62 
606.76 
607.91 
609'06 
610.21 
611.36 

612.52 
613'68 
614.84 
616'00 
617.15 
618.32 
619.47 
620'64 
621'80 
622.96 

624.14 
625.30 
626.47 
627.64 

435.76 496.19 
6 1 2 278'76 

439.67 
44c.6j 

779.69 
780'98 
782.29 
783'jg 

18111 

63j.84 
637.03 
638.20 
639.38 
640.56 
641.74 
642.92 
644.11 
645'30 
646.49 
647.66 
648.86 
650.04 
6j1.24 
652.42 
653.63 
654.82 
656.01 
657.20 
658.40 

659.60 
660.80 
662.00 
663.21 
664.40 
665.61 
666.81 
668.02 
669.22 
670.44 
671.65 
672'85 
674.06 
675'27 
676'49 
677.70 
678'92 
680'13 
681'35 
682.57 

683'79 
685.01 
686.23 
687'46 
688'68 
689.91 
691.13 
692.36 
693.59 
6g4'82 

696'05 
697.28 
698.51 
699.75 

631.75 
632.32 
633'49 
634.67 

37s.34 

327.50 

5~0.37 
501.41 

703.46 
704.69 
705'93 
707.18 

3 . 9  
777'07 
778.38 

628'81 
629.97 

700'99 
702." 



TABLE XX1V.-Computation of Circumpolar Azimuths.-To Facilitate the Calcu. 
lation of the Corrections-for Instrumental Errors of Collimation, iln~lination 
and Devintion-to tho Obscrvcd Times of Transit. 

Zon~th  
D~stsnae 

Zcn~Lll 
'ln' l)~stouoo 

Z o n ~ t h  Z o n ~ t l ~  Docl~nntlon 1 

0 0 

0 I '000 90 
1 I ' 000 89 
2 0'999 88 

87 3 999 
4 998 86 
5 996 . 85 

0'995 8 E 
7 993 83 
8 990 83 
9 988 8 1 
10 985 80 

11 0.982 79 
12 978 78 
13 974 77 
14 :E 7G 
15 75 

16 0.961 - 74 
. 17 956 73 

18 95' 72 
19 946 7 1 
20 9 40 70 

21 0'934 69 
22 927 G8 
23 gzr G7 
2 -4 9'4 GG 
23 906 GG 

2G 0.899 G4 
27 891 63 
28 883 62 
29 875 Gl 
30 666 GO 

a1 0.857 59 
32 848 GH 
a3 839 57 
a4 829 GG 
33 819 66 

36 0-809 64 
37 799 GR 
38 788 52 
a9 ::I Gl 
40 GO 

41 0'755 49 
42 743 48 
43 731 47 
44 719 46 
45 707 45 

D~slnnco sin' Dietunce 

0 0 

45 0.707 46 
46 695 44 
47 682 43 
48 42 669 
49 656 41 
60 40 

643 39 61 0.629 
62 616 38 

37 ' 63 602 
36 64 598 

GG 574 36 
66 0'559 34 
57 545 33 
68 530 32 
69 515 3 1 
GO 500 30 

61 0.485 29 
G2 469 28 
63 454 27 
64 438 26 
65 423 25 

66 0'407 24 
67 391 2 3 
G8 375 23 
69 358 2 L 
70 342 20 

71 0.326 19 
72 309 18 
73 292 17 ' 

16 74 2 76 
15 75 259 

76 0.242 14 
77 225 13 
78 208 12 
79 191 11 
80 I74 10 

81 0.156 D 
82 '39 8 

7 85 122 
6 84 105 

85 087 6 

80 0.070 4 
87 05 a 8 
88 0 3  5 2 
A9 017 1 
DO 000 0 

---- 
N. or 8. 16 sln. N.P.D. 

0 

0 0'067 
1 067 . 
2 
3 

067 
067 

4 067 
5 067 
6 0.067 
7 067 
8 067 
9 067 
10 068 

11 0.068 
12 068 
13 068 
14 
16 069 

069 

16 0.069 
17 070 
18 070 , 
19 07 1 
20 071 

2 1 0.071 
22 072 
23 072 
24 073 
26 074 
26 0'074 
27 d75 
28 076 
29 076 
30 07 7 
a1 0.078 
a2 079 
a3 079 
3 4 080 
36 08 I 

a6 0'082 
a7 083 
38 08 5 
39 086 
40 087 

41 0'088 
42 
43 091 

090 

44 O93 
46 094 



' 
TABLE XXV.-Computation of Circumpolar Azimuths.-To Facilitate the 

b o m p u t a t i o n  of SA or the Reduction to Elongation. 

> 

PART I. 

.6 P 

m 
0 
1 
2 

3 
4 ,  
5 

6 
7 
8 
9 
10 

11 
" 12 
1 a 
14 
'15 

1G 
17 
18 
19 
20 , 

21 
22 
23 
24 
26 

20 
27 
28 
29 
30' 

2 Sinz N. P. D. Siu' 5 8P.-Natural Nurnburs. 
-- -- - - -- -- - - 

N. P. D. 
-- - - 

0" I lo 1 2' 1 3" I P I 5 1 O0 1 V0 I 8' I !I0 1 10. 

'00000 
0 

0 
0 
0 
0 

o 
o 
o 
0 

0 

0 
0 
o 
o 
o 

o 
o 
o 
0 

o 

o 
0 

0 

o 
o 

o 
o 
0 

o 
ooooo 

- - - 

'00000 
0 
0 

0 

0 

0 

o 
o 
o 
0 
0 

0 
0 
0 

I 
I 

I 
I 

I 
I 
I 

I 
I 
I 
2 
2 

2 
2 
2 
2 

'ooooz 

- - - 

'00000 

0 
0 

0 
0 
0 

o 
o 
o 
0 

0 

0 
0 

0 

o 
o 

o 
o 
o 
0 

o 

o 
0 

0 
o 
o 

o 
o 
o 
o 

'ooooo 

--- - 

'00000 

0 

7 

0 
0 

0 

o 
o 
o 
0 
0 

0 
0 

0 

o 
o 

o 
o 
o 
0 

o 

I 

I 
I 
I 
I 

I 
I 
I 
I 

oooor 

- 

'00000 
0 
0 
0 
0 
0 

o 
o 
o 
0 

0 

I 
I 
I 
I 
I 

I 
I 
2 

2 

2 

2 

2 

2 

3 
3 

3 
3 
4 
4 

'00004 

-- - 

'C0000 
0 

0 
0 

0 
0 

o 
I 
I 
I 
1 

I 
I 
2 

z 
2 

3 
3 
3 
4 
4 

5 
5 
5 
0 
6 

7 
8 
Y 
9 

'00009 

-- 

'00000 
0 
0 

0 
0 
0 

o 
o 
o 
I 
I 

I 
I 
1 

I 
2 

2 

2 

2 

3 
3 

3 
3 
4 
4 
5 

5 
5 
6 
6 

00006 

-- -- 

'00000 
0 
0 
0 
0 

0 

I 
I 
I 
I 
I 

2 

2 

2 

3 
3 

4 
4 
5 
5 
6 

6 
7 
7 
8 
9 

10 

10 

I I 
12 

.00013 

--- 

'00000 
0 

0 

0 

0 
0 

I 
I 
I 
I 
2 

2 

3 
3 
4 
4 

5 
5 
6 
7 
7 

8 
9 
10 

I I 
12 

12 

I3 
14 
I5 

'00017 

- 

'00000 
0 
0 

0 

0 

I 

1 
I 
I 
2 

2 

3 
3 
4 
5 
5 

6 
7 
8 
8 
Y 

10 
I I 
12 

I3 
15 

16 
17 
18 
20 

.ooozr 

'00000 
0 
0 

0 
0 
I 

I 
I 
2 

2 

3 

3 
4 
5 
6 
6 

7 
8 
Y 
10 
I I 

I3 
14 
'5 
17 
18 

19 
2 I 
2 2 

2 4  
~00026 



( 60 1 4, 

TABLE XXV.-Computation of Circumpolar Azimuths.-(Colztiqued). 

PART 11. 
Cot P sin 6 P.-Natural Numbers. 

6 P 

0 I 

82 0 0~00061 0.00123 0'00184 0.00245 0.00307 0'00368 0.00429 o.00490 0.00552 0.0&13 
10 60 120 180 240 300 360 420 480 540 600 
20 59 "7 . 176 235 294 352 411 470 528 587 
30 57 115 172 230 287 345 402 459 517 ,574 
40 5 6  112 168 225 281 337 393 449 505 561 
50 55 "0 165 219 274 329 384 439 494 .548 

83 0 0'00054~o.oo107 0.00161 o.ooz14 0.00268 0.00321 ?,'oo375 0'00429 0'00482 0.00536 
10 52 IOj 157 209 261 314 366 418 470 523 
20 51 102 153 204 255 306 357 408 459- 510 
30 50 099 '49 '99 249 298 348 398 447 497 
40 48 097 145 194 242 291 359 387 436 484 
50 47 094 141 189 236 283 330 377 424 471 

84 0 0.00046 o~ooo9z 0.00138 0~00183 s.00229 0.00275 0.00321 '0.00367 0.00413 0.60458 
10 45 089 134 178 223 267 312 357 401 446 
20 43 087 130 173 216 260 303 346 390 433 
30 4 2 . 0 8 4  126 168 210 252 294 336 378 420 . 40 41 081 122 163 2 0 4 -  244 285 326 367 407 
50 39 079 118 158 '97 237 276 3'6 355 ?94 

85 o 0.00038 8 0 . ~ ~ ~ 7 6  0.001 I 5 0.001 53 0~00191 0~00229 0.00267 0.00305 0.00343 0.00382 
10 37 074 1 1 1  148 184 221 258 295 332 369 
20 36 071 107 142 178 214 249 285 320 356 

34 069 103 137 172 206 240 275 309 343 
33 066 099 132 165 198 231 264 297 331 

127 159 191 222 254 286 318 

0.001zz o'oo15j 0.00183 o.oozr4 0'00244 0.00275 0.00305 
1 0  1 0 117 146 175 205 234 263 292 
20 28 oj6 084 112 140 168 196 224 252 280 
3O 27 053 080 I07 133 160 187 213 240 267 
40 25 Ojl 076 I02 127 152 178 203 229 254 
5 24 048 072 097 IZI 145 169 193 217 241 

87 o 0.000~3 .o'ooo46 0.00069 0~00091 o.00114 0.00137 0~00160 0.00183 0~00206 0.00229 
2 2 065 086 108 133 151 173 194 216 
20 041 061 081 102 IZZ I42 163 183 203 

OJ3 

19 038 057 076 095 114 133 152 171 190 
49 18 036 0j3 071 089 107 124 142 160 178 
50 16 033 050 066 083 099 116 132 149 165 

8s o 0.00~~1 j O ~ O O O ~ O O . O O O ~ ~  0.00061 0.00076 0~00091 0~00107 o.oorzt 0'00137 o;oo152 
10 056 070 084 oqY I 1 2  126 ,140 
20 

I '  1 I 063 076 089 102 114 127 
3O 034 046 057 069 080 091 103 114 
40 030 041 051 061 071 081 091 102 

50 
lo 

0.7 6 044 053 0 6  071 "80 089 "9 
89 o . o.ooco8 0.00015 0.00~~23 0~00030 0.00038 0.00046 0'00053 o~o0061~o~oooh~ 0.00076 

10 06 013 1 019/ 025 032 038 044 051 057 063 
20 Vj 010 Olj, 020 025 030 036 041 * 046 051 
30 04 008 . O I I /  0 1 5  or9 023 027 030 0 3 4 .  038 
40 03 00j 008 ,010 013 015 018 OZC) 025 025 

SO UI 003 ~ 0 4  QOj 006 008 009 OIO OII 013 
90 o o moo0 3 .OOOOO o .coooo o .00170::, o.ooooo o .ooooo o .00000 o .coooo 1o.ooooo O.OOOOO I I I 



TAE(LE XXV.-Computation of Circumpolar Azimuths.-(Continued). 

PART 11. 
Cot P sin 8P.-Natural Nuinbers. 

8 P 

1 12. 

0.00736 
720 
705 
689 
674 
658 

0.00643 
627 
612 
596 
581 
565 

0'00~~: 

535 
519 
504 
489 
473 

0.00458 
443 
427 
412 
397 
381 

0.00366 
351 
335 
320 
305 
290 

0'00274 
259 
244 
229 
21 j 
198 

o.oo18j 
168 
152 
137 
I22 

107 
0008~~'0'000~1 

076 
061 
046 
030 
0 1 5  

0'00100 

0 I 

o 
10 
20 

30 
40 
,so 

83 o 
: 10 

20 

30' 
40 
50 

841 o 
1 0  

20 

30 
40 
50 

i 5  o 
I 0  
2 0  

30 
40 
50 

86 o 
10 

ZO' 

3 0  
40 
jo 

87 o 
lo 
20 

30 
J0 

50 

88 p 
" 10 
2 o 
30 
40 
jo 

89 0 
10 

20 

3 0  
40 
50 

0, 

1 13. I 14. 11"' 

0.00674 
660 
646 

a 632 
. 617 

603 
0.00589 

575 
561 
547 
533 
518 

O'OOjO4 
490 
476 
462 
448 
434 

oo.oo420 
406 
392 
378 

- 3 6 4  
350 

o.00;35 
321 
307 
293 
279 
26j 

0.00251 

237 
223 
209 
'95 
182 

0.00168 
154 
140 
126 
I12 

098 
0 

OjO 
056 

, 042 
028 
or4 

0 00000 

0.00797 
780 
763 
746 
730 
713 

0.00696 
679 
663 
646 
629 
613 

0.00596 
579 
563 
546 

0.00858 
840 
822 
804 
786 
768 

0'00750 
732 

678 
660 

0.00642 
624 
606 
588 

1 15. 

0.00919 

%: 
861 
842 
822 

0.00803 
784 
764 
74s 
726 
707 

0.00687 
668 
649 
630 
611 
591 

0.00572 
553 
534 
515 
496 
476 

0.00457 
43s 
4I9 
400 
381 
362 

0.00343 
324 
305 
286 
266 
247 

0~00228 
209 
190 
171 
152 
'33 

0'00114 
095 
076 
057 
038 
019 

0'00000 

1 1 7  

0~01042 
I020 

0998 
0976 
09j4 
0932 

0~00910 
0888 
0866 
0844 
0823 
0801 

0.00779 
0757 
0735 
0714 
0692 
0670 

0.00648 
0627 
0605 
0583 
oj62 
0540 

0.00518 
0497 
0475 
0453 
0432 
0410 

0~00388 
0367 
0345 
0324 
0302 
0280 

o.00~59 
0237 
0216 
0194 
0172 
0151 

0.00129 
0108 
0086 
0065 
0043 
.0022 

0'00000 

1 16- 

0~00980 
960 
939 
918 
898 
877 

0.0~857 
836 
815 
795 
774 
754 

0'00733 
713 
692 
672 
651 
631 

o.00610 
590 
569 
549 
529 
508 

0.00488 
467 
447 
427 
406 
386 

0.00366 
345 
325 
305 
284 
264 

0.00244 
223 
203 
183 
162 
142 

0'00122 

101 

081 
oh1 
041 
ozo 

0'00000 

5z91 570 

I 1W 

0.01103 
1079 
1056 
1033 
ioro 
0987 

0.00963 
0940 
0917 
0894 
0871 
0848 

0'008~5 
0802 
0779 

'07j5 
0732 
0709 

0.00686 
0663 
0640 
0617 
0595 
0572 

o.oog+g 
0526 
OjO3 
0480 
0457 
0434 

0'00411 - 0388 
0365 
0343 
0320 
0297 

0.00274 
O Z ~ I  
0228 
0205 

O I S ~  
0160 

0'00137 
0114 
0091 
0068 
0046 
0023 

0'00000 

513 
0.00496 

479 
463 
446 
430 
413 

0.00396 
380 
363 
347 
330 
314 

o.ooz97 
281 
264 
248 
23' 
214 

o.oorg8 
181 
165 
148 
132 
I I ~  

0'00099 
082 

, 066 
049 
033 
016 

0'00000 

552 

0.00534 
516 
498 
480 
463 
445 

0.00427 
409 
391 
373 
356 
338 

0.00320 
302 
254 
267 

23' 
0.00213 

19j 
178 
160 
142 
124 

O'OOIO7 
089 
071 
053 
030 
018 

0.00000 

( lP 

0.01164 
1139 
1115 
1090 
1066 
1041 

0~01017 
cggz 
0968 
0943 
0919 
o89j 

0~00870 
0846 
0822 
0797 
0773 
0749 

0.00724 
0700 
0676 
0652 
0627 
0603 

o.ooj79 
0555 
0531 
oj06 
0482 
0458 

0.00434 
0410 
0386 
0362 
0337 
0313 

0~00289 
026j 
0241 
0217 
Oly? 
0169 

0'00145 
0120 

0096 
0072 
0048 
0024 

O'OC003 

( 20- 

0.01zz5 
1199 
1173 
1147 
1122 

1096 

0~01070 
I044 
1019 
0993 
0967 
0942 

0.00916 
0890 
086j 
0839 
0S1q 
0788 

0.00763 
0737 
0711 
oh86 
0660 
0635 

0.00609 
ojS4 
0559 
0j33 
0508 
0482 

o.oo4j7 
0431 
0406 
0381 
ojjj 
0330 

0'00304 
0279 
02j4 
022s 

0203 
0177 

O'OOI52 
0127 
oror 
0076 
OOjI 
0025 

0 00000 



TABLE XXV.-Computation of Circumpolar Azimuths.-(Continued). 
v 

0 
PART 11. 

Cot P sin 8P.-Natural Numbere. I 



TABLE XXV.-Computation of Circumpolar Azimuths.-(Continued). 
b 

PAUT 111. Log 2 8i1i2 + 8 P C O R ~ C  1" f o r  each Strcwnd of 'I'irue of S P. 
6 1' 



TABLE XXV.-Computat,ion of Circumpolar Azimuths.-(Contitt~ccd). 1 '  

PART I 1  I .  Log :! aiu9 8 S P cosec 1" for ench Second of 'I'ime of 6 1'. 
SP 1 'I 



( 66 1 
TABLE XXV.-Cornpattation of Circumpolar Azimnt,lla.-(Cotrtinwd). 

A I I I J J O C  2 U I I I ~  4 8 1' coaoc I" for olrrll Boc.o~ld of 'I'ill~o o r 8  1'. - . - . - .- -- - - . 

S I' 



TABLE XXV1.-Linear Value in Feet of one Second of Arc and its Logarithm, , 
measured along the Meridian. 

~ ~ t i t ~ d ~  

0 I 

0 o 
5 

I0  

15 
2 0  

25 

30  
3 5 
40 
4 5 
50 
55 

1 o 
5 

10 

I 5  
20 

25 

30 
3 5 
40 
45 
50 
5 5 

2 o 
5 

I o  
'5 
10 

25 

30 
3 5 
40 
45 
50 
55 

3 o 
5 

10 

15 
2 0  

15  

30 
3 5 
40  
45 
5 0  
55 
60 

, 

I Lognrithm 

2-0033260 
$. 3269 

3278 
3288 
3297 
3306 
3316 

3326 
3336 
3347 
3357 
3368 

2.0033379 
3390 
3401 
3412 
3424 
3435 
3448 
3459 
3472 
3484 
3497 
3510 

2'0033522 
3536 
3549 
3s63 
3576 
3590 
3604 
3618 
3633 
3647 
3663 
3677 

2.0033692 
3708 
3723 
3739 
3755 
3770 

3.787 
3503 
3820 
3836 
3853 
3871 
3887 

Llrtitude I - 
0 I 

4 o 
5 

I 0  

15 
2 0  

25 

30 
35 
40 
45 
50 
5 5 

6 o 
5 

10 

15 
2 0  

25 

30 
3 5 
4 0  
4 5 
50 
5 5 

6 o 
5 

10 

I5  
2 0  

25 

30 
3 5 
40 
4 5 
50 
5 5 

7 o 
5 

10 

I5  
2 0  

25 

30 
3 5 
40 
45 
50 
5 5 
60  

DifI. 

+ 
9 
9 

9 
9 

10 

, ,  
10 . 
I I 

I I 
I I 
I I 
I 1  
I 2  

I I 

:? 
I 3  ' 
1 2  

I 3  - 
13 

1 2  

1 4  
I 3  
1 4  

:: 
I 4  
I 4  

'5 

I 6 
I 4  

I s  
16 

I 6 
I 6 

I 6 
17 

I 7  
I 6 
17 
I 8 
r 6 

i n  
IeeL 

100-7688 
7690 
7692 
7694 
7696 
7699 
7701 

7 703 
7706 
7708 
7710 
7713 

100.7715 
77 18 
7720 
7723 
7726 
7729 

773 I 
7734 
7737 
7740 
7743 
7746 

100.7749 
7752 
7755 
7758 
776 1 

7764 

7768 
7771 
7774 
7778 
7781 
7785 

100.7788 
7792 
7795 
7799 
7803 
7806 

7810 
7814 
7818 
7822 
7826 
7830 
7833 

Diff. 

+ 

0 
I 
0 
o 
I 

2 
0 

2 
I 
2 
2 

2 

3 
2 

3 
3 
4 
3 
4 
3 
4 
4 

4 
5 
4 
6 
5 

6 
s 
5 
6 
7 
6 

6 
7 
7 
7 
8 

8 
7 

8 
8 
9 
7 
9 

in  
f e e l  1 

100.7639 
7639 
7639 
7639 
7639 
7640 

7640 . 
7640 
7640 
7641 
764 I 
7642 

100.7642 
7643 
7643 
7644 
7645 
7645 
7646 
7647 
7648 
7648 
7649 
7650 

100-7651 
7652 
7653 
7655 
7656 
7657 

7658 
7660 
766 I 
7662 
7664 
7665 

100.7667 
7668 
7670 
7671 
7673 
7675 

7676 
7678 
7680 
7682 
7684 
7686 
7688 

Logarithm ' 1  
2.0033050 

3050 
305' 
305 1 

3051 
3052 

305 4 
3054 
3056 
3057 
3059 
306 I 

2.0033063 
3065 
3068 
3070 
3073 
3076 
3080 
3083 
3087 
3090 
3094 ' 

3098 

2.0033103 
3 107 
3112 
31 16 
3122 
3127 

3132 
3138 
3143 
3 '$9 
3156 
3162 

2.0033169 
3'75 
3182 
3 "39 
3'96 
3204 
3211 
32'9 
3227 
3235 
3244 
3251 
3260 



TABLE XXV1.-Linear Value in Feet of one Second of Arc and its Logarithm, 
measured along the Meridian. 

Diff. 

+ 
,8 
I 8 
'7 
'9 
I 8 

I 8 
I 8 
'9 
'9 
'9 
19 

I9 
2 0 

'9 
2 I 
2 0 
20 

20 

2 I 

20 

2 I 
2 I 
2 2 

" 
2 2 

2 2 

2 I 

23 
2 2 

2 2 

23 

2 2 
23 

2 4 
23 

24 

24 
23 

24 
z4 
25 

2 4 
25 

25 

25 
25 

25 25 

Lnli tudo 

0 I 

12 o 
5 
10 

15 
20 

25 

30 
3 5 
40 
45 
5 0 
5 5 

13 o 
5 

I 0  

'5 
20 

25 

30 
3 5 
40 
4 5 
50 
5 5 

14 o 
5 

10 

1 5  
20 

25 

30 
3 5 
40 
4 5 
5 0  
5 5 

15 o 
5 

10 

15 
a o 
25 

30 
3 5 
40 
4 5 
50 
5 5 
60 

LognriLhm I 
2'0033887 . 3905 

3923 
3940 
3959 
3977 

3995 
401 3 
4032 
4O5 I 
4070 
4089 

2-0034108 
4128 
4'47 
4168 
4 I 88 
4238 

4228 
4249 
4269 
4290 
43'1 
4333 

2'0034354 
4376 
4398 
4419 
4442 
4464 

4486 
4 509 
4532 
4554 
4578 
4601 

2.0034625 
4648 
4672 
4696 
4720 
4745 

4769 
4794 
4819 
4844 
4869 
4894 
4919 

Lntilude 

0 I 

8 o 
5 

10 

'5 
20 

25 

30 
3 5 
40 
4 5 
5 O- 
55 

9 o 
5 

I 0  

'5 
2 o 
25 

30 
' 35 

40 
45 
50 
5 5 

10 o 
5 
10 

15 
20 

25 

30 
35 
40 
45 
50 
5 5 

11 o 
'5 
10 

'5 
20 

25 
30 
3 5 
4 0 
4 5 
$0 ~ 

5 5 
60 

in 
feet  

1~0.8073 
8079 
808 5 
809 I 
8097 
8103 

8109 
8115 
8122 
8128 
8 134 
8141 

100~8147 
8153 
8 1 00 
8 I 66 
8173 
8179 
8 I 86 
8193 
8199 
8206 
8213 
8220 

100.8227 
8233 
8240 
8247 
8254 
8261 

8268 
8275 
8283 
8290 
8297 
8304 

1oo.8grz 
83'9 
8326 
8334 
8341 
8349 

8356 
8364 
6371 
8379 
8386 
8394 
.a402 

Lognr i t l~m 

2'0034919 
4945 
4971 
4997 
5023 
5049 

5076 
5102 

5'30 
5's6 
5'84 
5211 

2'0035239 
5266 
s294 
5322 . 5350 
5378 

5407 
5436 
5464 
5493 
5522 

5552 

2-0035j82 
561 I 
5641 
5'71 
570' 
573' 

5762 
5 792 
sX23 
5854 
588j 
5916 

znoo35948 
5979 
601 I 
604 2 
6074 
6107 

6139 
6 I 72 
6204 
6237 
6270 
6303 
6336 

Longt'1 in I fret 

100'7833 
7838 
7842 
7846 
7850 
7854 

7858 
7863 
7867 
7871 
7876 
7880 

100.7885 
7889 
7894 
7808 
7903 
7908 

7913 
79'7 
7922 
7927 
7932 
7937 

100.7942 
7947 
7952 
7957 
7962 
7967 

7972 
79 78 
7983 
7988 
7994 
7909 

100~8005 
8010 
8016 
802 I 

8027 
6032 

8038 
,8044 
8050 
805 5 
800 I 
8067 
8073 

Diff. 1- 
+ 
2 6 
26 
26 
2 6 
z 6 

zi 
28 
26 
28 
27 

28 
27 
2s 
28 
28 
28 

29' 

28 
29 

29 
29 
30 

30 
29 
30 
30 
30 
30 

3 r  
30 

31 
3 1 

3' 
3' 

32 
3' 
32 
3' 
32 
33 

32 
33 
32 
33 
3 3 

33 33 



TABLE XXV1.-Linear Value in Fcet of one Second of Arc and its Logarithm, 
measured along the Meridian. 

Latitude 

0 I 

16 0 

5 
10 

'5 
20 

25 

30 
3 5 
40 
45 
50 
5 5 

1 7  o 
5 

10 

I 5  
20 

25 

30 
35 
40 
4 5 
50 
5 5 

18 o 
5 

10 

15 
20 

25 

30 
35 
40 
45 
50 
5 5 

1 9  o 
5 

10 

'5 
20 

2 5 
30 
3 5 
40 
4 5 
SO 
1; 5 
60 

Latitude 

0 I 

20 o 
5 
10 

I5 
20 

25 

30 
3 5 
40 
4 5 
50 
5 5 

21 0 

5 
10 

'5 
20 

25 

30 
35 
40 
4 5 
50 
55 

22 o 
5 

10 

'5 
20 

25 

30 
3 5 
40 
4 5 
50 
5 5 

23 0 

5 
10 

5 
2 o 
2 5 

30 
3 5 
40 
45 
50 
5 5 
60 

JJongt11 in 
feet 

100.8~02 
8410 
8417 
8425 
8433 
8441 

8449 
8457 
8465 
8473 
8481 
8489 

100.8497 
8506 
8514 
8522 
8530 
8539 

8547 
8555 
8 j64 
8572 
8 581 
8539 

100.8598 
8607 
8615 
8624 
8633 
8641 

8650 
8659 
8668 
8677 
8686 
8694 

100.8703 
8713 
8722 
873' 
8740 
8749 

8758 
8767 
8777 
8786 
8795 
8805 
8814 

Diff. 

100.8814 2.0036336 
6370 
6403 
6437 
6471 
6504 

6539 
6573 
6603 
6642 
6678 
6713 

+ 
41 
41 
40 

41 4r 

4 2 

:; 
42 
4 2 
42 

4 2 
42 
42 
4 3 

:: 
4 3 
43, 
43 
43 
44 
43 

44 
44 
4 4 
4 4 
44 
44 

4 5 
44 

45 
45 
45 

45 
40 ' 
:j 
46 
46 

46 
46 
4 6 
47 
qh 
4 7 
46 

2-oo3811c 
+ 

34 

33 34 
34 
33 

35 

:: 
34 
36 
3 5 

8 

8823 I 8151 
8833 
8842 
8852 
8861 

8871 
8880 
8890 

'8 
8909 
8919 

100~8g29 
8939 
8949 
8958 
8968 
8978 
8988 
8998 
9008 
9018 
902 8 
903 8 

loo.9049 
9059 
9069 
9079 
9090 
9100 

91 10 
9121 
91 31 
9141 
9152 
9162 

100.9173 
9'83 
91 94 
9204 
9215 
9226 

9236 
9247 
92 58 
9269 
9279 
9200 
9301 

68 IS 

8192 
8232 
8273 
8314 

8356 
8397 
8438 
8480 
8522 
8564 

2.0038606 
8648 
8690 
8733 
8776 
88 I 8 

8S61 
8904 
8947 
8990 
9034 
9077 

2'0039121 
9165 
9209 
9253 
9297 
9341 

9386 
9430 
9475 
9520 
9565 
9610 

2.0039655 
9701 
9746 

9837 
9791 

9883 

..9929 
9975 

2.0040021 
0068 
01 14 
0161 
0207 

6854 
6889 
6925 

36 
35 
36 

6961 36 

7034 
7070 
7107 
7'44 

2~0037181 
7218 
7255 
7292 
7330 
7367 

74'5 
7443 
7451 
7519 
7558 
7596 

2'003763j 
7"4 
7713 
7752 
7791 
7830 

7870 
79'0 
7950 
709O 
8030 
8070 
81 10 

36 
37 
37 

37 
37 
37 

38 
37 

37 

38 
3 8 

38 
38 
39 
38 

39 

;; 
39 
39 
39 
4O 

4o 
40 

4o 
40 

43 
40 



TABLE XXV1.-Linear Value in Feet of one Second of Arc and its Logarithm, 
measured along the Meridian. 

I 

Lutltudo 

0 I 

2 8  o 
5 

I 0  

15 
20 

25 

30 
3 5 
40 
45 
50 
55 

29 o 
5 
10 

15 
2 o 
2 5 

30 
3 5 
40 
45 
50 
5 5 

30 o 
5 

10 

15 
20 

2 5 

30 
3 5 
40 
4 5 
so 
5 5 

31 o 
5 

1 0  

'5 
2 0 

25 

30 
3 5 
40 
45 
50 
5 5 
60 

Dlff. 

+ 
47 
48 
47 

47 
4 7 

4 7 
48 
48 
48 
4 8 
4 7 

49 
4 8 

49 48 
49 
4 9 
48 
So 
48 
4 9 
50 
4 9 

50 
4 9 
5o 
50 
5 1 

50 
50 
51 
50 
5' 
5' 

50 
51 
52 
5' 
5 1 
52 

57 
5' 
53 
5 1 
5 3 
5I 
53 

t c c t  lo 

1a0.9854 
9867 
9879 
9891 
9903 
99'5 

9 9 ~ ~  
9940 
9952 
9965 
9977 
9989 

lornoooz 
oc14 
0027 
0039 
0052 
0064 

0077 
0089 
0102 

0115 
0127 
0140 

101.0153 
0165 
0178 
0191 
0203 
0216 

0229 
0242 
0255 
0268 
0280 
0293 

101.0306 
03'9 
0332 
O345 
0358 
0371 
0384 
0397 
0410 
0424 
0437 
0450 
,0463 

Logar~thm 1 DIE. Logar~thrn 

2'0040207 
0254 
0302 
0349 
0396 
0443 

0490 
0538 
0586 
0634 
0682 
0729 

2.0040778 
0826 
0875 
0923 
0972 
IO? I 

1069 
1119 
1167 
1216 
I 266 
1315 

2.0041365 
1415 
1464 
1514 
I 564 
1615 

1665 
1715 
I 766 
1816 
1 867 
1918 

2.0041968 
201 9 
207 I 
2 122 

2 173 . 2225 
2276 
2327 
2380 
2431 
2454 
2535 
2588 

2.0042588 
2640 
2692 
2745 
2797 
2850 

2903 
2956 
3009 
3062 
3115 
3168 

2'0043221 
3275 
3329 
3382 
3436 
3490 

Lul~tudo I 
0 I 

24 o 
5 

1 0  

15 
20 

25 

3O 
3 5 
40 
45 
50 
5 5 

26 o 
5 
10 

15 
20 

. 25 
30 

' 35 
40 
4 5 
50 
5 5 

26 o 
5 

10 

1 3 
20 

2 5 

3c 
3 5 
40 
4 5 
j0 
5 5 

27 o 
5 

1 0  

'5 
20 

25 

30 
3 5 
40 
4 5 
50 
5 5 
60 

+ 
52 
52 

5 3 
52 

53 
5 3 
53 
53 
5 3 
53 
53 

53 
54 
54 
s3 
54 
54 

Length b e )  In I 
100-9301 

9312 
9323 
9334 
9345 
9356 

9367 
9378 
9389 
9400 
941 I 
9422 

100.9434 
9445 
9456 
9467 
9479 
9490 

9501 
9513 
9524 
9536 
0547 
9559 

100.9570 
95s2 
9593 
9605 
9617 
9628 

9640 
9652 
9663 
9675 
9687 
9699 

1oo.9710 
9722 
9734 
9746 
9758 
9770 
9782 
-9794 
9806 
9818 
98 30 
9842 
9854 

3599 
3652 
3706 
3760 
3815 

2.0043869 
3924 
3979 
4034 
4088 
4144 

4 1 9 ~  
4254 
4309 
4364 
44'9 
4475 

2-0044531 
4jS6 
4642 
4698 
4754 
4810 

4866 
4gZ2 
4978 

5, 
54 
54 
55 

;: 
5 5 

z :  
56 

54 
56 
55 

:: 
56 

56 
5 5 
56 
56 
56 
56 

56 
5 6 
56 

509' 
5148 
5204 

ST 
56 



TABLE XXV1.-Linear Value in Feet of one Second of Arc and its Logarithm, 
measured along the Meridian. 

Lotitttdo 

0 I 

36 o 
5 

10 

'5 
20 

25 

30 
3 5 
40 
45 
50 
5 5 

37 0 

5 
1 0  

15 
20 

25 

30 
3 5 
40 
45 
50 
5 5 

38 o 
5 

I 0  

'5 
20 

25 

3O 
3 5 
40 
45 
so 
5 5 

30 o 
5 

1 0  

'5 
20 

25 

30 
3 5 
40 
4 5 
50 
5 j 
60 

Dlff. 

+ 

57 
5 7 
ST 
5 6 
57 

57 
58 
57 
57 
57 
58 

s8 

~ ~ t i t ~ d ~  I 
0 I 

32 o 
5 
10 

'5 
20 

25 

30 
3 5 
40 
4 5 
50 
5 5 

33 o 
5 

1 0  

15 
20 

25 

30 
35 
40 
45 
5 0 
5 5 

34 o 
5 

1 0  

'5 
20 

25 

3O 
3 5 
40 
45 
so 
5 5 

35 o 
5 

1 0  

'5 
2 o 
25 

30 
3 5 
40 
45 
50 
5 5 
60 

L"@'l in 
frct I 

101.0~63 
0476 
c489 
0503 
0516 
0529 
0542 
05 56 
0569 
0 9 2  

0596 
0609 

101.0623 

1ox.1115 
1129 
1143 
"57 
1171 
118j 

"99 
1213 

. C 1227 
1242 
1256 
1270 

101-1284 
I 298 
1312 
1326 
1340 
1354 

1369 
1383 
1397 
1411 
1425 
I440 

lor 1454 
1468 
1432 
1497 
15x1 
1525 

I540 
I554 
1508 
1583 
'597 
1611 

101.1626 
1640 
~('5.4 
16O9 
1683 
I 608 

1712 
I 726 
I74 1 

1755 
1770 
1784 
1799 

Logal.ithm 

2'0045264 
5261 
5318 
5375 
543I 
5488 

5545 
5603 
5660 
5717 
5774 
5832 

2.0045890 
0636 
0649 
066; 
0676 
0690 

0703 
07 17 
07 30 
0744 
0757 
077 1 

101-0734 
0793 
0812 
082 j 
0839 
oS53 
0866 
0880 
0894 
0908 
oytr 
0935 

101.0949 
0963 
O977 
Oy 9O 
1004 
1018 

1032 
1046 
1060 
1074 
1087 
1 1 0 1  

I I I 5 

Diff. 

z.0048007 
8067 
8127 
8187 
"47 
8307 
8368 
8428 
8489 
8549 
8609 
8670 

2.0048730 
'791 
8 8 j ~  
8912 

+ 
60 
60 
60 
fjO 
(jO 

2; 
6I 
60 
60 
6 I 

60 6I 

61 600 j 
6062 
6120 
6178 

6236 
6294 
63j2 
6411 
6469 
6527 

2.0046585 
6644 
6703 
6761 
6820 
6878 

6938 
6996 
705 j 
7"s 
7l73 
7232 

2.0047292 
7351 
7411 
7'169 
7529 
7588 

$645 
7708 
7767 
7827 
7887 
7947 
8007 

57 
5 8 
58 

58 
58 

59 
5 8 

58 
58 

5' 
5 9 
59 
5Y 
59 
58 

58 
60 

59 
60 
58 
59 

60 
59 
60 
5 8 
b0 
59 

60 60 
59 
6, 
60 
60 
60 

903 3 

9O94 
9l55 
9216 
9277 
933' 
9399 

r.0049461 
9522 
9s83 
9044 
9i06 
9768 

6 I 
6 I 

6 I 
6 I 
61 

62 

6 I 
61 
62 
62 

9952 
2'0050013 

0074 
0136 

z.0050198 
0260 
032 I 
0383 
0444 
0507 
0568 
,0631 
0692 
0755 

6 I 
6 I 
62 

62 
62 

, (,, 
62 
61 
(j3 

6 I 
6 3 
6 I 
6 3 
62 



ÿÿ ABLE XXVI1.-Linear Valuo in Pcet of ono Sccond of Arc and its Logarithm, 
measured along Parallels of Latitude. 



TABLE 9XVII.-Linear Value in Fcet of one Second of Arc and its ~ o ~ a r i t h ~ ~  
measured dong YaralIcIs of Latitude. 

- 



'TABLE xXVI1.-Linear Value in Feet of one Second of Arc and its Logarithm, 
measured along Parallels of Latitude. 



TABLE XXVI1.-Linear Value in Feet of one Second of Arc and its Logarithm: 
measured along Parallels of Latitude. I .  



TABLE XXVI1.-Linear Value in Feet of one Second of Arc and its Logarithm, 
measured along Parallels of Latitude. 
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TABLE XSVII1.-Arc-versines of Spheroidal Arcs of Parallel lo in,length. 



( 67 1 
TAELE XXVII1.-Arc-versines of Spheroidal Arcs of Parallel lo in length. 

Arc-rrr. ~n sec. 
Parallel of Arc-versino Arc-versine ( z ) z  
~ , ~ t ~ t . u c i o  1 ~n l e i o ~ ~ c l .  1 1 0  h e 1  1 A~c.rer .  ~n see. -- - Parallel of Arc-versine Arc-rorsine (3(j00)1 

~ a t l t u d o  ln seconc~. 1 in feet 1 
Logarithm 

7.5267 
5311 
5354 
5397 
5439 
5481 

5523 
5564 
5605 
5645 
5685 
5724 

- 
7.5763 
5802 
5840 
5878 
59'6 
5953 

5990 
6026 
6062 
6098 
6 134 
6169 

- 
7.6204 
6238 
6272 
6306 
6340 
6373 
6406 
6439 
6472 
6504 
6536 
6567 

- 
7.6599 
6630 
666 I 
669 I 
6722 
6752 
6782 
6811 
6841 
68 jo 
6999 
6927 
6956 

439'2 
. 443'7 
448 ' 1 
4 5 ~ 6  
457'0 
461'4 

465'9 
470'3 
474'7 
479'2 
483.6 
488.0 

492'4 
496.8 
501.2 
50j.6 
510'0 
5'4'4 
518.8 
523'2 
527'6 
531'9 
536.3 
540'7 

545'0 
549'4 
553.7 
558.1 
562.4 
566.7 
571.1 
575'4 
579'7 
584.0 
588.3 
592'7 

597'0 
601.2 
605'5 
609.8 
'614.1 
618.4 

622.7 
626.9 
631.2 
035.4 
639'7 
643.9 
648.2 

0 I 

8 o 
5 

I 10 

15 
20 

2s 

30 
35 
40 
45 
50 
5 5 

9 o 
5 
10 

'5 
20 

25 

30 
3 5 
40 
45 
so 
5 5 

10 0 

5 
10 

15 
20 

25 
30 
35 
40 
45 
50 
5 5 

11 0 

5 
10 

15 
20 

25 

30 
35 
40 
45 
5 0  
5 5 
60 

0 I 

12 o 
5 
10 

I5 
20 

25 

30 
3 5 
40 
45 
50 
5 5 

13 0 

5 
10 

15 
20 

25 

30 
35 
40 
45 . 
5O 
55 

14 o 
5 
10 

15 
20 

25 

30 
3 5 
40 
45 
50 
55 

15 0 

5 
10 

15 
2 o 
25 

30 
3 5 
40 
4 5 
50 
5 5 
60 

4'36 
40 

49 45 
53 
58 
62 
6 7 
7 I 

75 80 
8 4 

9 3 
97 

5'02 
06 
1 0  

15 
'9 
23 
2 8 
3 2 
3 6 

5'41 
45 
4 9 
54 
58 
62 

67 
7 1 
75 
79 
8 4 
8 8 

5'92 
96 

6.01 
05 
og 
I3 
I 8 
2 2 

2 6 
30 
3 5 

43 39 

648.2 
652.4 
656.6 
660.9 
66j.r 
-669'3 

673'5 
677'7 
681.9 
686. r 
690. 2 
694'4 

698.6 
702.8 
706.9 
711'1 

. 7x5'2 
719.4 

723'5 
727'6 
731 '7 
735'9 
740'0 
744' I 

748.2 
752'3 
756.4 
760.4 
764.5 
768.6 

772'6 
776.7 
780.7 
784'8 
788.8 
792'8 

796.8 
800-9 
804.9 
808.9 
812.9 
816.8 

820.8 
824.8 
828.8 
832'7 
836.7 
840.6 
844.6 

6'43 
47 
51 
5 6 
60 
64 
6 8 
7 2 
76 
8 I 
as 
89 

6.9; 
97 

7'01 
O5 

09 
14 
I 8 
22 

2 6 
30 
34 
3 8 

7'42 
46 
50 
54 
5 8 
62 

6 6 
70 
74 
7 8 
8 z 
8 5 

7'90 
9 4 
98 

8-02 
06 
10 

14 
I 8 
2 2 

2 6 
30 
3 4 
38 

Lognr~thm 

- 
7.6956 
6994 
7012 
7043 
7068 
709 5 
7122 
7149 
7'76 
7202 
7229 
7255 

- 
7.7281 
7307 
7332 
7355 
7383 

. 7408 

7433 
7458 
7482 
7506 
753' 
7555 

- 
7'7578 
7602 
7626 
7649 
7672 
7695 
7718 
7741 
7763 
7756 
7808 
7830 

- 
7.7852 
7874 
7895 
79'7 
7938 
7959 

7980 
800 I 
8022 
8043 
8063 
8084 
8104 
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TABLE XXVII1.-Arc-versines of Spheroidal Arcs of Parallel lo in length. 



TABLE XXVII1.-Arc-versines of Spheroidal Arcs of Parallel lo in length. 
l' 

Pnrallel of 
Latitude 

0 I 

32 o 
5 

1 0  

15 
20 

25 

30 
35 
40 
4 5 
50 
5 5 

33 0 

5 
1 0  

'5 
20 

25 

30 
35 
40 
4 5 
50 
5 5 

34 0 

5 
1 0  

15 
20 

25 

30 
35 
40 
45 
50 
5 5 

35 0 

5 
1 0  

'5 
20 

25 

30 
35 
40 
45 
50 
5 5 
60 

Arc-versine 
i n  feet 

Arc .v~r .  in sec. - . (3600)' 
Lognritl~m 

Pnrnllel oE 
Lntitude 

Arc-versing 
in seconds 

15.00 
0 2 

03 
05 
06 
07 

09 
I 0  
I I 

' 13 
14 
15 

15.17 
I 8 
'9 
20 
2 1 

, 23 
2 4 
25 
2 6 
27 
28 
29 

'5'3' 
32 
33 
34 
3 5 
36 

3 7 
3 8 
39 
40 
4 1 
42 

15'43 
4 4 
45 
4 6 
46 
4 7 

4 8 
4 9 
50 
5' 
52 
52 
53 

Arc-versine 
in feet 

- 
Arc-ver. in see. 
0' 

Logarithm 

t 

6 0 6 ~ 6  
0641 
0645, 
0649 
0652 
0656 

0660 
0664 
0668 
0672 
0675 
0679 

6.0682 
0686 
0690 
0693 
0696 
07so 

0703 
0707 4 

0710 
0713 
0716 
0719 

- 
6.0723 
0726 
0729 
0732 
0735 
0738 
0740 
0743 
0746 
0749 
0752 
0754 

6.0757 
0760 
0f62 
0765 
0767 
07 70 

0772 
0775 
0777 
0779 
0732 
0784 
0786 



TABLE XX1X.-Linear Value in Miles of a Degree of Arc measured along the 
I Meridian. 

TABLE XXX.-Linear Value in Miles of a Degree of Arc measured along Parallels 
of Latitude. 

- 
105 
3'4 
523 
732 
941 

1149 
1358 
1565 
1773 
I979 
2186 

2392 
2596 
2801 
3004 
3 207 
340s 

3609 
3808 
4008 
4204 
4 4 0 0  
4596 

Lntitudo 

0 

0 
1 
2 
3 
4 
6 

6 
7 
8 
I) 

10 
11 
12 
1 :j 
14 
15 
16 
17 

18 
i n  
20 
2 1 
22 
23 

- 
4799 
4981 
5171 
5361 
5549 

5734 
5919 
6101 
6283 
6461 
6638 

6813 
6987 
7158 
7326 
7493 
7658 
7820 
7981 
8137 
8293 
8446 
85 96 

Latitude 

0 

23 
24 
25 
26 
27 
28 

20 
30 
3 1 
33 
33 
34 

35 
36 
37 
38 
30 
40 

41 
42 
43 
44 
45 
46 

LonPit.1~di~~nl 
Dcgrees in JIiles 

69.1618 
69'1513 
69 .1199 
69.0676 
65.9944 
68'9003 

6 8 ' 7 8 j 4  
68.6496 
68.4931 
68 .31  58 
68 .1179 
67 '  8993 
67.6601 
67 '  4005 
67.1204 
66.8200 
66.4993 
66.1585 

65'7976 
65 .4168  
65.0160 
64 ,5956 
64.1556 
63'6960 

Longit.udinnl 
Degrees in Miles 

63'6960 
63.2171 
62.7190 
62.2019 
61.6658 
61 . I  109 

60'5375 
59'9456 
59'3355 
58'7072 
58.0611 
57'3973 
56.7160 
56'0173 
55'3015 
54'5689 
53'8196 
53'0538 
52.2718 
51'4737 
50.6600 
49.8307 
48.9861 
48'1265 



TABLE XXX1.-Graticules of maps.-Sides and Diagonals of Squares of 8 , th  of 
a Degree of Latitude and Longitude, on the scale of 4 Inches =I1 MilcJ or 
1 Inch to + of a Mile. 

Latitude 

0 I N 0 1 '1 

From 8 0 0 to 8 3 45 
3 45 ,, 7 30 
7 30 J, 11 15 

11 15 ,, 15 0 
15 0 ,, 18 45 
1 8 4 5  ,, 22 30 
22 30 ,, 26 15 
26 15 ,, 30 0 
30 0 ,, 33 45 
33 45 ,, 37 30 
37 30 ,, 41  15 
41  15 ,, 45 0 
45 0 ,, 48 45 
48 4.5 ,, 52 30 
52 3~ ,, 66 15 

8 66 15 ,, 9 0 0 

9 0 0 , 9 3 4 5  
3 45 ,, 7 30 
7 30 I, 11 15 

11  15 ,, 15 0 
15 0 ,, 18 45 
18 45 ,, 22 30 
22 30 ,, 26 15 
26 15 ,, 30 0 
30 0 ,, 33 45 
33 45 ,, 37 30 
37 30 ,, 41  15 
41 15 ,, 45 0 
45 0 ,, 48 45 
4'3 45 ,, 52 30 
62 30 ,, 56 15 

9 66 15 , 10 0 0 

10 0 0 ,, 10 3 45 
3 45 ,, 7 30 
7 30 ,, 11 15 

11 15 ,, 15 0 
15 0 1, 18 45 
18 4.5 ,, 22 30 
22 30 ,, 26 15 
26 15 ,, 30 0 
ao o ,, 33 45 
33 45 ,, 37 30 
37 30 ,, 41  15 
41  15 ,, 45 0 
45 0 ,, 49 45 
48 45 ,, S2 30 
62 80 ,, GG 15 

10 66 15 ,, 11 0 0 

, 

m 

on Meridian 

17'179 
' I 7 9  
'179 
"79 
'179 
'179 
' I 79  
' I 79  
'179 

179 
.180 
-180  
.18o 
-180 
'180 
'180 

17.180 
-180 
-180 
'180 
1 8 0  
-180  
,189 
.180 
.180 
'180 
'181 
-181 
-181 
-181 
'181 
-181 

17.181 
.181 
.181 
.18r 
'181 
1 8 1  
. I S [  
.18r 
1 8 1  
'181 
.182 
,182 
1 8 2  
'182 
. I S Z  
.182 

Lengtli 111 

n 

~p"ni:~~ --- 

17.123 
' 1 2 1  

'118 
.116 
'113 
. 1 1 0  

' 107 
-105 
' 102 

'099 
.096 
'094 
.og r 
.088 
'08 j 

, '082 

17'079 
a076 
'073 
'070 
'067 
,064 
.o6 r 
' 0 j 8  
'055 
' O j Z  

'049 
'046 
'042  

'039 
'036 
'033 

17 '029 .  
.026 
'023 
' 0 2 0  

.016 

'013 
'010 

' 007 
.003 
'000 

16.996 
'993 
'9x9 
*y86 
.y8z 
' 9 i 9  

lnclles 

P 

On parlrllol Upper 

17'121 
.118 
-116 
'113 
'110 

' 107 
. I O j  
' 1 0 2  

'099 
,096 
'094 
'09 r 
'088 
'085 
'082 
'079 

I 7.076 
'073 
'070 
-067 
'064 
.061 
. o j 8  
'O5 5 
.052 
'049 
'046 
'042 
'039 
'036 
'033 
.029 

17.026 
.023 
' 0 2 0  

'016 
'013 
' 0 1 0  

.007 

.003 

. 000 

16.996 
'99{ 
'989 
.996 
'982 
' 9 i 9  
'975 

¶ 

On Dingono1 

24'255 
'253 
'251 
'249 
'247 
'245 
'243 
. 2 4 1  

' 2 4 0  
'238 
'236 
'234 
'232 
'230 
,228 
-326 . 

24.224 
' 2 2 2  

' 2 2 0  

'217 
.215 
'213 
' 2 1 1  

209 
a 207 
' 205 
' 203 
' 2 0 1  

' I99  
'197 
''95 
.192 

24.190 
.188 
.186 
,183 
. 18 r  
' I 79  
1 7 6  
' I 7 3  
'171 
1 6 9  
' 167 
'164 
.162 
3 6 0  
' 1  j7 
' 1 4  



TABLE XXX1.-Graticules of maps.-Sides and Diagonals of Squares of &th of 
a Degree of Latitude and Longitude, on the Scale of 4 Inches = 1 Mile, or 
1 Inch to $ of a Mile. 

I Latitude 

I 

L 0 1 (1 0 I * 

From 11 0 0 to  11 3 45 
3 45 ,, 7 30 
7 30 ,, 11 15 

11 15 ,, 15 O 
15 0 ,, 18 45 
18 45 ,, 22 30 
22 30 ,, ' 26 15 
26 15 ,, 30 O 
30 0 ,, 33 45 
33 45 ,, 37 30 
37 30 ,, 41 15 
41 15 , ,, 45 0 
45 0 ,, 48 45 
49 45 ,, 52 30 
52 30 ,, 56 15 

11 56 15 ,, 12 , 0 0 

0 12 0 0 ,, 12 3 4.5 
3 45 ,, 7 30 
7 30 ,, 11 15 

11 15 ,, 15 0 
15 0 ,, 18 45 
18 45 ,, 22 30 
22 30 ,, 26 15 
26 15 ,, 30 0 
30 0 ,, 33 45 
33 45 ,, 37 30 
37 30 ,, 41 15 
41 15 ,, 45 0 
45 0 ,, 48 45 
48 45 ,, 52 30 
52 30 ,, 56 15 

12 56 15 ,, 13 0 0 

13 0 0 ,, 13 3 4 5  
3 45 ,, 7 30 
7 30 ,, 11 15 

11 15 ,, 15 0 
. ' 15 0 ,, 18 45 

18 45 ,, 22 30 
22 30 ,, 26 15 
2G 15 ,,, 30 0 
30 0 ,, 33 4,5 
33 46 ,, 37 30 
37 30 ,, 41 15 
42 15 ,, 45 0 
45 0 ,, 48 4,s 
48 45 ,, 62 30 
62 30 ,, 56 15 

13 56 15 ,, 14 0 0 

Length in Inchee 

m P P 
on Lornor on Meridian 1 par~l le ,  1 o ( on Dingonnl 

17.182 16'975 16.972 24'152 
.182 '972 968 '150 
.182 ,968 . '964 ' 147 
.182 .964 .960 ' 144 
.182 ' 960 '957 '142 
'182 '957 '953 '140 
-182 '953 '950 'I37 
.182 '950 ' 946 '134 
183 '946 '942 -132 
'183 '942 '938 .13o 
' 183 '938 '934 '127 
'183 '934 '930 ' 124 
' 183 ' 930 ' 927 -122 

'183 '927 '923 -119 
'183 '923 . '9'9 ,116 
' 183 '9'9 '915 '"3 

17.183 16.915 16.91 r 24.110 
'183 .911 '907 .lo8 
183 ' 907 ' 9O3 ' 105 
'183 ' '903 0 ~ 9 9  ' 102 

.183 '899 '895 '099 
' 183 '895 .891 '097 
,184 .891 *887 '09 5 
-184 .887 '883 .092 
.184 .883 '879 '089 
' 184 '879 '875 .086 
'184 '875 '871 '083 
184 .871 -867 .080 
'184 .867 .863 '077 
.184 .863 '859 '074 
'184 '859 '855 '071 
' 184 '855 '850 .068 

17.184 16.850 16.846 24.065 
'184 .846 .842 .063 
'185 .a42 '838 .060 
'185 .838 '833 '057 
185 '833 '829 '054 
.185 .829 '824 '05 I 

'185 .824 -820 .048 
'185 '820 .816 '045 
'185 .816 -812 '042 
'18j .81 2 '807 '039 
'18j ' 807 -803 -036 
'185 '803 '798 '033 
'185 '798 '794 -030 
'185 '794 '789 '027 
'186 '789 '785 '024 
.186 '785 '780 -02 I 



TABLE XXX1.-Graticules of maps.-Sides and Diagonals of Squares of of 
a Degree of Lat,itudc and Longitude, on the Scale of 4 Inches f 1 Mile, or 
1 Inch to P of a Mile. 

- 

Latitudo 

0 1 '1 0 I ,l 

Prom 14 0 0 to  14 3 45 
3 45 ,, 7 30 
7 30. ,, 11 15 

11 15 ,, 15 0 
15 0 ,, 18 45 
18 45 ,, 22 30 
22 30 ,, 26 15 
26 15 ,, 30 0 
30 0 ,, 33 45 
33 45 ,, 37 30 
37 30 ,, 41 15 
41 13 ,, 45 0 
45 0 ,, 44 45 
4s 45 ,, 62 30 
63 30 ,, 56 15 

14 56 15 , 15 0 0 

16 0 0 ,, 15 3 45 
3 46 ,, 7 30 
7 30 ,, 11 15 

11 15 ,, 13 0 
15 0 ,, 18 45 
18 45 ,, 22 30 
22 30 ,, 2(; 16 
2 16 ,, 30 0 
30 0 ,, 33 45 
33 45 ,, 37 30 
37 30 ,, 41 15 
41 15 ,, 46 0 
45 O ,, 48 4,s 
48 45 ,, 52 30 
52 30 ,, 5G 15 

15 66 15 ,, 16 0 0 

16 0 0 ,, 16 3 4 5  
3 45 ,, 7 30 
7 30 ,, 11 15 

11 15 ,, 15 0 
15 0 ,, 18 4 6  
18 46 ,, 22 30 
22 30 ,, 26 15 
26 15 ,, 30 0 
30 0 M 33 45 
33 45 ,, 37 30 
37 30 ,, 41 15 
41 15 ,, 45 0 
45 0 ,, 48 45 
4H 45 ,, 62 30 
52 30 ,, 6G 16 

16 56 16 ,, 17 o o 

. 
, 

' 

, 

A 

- - - - - 
m 

on Meridian 

17.186 
.186 
.186 
.186 
.186 
.186 
.186 
-186 
.186 
.186 
.187 
'187 
,187 
' 187 
-187 
'187 

17'187 
'187 
'167 
'187 
.188 
.188 
.188 
.188 
.188 
.188 
.188 
.188 
.188 
.189 
' 189 
.18g 

17'189 
,189 
'189 
,189 

.189 

.I&) 

.18g 
1 9 0  
1 9 0  
.19o 
.190 
190 
-190 
-190 I . I ~ O  

Length in 
- 

n 

~p",::: 

16.780 
'776 
'771 
'767 
'762 
'758 
'753 
'748 
'743 
'739 
'734 
'729 
'724 
'720 
'715 

, '710 

16.705 
' 700 
'695 
.690 
.685 
.681 
.676 
'671 
.666 
'661 
'65 5 
.650 
'645 
'640 
'635 
'630 

16.625 
.620 
'614 
,639 
.604 
' 599 
' 593 
-588 
'593 
' 578 
'572 
'567 
-561 
'556 
'551 
' 546 

Incllee 
- 

P 
On Upper 

, Pnrdlllel 

16.776 
'771 
' 767 
'762 
'758 
'753 
'748 
'743 
'739 
'734 
'729 

. '724 
'720 
'715 
'710 
' 705 

I 6 ' 700 
'695 
.690 
'68 j 
'681 
-676 
'671 
.666 
.661 
'655 
'650 
'645 
'640 
'635 
'630 
'625 

16'620 
,614 
.609 
' 604 
' 599 
'593 
'588 
' 583 
' 578 
'572 
'567 
'561 
'5s6 
'551 
'546 
'540 

--.... ~_ 
4 

On "'UP"? 
-- 

24'018 
'01 5 
'01 z 
,009 
.005 
'002 

23'999 
,, ' 996 
'992 
.989 
.gS6 
'983 
.y80 
'977 
'974 
'$70 

23'966, 
'963 
' 960 
'957 
'953 
'950 
'947 
'943 
'939 
'936 
'933 
'929 
'925 
.yzz 
'919 
.915 

23.912 
' 909 
'905 
,901 
'897 
'894 
,891 
.887 
,883 
,880 
-876 
.872 
.868 
,565 
,861 
'857 
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TABLE XXX1.-Graticules of maps.-Sides and Diagonals of Squares of +,;th of 

a Degree of Latitude and Longitude, on the Scale of 4 Inches = 1 Mile, pr 
1 Inch to $ of a Mile. 

b Lntitudo 

I 

Lcnfit,l~ in  Inches 
- 

02 P 2 

on Meridian 1 I 03::; 1 on Y i ~ g o n d  

23 '853  
.850 
.846  
.842 
' 838  
' 835  
,831  
' 827  , 
.S23 
. 8 2 0  
, 8 1 6  
.812 
.So8 
' 804  
' 800 
' 796  

23 '792  
.7SS 
.784  
' 7 8 0  
' 776  
'772 
. 7 6 8  
' 764  
,760 
'756 
'752 
' 7 4 s  
' 7 4 3  
' 739  
' 735  
' 731  

2 3 ' 7 2 7  
' 7 2 3  
' 7 1 9  
' 715  
' 7 1  I 
' 707 
' 703 
'699 
694 

' 690  
.686 
,682  

, ' 677  
' 673  
.669 
-665  

a 0 I 11 0 1 11 

From 17 0 0 t o  17 3 45 
3 45 ,, 7 30 
7 30 ,, 11 15 
11 15 ,, 15 0 
15 0 ,, 18 45 
18 45 ,, 22 30 ' 26 15 22 30 ,, 
26' 15 ,, 3 0 -  0 
30 0 ,, 33 45 
33 45 ,, 37 30 
37 30 ,, 41 15 
41 15 , ,, 45 0 
45 O ,, 48 45 
48 45 ,, 62 30 
52 30 ,, 66 15 

17 56 15 ,, 18 ,O 0 

18 0 0 ,, 18 3 45 
t 

3 45 ,, 7 30 
7 30 ,, 11 15 

e 11 15 ,, 15 0 
15 0 ,, 18 45 

, 18 45 ,, 22 30 
22 30 ,, 26 15 
2G 15 ,, 30 0 
30 0 ,, 33 45 
83485 ,, 37 30 
37 30 ,, 41 15 
41 15 ,, 45 0 
45 O ,, 45 45 
48 45 ,, 52 30 
52 30 ,, 56 15 

18 56 15 ,, 19 0 0 

19 O O ,, 19 3 45 
3 4,5 ,, 7 30 
7 30 ,, 11 15 
1 15 ,, 16 o 
15 0 ,, 18 4,5 

. I  
18 45 ,, 22 30 
22 30 ,, 26 15 
26 15 ,, 30 0 
30 0 ,, 38 a5 
384.5 ,, 37 30 
3 7  30 ,, 41. 15 
41' 15 ,, 45 0 
45 0 ,, 4.8 45 
48 4,s ,, ' 52 30 

I 
52 30 ,, 66 15 

19 56 15 ,, 20 0 0 

17.190 
,190  
. I ~ I  

191 
' 191 
-191 
' 191  
.191 
.191 
.191  
' 191  

191 
' 192 

192 
.192 
-192  

17.192 
.19z  
' 192  
.192 
' 193 
"93 
' 1 9 3  
' I 9 3  
' I 9 3  
' I 9 3  
' I 9 3  
' ' 93  
"93 
' I 9 3  
' 1 9 4  
' 194  

17.194 
' 194  
' 194  
' 194  
' 194  
' I 9 4  
' 195  
"95 
'195 
' 195  
' I 9 5  
' I 9 5  
' I 9 5  
' I 9 5  
, 1 9 6  
.196 

16.540 
' 535  
'5'9 
' 5 2 4  
' 518  
'512 
' 506 
' 501 
' 495  
' 490 
' 484  
' 475 
' 472 
' 467  
' 461  
' 455  

16 ' 449 
' 444 
'435 
'432 
' 426  
' 4 2 0  
' 414  
' 408 
' 402 
' 396  
' 390 
' 384  
' 378  
'372 
.366  
' 360 

1 6 . 3 5 4  
' 3 4 s  
' 342  
'336 
' 330 
'324 
'317 
' 311  
' 305 
'299 
'292 
'286 
'280 
'274 
.267 
'261 

16.535 
' 5 2 9  

. ' 524  
' 518  
.512 
' 506 
'501 
' 495  
' 490 
'484 
' 4 7 s  
'472 
' 467  
'461 
' 455  
' 449 

1 6 ' 4 4 4  
' 438  
'432 
' 426  
' 420 
' 414  
' 408 
' 402 
' 396 
' 3 9 0  
' 384  
' 378  
'372 
' 366  
' 360  
' 3 5 4  

1 6 , 3 4 8  
'342 
'336 
' 3 3 0  
' 3 2 4  
' 3 ' 7  
.31  I 
' 3 0 5  
' 299  
-292  
, 2 8 6  
' 280  
' 274  
-267  
.261 
' 254  



TABLE XXX1.-Graticules of maps.-Sides and Diagonals of Squares of ,+th of 

a Degree of Latitude and Longitude, on the Scale of 4 Inches k 1 Mile, or 
1 Inch to 2 of a Mile. 

Latitude 

0 I 'I 0 1 '1 

From 20 0 0 to 20 3 45 
3 45 ,, 7 30 
7 30 9, 11 15 

11 15 ,, 15 0 
15 0 ,, 18 45 
18 45 ,, 22 30 
22 30 ,, 26 15 
26 15 ,, 30 0 
30 0 9, 33 45 
33 45 ,, 37 30 
37 30 ,, 41  15 
41 15 ,, 45 0 
45 0 ,, 48 45 
48 45 ,, 62 30 
52 30 ,, 56 15 

20 5G 15 , 21 0 0 

21 0 0 ,, 21 3 45 
3 45 ,, 7 30 
7 30 ,, 11 15 

11 15 ,, 15 0 
15 0 ,, 18 45 
18 45 ,, 22 30 
22 30 ,, 26 15 
26 15 ,, 30 0 
30 0 ,I 33 45 
33 45 ,, 37 30 
37 30 ,, 41 15 
41  15 ,, 45 0 
45 0 ,, 48 45 
48 45 ,, 52 30 
52 30 ,, 56 15 

21 56 15 , 22 0 0 

22 0 0 ,, 22 3 45 
3 45 ,, 7 30 
7 30 ,, 11  15 

11 15 ,, 15 0 
15 0 ,, 18 45 
18 45 ,, 22 30 
22 30 ,, 26 15 
26 15 ,, 30 0 
30 0 I, 33 45 
33 45 ,, 37 30 
37 30 ,, 41  15 
41 15 ,, 45 0 
45 0 ,, 48 45 
48 45 ,, 62 30 
62 30 ,, 6G 15 

22 56 15 ,, 23 0 0 
1 

Length in Inchee 

m P I 
on Lower on Upper 

Meridian 1 p.:,,.l I , p ...,,., 1 0. Di .on. 1 ' 

17.196 
a196 
.196 
'196 
'196 
.196 
' I 9 7  
' I 9 7  
' 197  
' 197  
' I 9 7  
' I 9 7  
' 197  
' 197  

198 
, 1 9 8  

17 .198  
.198 
- 1 9 8  
.198 
.198  
.198  
' I 9 9  
"99 
' I 9 9  
' I 9 9  
"99 
' I 9 9  
' 199  
' I 9 9  
' 2 0 0  

' 2 0 0  

17 '200  
' 2 0 0  

' zoo  
' 2 0 0  

' 2 0 0  

' 2 0 0  

' 2 0 1  

' 2 0 1  

' 2 0 1  

' 2 0 1  
' 2 0 1  

' 2 0 1  

' 2 0 1  

' 2 0 1  

' 2 0 2  

' 2 0 2  

16 '254  
' 248  
.241 
' 235  
. z z 8  
' 2 2 2  

-115  
-209 
- 2 0 2  

- 1 9 6  
- 1 8 9  
'183 
.176  
.169  
, 1 6 2  

a ' 156 

1 6 . 1 4 9  
-142 
' I 3 5  
- 1 2 9  
' 1 2 2  

' 1 1 5  
1 0 8  
' 1 0 2  

' 095  
.088  
.o81 
'074 
'067 
-060 
' 0 5 3  
-046  

16 ,039  
'032 
'025 
- 0 1 8  
'01 I 

'004 
15 '996 

' 999  
, 9 8 2  
' 975  
.968 
- 9 6 1  
' 953  
.946 
' 939  
' 932  

16 .248  
.241 
' 235  
.228 
- 2 2 2  

'215 
.209 
' 2 0 2  

.196 

.189 
- 1 8 3  

, .176 
.169  
.162 
' 156  
' 149  

16.142 
' I 3 5  
. 1 2 9  
' 1 2 2  

'115 
-108 
. 1 0 2  

' 095  
.088  
-08 I 
' 074  
.067  
. 0 6 0  
' 053  
.046 
' 03  9 

16.032 
.025  
. o 1 8  
'01 I 

.004 
15 '996  

' 999  
.gSz 
' 975  
, 9 6 8  
. g6.r 
' 9 5 3  
' 946  
' 939  
'932 
' 924  

23.660 
-656 
'652 
'647 
'642 
'638 
'634 
'630 

' '625 
'621 
'617 
,612 
'607 
'603 
'599 
'594 

23 '589 
'585 
'581 
'576 
'571 
'567 
'563 
'558 
'553 
'549 
'544 
'539 
'534 
' 530  
'525 
'520 

23 '515 
'5" 
.506 
,501 
',496 
'492 
'487 
.482 
'477 
'473 
'468 
'463 
' 459  
'454 
'449 
' 444  





TABLE XXX1.-Graticules of maps.-Sides and Diagonals of Squares of $.th of 
a Degree of Latitude and Longitude, on the Scale of 4 Inches = 1 Mile, or 
1 Inch to of a Mile. 

Lntitude 

0 l N 0 1 'I 

From 26 0 0 to 26 3 45 
3 45 ,, 7 30 
7 30 ,, 11 15 
11 15 ,, 15 0 
15 0 1, 18 45 
18 45 ,, 22 30 
22 30 ,, 26 15 
26 15 ,, 30 0 
30 0 ,I 33 45 
33 45 ,, 37 30 
37 30 ,, 41 15 
41 15 ,, 45 0 
45 0 ,, 48 45 
48 45 ,, 52 30 
62 30 ,, 66 15 

26 56 15 , 27 0 0 

27 0 0 , 27 3 45 
3 45 ,, 7 30 
7 30 ,I 11 15 
11 16 ,, 15 0 
15 0 2, 18 45 
1 8 4 5  ,, 22 30 
22 30 ,, 26 15 
26 15 ,, 30 0 
30 0 1, 33 45 
33 45 ,, 37 30 
37 30 ,, 41 15 
41 16 ,, 45 0 
45 0 ,, 48 45 
48 45 ,, 52 30 
62 30 ,, 56 15 

27 56 15 , 28 0 0 

28 0 0 ,, 28 3 45 
3 45 ,, 7 30 
7 30 ,, 11 16 
11 15 ,, 15 0 
15 0 ,, 18 45 
18 45 ,, 22 30 
22 30 ,, 26 15 
26 15 ,, 30 0 
30 0 1, 33 45 
33 45 ,, 37 30 
37 30 ,, 41 15 
41 15 ,, 46 0 
45 0 ,, 48 45 
48 45 ,, 52 30 
62 30 ,, 56 15 

28 66 15 , 29 0 0 
k 

, 

'L 

Length in Incherr 

m B !l 
On Lower 

On on Dingand -ridinn 1 Pn:llel 1 1 Pmnllel 1 
17.209 

209 

209 
' 209 
.209 

' 209 
'210 

'210 

- 2 1 0  
'210 

'210 

'210 

-211 

'211 

'211 

'211 

17'211 
-211 

'211 

'211 

'212 

'212 
'212 

'212 

'212 

'212 

.213 

'213 

'213 
'213 

'213 

'213 

17.214 
'214 

'214 

'z14 
'214 

'214 

'215 

'215 
a215 

'215 

-215 

'215 

.z15 
'215 
-216 

-216 

15.550 
'542 

'534 
'526 

'517 
'GO9 
-501 

'493 
'484 

-476 

'467 

'459 
'450 
'442 

'433 
'425 

15.416 

* 408 

'399 
'391 
'382 

'374 
'365 
'357 
'348 

'339 
' 330 
'322 

'313 
' 304 

'295 
.287 

15.278 
-269 

.260 

'251 

'242 

'234 
.22j 

-216 
' 207 

-198 
.189 
.I80 

'171 
' 162 

'I53 
'144 

15.542 

'534 
'526 

'517 
' 509 
'501 

'493 
'484 
'476 

'467 
'459 
'4jO 

'442 

'433 
'425 
,416 

15.408 

'399 
'391 
'382 

'374 

'365 
'357 
'348 

'339 
'330 
'322 

'3'3 
' 304 
'295 
'287 
a278 

15.269 
.260 

'251 

'242 

'234 
'225 
a216 

207 
.198 
 IS^ 
- 1 8 n  

'171 
'162 

'153 
'144 

'I34 

23'192 
'187 
'181 
'I75 
'170 
' 165 
'I59 
'I53 
'148 

'143 

'137 
'131 

.126 
'121 

'115 

;lo9 

23-104' 
,098 
.092 

-086 
-08 I 
-076 
* 070 

'064 

'059 
'054 
.048 

'042 

-036 
'030 

'024 
.or8 

23,013 
a008 

'002 

22'996 

"39' 
'9% 
'979 
'973 
' 967 
.961 
'955 
'949 
'943 

'337 
'93' 
'925 



TABLE XXX1.-Graticules of maps.-Sides and Diagonals of Squares of Ath of 
a De'gree of Latitude and Longitude, on the Scale of 4 Inches = 1 Mile, or 
1 Inch to $ of a Mile. 

W 
Latitude 

0 0 1 11 0 1 11 

From 29 0 0 t o  29 3 45 
3 45 ,, 7 30 
7 30 ,, 11 15 
11 15 ,, 15 0 
15 0 ,, 18 45 
18 45 ,, , 22 30 
22 30 ,, 26 15 
26 15 ,, 30 0 
30 0 ,, 33 45 
33 45 ,, 37 30 
37 30 ,, 41 15 
41 15 . ,, 45 0 
45 0 ,, 48 45 
48 45 ,, 62 30 
52 30 ,, 56 15 

29 G6 15 ,, 30 to 0 

30 0 0 , 30 3 45 
3 45 ,, 7 30 
7 30 ,, 11 15 
11 15 ,, 15 0 
15 0 ,, 18 45 
18 45 ,, 22 30 
22 30 ,, 26 15 
26 15 ,, 30 0 
30 0 ,, 33 45 
33 45 ,, 37 30 
37 30 ,, 41 15 
41 15 ,, 45 0 
45 0 ,, 4,8 4'5 
48 45 ,, 52 30 
52 30 ,, 5G 15 

30 56 15 , 31 0 0 

31 0 0 ,, 31 3 45 
3 45 ,, 7 30 
7 30 ,, 11 15 
11 15 ,, 15 0 
15 0 ,, 18 45 
18 45 ,, 22 30 
22 30 ,, 26 15 
26 15 ,, 30 0 
30 0 1, 33 45 
33 45 ,, 37 30 
37: 30 ,, 41 15 
41 15 ,, 45 0 
45 0 ,Y , 45 45 
48 45 ,, 62 30 
52 30 ,, 6G 15 

31 6G 15 ,, 32 0 0 

Length in Inches 

m P P 

onMeridinn 1 I O ~ ~ ~ r ~  1 onDingom1 

2 2 ~ 9 ~ 0  
'9'4 
.go8 
.go2 
.896 
-890 
-883 
.876 
'871 
a866 
.860 
'854 
-848 
-842 
-836 
-830 

22.824 
-818 
'812 
.806 
800 

'794 
'788 
'782 
'776 
'770 
'763 
'756 
'750 
'744 
'738 
'732 

22.726 
'720 
'7'4 
a 708 
' 702 
.696 
-680 
-682 
'676 
'670 
.664 
'657 

. '651 
'645 
'639 
,632 

15'125 
. I  16 . ' 107 
'098 
-089 
'079 
'070 
'06 I 
-052 
' 0 4 2  

'03 3 
-024 
'015 
a005 

~ 4 ' 9 9 6  
-986 

14'977 
'968 
'959 
'949 
' 940 
'930 
.921 
-91  r 
-902 
a892 
-882 
-872 
-863 
'853 
'844 
'834 

14-824 
'814 
' 805 
'795 
'785 
'775 
-766 
'756 
'746 
'736 
,726 
,716 
'707 
'697 
.687 
'677 

17.216 
.216 
.216 
.216 
,217 
'217 
'217 
'217 
-217 
.217 
-218 
-218 
-218 
a218 
a218 
.218 

17.219 
'219 
-219 
'2'9 
.219 
-219 
' 2 2 0  

' 2 2 0  

' 2 2 0  

' 2 2 0  

- 2 2 0  

' 2 2 0  

' 2 2  I 

' 2 2 1  

' 2 2 1  

' 2 2 1  

17.221 
' 2 2 1  
' 2 2 2  

' 2 2 2  

' 2 2 2  

' 2 2 2  

* 2 2 2  

' 2 2 2  

'223 
'223 
'223 
'223 
'223 

'223 
'224 
' 2 2 4  

15.134 
'125 
-116 
* 107 
-098 
.089 
'079 
-070 
.061 
'052 
-042 
'033 
.024 
'01 5 
'005 

14'996 

14.986 
'977 
.968 
'959 
'949 
'940 
'930 
.921 
.911 
'902 
-892 
-882 
'872 
.863 
'853 
'844 

14.834 
.824 
'814 
'805 
'795 
'785 
'775 
.766 
'756 
'746 
'736 
'726 
'716 
' 707 
' 6 ~ 7  
'687 



TABLE XXX1.-Graticules of maps.-Sides and Diagonals of Squares of &th of 
a Degree of Latitude and Longitude, on the Scale of 4 Inches A 1 Mile, or 
1 Inch to + of n Mile. 

r 

Lstitude 

0 1 "  0 1 '1 

From 32 0 0 to 32 3 45 
3 45 ,, 7 30 
7 30 ,, 11 15 

11 15 ,, 15 0 
15 0 ,, 18 45 
1 8 4 5  ,, 22 30 
22 30 ,, 26 15 
26 15 ,, 30 0 
30 0 9, 33 45 
33 45 ,, 37 30 

41 15 37 30 ,, 
41  15 ,, 45 0 
45 0 ,, 45 45 
48 45 ,, 52 30 
52 30 ,, 56 15 

32 56 15 ,, 33 0 0 

33 0 0 , 33 3 45 
3 45 ,, 7 30 
7 30 ,, 11 15 

11  15 ,, 15 O 
15 O ,, 18 45 
18 4.5 ,, 22 30 
22 30 ,, 26 15 
26 15 ,, 30 0 
30 0 ,, 33 45 
33 45 ,, 37 30 
37 30 ,, 41 15 
41 15 ,, 45 0 
45 0 ,, 48 46 
48 43 ,, 52 30 
52 30 ,, 56 16 

33 66 15 , 34 0 0 

34 0 0 ,, 34 3 45 
3 45 ,, 7 30 
7 30 ,, 11 15 

11 15 ,, 1.5 0 
15 0 ,, 18 46 
18 45 ,, 22 30 
22 30 ,, 2G 15 
20 15 ,, 30 0 
30 0 ,, 33 4.5 
33 45 ,, 3 7  30 
37 30 ,, 41 15 
41 16 ,, 4.5 0 
46 0 ,, 43 45 
48 45 ,, 52 30 
62 30 ,, 5G 15 

31 56 15 ,, 35 0 0 
* 

' 

Length in Inches 

m P 1 

0nlfe.idi.n I 0;iT2 1 0~~~~~ 1 on Diwgond 

17 .224  
'224 
' z z q  
- 2 2 4  
' 225  
'225 
' 225  
' 225  
' 2 2 j  

. z z s  
.226 
2 2 6  
.226 
.226 
.226 
a226 

1 7 ' 2 2 7  
' 227  
' 227  
' 227  
' 227  
' 227  
- 2 2 8  
.228 
.228 
'228 
.226 
' 228  
.229 
' 229  
.229 
- 2 2 9  

1 7 ' 2 2 9  
.229 
' 230  
.230  
'230 
'230 
,231  
' 231  
'231 
,231  
'231 
' 231  
'232 
' z j z  

1 9 0  
' I 7 9  

14.677 
.667  
' 657  
' 647  
' 637  
'627 
"b I 7  
' 607  
' 597  
' 587  
' 576 
.566 
'556 
' 546 
' 536 
'526 

14'515 
' 505 
' 495  
'485 
' 4 7 4  
' 464  
' 454  
' 444  
' 433 
' 423  
' 412  
'402 
'39 '  
'38 I 
' 370  
'360 

14.349 
' 339  
.328 
' 3 1 8  
' 307 
' 297  
, 2 8 6  
'276 
. 2 6 j  
'254 
' 243  
' 233  
' 2 2 2  

' 2 1 2  

'232 
'232 

14 .667  
' 657  
' 647  
' 637  
' 627  
'617 
' 607  
' 597 
' 587  
' 576 
-566  
'556 
.546 
' 536 
-526  
'515 

I4 .505  . 
'495 
' 485 
' 474  
' 464 
' 454  
' 444  
' 4 3 3  
' 423  
'412 
'402 
'39 '  
' 381  
' 3 7 0  
' 360 
' 349  

I 4 . 3 3 9  
.328  
' 318  
' 307  
' 297 
.286 
' 276  
,265  
' 254  
' 243  
' 233, 
' 2 2 2  

' 2 1 2  

' 2 0 1  

' 2 0 1  

. 1 9 0  

22.626 
.620 
'614 
'607 
-601 . 
'595 
.588 
'581 
'575 
' 569 
'563 
'556 
'550 
' 544 
'537 
;5 30 

22 '524 ,  
- 5 1 8  
'5" 
' 504 
.498 
'492 
'485 
'478 
'472 
'465 
-458 
'451 
'445 
'439 
' 432 
'425 

22 '419 
'413 
406 

'399 
' 393 
'387 
' 380  
'373 
' 367  
,360 
'353 
'346 



TABLE XXX1.-Graticules of maps.-Sides and Diagonals of Squares of &th of 
a DBgree of Latitude and Longitude, on the Scale of 4 Inches = 1 Mile, or 
1 Inch to ) of a Mile. 

Latitude 

0 0 1 " 0 1 '1 

From 35 0 0 t o  35 3 45 
3 45 ,, 7 30 
7 30 ,, 11 15 
11 15 ,, 15 0 
15 0 9, 18 45 
18 45 ,, 22 30 
22 30 ,, ' 26 15 
26 15 ,, 30 0 
30 0 9, 33 4.5 
33 45 ,, 37 30 
37 30 ,, 41 15 
41. 15 I ,, 45 0 
45 0 ,, 48 45 
48 45 ,, 52 30 
52 30 ,, 56 15 

35 56 15 , 36 g 0 0 

36 0 0 ,, 36 3 45 
3 4,5 ,, 7 30 
7 30 ,, 11 15 
11 15 ,, 15 0 
15 0 2, 18 45 
18 45 ,, 22 30 
22 30 ,, 26 15 
2 15 ,, 30 0 
30 0 ,, 33 4.5 
33 45 ,, 37 30 
37 30 ,, 41 15 
41 15 ,, 45 0 
45 0 ,, 4,s 65 
48 4'5 ,, 62 30 
52 30 ,, 56 15 

36 66 15 , 37 0 0 

37 0 0 ,, 37 3 45 
3 4.5 ,, 7 30 
7 30 ,, 11 15 
11 15 ,, 15 0 
15 0 ,, 1s 45 
18 4.5 ,, 23 30 
22 30 ,, 26 15 
26 15 ;, 30 0 
30 0 ,, 3.7 4.5 
a3 45 ,, 37 30 
SF 30 ,, 41 15 
41 15 ,, 45 0 
45 0 ,, , 48 45 
4'8 45 ,, 62 30 
62 30 ,, 66 16 

37 56 15 , 38 0 0 
& 

m 

on Meridian , 

17.232 
'232 
'233 
'233 

. -233 
'233 
'233 
'233 
'234 
'234 
'234 
'234 
'234 
'234 
'235 
'235 

17'235 
'235 
'235 
'235 
'236 
'236 
.236 
.236 
'237 
'237 
'237 
'237 
'237 
'237 
.238 
.238 

17.238 
'23s  
'238 
.238 
'239 
' 239  
'239 
'239 
'239 
'239 
' 2 4 0  

' 2 4 0  
' 2 4 0  

' 240 
' 2 4 1  
' 2 4 1  

Lcngth 

A 

~~2:: 
14'179 

.168 
' I 5 7  
' I 47  
-136 
'125 
.114 
' 103 
.092 
.o81 
'070 
'059 
.048 
'037 
-026 
'01s 

14'004 
13'993 

.gSz 
'971 
* 960 
'949 
'93s  
'927 
'9 '5 
'904 
'893 
,882 
-871 
.860 
.848 
'837 

13.825 
' 814  
' 803 
'792 
.780 
'769 
'757 
'746 
'734 
'723 
'71  I 
' 700 
-688 
'677 
.665 
'654 

i n  l n c l ~ e s  

?' 

0~~~~~~ 

14.168 
' I 57  
' I 4 7  
'136 
'125 
.114 
,103 
-092 
'08 I 
'070 
'059 
'048 
'037 

, '026 
. '015 

'004 

I3.993 
.982 
'971 
.960 
'949 
'938 
'927 
'9'5 
' 904 
'893 
.8S2 
'871 
.860 
.848 
'837 
-825 

13.814 
' 803 
'792 
'780 
'769 
'757 
'746 
'734 
'723 
'711 
' 703 
.688 
'677 
.665 
'654 
'642 

-- . 

I 

on Diagonal 

22.373 
' 307 
.300 
'293 
a286 
'279 
'272 
'265 
'259 
'252 
'245 
'23s  
'232 
.225 
-218 
' 2 1  I 

22'204 
.198 
'191 
'184 
' I 77  
1 7 0  
'163 
'156 
'149 
'143 
' 136 
'129 
' 1 2 2  

'115 
.1o8 
* I O I  

22'094 
.oSS 
.OSI 
'074 
'067 
,060 
'C53 
-046 
.038 
'031 
'024 
'017 . '010 

.003 
2 1  '996 

'989 



TABLE XXX1.-Graticules of maps.-Sides and Diagonals of Squares of &th of 
a Degree of Latitude and Longitude, on the Scale of 4 Inches A 1 Mile, or 
1 Inch to $ of a Mile. e 

Latitude 

O I R  0 I N  

From 38 0 0 to 38 3 45 
3 45 ,, 7 30 
7 30 11 15 

11 15 ,, 15 0 
15 0 11 18 45 
18  45 ,, 22 30 
22 30 ,, 26 15 
26 15 ,, 30 0 
30 0 ,I 33 45 
33 45 ,, 37 30 
37 30 ,, 4 1  15 
4 1  15 ,, 45 0 
45 0 ,, 48 45 
48 45 , ,, 62 30 
62 30 ,, 66 15 

38 56 15 , 39 o 0 

39 0 0 ,, 39 3 46 
3 45 ,, 7 30 
7 30 ,I 11 15 

11 15 ,, 15 0 
1 5  0 ,I 18  45 
18 45 ,, 22 30 
22 30 ,, 26 15 
26 15 ,, 30 0 
30 0 ,, 33 45 
33 45 ,, 37 30 
37 30 ,, 4 1  15 
4 1  15 ,, 45 0 
45 0 ,, 48 46 
48 45 ,, 62 30 
62 30 ,, 56 15 

39 66 15 ,, 40 0 0 

Length in Incherr 

m P !l 
On On on Diagonal On 1 I 1 .,.r.lla, 1 

17'241 
'241 
'241 
'241 
'242 
'242 
'242 
' 242 
'242 
'242 
'243 
'243 
'243 
'243 
'243 
'243 

17.244 
'244 
' 244 
'244 
'24j 
'245 
'245 
'245 
'24 5 
'245 
246 
'246 
' 246 
'246 
,246 
'246 

13.642 
-631 
.619 
.608 
'596 
'584 
'572 
.561 
'549 
'538 
'526 
'514 
502 
'491 
'479 
'467 

13.455 
'443 
'431 
'419 
' 407 
'396 
'384 
'372 
' 360 
'348 
'336 
'324 
'312 
' 300 
.288 
-276 

13.631 
.619 
a608 
'596 
'584 
'572 
'561 
'549 
'538 
-526 
'5'4 
'502 
'491 
'479 
'467 
'455 

13'443 
'431 
'419 
'407 
'396 
'384 
'372 
-360 
' 348 
'336 
'324 
'312 
' 300 
'288 
-276 
'263 

21.982 
'975 
.968 
'961 
'954 . 
'947 
'940 
'933 
'925 
.918 
,911 
' 904 
'897 
.890 
-883 
:876 

21.869 
'862 
'855 
.848 
'840 
'833 
.826 
.819 
.81 I 
'804 
'797 
'790 
'782 
'775 
.768 
'760 



TABLE XXXI1.-Graticules of maps.-Sides and Diagonals of Squares of 
gthsof a Degree of Latitude and Longitude, on the Scale of 1 Inch 
to 4 a Mile. 

P 

Latitude 

0 0 r '1 O I N  

From 0 0 0 to 0 7 30 
7 30 ,, 15 0 
15 0 ,, 22 30 
22 30 ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 45 0 
45 0 ,, 52 30 

0 52 30 ,, 1 0 0 

1 0 0 ,, 1 7 30 
7 30 ,, 15 0 
15 0 ,, 22 30 
22 30 ' ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 4'5 0 

52 30 45 0 ,, 
1 5 2 3 0  ,, 2 ' 0  0 

2 0 0 ,, 2 7 3 0  
7 30 ,, 15 0 
15 0 ,, 22 30 
22 30 ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 46 0 
45 0 ,, 52 30 

2 62 30 ,, 3 0 0 

3 0 0 , 3 7 30 
7 30 ,, 15 0 
15 0 ,, 22 30 
22 30 ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 45 0 
45 0 ,, 52 30 

3 52 30 ,, 4 0 0  

4 0 0 ,, 4 7 30 
15 0 

a 7 30 ,, 
15 0 ,, 22 30 
22 30 ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 45 0 
45 0 ,, 62 30 

4 52 30 1, 6 0 0 

6 0 0 ,, 5 7 30 
7 30 ,, 15 0 
ld 0 ,, 22 30 
22 30 ,, 30 0 
30 0 ,, 37 30 
87 30 8, 45 0 
45 0 ,, 52 30 

5 62 30 ,, G 0 0 - 

- 
Length in Inchee 

m P 9 
on Lower 

on ?kIeridlan 1 1 1 on Diagonal 

17.176 17.290 17 '290 24.371 
I 76 290 290 371 
176  290 . 290 371 
1 76 290 290  371 
I 76 290 289 371 
176 289 289 3 70  
176 289 288 3 70 
176 288 288 370 

17 .176  17 .a88  17.287 24 '369 
1 76 287 286 369  
176 286 285 368 
176 285 285 

2 8 j  
368 

1 76 284 
284 282 

367 
1 76 

282 281 
366 

176 
281 2 80 

365 
1 76 365 . 

17.176 17 ,280  17 '279  24.364 
176 279 277 363 
176 277 2 76 362 
176 ' 276 274 

272 
36 1 

176 274 359  
1 76  272 271 358 
176 27 1 269 357 
176 ~ 6 9  267 356 

17.176 17 .267  1 7 . 2 6 5  24 '354 
176 265 263 353 
1 76 263 26 I 351 
I 76 261 258 3 50 
I 76 258 256 3 48 
I 76 2 j 6  254 347  
176 254 2S1 345 
1 76 251 343  

17.177 1 7 ' 2 4 9  17 .246  249 24.341 
177 2 46 243 339  
177 243 2 40 338 
177 2 4 0  237 336 
I 7 7  237 235 334 
I 7 7  235 231 331 
I 7 7  231 228 329  
I 7 7  228 225 327 

17.177 1 7 ' 2 2 j  x 7 . z ~ ~  24 '325  
177 2 2 2  218 322 
177  218  215 320 
I 7 7  215 211 

211  
3 ' 8  

I 7 7  208 ' 3 1 5  
I 7 7  208 204 313  
I 7 7  204 2 0 0  310 
'77 2m 1 9 ~  307 



TABLE XXXI1.-Graticules of maps.-Sides and Diagonals of Squares of 
t th of a Degree of Latitude and Longitude, on the Scale of 1 Inch 
to 4 s Mile. 

Latitude 

0 1 1 0 1 '1 

From G 0 . 0  to  6 7 3 0  
7 30 ,, 15 0 
15 0 ,, 22 30 
22 30 ,, 30 0 

37 30 30 0 ,, 
37 30 ,, 45 0 
45 0 ,, 63 30 

6 52 30 ,, 7 0 0 

7 0 0 , 7 7 30 
7 30 ,, 15 0 
15 0 ,, 22 30 
22 30 ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 45 0 
45 0 ,, 62 30 

7 52 30 ,, 8 0 0 

8 0 0 ,, 8 7 30 
7 30 ,, 15 0 
15 0 ,, 22 30 
23 30 ,, 30 0 
30 0 1, 37 30 
37 30 ,, 45 0 
45 0 ,, 52 30 

8 63 30 ,, 9 0 0 

9 0 0 , 9 7 30 
7 30 ,, 15 0 
13 0 ,, 22 30 
22, 30 ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 45 O 
45 0 ,, 52 30 

9 62 30 , 10 0 0 

10 0 0 ,, 10 7 30 
7 30 ,1 15 0 

15 0 ,, 22 30 
22 30 ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 45 0 
45 0 ,, 52 30 

10 52 30 ,, 11 0 0 

11 0 0 , 11 7 30 
7 30 ,, 1.5 0 
1.5 0 ,, 22 30 
22 30 ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 45 0 
45 0 ,, 62 30 

11 62 30 ,, 12 0 0 

Length in Inches 

m P 'I 
on Lower on Neridinn I , L , l e ,  1 Oizr, 1 on Dingono, ' 

17.178 
I 78 
178 
178 
178 
178 
178 
178 

17.178 
I 78 
1 78 
'79 
'79 
I79 
'79 
I79 

17 '179 
'79 
I79  
'79 
'79 
180 
180 
180 

17.180 
I 80 
I SO 
180 
180 
I 8 I 
181 
181 

17'181 

17.192 
188 
184 
I 80 
176 
171 
167 
162 

17.158 
153 
148 
I43  
139 
I34 
128 
123 

17.118 
113 
107 
102 

096 
091 
08  5 
079 

17'073 
067 
06 I 
05 5 
0 4  9 
0 4 2  

0 3 ~  
0 2 9  

17'023 

17.196 
192 
188 
184 
180 
? 76 
171 
167 

17.162 
158 
I53 
148 
I43  
739 
I34 
128 

17'123 
118 
113 
107 
1 0 2  

096 
O9I 
08 j 

17'079 
073 
067 
06 I 
05 5 
O49 
0 4  2 

036 
17'029 

24.305 
302 
299 
296 
293 
290 
287 
284 

24.281 
2 78 
274 
271 
268 
264 
261 
257 

24.254 
2 jo 
2 46 
2 4 2  

239 
235 
23 I 
227 

24'223 
219  
2 1 4  
2 1 0  

206 
2 0 2  

'97 
I93 

24.188 
184 
I79 
I75 
: 70 
165 
I 60 
155 

24'150 
145 
1 4 0  
I35 
130 
1 2  j 
1 2 0  

114  

181 
181 
181 
181 
182 
182 
182 

17.182 
182 
182 
182 
183 
183 
183 
183 

016 010 I 010 

003 
16.996 

989 
9g2 

16.975 
gb8 
960 
953 
946 
938 
93O 
923 

003 
16.996 

989 
gS2 
975 

16.968 
960 
955 
946 
938 
93O 
Y23 
915 



TABLE XXXI1.-Graticules of maps.-Sides and Diagonals of Squares of 
gth. of a Degree of Latitude and Longitude, on the Scale of 1 Inch 
to  + a Mile. 

Lntitudo 

0 1 ,I O l U  

From 12 0 0 to 12 7 3 0  
7 30 ,, 15 0 

15 0 ,, . 22 30 
22 30 ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 45 0 
45 0 ,, 52 30 

12 52 30 ,, 13 0 0 

13 0 0 ,, 13 7 30 
7 30 ,, 15 0 

15 0 ,, 22 30 
22 30 1 ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 4.5 0 
45 0 ,, 52 30 

13 52 30 , 14 0 0 

14 0 0 , 14 7 30 
7 30 ,, 16 0 

15 0 ,, 22 30 
22 30 ,, 30 0 
30 0 ,, 37 30 

, 37 30 ,, 45 0 
45 0 ,, 52 80 

14 52 30 ,, 15 0 0 

15 0 0 ,, 15 7 30 
7 30 ,, 15 0 

15 0 ,, 22 30 
22 30 ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 45 O 
45 0 ,, 62 30 

15 52 30 , 16 0 0 

16 0 0 ,, 16 7 30 
7 30 ,, 15 0 

15 0 ,, 22 30 
22 30 ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 5 0 
45 0 ,, 62 30 

1 G  52 30 ,, 17 0 0 

17 0 0 ,, 17 7 30 
7 30 ,, 15 0 

15 0 ,, 22 30 
22 30 ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 45 0 
45 0 ,, 62 30 

17 62 30 ,, 19 o 0 

1 

Length in Incliea 

11) B 1 
on XAower on Upper on Diagonal Merg(linn 1 ..:,IC 1 " I  I 

17.183 
183 
183 
I 84. 
184 
184 
184 
184 

17.184 
185 
185 
185 
185 
185 
185 
I 86 

17.186 
186 
I 86 
186 
I 86 
187 
187 
187 

17.187 
187 
I S8 
188 
I 8s 
I SS 
I 88 
1 s9 

17.189 
189 
189 
189 
I9O 
Ig" 
I90 
190 

17.190 
191 
191 
I Y r  
191 
1 9 I 
192 
192 

24' 109 
104 

093 
098 

08 7 
08 I 
076 
o 70 

24.064 
058 
052 
047 
04 I 
035 
028 
022 . 

24.016 
010 

003 
23'997 

99' 
984 
978 
97I 

23.964 
958 
95' 
944 
937 
931 
924 
9I7 

23.910 
902 
895 
888 
88 I 
874 
866 
859 

23'851 
844 
836 
829 
82 I 
8 13 
806 
798 

16.915 
9O7 
899 
891 
883 
875 
867 
859 

16.850 
842 
833 
824 
816 
so7 
798 
789 

16'780 
771 
762 . 753 
743 
734 
724 
715 

16.705 
695 
685 
676 
666 
65 5 
645 
635 

16.625 
614 
604 
593 
583 
572 
561 
551 

16.540 
529 
5 1 ~  
506 
495 
484 
472 
46 1 

16.907 
899 . 891 
883 
875 
L67 
859 
8jo 

16.842 
833 
824 
816 
807 
798 

. 789 
780 

16.771 
76 2 

753 
743 
734 
724 
715 
705 

16'695 
685 
676 
666 
655 
64j 
635 
625 

16.614 
604 
593 
583 
572 
56 1 
551 
5 40 

16.529 
518 
5 0 ~  
495 
454 
472 
46 1 
449 



TABLE XSXI1.-Graticules of maps.-Sides and Diagonals of Squares of 
gth of a Degree of Latitude and Longitude, on the Scale of 1 Inch 
to  4 a Mile. 

Latitude 

0 1 1 0 1 " 
From 18 0 0 to 18 7 30 

7 30 1, 18 o 
15 0 11 22 30 
22 30 ,, 30 0 

37 30 30 0 1, 

37 30 ,, 45 0 
45 0 ,, 52 30 

18 62 30 ,, 19 0 0 

19 0 0 ,, 19 7 30 
7 30 1, 15 0 

15 0 ,I 22 30 
22 30 ,, 30 0 
30 0 ,J 37 30 
37 30 ,, 45 0 
45 0 ,, 52 30 

19 52 30 , 20 0 0 

20 0 0 ,, 20 7 30 
7 30 ,, 15 0 

15 0 1, 22 30 
22 30 ,, 30 0 
30 0 1, 37 30 
3 7 3 0  ,, 45 0 
45 0 ,, 52 30 

20 52 30 , 21 0 0 

21 0 0 ,, 21 '7 30 
7 30 IF 15 0 

15 0 9, 22 30 
22 30 ,, 30 0 
30 0 ,I 37 30 
37 30 ,, 45 0 
45 0 ,, 52 30 

21 52 30 , 22 0 0 

22 0 0 ,, 22 7 30 
7 30 1, 15 0 

15 0 ,, 22 30 
22 30 ,, 30 0 
30 0 9, 37 30 
37 30 ,, 45 0 
45 0 ,, 52 30 

22 62 30 , 23 0 0 

23 0 0 , 23 7 30 
7 30 1, 15 0 

15 0 ,, 22 30 
22 30 ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 45 0 
45 0 ,, 62 30 

23 52 30 ,, 24 0 0 

Longt l~  in Inches 
7 

m P ¶ 
on Upper 

on Meridinn 1 ? , , L  1 1 on Dingona~ 

17.192 16.449 16.438 23'790 
192 438 426 782 
'93 426 4 14 774 
'93 414 402 766 
'93 40 2 3 9O 758 
'93 3 90 378 750 
193 578 366 742 
I94 366 354 734 

17.194 16.354 16.342 23'725 
'94 342 3 30 717 
'94 3 30 3'7 709 
I95 317 305 700 
'95 305 292 

2 80 
692 

'95 292 
2 80 

683 
195 267 675 
196 267 254 666 

17.196 16'254 16.241 23'658 
196 241 228 

228 
649 

196 215 6 40 
197 215 202 631 
I97 202 189 623 
I97 189 I 76 614 

176 162 : BQ 605 
162 '49 5 96 

17.198 16.149 16.135 23'587 
198 I35 122 578 
198 122 I 08 569 
I99 I 08 09 5 559 
I99 095 08 I 5 50 
I99 08 I 067 541 
'99 067 053 532 
200 053 O39 5z2 

17'200 16.039 16.025 23'513 
200 02j 01 I 503 
200 01 I 15'996 494 
201 15'996 982 484 
20 I 982 968 475 
201 968 953 46 5 
201 953 939 455 
202 939 924 446 

17'202 15'924 15.909 23'436 
202 909 895 426 
202 895 880 416 
203 880 865 406 
203 865 850 397 
203 8 50 83 5 -387 " 
204 835 820 376 
204 820 804 366 



TABLE XXXI1.-Graticules of maps.-Sides and Diagonals of Squares of 
$th. of a Degree of Latitude and Longitude, on the Scale of 1 Inch 
to + a Mile. 

Latitude 

o r n  o I 11 

Prom 24 0 0 t o  24 7 30 
7 30 ,I 15 0 

15 0 ,, 22 30 
22 30 ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 45 0 
45 0 ,, 52 30 

24 52 30 , 25 0 0 

25 0 0 ,, 25 7 30 
'7 30 ,, 15 0 

15 0 ,, 22 30 
22 30 8 ,, 30 0 
30 0 I, 37 30 
37 30 ,, 45 0 
45 0 ,, 52 30 

25 52 30 , 26 , 0 0 

26 0 0 , 26 7 30 
7 30 1, 15 0 

15 0 ,, 22 30 
22 30 ,, 30 0 
30 0 ,I 37 30 
37 30 ,, 45 0 
45 0 ,, 52 30 

26 52 30 , 27 0 0 

2 0 0 ,, 27 7 30 
7 30 11 15 0 

15 0 ,, 22 30 
22 30 ,, 30 0 
30 0 1, 37 30 
37 30 ,, 45 0 
45 0 ,, 62 30 

27 62 30 , 28 0 0 

28 0 0 ,, 28 7 30 
7 30 11 15 0 

15 0 ,, 22 30 
22 30 ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 45 0 
45 0 ,, 52 30 

28 6b 30 , 29 0 0 

29 o o , 29 7 30 
7 30 11 15 0 

1 0 ,, 22 30 
22 30 ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 45 0 
45 0 ,, 62 30 

29 52 30 ,, 30 0 0 

Length in Inches 

m B 2 
on Lower 

onhhridian I , 1 O::ze ( on Diagonal 

17.204 15.804 15'789 23'356 

204 789 774 3 46 
205 774 . 758 336 
205 758 743 326 

205 743 727 315 
206 727 71 1 305 
206 711 696 295 
206 696 680 284 

17.206 15,680 15.664 23'274 

207 664 648 263 
207 648 632 253 
207 632 6 I 6 242 
208 6 r 6 600 231 
208 600 583 221 

208 583 567 2 10 

208 567 5 50 I99 . 
17.209 15'550 15'534 23.188 

209 534 517 178 
209 5'7 501 167 
210 5OI 484 156 

210 484 467 I45 
2 10 467 4 50 134 

211 4 50 433 123 
211 433 416 112 

17.211 15.416 15'399 23- 100 

211 399 382 089 
212 382 365 078 
2 12 365 348 067 
2 12 348 3 30 05 5 
2 I 3  3 30 3'3 044 

2 13 313 295 033 
2 13 295 276 02 I 

17.214 15.278 15'260 23'010 

2 I4 260 242 22.998 

214 242 z25 987 
215 225 207 975 
215 207 189 963 
215 189 171 952 

215 171 153 94O 
2 I 6 I53 I34 928 

17.216 15'134 15.116 22'917 

2 I 6 I 16 098 905 
217 0 9 ~  O79 893 
2 17 079 06 I 88 I 
2 I7 06 I 042 g69 
218 042 024 857 
218 024 005 845 

218 09 5 14.986 833 



TABLE XXXI1.-Graticules of maps.-Sidcs and Diagonals of Squares of 

gth of a Degree of Latitude and Longitude, on  the Scale ,,of 1 Inch 
to  & a Mile. 

Lalitudo 

From 30 0 0 t o  30 7 30 
7 30 ,, 15 0 

1.5 0 ,, 22 30 
22 30 ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 45 0 
45 0 ,, 53 30 

30 52 30 , 31 0 0 

Lenglh  in Inches 

14.968 
949 
930 
911 
892 
872 
853 
834 

14.814 
795 
775 
756 
736 
7 16 
697 
677 

14 '657  
637 
6 17 
597 
576 
5 56 
536 
515 

14'495 
474 
454 
43 3 
4 1 2  

39' 
370 
349 

14.328 
307 
286 
265 
243 
2 2 2 

2 0 1  

'79 

14'157 
136 
I I l l  

09 2 

070 
048 
026 
004 

I 

on Dingonnl 



TABLE XXXI1.-Graticules of maps.-Sides and Diagonals of Squares of 
4th of a Degree of Latitude and Longitude, on the Scale of 1 Inch 
to 4 a Mile. 

Latitude 

-! 

I 
0 1 .  0  1 '1 

From 36 0 0 to  36 7 30 
7 30 ,, 15 0 

15 0 ,, 22 30 
23 30 ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 45 0 
45 0 ,, 52 30 

36 52 30 ,, 37 o o 

37 0 0 ,, 37 7 30 
7 30 ,, 15 0 

15 0 I,, 22 30 
22 30 ,, 30 o 
30 0 ,, 37 30 
37 30 ,, 45 0 
45 0 ,, 52 30 

37 52 30 , 38 0 0 

38 0 0 ,, 38 7 30 
7 30 ,, 15 o 

15 0 ,, 22 30 
22 30 ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 45 0 
45 0 ,, 52 30 

38 52 30 ,, 39 0 0 

39 0 0 ,, 39 7 30 
7 30 ,, 15 0 

15 0 ,, 22 30 
22 30 ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 45 0 
45 0 ,, 62 30 

39 52 30 ,, 40 0 0 

Length in Inches 

m P P 
on Luwer on 1 p , , ~ l e l  I O;Jr ( on Diagonsl 

17.235 
235 
236 
2 36 
237 
237 
237 
238 

17.238 
238 
239 
239 
239 
2 40 
2 40 
241 

17.241 
241 
242 
242 
242 
243 
243 
243 

17'244 
244 
24j 
245 
245 
246 
246 
246 

14'004 
13.982 

9 6 ~  
938 
915 
893 
871 . 848 

13-82 j 
803 
780 
757 
734 
7" 
688 
665 

13.642 
619 
5 96 
572 
549 
526 
502 
479 

13.455 
431 
407 
384 
360 
336 
312 
288 

13.982 
. 9 6 ~  
938 
9'5 
893 
87 1 
848 
825 

13.803 
780 
757 
734 
711 
688 
665 
642 

13.619 
596 
572 
549 
526 
502 
479 
455 

13'431 
407 
384 
360 
336 
,312 
288 
263 

22' 200 

187 
I73 
I59 
146 
132 
118 
104 

22.090 
076 
06 2 

, 048 
034 
0 2 0  

006 
21 .992 

21 '978 
964 
9 50 
936 
922 
907 
893 
879 

21 '865 
850 
836 
822 
807 
793 
779 
764 



TABLE XXXIII  A,-Graticulcs of maps.-Sides and'Diagonals of Sqrlnres of 8th 
of Degree of Latitude afid Longitutlc, on tlie Scale of 1 Inch to -: of a, Mil6. 

.- 

Latitude 

- 
0 I ,I 0 I 4 

From 0 0 0 t o  0 7 30 
7 30 8, 15 0 

I 22 30 16 0 ,, 
22 30 ,, 30 0 
30 0 ,, 37 30 

45 O 37 30 ,, 
45 0 ,, 52 30 

0 52 30 ,, 1 0 O 

1 0 0 ,, 1 7 30 
7 30 ,, 16 0 

15 0 ,, 22  30 ' 
22 30 ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 45 . 0 
45 0 ,, 52 30 

1 62 30 ,, 2 0 0 

2 0 0 ,, 2 7 80 
7 30 ,, 15 0 

15 0 ,, 22 30 
22 30 ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 45 0 
4.5 0 ,, 62 30 

2 52 30 ,, 8 0 0 

3 0 0 , 3 7 30 
7 30 ,, 15 0 

15 0 ,, 22 30 
22 30 ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 45 0 
45 0 ,, 52 30 

3 52 30 ,, 4 0 0 

4 0 0 , 4 7 30 
7 30 ,, 15 O 

16 0 ,, 22 30 
2 2 . 3 0  ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 45 0 
43 0 ,, 62 30 

4 62 30 ,, 6 0 0 

G 0 0 ,, G 7 30 
7 30 ,, 15 0 

5 0 ,, 22 30 
22 a0 ,, 30 o 
a0 o ,, 37 30 
87 30 ,, 45 0 
45 0 ,, 62 30 

6 52 30 ,, G 0 0 

G 0 0 ,, 0 7 30 
7 30 ,, 15 0 

5 0 ,, 22 30 
22 30 ,, 30 0 
a0 0 ,, 37 30 
a7 30 ,, 46 o 
46 0 ,, 62 30 

6 52 30 , 7 0 0 

' 

Le11gt11 1 1 1  I~ lc l~ea 

7n 1 
On ~ l ~ r i ~ n  ( O:i!{T 1 011  D I ~ ~ O I I ~ I ~  

12.882 
882 
882 
882 
882 
682 
882 
882 

12.882 
882 
882 
882 
882 
682 
882 
682 

12.882 
882 
882 
882 
882 
882 
852 
882 

12.882 
882 
8Sz 
6s  z 
88 2 

882 
882 
882 

12 ,843 
g83 
893 
683 
833 
683 
883 
8S3 

12 '883 
683 
SX3 
883 
8s  3  
883 
883 
883 

12.883 
8X3 
8x3 
8S3 
843 
883 
883 
g83 

12'967 
967 
967 
967 
967 
967 
96 7  
966 

12.966 
965 
964 

' ~ 6 4  
964 
963 
y61 
961 

12.960 
959 
958 
957 
955 
954 
953 
952 

12 .g j0  
949 
947 
946 
043 
942 I 
940 
938 

12'937 
934 
932 
9  30 
928 
926  
923 
g z r  

12'919 
916 
9 ' 3  
91 I 
908 
go6 
9O3 
900 

12.897 
894 
891 
888 
88 j 
882 
873 
873' 

12'967 
967 
967 

- 967 
967 
967 
966 
966 

12,965 
964 
964 
y64 
963 
961 
961 
960 

12'959 
958 
957 
955 
954 
95 3  
Y52 
9  SO 

12'949 
947 
94b 
943 
942 
9  4O 

938 
937 

12,934 
932 
9  3 0  
928 
926 
923  
921  
9 '9  

~ 2 . 9 1 6  
9 ' 3  
9 l  
908 
906 
9O3 
YO0 
SW 

12'894 
80 I 

SM8 
845 
882 
878 
875 
87 1 

18'278 ,, 
278 
278 
278 
278 
277 
277 
277 

18.277 
277 
276 
276 
275 
274 
274 
274 

18.273 
272 
271 
271 
269 
268 
268 
267 

18.265 
265 
263 
262 
26 I 
260 
259 
257 

18.256 
2 54  
253 
252 
z  50 
248 
247 
245 

18.244 
, 2 4 1  

2 4 0  
233 
2 36 
235 
232 
2 30 

18.229 
227  ., 

' 2 2  4 
2 2 2  

2 2 0  

117 
215 
213 



TABLE XSXIII A,-Graticnles of maps.-Sideo and Diagonals of Squares of it11 
of a Ytbgree of Latitadt: and Longiturlc, on t l ~ c  Scalo of' 1 11lcll to of a l\l~lo. 



TABLE XXXIII A.-Graticules of maps.-Sides and Diagonals of Squares of +th 
of a Degree of Latitude and Longitude, on the Scale of 1 Inch to Q of a Mile, 

LBtiLude 

0 I 'I 0 I PI 

From 14 0 0 to  14 7 30 
7 30 ,, J5 0 
15 0 ,, 22 30 
22 30 ,, 30 0 
30 0 ,, 37 243 
37 30 ,, 45 0 
45 0 ,, 52 30 

14 52 30 ,, 15 0 0 

15 0 0 ,, 15 7 30 
7 30 ,, 15 0 

22 30 15 0 ,, 
22 30 ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 45 0 
45 0 ,, 52 30 

15 52 30 , 16 0 0 

16 0 0 ,, 16 7 30 
7 30 , I  15 0 
15 0 ,. 22 30 
22 30 ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 45 0 
45 0 ,, 62 30 

16 52 30 ,, 17 0 0 

17 0 0 ,, 17 7 ' 3 0  
7 30 ,, 15 0 
15 0 ,, 22 30 
22 30 ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 46 0 
45 0 ,, 152 30 

17 52 30 , 18 0 o 
18 0 0 ,, 18 7 30 

7 30 ,, 15 0 
15 0 ,, 22 ;K) 
22 30 ,, 30 0 
30 0 ,, . 37 30 
37 30 ,, 45 o 
45 0 ,, 52 30 

18 62 30 ,, 19 0 0 

19 0 0 ,, 19 7 30 
7 30 ,, 15 0 
16 0 ,, 22 .70 
22 30 ,, 30 0 
ao u ,, 37 30 
37 30 ,, 45 0 
45 0 ,, Ij2 30 

19 62 30 ,, 20 0 0 

20 0 0 ,, 20 7 3 0  
7 30 ,, 15 0 
15 0 ,, 22 30 
22 30 ,, 30 0 
ao o ,, 37 ao 
87 30 ,, 45 0 
45 0 ,, 62 80 

20 52 30 , 21 0 0 
\ 

, 

' 

1.englh in Inc l~es  
C 

n, 

on Lower 
P ¶ 

on Upper 
On Meridinn 1 I ,...]1., / On Diwonnl 

12.869 
869 
889 
869 
889 
ago 
ago 
ago 

12.890 
ago 
891 
891 
891 
89 1 
891 
89 2 

12'892 
892 
892 
892 
BY2 
8 9 ~  
Byz 
892 

12.892 
893 
893 
8 ~ 3  
893 
893 
894 
'394 

12,894 
894 
895 
895 

895 
895 
BY5 

12,895 
895 
895 
896 
By6 
8y6 
896 
897 

12.897 
897 
897 
8 ~ 8  
898 
898 
898 
898 

12.585 
578 
571 
565 
557 
5 50 
543 
5 36 

12'529 
521 
5 F4 
507 
499 
49l 
484 
476 

12.469 
460 
453 
,445 
437 
429 
42 I 
413 

12.405 
397 
388 
379 
371 
363 
354 
346 

12.337 
329 
320 
3" 
302 
293 
284 
275 

12.266 
257 
248 
238 
229 
219 
210 

200 

12.191 
181 
171 
I 6 I 
'51 
142 
132 
121 

12.578 
571 
s65 
557 
5 50 
543 
536 
529 

12'521 
5 14 
507 
499 
491 
484 
476 
469 

' 12.460 
453 
445 
437 
429 
42 I 
4 13 
405 

12'397 
388 
379 
371 
363 
354 
346 
337 

12'329 
320 
311 
3 0 2  
293 
284 
275 
266 

12'257 
748 
238 
229 
219 
210 
200 
I g I" 

12'181 
171 
I 6 I 
151 
142 
132 
IZE 
IIZ 

18.012 
007 
90 2 

'7'998 
993 ' 

983 
988 

978 
'7.973 

968 
963 
958 
953 
948 
943 
938 

17'932 
9 ~ 6  
gzr 
916 
511 
9O5 
899 ' 

*94 
17'888 

883 
877 
872 
866 
860 
954 
848 

17.843 
837 
831 
s25 
819 
8 13 
807 
80 I 

17'794 
79 '3 
782 
775 
769 
762 
7 56 
7 50 

17'744 
737 a 

330 
723 
717 
7" 
704 
697 



TABLE XXXIII A.-Gra.ticules of maps.-Sides and Diagonals of Squares of 4th 
of a Degree of Latitude and Longitutle, ou tllc Scale of 1 I n c l ~  to {.of a Mile. 

I 

Latltude 

0 1 "  0 1 * 

From 21 0 0 to 21 7 30 
7 30 ,, 15 O 

15 0 ,, 22 30 
22 34 ,, 30 0 

37 30 30 0 ,, 
37 30 ,, 45 0 
45 0 ,, 62 30 

21 52 30 ,, 22 0 0 

22 0 0 ,;22 7 30 
7 30 ,, 15 0 

15 0 ,, 22 30 
22 30 ,, 30 0 

37 30 30 0 ,, 
37 30 ,, 45 0 
45 0 ,, 62 :j0 

23 62 30 ,, 23 0 0 

23 0 3 ,, 23 7 30 
7 30 ,, 15 0 

15 0 ,, 22 30 
22 30 ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 45 0 
45 0 ,, 62 30 

23 62 30 ,, 24 0 O 

24 0 0 ,, 24 7 30 
7 30 ,, 15 0 

15 0 ,, 22 30 
22 30 ,, HO 0 
30 o ,, 37 30 
37 30 ,, 45 0 
45 0 ,, 62 30 

24 62 30 ,, 26 0 0 

25 0 0 ,, 25 7 30 
7 30 ,, 15 0 

15 0 ,, 22 30 
22 30 ,, 30 0 
ao o ,, 37 30 
37 30 ,, 45 0 
45 0 ,, 62 30 

25 62 30 ,, 2G 0 0 

2G 0 0 ,, 26 7 30 
7 30 ,, 15 0 

15 0 ,, 22 30 
23 30 ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 45 0 
45 0 ,, 63 DO 

29 62 30 ,, 27 0 0 

27 0 0 ,, 27 '7 30 
7 80 ,, 15 0 

I5 0 ,, 22 30 
22 30 ,, :lo 0 
0 0 ,, 37 30 
37 30 ,, 45 0 
4.7 0 ,, 62 30 

27 52 30 ,, 29 0 o 

Lel~glll  In IIIC lice 
-- - 

~n 
on Lower 

P 4 
on Upper 

On ~ ~ e r 1 ~ 1 1 1 n  j 1 , , I , , , ,  1 on ....on.l 

12.898 
698 
898 
899 
899 
899 
899 
900 

12 '900 
goo 
goo 
901 
901 
901 
901 
901 

12'901 
901 
901 
902 
902 
902 
903 
9O3 

1 2 ' 9 0 3 -  
9O3 
9O4 
9O4 

905 
904 

905 
9C5 

12.905 
9O5 
9O5 
905 
906 
906 
906 
906 

12.907 
9O7 
0°7 
go8 
!Io8 
908 
go8 
90s 

12.908 
go8 
9O9 
909 
9O9 
913 
91° 
9 ' 0  1 

1 2 ' 1 0 1  

092 
08 I 

07 1 
06 I 
o jo 
0 4 0  
029 

12'019 
008 

" '997 
987 
976 
965 
954 
943 

11'932 
g 2 '  
91° 

;so 
876 
865 
853 

I I '842 

i 3  I ' 9  
807 
795 
783 
772 
760 

11.748 
736 
724 
712 
700 
657 
675 
663 

r1.651 
638 
626 
613 
600 
588 
575 
562 

11'549 
5 17 
524 
5 " 
498 
485 
47 1 

459 

1 2 . 1 1 2  

101 . 092 
081 
071 
06 I 
~ 5 0  
040 

12'029 
019 
008 

" '997 
987 
976 
965 
954 

11 '943 
932 
g z r  
910 . 
899 
888 
876 
865 

11'853 
842 
83 1 

8 ' 9  
807 
795 
783 
772 

11 .760 
74s 
736 
724 
7'2 
700 
687 
675 

I I '663 
65' 
638 
626 
613 
600 
sS8 
575 

11.562 
549 
537 
524 

. 5" 
4 98 
435 
4 7 1  

- 

17.690 
684 
677 
669 
663 
656 
649 
642 

1 7 . ~ 3 5  
627 
62 I 
613  
606 
599 
59' 
585 

17'577 
5 70 
502 
5 5 5 
548 
5 4 0  
532 
525 

17'517 
5 ' 0  
502 
495 
486 
479 
47 1 

463 

17.456 
447 
440 
432 
423 
416 
408 
399 

17.391 
3s4 
375 
367 
359 
351 
34 2 

334 

17 '325 
3 '7 
3O9 
300 
291 
283 
275 
266 

T 



TABLE XXXIII A.-Graticules of maps.-Sides nnd Diagonals of Squares of i t h  
of a' Degree of Latitude and Longitude, on tlie Scale of 1 Inch t o  5 of a Mile, 

Lnti tr~de 

. 
0 , n 0 1 11 

From 28 0 0 t o  28 7 30 
7 30 ,, 15 0 

15 0 ,, 2: 30 
22 30 ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 46 0 
45 0 ,, 52 30 

29 52 30 , 29 0 0 

29 0 0 ,, 20 7 30 
7 30 ,, 15 0 

15 0 ,, 22 30 
22 30 ,, 30 0 
30 0 9, 37 30 
37 30 ,, 4.5 0 
4.5 0 ,, 53 30 

29 52 30 ,, 30 0 0 

30 0 0 ,, 30 7 30 
7 30 ,, 15 0 

I 0  ,, 22 30 
22 30 ,, 31) 0 
30 0 ,, 37 30 
37 30 ,, 45 0 
45 0 ,, 52 30 

30 52 30 , 31 0 0 

31 0 0 ,, 31 7 3C 
7 30 ,, 15 0 

15 0 ,, 22 30 
22 30 ,, 30 0 
30 0 9, 37 30 
37 30 ,, 4.5 0 
4.7 0 ,, 52 30 

31 52 30 , 32 0 0 

32 0 0 ,, 32 7 30 
7 30 ,, 15 0 

15 0 ,, 22 30 
22 30 ,, 30 0 
3u 0 ,, 37 30 
37 30 ,, 4.5 0 
45 0 ,, 52 30 

32 52 30 , 33 0 0 

33 0 0 ,, 33 7 30 
7 30 ,, 15 0 

15 0 ,, 23 30 
22 30 ,. 30 0 
30 0 ,, 37 30 
37 30 ,, 4.5 0 
45 0 ,, 52 30 

33 52 30 ,, 34 0 0 

31 0 0 ,, 34 7 30 
7 3 ,, I i 0 

15 o ,, 22 no 
22 30 ,, 30 0 
30 0 ,, 37 30 
a7 80 ,, 4.; o 
45 0 ,, 52 30 

34 52 30 ,, a5 o o 

a 

1 

L r ~ ~ g l l ~  in I n c l ~ e s  

9n ?' ¶ 
on 1,orver 011 Epper 

On nlerldian I I 1 1 ,  l l  1 -0. .la.n.l 

12.910 
91° 
9Io 
911 
911 
91r 
911 
912 

12.912 
912 
913 
913 
913 
9l4 
9'4 
914 

12.914 
9'4 
9'4 
9l5 
YI5 
91 5 
916 
916 

12.916 
917 
9'7 
917 
9'7 
9'7 
9'7 
918 

12.918 
918 
9'9 
9'9 
9'9 
YzO 
920 
920 

12.920 
qz0 
g20 
g21 
9zr 
921 
922 
922 

12922 
923 
923 
923 
Y23 
923 
Y24 
924 

11'459 
445 
432 
4I9 
4C5 
392 
378 
363 

11'351. 
337 
324 
309 
296 
ZSZ 
258 
2j4 

11'240 
226 
212 

I 98 
1p3 
169 
354 
140 

11.126 
I I I  

0g6 
08 I 
06 7 
ojt 
03 7 
023 

r I .oo8 
10'993 

975 
y63 
9 0  
932 
9'7 
902 

10.886 
871 
8 j6 
841 
82 j 
809 
793 
778 

ro ;hz 
746 
,730 
715 
%)I) 
652 
607 
6jr 

11.44j 
432 
419 
405 
392 
378 
365 
351 

11.337 
324 
309 
296 
282 
268 
254 
2 40 

1r.226 
212 

1 9 ~  
183 
'by 
'54 
140 
I 26 

11.111 
0g6 
08 I 
067 
0S2 
03 7 
023 
008 

10'993 
978 
963 
94* 
932 
917 
YO2 
886 

10.871 
856 
841 
825 
809 
793 
778 
762 

10 746 
7 30 
715 
699 
68 I 

667 
65 1 
034 

17.2j8 
249 
2 40 
231 
222 

2 14 
20j 

1 9 ~  
17.188 

'79 
170 
161 
1j2 
I i3 
I34 
'25 

17.116 
'07 
098 
088 
079 
070 
06 I 
cjI 

17'042 
O33 
024 
0'5 
005 

16.995 
gs0 
976 

16.967 
9 58 
948 
93s 
929 
9'9 
910 
900 

16.890 
880 
871 
86 I 
85 1 
84 1 

832 
822 

16.812 
802 
792 
782 
772 
762 
752 
742 



,TABLE XXXIII  A,-Graticules of maps.-Sides and Diagonals of Squares of i t h  
of a Degree of Latitude and Longitude, on the Scale of 1 Inch to of a Mile. 

' 

J 
Latitude 

o I 11 o I n 

From 35 0 0 to 35 7 30 
7 30 ,, 15 0 

15 0, ,, 22 30 
22 30 ,, 30 0 , 
30 0 ,, 37 30 

45 0 37 30 ,, 
45 0 ,, 52 30 

35 52 30 ,, 36 0 0 

36 0 0 ,, 36 7 30 
7 30 ,, , 15 o 
15 0 ,, 22 30 
22 30 ,, 30 0 
30 0 9, 37 30 
37 30 ,, 45 0 
45 0 ,, 52 30 

36 52 30 ,, 37 0 0 

37 0 0 ,, 37 7 30 
7 30 ,, 15 0 

15 0 ,, , 22 30 
22 30 ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 45 0 
45 0 ,, 52 30 

37 52 30 , 38 0 0 

38 0 0 ,, 38 7 3 0  
7 3O ,, 15 0 

15 0 , ,, 22 30 
23 30 ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 46 0 
45 0 ,, 52 30 

38 52 30 ,, 39 0 0 

39 0 0 ,, 39 7 3 0  
7 30 ,, 15 0 
15 0 ,, 22 30 
22 30 ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 45 0 
45 0 ,, 62 30 

; 39 62 30 ,, 40 0 0 

Length in Il icl~es 

m P 4 

on Meridian 1 O;iE 1 I on Diugonal 

16.732 
72 I 
7'2 
70 1 
691 
68 I 
671 
66 I 

16.650 
640 
630 
6 19 
610 
599 
s89 
578 

16.568 
557 
547. 
536 
5 ~ 6  
515 
SO5 
494 

16'484 
473 
463 
452 
442 
4 30 
420 
409 

16'399 
388 
377 
367 
355 
345 
334 
323 

10'618 ' 

602 
586 
569 
553 
5 36 
520 
503 

10.487 
4 70 
454 
436 
420 
403 
386 
369 

10.352 
335 
3'8 
301 
283 
266 
249 
232 

~o'zrq 
197 
I79 
162 
I45 
127 
1°9 
091 

10'073 
05 5 
038 
0 2 0  

00 2 

9'984 
966 
947 

12.924 
925 
925 
925 
9z6 
926 
926 
gz6 

12.926 
926 
927 
927 
928 
928 
928 
g29 

12.929 
929 
929 
929 
929 
9 30 
930 
93I 

12.931 
93' 
932 
932 
932 
932 
932 
932 

12.933 
933 
934 
934 
934 
935 
935 
935 

10.634 
618 
602 
586 
569 
553 
536 
520 

10'503 
487 
470 
454 
436 
420 
403 
386 

10'369 
352 
335 
318 
301 
283 

, 266 
249 

10'232 
214 
I97 
I79 
162 
I45 
127 
109 

10.091 
073 
05 5 
038 
0 2 0  

00 2 

9'984 
966 



TABLE XXXIII B.-Graticules of maps.-Sides and Diagonals of Squares of gth 
of a Degree of Latitude and Longitude, on the Scale of 1 Inch to 1 Mile, 

Latitude 

o 1 ,I o r #  

From 0. 0 0 to 0 7 30 
7 30 ,, , 1 5  0 

15 0 ,, 22 30 
28 30 ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 4,s 0 
45 o ,, 52 30 

o 52 30 ,, 1 0 0 

1 0 0  ,, 1 7 3 0  
7 30 ,, 15 0 

15 0 ,, 22 30 
22 30 ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 45 0 
45 o ,, 52 30 

1 52 30 ,, 2 o o 
2 0 0  ,, 2 7 3 0  

7 30 ,, 15 0 
15 0 . ,I 22 30 
22 30 ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 45 0 
48 0 ,, 62 30 

2 52 30 ,, 3 0 0 

3 0 0  ,, 3 7 3 0  
7 30 ,, 15 0 

15 0 ,, 22 30 
22 30 ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 45 0 
45 0 ,, 52 30 

3 52 30 ,, 4 0 0 

4 0 0  ,, 4 7 3 0  
7 30 ,, 15 0 

15 0 ,, 22 30 
22 30 ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 45 0 
45 O ,, GZ 30 

4 52 30 ,, 6 0 0 

6 0 0  ,, 5 7 3 0  
7 30 I, 15 0 

15 0 ,, 22 30 
22 30 ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 45 0 
45 0 ,, 62 30 

6 52 30 ,, 6 0 0 

0 0 0  ,, 6 7 3 0  
7 30 ,, 15 0 

15 0 ,, 23 30 
22 30 ,, 30 0 
80 ( )  ,, 37 XO 
a7 ao ,, 45 o 
45 0 ,, 52 30 

6 52 30 ,, 7 o 0 

Longtl~ i n  Incl~ea 

m P I 
on Lowor 

0. ~ ~ o r l d l n n  1 plL:,lld ( 0 : 1 ~ ~ ~  1 on Di,, 

8 . 5 8 8  
588 
588 
588 
588 
588 
588 
588 

8 . 5 8 8  
588 
5 8 s  
588 
5 8 s  
5 8 s  
585 
588 

8 . 5 8 8  
588 
588 
588 
5 8 s  
558 
588 
585 

8 . 5 8 8  
5 8 s  
588 
s88 
588 
s88  
588 
588 

569 
589 
589 
589 
5% 
589 
5% 

8 , 5 8 9  
559 
589 
589 
5% 
5% 
599  
589 

8 , 5 8 9  
5% 
589 
5*9 
589 
589 
589 
589 

12.186 
I 86 
186 
I 86 
186 
1 8 j  
1 8 j  
185 

12.185 
185 
184 
184 
184 
183 
183 
183 

12.182 
182 
181 
181 
180 
179 
I79 ' 
178 

12.177 I 
177 
I 76 
175 
174 
174 
173 
172 

1 2 ' 1 7 r  
170 
I 0 g 
108 
167 
166 
16 j 
164 

12 .163  
:61 
I Bo 
159 
158 
157 
'55 
154 

12 .153  
151 r 

" 150 
I 48 
147  
145 
1 4 4  
1 4 2  

8 . 6 4 5  
6 4 j  
645  
645 
64 5 
645  
645 
644  

8 ' 6 4 4  
644  
6 13 
643 
6 4 3  
642 
641 
6 4  I 

8 . 6 4 0  
640 
639 

, 6 3 8  
637  
636 
636 
635 

8 . 6 3 4  
633  
632 
63  1 

6 2 9  
628 
627  
626 

8 . 6 2 5  
6 2 3  
622 
6 2 0  
619 
6 r 8  
616 
614  

8 . 6 1 3  
61  I 
6 0 ~  
608  
606 
604  
60 2 

6 0 0  

8 , 5 9 8  
5 96 
594 
592 
5 go 
588 
s R 6  
584 

8 .645  
645 
645 
645 
645 
645 
644 
644  

8 . 6 4 4  
643  
643  
6 4 3  
642 
641 
641 
6 4 0  

8 . 6 4 0  
639 
63Y 
637  
636 
636 
635 
634 

8 . 6 3 3  
632 
6 3  1 

6 2 9  
628  
627  
626 
625 

8 . 6 2 3  
622 
6 2 0  

619 
6 I 8  
616 
614  
6 1 3  

8 - 6 1  I 
609 
608  
606 
604 
602 
600 
598: 

8 . 5 9 6  
5'14 
5q2 

:e 
596 
584 
591 



,TABLE XXXIII  B.-Graticulcs of maps.-Sides and Diagonals of Squares of i t h  
of n Degree of Latitude and Longitude, on t l ~ e  Scale of 1 Inch t o  1 Milc. 

, 

b 

I i 

I 

1 

I 

LrllgI11 I I I  111(.11cs 
3 

LallLude 1 YI 

on Tmmer 
P r y  1 on Merl(l l~n / 1 o.,%' I on D ~ ~ O I I I I ,  

-- 
0 I n 0 1 1 

Prom 7 0 0 t o  7 7 30 
7 30 11 15 0 

15 o ,,. 22 no 
22 30 '  ,, 30 0 
30 0 ,, a7 30 
37 30 ,, 45 0 
45 0 ,, 52 30 

7 52 30 ,, 8 0 0 

$ 0 0  ,, 8 7 3 0  
7 30 ,, 15 0 

15 0 ,, , 22 30 
22 30 ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 45 0 
45 0 , I  62 30 

8 52 30 ,, 9 0 0 

9 0 0  9 7 3 0  
'7 30 ,, 15 0 

15 0 ,, 22 30 
22 30 ,, , 30 0 
30 0 ,, 37 80 
37 30 ,, 45 0 

I 45 0 ,, 62 30 
9 52 30 ,, 10 0 0 

1 0  0 0 ,, 1 0  7 30 
7 30 ,, 15 0 

15 0 ,, 213 30 
2% 30 ,, 30 0 
30 0 , ,, 37 30 
37 30 ,, 95 O 
45 0 ,, 52 30 

1 0  62 30 ,, 1 1  o o 
11 0 0 ,, 11 7 30 

7 30 ,, 15 0 
15 0 ,, 22 30 
22 30 ,, 30 O 
30 0 ,, 37 30 
37 30 ,, 45 0 
45 0 ,, 62 30 

11 53 30 ,, 12 0 0 

12 O o ,, 12 '7 80 
( I  , 7 0 ,, 15 0 

16 0 ,, 23 : I 0  
22 30 ,, 30 0 
30 0 ,, 37 30 
37 n o  ,, 15 o 
45 0 ,, 6% 30 

12 $2 30 ,, 13 0 0 

13 0 0 , 13 7 30 
7 30 ,, 15 0 

16 0 ,, 32 30 
22 :I0 ,, 3 0 
30 0 ,, 3 7  30 
37 :jo ,, 4.5 0 
43 0 ,, 52 30 

13 52 30 ,, 14 0 0 

8.579 
577 
574 
572 
5 70 
567 
564 
562 

8.559 
557 
554 
551 
548 
546 
543 
540 

8.537 
534 
531 
5 ~ 8  
525 
521 
5'8 
5'5 

8.512 
508 
505 
502 
498 
495 
401 
488 

8.484 
480 
477 
473 
469 
465 
qhz 
458 

8.4j4 
4 j0 
446 
442 
438 
434 
4 30 
425 

8.421 
4 17 
412 
438 
404 
399 
395 
300 

.- - -. - 

12'141 
130 
137 
136 
134 
132 
131 
129 

12.127 
IZj 
123 
1 2  I 
I20 

118 
r 16 

' 114 

12.112 
I 10 

107 
105 t 

103. 
101 I 
009 
097 

12.094 
or) z 
090 

1.2'075 f 
073 1 
070 ! 
ohS 
06 j 
oh3 
obo 
057 

12'ojj 
05' 1 
049 
047 
044 
04 1 

12.032 I 029 
020 
024 
0 2  I 

018 
014 
01 1 

b 

8.589 
559 
559 
5 9O 
5 90 
590 
5Y0 
5 90 

8.590 
5 YO 
5 90 
5 90 
5 YO 
5 90 
590 
5 90 

8,590 
5 90 
5 90 
5 90 
5 9O 
591 
591 
591 

8.591 
50 1 
59' 
59' 
59' 
59 1 
59' 
59' 

8.591 
59 I 
5 0 1  
591 
592 
592 
5y2 
5Y2 

8.502 
502 
592 
5'92 
5 0 2 
592 
592 
5g2 

8.592 
593 
593 
593 
503 
593 
593 
593 

-- 

8.581 
, 579 
577 
574 
572 
5 70 
567 
564 

8.562 
559 
557 
554 
55' 
5 48 
5 46 
543 

8.540 
537 
534 
53' 
528 
525 
521 
518 

' 8.515 
512 
508 
505 
502 
4g8 
495 
491 

8.488 
454 
480 
477 
473 
469 
465 
462 

8.458 
454 
4 5" 
446 
442 

439 
43 4 
4 30 

8.425 
42 1 
417 
412 
403 
404 
399 
395 



TABLE XXXIII  B.-Graticules of maps.-Sides and Diagonals of Squares of gth 
of a Degree of Latitude and Longitude, on the Scale of 1 Inch to 1 Mile. 

Lstitade 

O f .  0 I N 

From 141 0 ' 0 to 14 7 30 
7 30 ,, 15 0 

15 0 ,, ' 22 30 
22 30 ,, 30 0 
30 0 9, 37 30 
37 30 ,, 45 0 
45 0 ,, 53 30 

14 F2 30 , 15 0 0 

15 O O ,, 15 7 30 
7 30 ,, 15 0 

15 0 ,, 22 30 
22 30 ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 45 0 

53 30 45 0 . ,, 
16 52 30 ,, 16 0 0 

16 0 0 , 16 7 30 
7 30 ,I 15 0 

15 0 ,, 22 30 
22 30 ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 45 0 
45 0 ,, 52 30 

16 52 30 ,, 17 0 0 

17 0- 0 ,, 17 7 '30 
7 30 ,, 15 0 

15 0 ,, 22 30 
22 30 ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 45 0 
45 0 ,, 52 30 

17 52 30 ,, 18 0 0 

18 0 0 ,, 18 7 30 
7 30 ,, 15 0 
l5 0 ,, 22 30 
22 30 ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 46 0 
45 0 ,, 52 30 

18 52 30 , 19 0 0 

19 0 0 ,, 19 7 30 
7 30 ,, 15 0 

15 0 ,, 22 30 
22 30 ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 45 o 
45 0 ,, 62 30 

19 52 30 , 20 0 0 

20 0 0 , 20 7 30 
7 30 ,, 15 0 

15 0 ,, 22 30 
23 30 ,, 30 0 
30 0 ,, a7 30 
37 80 ,, 45 0 ,  
45 0 ,, 52 30 

20 62 ao ,, 21 o o 

. 

Lengl.11 in  Inches 

m P ¶ 
on Lower on Upper 

on Meriainn I p,,ll,c, 1 ,rn,,e, 1 on ~ i n g 0 . d  

8.593 
593 
593 
593 
593 
594 
594 
594 

8,594 
594 
594 
594 
594 
594 
594 
595 

8'595 
595 
595 
595, 
595 
595 
595 
595 

8.595 
5 96 
596 
5 96 
5 96 
5 96 
596 
5 96 

8.596 
5 96 
597 
597 
597 
597 
597 
597 

8.597 
597 
597 
598 
598 
598 
598 
598 

8.593 
593 
598 
599 
599 
599 
599 
599 

8.390 
386 
38 1 
377 
372 
367 
362 
358 

8.353 
348 
?P3 
338 
333 
328 
323 
318 

8'313 
307 ' 

3O2 
, 297 
292 
286 
281 
276 

8.270 
26j 
259 
353 
248 
242 
236 
23' 

8.225 
219 
2 13 
207 
20 I 

I95 
189 
183 

8' 177 
171 
165 
I59 
153 
146 
140 
134 

8.127 
1 2  I 

114 
108 
101 

09 5 
088 
08 I 

8.386 
381 
377 
372 
367 
362 
358 
353 

8.348 
343 
338 
333 
328 
323 
3 '8 
313 

8'307 
302 
297 
292 
286 
281 
2 76 
2 70 

8.265 
259 
253 
248 
242 

2 36 
231 
22j 

8.119 
213 
207 
20 I 

195 
1'39 
183 
177 

8,171 
16 5 
159 
153 
146 
140 
134 
127: 

8.121 
114 
108 
101 

095 
088 
08 I 
07 s 

I 2 '008 
005 
00 2 

XI '999 
996 * 
992 
989 
986 

11.982 
979 
9 76 
972 
969 
966 
962 
959 

3.1'955 
951 
948 
944 
'941 
937 
933 
9 3O 

11.926 
9z2 
9r8 
915 
91' 
907 
9O3 

, 899 
11  -895 

891 
887 
883 
879 
875 
871 
867 

11.863 
?6 9 
855 
8 50 
846 
842 
8 38 
833 

I I '829 
825 . 
bzo 
8 I 6 
81 2 
807 
803 
798 



TABLE X X S I I I  B.-Graticules of maps.-Sides and Diagonals of Squares of it11 
of a Degree of Latitude and Longitude, on tlie Scale of 1 Inch to 1 Mile. 

D 
Lutltude 

O f *  0 I 'r 

From 21 0 0 t o  21 7 30 
7 30 ,, 15 0 

22 30 15 0 ,, 
22 30 J ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 45 0 
45 0 ,, 52 30 

21 52 30 ,, 22 0 0 

22 0 0 , 22 7 30 
7 30 ,, 15 0 

15 0 ,, 22 30 
22 30 ,, ' 30 0 
30 0 ,, 37 30 
37 30 ,, 45 0 
45 0 :, 52 30 

22 52 30 ,, 23 0 0 

23 0 0 ' , 23 7 30 
7 30 ,, 15 0 

15 0 ,, 22 30 
22 30 ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 4.5 0 

I 45 0 ,, 52 30 
23 52 30 ,, 24 0 0 

24 0 0 , 24 7 30 
7 30 ,, 15 0 

15 0 ,, 22 30 
22 30 ,, 30 0 
30 0 , ,, 37 30 
37 30 ,, 4'5 o 
45 o ,, 82 30 

24 62 30 ,, 25 o 0 

35 0 0 ,, 25 7 30 
7 30 ,, 15 0 

15 0 ,, 22 30 
22 30 ,, 30 0 
30 0 ,, 37 30 
37 a0 , ,, 45 0 
45 0 ,, 52 30 

25 82 30 ,, 26 0 0 

26 0 0 , 26 7 30 
I , 7 30 ,, 15 0 

15 0 ,, 22 30 
22 30 ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 45 0 
45 0 ,,- 52 30 

26 E$? 30 ,, 27 0 0 

27 0 0 , 27 7 30 
7 30 ,, 15 0 

15 0 ,, 22 30 
22 30 ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 45 0 
5 o ,, 62 30 

27 52 30 , 28 0 0 

Lcngtl~ lu Inc l~es  

m P P 

on Meridian 1 , O:i 1 O Y , : : ~  /@OII Diagonal 

8.599 
599 
599 
600 
600 
600 
600 
600 

8.600 
600 
600 
60 I 
60 I 
60 1 
60 I 
60 1 

8.601 
601 
601 
602 
60 2 
602 
602 
602 

8.602 
602 
603 
603 
603 
603 
603 
603 

8.603 
604 
604 
604 
604 
604 
604 
604 

8'605 
60j 
60j 
605 
60j 
605 
606 
606 

8.606 
606 
606 
606 
606 
607 
607 
607 

8.068 
06 I 
05 4 
048 
04 I 
03 4 
027 
020 

8.013 
006 

7'998 
991 
984 
977 
970 
962 

7'955 
94'3 
9 40 
933 
925 
918 
910 
9OZ 

7'895 
887 
879 
872 
564 
8 j6 
848 
Q 40 

7'832 
'324 
816 
808 
800 
792 
784 
775 

7'767 
759 
751 
742 
734 
725 
717 
708 

7'700 
691 
683 
674 
b65 
657 
648 
639 

8.075 
068 

'061 
054 
048 
041 
03 4 
027 

8.020 
013 
006 

7'998 
99' 
984 
977 
9 7O 

7'962 
955 
948 
94O 
933 
925 
9'8 
9lO 

7'902 
895 
887 
879 
872 
864 
856 
848 

7,840 
832 
824 
816 
808 
800 
792 
784 

7'77; 
767 
759 
75' 
742 
734 
725 
717 

7'708 
700 
691 
683 
67 4 
66 j 
657 
643 

I I '794 
789 
785 
780 
775 

;;: 
76 1 

1 1  '757 
752 
747 
742 
738 
73 3 
728 
723 

11.718 
713 
705 
703 
699. 
694 
688 
683 

I I '678 
673 
663 
663 
658 
653 
648 
642 

1 1  '637 
63 2 

627 
621 
6 I 6 
61 1 
60j 
600 

11'594 
589 
584 
578 
573 
s67 
562 
5 56 

11'j50 

545 
539 
534 
5 z 8  
522 
5x7 
51' 



?ABLE SXXIII 13.-Grsticnlcs of maps.-Sides and Diagonals of Squares of gth 
of a Degree of Latitutlc and Longitude, on the Scale of 1 Inch to 1 31ile.'' / 

a Lititude 

7 .630  
621 
613  
604 
595 
5S6 
577 
567 

7 ' 5 5 s  
5 49 
5 4 0  
531 
S21 
512 
503 
493 

7 ' 4 8 4  
475 
465 
4 56 
446 
436 
427 
417 

7 ' 4 0 7  
398 
388 

;:: 
3 5 s  
349 
339 

7 ' 3 2 9  
3 ' 9  
3O9 
2 9 9  
288 
278 
268 
258 

7 ' 2 4 8  
237 
227 
217 
206 
196 
1 8 j  
I 7 5  

7 . 1 6 4  
154 
I 4 3  
133  
I Z Z  

I I I 

101 

OYO 

7 ' 6 3 9  
630 
621 
613  
604 
595 
5 s 6  
577 

7 '  567 
5 !is 
4 9  - 
5 4 0  
531 
521 
512 
5G3 

7 ' 4 9 3  
454 
4 i 5  
465 
456 
446 
436 
427 

7 ' 4 1 7  
407 
3 9 s  
35s  
378 
368 
358 
349 

7 ' 3 3 9  
3 2 9  
3 ' 9  
3O9 
209 
28s  
278 
268 

7 ' 2 5 8  
218 
237 
227 
217 
206 , 
196 
185 

7 ' 1 7 5  
164  ' 
154 
I 4 3  
133  
1 2 2  

1 1  I 

I O I  

0 I N 0 1 1 

From 28 0 0 to 28 7 30 
7 30 ,, < 15 0 

23 30 15 0 ,, 
22 30 ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 45 0 
43 0 ,, 52 30  

28 52 30 ,, 29 0 0 

29 0 0 ,, 29 7 30 
7 30 ,, 15 0 
15 0 ,, 2 2 3 0  
23 30 ,, 30 0 
30 0 ,, 3 7  30 
37 30 ,, 43 0 
45 0 ,, 52 30 

29 52 30 , 30 0 0 

30 0 0 ,, 30 7 30 
7 30 ,, 15 0 
1.3 0 ,,. 23 30 
22 30 ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 45 0 
45 O ,, 62 30 

30 52 30 , 31 0 0 

31 0 0 , 31 7 30 
7 30 ,, 13 O 
15 0 ,, 22 30 
22 30 ,, 30 0 
30 0 ,, 37 30 

. 37 30 ,, 45 0 
4.5 0 ,, 52 30 

3 1  52 30 , 32 0 0 

32 0 0 ,, 33 7 30 
7 30 ,, 15 0 
15 0 ,, 2'7 30 
22 30 ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 45 0 
45 0 ,, 52 30 

32 52 30 ,, 33 0 0 

33 0 0 ,, 33 7 30 
7 30 ,, 15 o 
15 0 ,, 22 30 
22 30 ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 45 0 
45 0 ,, 53 30 

33 52 30 ,, 3 1  0 0 

34 0 0 , 34 7 30 
'i 30 ,, 1 0 
I5 0 ,, 2'7 30 
22 30 ,, :(I) 0 
30 0 ,, 3 i  30 
3'1 30 ,, 45 0 
45 0 ,, 62 30 

a4 52 30 , 35 o o 
L 

1 1 ' 5 o j  
499 
494 
48s 
482 
476 
470 
464 

11 '459 
453 
447 
441 
43 5 
429 
423 
417 

I I ' ~ I I  

405 
309 
392 

' jS6  
3 $0 
374 ' 
3b8 

11.362 
355 
349 
343 
337 
3 3O 

'324 
31S 

11.312 
305 
299 
zgz 
~ $ 6  
2 So 
273 
267 

11.260 
os 4 
247 
2 4 1  

234 
228 
2 2 1  

215 
1 1 . ~ 0 8  

7 0  I 

195 
188 
181 
175 
I 6 s  
161 

8 . 6 0 7  
607 
607 
608  
608 
608 
60s  
608  

8 608 
608 
609 
609 
609 
609 
609 
609 

8 . 6 1 0  
6 1 0  
6 1 0  
610 
610 
6 1 0  
61 I 
6 1 1  

8 .611  
61  I 
61 I 
61 I 
6  1 2 

61 2 

612 
612 

8 . 6 1 2  
612 
613  
613  
6 1 3  
6 13 
6 13 
6 13 

8 . 6 1 4  
6 1 4  
6 14 
6 14 
6 1 4 
614  
615 
615 

8 6 1 j  
61 j 
61 j 
6 I 6  
6  I 6  
616 
6 I 6  
616 



TABLE XXXIII  B.-Grat,icules of maps.-Sides and Diagonals of Squares of i t h  
G of a Degree of Latitude and Longitude, on the Scale of 1 Inch to 1 Mile. 

(c 

Latitude 

0 I I t t  O I N  

'From 35 0 0 t o  35 7 30 
7 30 9, 15 0 

15 o ,, 22 30 
22 30 ,, 20 0 
3~ 0 ,, 37 30 
37 30 ,, 45 0 
43 0 ,, 52 30 

35 52 30 , $6 0 0 

36 0 0 , 36 7 30 
7 30 ,, 15 0 

15 0 ,, 22 30 
22 30 ,, 30 0 
30 0 I, 37 30 
37 30 ,, 45 0 
45 0 ,, 52 30 

3G 52 30 , 37 0 0 

t 
37 0 0 ,, 37 7 30 

7 30 ,, 15 0 
15 0 ,, 22 30 
22 30 ,, 30 0 
30 0 ,, 37 30 
37 30 ,, 45 0 
45 0 ,, 52 30 

37 52 30 ,, 38 0 0 

38 0 0 ,, 38 7 30 
7 30 I, 13 0 

15 0 ,, 22 30 
22 30 ,, 30 0 
30 0 ,I 37 30 
37 30 ,, 45 0 
45 0 ,, 62 30 

38 52 30 , 39 0 0 

39 0 0 39 7 30 
7 30 ,, 15 0 

15  0 ,, 22 30 
J 22 30 ,, 30 0 

30 0 ,, 37 30 
37 30 ,, 45 0 
45 0 ,, 62 30 

39 52 30 ,, 40 0 0 

Lcnpl l~  In I ~ ~ c l ~ c s  

m P 1 

on ~eri(1i.n 1 on , ~ o r n c r  1 2:". 1 on .~agona~ 

8.616 
6 '7 
617 
6 17 
617 
617 
617 
618 

8.618 
6 I 8 
618 
6 18 
619 
619 
619 
619 

8.619 
619 
620 
620 
620 
620 
620 
62 I 

8.621 
621 
62 I 
621 
62 I 
622 
622 
622 

8.622 
622 
623 
623 
623 
653 
623 
623 

-- 

11'155 
148 
141 
I34 
128 
121 

1 1 4  

107 

II'IOO 

09 4 
087 
080 
073 
066 
059 
05 2, 

I 1.045 
038 
03 r 
0 2  4 
017 
010 

CO3 
10.996 

10.989 
982 
975 
968 
961 
954 
947 
9 40 

10'933 
925 
918 
9" 
904 
897 
8 90 
88 2 

7.0g0 
079 
06 8 
057 
046 
03 5 
024 
013 

7.002 
6.991 
g80 
969 
95s 
947 
936 
924 

6.913 
902 

, 890 
879 
867 
8 j6 
844 
833 

6.821 
810 
798 
786 
775 
763 
751 
7 40 

6'728 
7'6 
734 
6 9 ~  
680 
668 
6 j6 
644 

7 'O79 
068 
057 
046 
03 5 
024 
0'3 
002 

6.991 
980 
969 
958 
947 
936 

. 924 
9'3 

6.902 
8 90 
879 
867 
956 
844 

833 82 I 

6.810 
798 
786 
775 
763 
751 
740 
728 

6.716 
70 4 
6 9 ~  
6 80 
668 
6 j6 
644 
632 



TABLE XXX1V.-Graticules of maps.-Sides a.nd Diagonals of Squares of 
4 of a Degree of Latitude and Lougitude, on the Scale bf 1 Inch 
to t Miles. 

Latitude 

0 I 0 I 

From 0 0 to 0 30 
30 ,, 1 0 

1 0 ,, 30 
30 ,, 2 0 

30 2 0 ,, 
30 ,, 3 0 

3 0 ,, 30 
30 ,, 4 0 

4 0 ,, 30 
30 ,, G 0 

G 0 ,, 5 30 
30 ,, G 0 

6 0 ,, 30 
30 ,, 7 0 

7 0 ,, 30 
30 ,, 8 0 

8 0 ,, 30 
30 ,, 9 0 

9 0 ,, 30 
30 ,, 10 0 

10 0 ,, 10 30 
30 ,, 11 0 

11 0 ,, 30 
30 ,, 12 0 

12 0 ,, 30 
30 ,, 13 O 

13 0 ,, 30 
30 ,, 14 0 

14 0 ,, 30 
30 ,, 15 0 

15 0 ,, 15 30 
30 ,, 1G 0 

16 0 ,, 30 
30 ,, 17 0 

17 0 ,, 30 
30 ,, 18 0 

18 0 ,, 30 
30 ,, 19 0 

19 0 ,, 30 
30 ,, 20 0 

Le11gt~l1 ~p 111clles 

m P 4 
on Lorer on  Upper 

On 1 p , ~ ~ ~ , o ~  I p~tral le l  1 Diagonal 

17'176 
1 76 
176 
176 
176 
176 
176 
176 
1 7,6 
176 

17.178 
178 
I 78 
178 
178 
178 
I 80 
I 80 
I SO 
I 80 

17.182 
182 
18.2 
182 
18s 
184 
1 84 
I 86 
186 
I 86 

1p.rS8 
I 88 
]Yo 
I9O 
19= 
1Y2 
192 
' 9  4 
194 
1 9 ~  

17.290 
290 
288 
284 
t80 
274 
266 
2j8 
248 
238 

17.226 
212 

1 9 ~  
180 
162 
144 
124 
102 

078 
Oj4 

I 7.030 
002 

16.974 
9.r6 
916 
834 
8 jo 
816 
780 
744 

16.706 
666 
624 
582 
5 40 
494 
4 j0 
402 
354 
304 

17.290 
288 
284 
280 
2i4 
266 
2 j8 
2 48 
238 
za6 

17'212 
196 
180 
162 
144 
124 
102 

oj8 
Oj 4 
030 

17*002 
16.974 

946 
916 
884 
8 jo 
8 I 6 
780 
744 
706 

16.666 
624 
5s2 
5 40 
496 
4 jc 
402 
354 
304 
2S4 

24'372 
3 70 
363 
366 

358 
362 

352 
3 ~ f ,  
339 
330 

24.322 
312 
'300 
2SS 
276 
262 
24s 

232 
216 
ZOO 

24.' 182 
162 
142 
122 

100 

078 
oj6 
032 
006 

23'980 

23'$j4 
9~~ 
898 
870 
840 
810 
778 
746 
712 . 
680 



TABLE XXX1V.-Graticules of maps.-Sidtas and DiagonaT's of Squares of 
g of n Degree of Latitude and Longitude, on the Scale of 1 Inch  
to 2 BSiles. 

L a t ~ l u d e  

3 

0 I 0 I 

From 20 0 t o  20 10 
30 ,, 2 1  0 

21 0 ,, 30 
30 ,, 22 0 

22 0 ,, 30 
30 ,, 2; 0 

23 0 ,, 30 
30 ,, 24 0 

24 0 ,, 30 
30 ,, 2 5  0 

25 0 ,, 25 30 
30 ,, 20 0 

26 0 ,, 30 
30 ,, !8 0 

o 2.7 0 ,, 30 
30 ,, 28 0 

28 0 ,, 30 
30 ,, 29 0 

, 29 0 ,, 30 
30 ,, 30 0 

30 0 ,, 30 30 
30 ,, 31 0 

31 0 ,, 30 
30 ,, 32 0 

33 0 ,, 30 
30 ,, 33 0 

33 ,, 30 
30 ,, 34 0 

34 0 ,, 30 
30 ,, 36 0 

* d 35 0 ,, 35 30 
30 ,, 34.3 0 

36 O ,, 3 0 
30 ,, 37 0 

37 0 ,, 30 
30 ,, 38 o 

& 0 ,, 30 
30 ,, 30 0 

'39 0 ,, 30 
30 ,, 40 0 

L e ~ ~ g t l ~  I I I  1rncl1r.q 

m P T 
on 1:naer on l f m i d ~ n n  1 , , I O ~ n ~ ~ ~  1 0.1 Lhnp11n1 

1 ~ 7 '  1 9 6  1 6 . 2 5 4  1 6 . 2 0 2 '  2 .3 '644  

I 98 2 0 2  1  4 s  610 

I 98 I 4 8  0 9 4  5 7 2  
2  00 0 9  + 0;s 5 36 
2 00 03 S I j . 9 8 3  ~ Y S  
202 1 j . y S 2  Y 2 4  4 6 0  

2 0 2  Yz4  8 6 4  4 2 2  

2 0 4  6 0 4  s o 4  3 s ~  
2 0 4  804  7 4 2  3 4 0  
2 0 6  7 4 2  680 330 

1 7 . 2 0 6  1 j . 6 8 0  I j . 6 1 5  2 3 ' 2 5 8  

2 0 8  6 1 6  ' 5 5 0  2 1 6  

2  IC  5 5 0  4 s 4  r 7 2 .  

2  10 4 s  1 4  1 6  I zS 
2 1 2  4 1 6  348 o S 4  

2 1 2  3 4 s  z j S  03 S 
2 1 4  2 7 s  206 2 2 ' y l ) z  

2 1 6  20 6 1 ; 4  ~ 4 6  
2 1 6  1 3 4  060  89s 
z LS 060 14'1jS6 S jo 

1 7 . 2 ~ 0  1 4 . 9 8 6  1 4 . 9 1 0  2 2 . 8 0 2  

2  2 0  9 1 0  8 3 4  7 5 4  

2  2  2  8.34 7 j 6  7 0 4  

2 2 4  i 5 6  676 6 j 4  
22.1 676 596 6 9 4  

2 2 6  5 96 5 1 6  5 j 2  
2  3 s  2 1 6  4 3 2 '  5'3" 
z z 8  ;32 3 9 4 4 s  

2 3 0  3 io  2645 396 
2 3 2  2 6 4  I So 3 4 2  

1 7 ' 2 3 2  1 4 ' 1 8 0  1 4 ' 0 9 2 ~  2 2 . 2 8 8  

2 3 4  OY 00 4  2 3 4  
2 3 6  00 4  1 3 ' 9 1 4  I So 
2  $3 13 ' (y14  8 2 6  I 2 6  

2  jS  S z 6  7 3 4  00s 
2  40 7 3 4  6 4 2  0 1  4  

2 4 2  6 4 2  5 4 s  2 1 . 9 5 6  

2 4 2  5 4 3  4 5 4  Sys  
2 4 4  4 i 4  360 6 4 2  
2 4 6  360 2 6 4  786  



TABLE XXSSV A,-Grnt,iculcs oE 1nnps.-Sitles and Dia~ona l s  of Squares of 
3 of :L Dcgrce of Latitude and Longitucle, on the Scalebof 1 Incll 
to 3 Miles. 

LnIitude 
a 

0 I 0 1 

From 0 0 t o  0 30 
30 ,, 1 0 

1 0 ., 30 
30 ,, 2 0 

2 0 ,, 30 
YO ,, 3 o 

3 0 ,, 30 
30 ,, 4 0 

4 0 ,, 30 
30 ,, 5 0 

5 0 ,, 5 30 
30 ' ,, 6 0 

6 0 ,, 30 
30 ,, 7 0 

7 0 ,, 30 
30 ,, 8 0 

8 0 ,, 30 
30 ,, !-I 0 

9 0 ,, 30 
30 ,, 10 0 

10 0 ,, I 0  30 
80 ,, 11 0 

11 0 ,, 30 
30 ,, 12 0 

IS 0 ,, 30 
30 ,, 13 0 

13 0 ,, 30 
30 ,, 14 0 

14 0 ,, 30 
30 ,, 15 0 

is o ,, 1.i ao 
30 ,, 16 O 

16 0 ,, 30 
30 ,, 17 O 

17 0 ,, 31) 
30 ,, 18 0 

18 0 ,, a0 
30 ,, 10 0 

10 0 ,, 30 
30 ,, 20 0 

Lur~$ l~  In In( lies 

nr P P 
on Ln117er on Upper 

On 1 fiL:l,el 1 c, p t ~ ~ n l l e l  1 On 1 ) l ~ ~ ~ ~ ~ ~ l .  

11'451 
4 j 1 
451 
451 
4 j 1 
4j 1 
45 1 
4jI 
45 1 
45 1 

11.452 
452 
452 
452 
452 
4j2 
453 
453 
453 
453 

11.455 
4 5 5 
4 5 5 
455 
4 j6 
4 56 
456 
4 5 7 
457 
457 

,I I .459 
4i9 
4 ho 
460 
460 
46 1 
46 1 
463 
463 
464 

11.527 
525 
523 
520 
5 l 6  

51' 
, 505 
499 
492 
484 

11'475 
464 
453 
44 1 
429 
416 
401 
385 
369 
353 

11.335 
316 
297 
277 
2 56 
233 
211 

187 
163 
'37 

T I + I I I  

0s3 
0 5  5 
027 

10.997 
967 
935 
903 
869 
836 

11.527 
527 
525 
523 
520 
516 
511 
5O5 
499 
492 

11.484 
475 
464 
453 
44 1 
429 
416 
40 1 
585 
369 

11.353 
335 
316 
297 
277 
156 
233 
2 1  I 

187 
163 

11.137 
I I I  

08 3 
0 5  5 
027 

10' 997 
967 
935 
903 
869 

16.248 
247 
245 
244 
241 

239 
235 
23' 
22 j 
2 20 

16.21 j 
zc8 

*. 200 
192 
184 
'75 
165 
'55 
144 
133 

16.121 
I 08 
09 5 
08 I 
067 
0j2 
037 
02 I 

004 
15‘ 937 

15 969 
9 5 '  
93' 
9'3 
893 
873 
8j2 
83 1 
838, 
$97 



TABLX XXXV A.-Graticules of maps.-Sides and Diagonals of Squares of 
g d a Degree of Latitude and Longitude, on the Scale of 1 Inch 
to 3 Miles. 

Latitude 

0 I 0 I 

From 20 0 t o  20 30 
30 ,, 21 0 

21 0 ,, 30 
30 ,, 22 0 

22 0 ,, 30 
30 ,, 2%r 0 

23 0 9, 30 
30 ,, 24 0 

2 0 9, 30 
30 ,, 25 0 

25 0 ,, 25 30 
30 ,, 26 0 

26 0 9, j30 
30 ,, 27 0 

0 
27 0 ,, 30 

30 ,, 28 0 
28 0 ,, 30 

30 ,, 29 0 
29 0 ,, 30 

30 ,, 30 0 

30 0 ,, 30 30 
30 ,, 31 0 

31 0 1, 30 
30 ,, 32 0 

32 0 30 
30 ,, 33 0 

33 0 I, 30 
30 ,, 84 0 

34 0 , 30 
30 , 35 0 

' 8  
35 0 ,, 35 30 

30 ,, 36 0 
36 0 9 ,  30 

30 ,, 37 0 
37 0 , 30 

30 ,, 38 0 
3F: 0 ,, 30 

30 ,, 39 0 
39 0 n 1 30 

80 ,, 40 0 

r 

Length in Inc l~es  

nc P 4 
on Lover 

on &rldian 1 , 1 O:,;~E ( on D n g o n d  

11.464 10.836 lo.601 15'763 
465 80 r 765 7 40 
465 765 729 715 
467 729 by z  691 
467 69 2 655 665 
468 655 616 6 40 
468 616 5 76 615 
469 576 536 588 
469 5 36 495 5 60 
471 49 5 453 533 

11.471 10.453 10.411 15.505 
472 41 1 367 477 
473 367 323 * 448 . 
473 323 277 4 19 
475 277 232 389 
475 232 185 359 
476 . 185 137 328 
477 I37 089 297 
477 089 0 40 265 
479 040 9'99' 233 

11.480 9'991 9'94O 15.201 
480 9 4O '389 169 
481 889 837 I 36 
483 837 784 103 
483 784 73r 069 
484 73' 677 03 5 
4$5 677 62 I 000 

4sj 62 I 567 14'965 
487 567 5O9 93' 
488 509 453 895 

11.488 9'453 9'395 14'859 
4S9 39 5 336 823 
491 336 276 787 
492 2 76 217 i5r 
492 2 17 156 7'2 
493 156 095 676 
495 095 03 2 637 

332 8.969 599 
495 496 8.969 9O7 561 
497 907 843 514 



TABLE XXXV B.-Graticules of maps.-Sides and Diagonals of Squares i,f 
+ of D Degree of Latitude and Longitude, on the Scale uf 1 Inch 
to  4 Miles. 

- ~ ~ - 

Latitude 
I 

0 1 0 I 

From 0 0 to 0 30 
30 ,, 1 0 

1 0 1, 30 
30 ,, 2 0 

2 0 ,, 30 
30 ,, 3 0 

3 0 ,, 30 
30 ,, 4 o 

4 0 ,, 30 
30 ,I 5 0 

5 0 ,, 5 30 
30 . ,, 6 0 

6 0 ,, 30 
30 ,, 7 0 

7 0 1, 30 
30 ,, 8 0 

8 0 9 ,  30. 
30 ,, 9 0 

9 0 1, 30 
30 ,, 10 0 

10 0 ,, 10 30 
30 ,, 11 0 

11 0 ,, 30 
30 ,, 12 0 

12 0 ,, 30 
30 ,, 13 0 

13 0 ,, 30 
30 ,, 14 0 

14 0 ,, 30 
30 ,, 15 0 

15 0 ,, 15 30 
30 ,, 16 0 

16 0 ,, 30 
30 ,, 17 0 

l7 0 ,, 3 0 
30 ,, 18 0 

18 0 ,, a0 
30 ,, 19 0 

19 0 ,, 30 
30 ,, 20 0 

Length In 111clles 

m P !? 
I 

On 
On on DiagonJ1 On Per1di8n 1 i i i : l l i l  1 1uraII1I 1 

8 . 5 8 8  
588 
588 
588 
588 
588 
588 
588 
588 
588 

8 . 5 8 9  
s 8 9  
559 
589 
589 
589 
5 9 0  
5 9 0  
5 9 0  
590 

8 ' 5 9 1  
591 
59' 
59' 
592 
592 
592 
593 
593 
593 

8 . 5 9 4  
504 
595 
595 
595 
5 96 
5 96 
597 
597 
598 

8 . 6 4 5  
645  
644  
642 
6 4 0  
u37 
6 3 3  
629  
624  
619  

8 . 6 1 3  
606 
598 
5 90 
581 
572 
562 
551 
539 
527 

8 . 5 1 5  
50' 
487 
473  
458 
442 
425 
408 
3 9 0  
372 

8 . 3 5 3  
333 
312  
291 
270 
248 
2 2 j  
t o  I 

. 1 7 7  
152 

8 . 6 4 5  
644  
642  
6 4 0  
6 3 7  
6 3 3  
f J 2 9  
624  
6 1 9  
6 1 3  

8 . 6 0 6  
5 98  
5 9 0  
58 1 

572 
562 
55' 
539 
5 2 7  
5 '5  

8 . 5 0 1  
497 
473  
4 j 8  
442 
425 
40% 
3 9 0  
372 
353 

8 . 3 3 3  
3 ' 2  
2 9 1  
2 70 
24s 
2 2 j  
2 0 

177 
I j 2  

127 

12.186 
185 
184 
183 
181 
'79 
176 ' 

173 
169 
1 6 j  

12.161 
156 

..I 53 
144 
1 3 8 ,  
13 1 
1 2 4  
1 1 6 '  
108 
100 

1 2 ~ 0 9 1  
0 8  I 

0 7  1 
06 I 

o j O  
039 
028 
o I 6 
003 

I I .gyo 

11 '?77 
963 
949 
935 
920 
9 O 5  , 

889 
873 
8 j 6  
SJO ' 



TABLE XXXV B.-Grat,icuIes of maps.-Sides ancl Diaqonals of Squares of + oZ a Degree of Latitude and Longitude, on the scale of 1 Illch 
t o  4 Miles. 

> 

. 

'+ 

' 

Latitude 

0 I 0 I 

From 20 0 t o  20 30 
30 ,, 21. 0 

21 0 ,, 30 
30 ,, 22 0 

22 0 ,, 30 
30 ,, 20 0 

23 0 ,, 30 
30 ,, 24 0 

2% 0 ,, 30 
30 ,, 25 0 

'25 0 ,, 25 30 
30 ,, 26 O 

26 0 8, 130 
30 ,, 27, 0 

I# 27 0 ,, 30 
30 ,, 28 0 

28 0 ,, 30 
30 ,, 29 0 

29. 0 ,, 30 
30 ,, 30 0 

30 0 ,, 30 30 
30 ,, 31. 0 

31 0 ,, 30 
30 ,, 32 0 

32 0 ,, 30 
30 ,, 33 0 

33 0 ,, 30 
30 ,, 31 0 

34 0 ,, 30 
30 ,, 35 0 

' 4 a5 0 ,, 35 30 
30 ,, 36 0 

36 0 ,, 30 
30 ,, 37 0 

37 0 ,, 30 
30 ,, 38 0 
0 ,, 30 

30 ,, ,39 0 
39 0 ,. 30 

30 ,, 410 0 

l,a~tgLI~ 1 1 1  I I ~ L I I C S  

m ?'I 9 
on Lo\ver 

OII  Ulq~or on UI:,Fonn, 
On bfel ldlnl l  I ,.:,I., 1 I I 

8.598 
599 
599 
600 
600 
60 I 
60 I 
602 
602 
603 

8 '633 
604 
605 
605 
606 
606 
607 
608 
60s 
609 

8.610 
610 
61 I 

61 2 

612 
613 
6 1 4  
614 
615 
616 

8.616 
6 17 
618 
619 
6 1 ~  
6 2 0  

62 I 
62 I 
622 
623 

8.101 
074 
047 
019 

7 '931 
962 
93 
902 
67 I 
8 40 

7-808 
775 
742 ' 
708 
674 
639 
603 
567 
5 30 
493 

7'455 
4 17 
378 
338 
298 
z jS 
216 
175 
152 
090 

7.046 
00 2 

6.957 
9 '3 
867 
82 I 
774 
727 
680 
6 3 ~  

8.127 
I D I  

074 
047 
019 

7'991 
qfJ2 
932 
902 
871 

7.840 
608 
7 i 5  
742 
708 
67 4 . 639 
603 
567 
5 30 

7 '493 
455 
417 
3 i 8  
33s 
29s 
2 jS 
216 
175 
132 

7 '000 
046 
00 2 

6.957 
9 l 3  
867 
621 
774 
727  - 6S0 

11.822 
805 
786 
76s 
749 
730 
7'1 
691 
6 70 
6 j o  

11 '629 
608 
5S6 
564 
542 
519 
496 
473 
449 
4 2 j  

I I  ' 4 0 1  

3 i 7  
352 
327 
302 
2 76 
z 50 
2 2 4  

198 
171 

1 1 . 1 4 4  

117 
090 
06; 
034 
00 7 

10 9;s 
94 9 
9 2 1  
893 



TABLE SXXV1.-Gmticules of maps.-Sides and Diagonals of Squares of 
1 Degree of Latitude and Longitude, on the Scale of 1 u1nch to 8 
Miles. 

1 

Latitude 

0 0 

From o to 1 
1 ,, 2 
2 ,, 3 
3 ,, 4 
4 ,, 5 
5 1, 6 
6 ,, 7 
7 ,, 8 
8 ,, 9 
9 ,, 10 

10 ,, 11 
11 ,, 12 

a 12 ,, 13 
13 ,, 14 
11 ,, 15 
15 ,, 16 
16 ,, 17 
17 ,, 13 
I 8  ,, 19 
19 ,, 20 

20 ,, 21 
21 , 23 
23 ,, 23 
23 ,, 24 
24 ,, 25 
2 ,, 26 
26 ,, 27 
27 ,, 29 
29 ,, 99 
29 ,, 30 

-30 ,, 32 
31 ,, 32 
32 ,, 33 
83 ,, 34 
a4 ,, 35 
85 ,, 36 
36 37 
3 7  38 
El9 ,, 39 
as ,, 40 

& 

Length In Incl~cs 

nl P '2 
on Lower on Upper on 

On lieridinn 1 ~ t ~ ~ ~ ~ e ~  1 , pnrullel 1 
8.588 

588 
58s 
588 
588 
589 
589 
589 
590 
5 go 

8'591 
591 
592 
593 
593 
594 
595 
596 
5 96 
597 

8'598 
599 
600 
60 I 
603 
604 
605 
606 
607 
609 

8.610 
61 I 
613 
614 
615 
6 17 
618 
6 zo 
62 I 
623 

8.645 
644 
640 
633 
624 
b13 
5 98 
581 
562 
539 

8'515 
487 
458 
425 
3 go 
353 
312 
2 70 
225 
I77 

8.127 
074 
Or9 

7'962 
902 
8 40 
775 
708 
639 
567 

7'493 
417 
339 
2 j8 
175 
O9O 
0 0 2  

6'913 
8217 
727 

8.644 
6 4 0  
633 
624 
613 
598 
581 
562 
539 
SL5 

8.487 
458 
4 2 j  
3 90 
353 
312 
2 70 
225 
177 
'27 

8.074 
019 

7-962 
902 
840 
775 
708 
639 
567 
49 3 

7'417 
339 
2 j8 
175 
'30 
0 0 2  

6'913 
82 I 
727 
632 

12.185 
183 
I 80 
I74 
167 
I j8 
147 
134 

, 1 2 0  

104 

12.086 
066 

. O J j  
0 2  2 

11'997, 
970 
942 
9Iz  
881 
848 

r1:813 
777 
740 
70 1 
660 
6 I 8 
575 
5 30 
484 
437 

11.389 
319 
239 
237 
184 
131 
076 
0 2  t 

10.964 
907 ' 



TSBLE XXXVI1.-Graticules of maps.-Sides and Diagonals of Squares of 2 
Dcgrees of Latitude and Longitude, on the Scale of 1 Inch to 12 Miles. 

TABLX XXXVII1.-Graticules of maps.-Sides and Diagonals of Squares of 2 
Degrees of llatit8urle and Longitude, on the Scale of 1 : 1000,000. 

2 Latitude 

0 0 

From 0 t o  2 
2 ,, .h 
4 9, 6 
G , , ,  8 ,  

I 
8 ,, 10 
10 ,, 12 

* 12 ,, 14 
14 ,, 16. 

16 ,, 18 
18 ,, 2 0  
20 ,, 22 
22 ,, 24' 
24 ,, 26 
26 ,, 28 
28 ,, 30 
30 ,, 32 . 32 , 84 

, 34 ,, 36 
36 ,, 98 
38 ,, 40  
4,0 ,, 4,2 ' 
42 ,, 44 
4~4 ,, 4,G 

t 

Lengt.11 in Incliea 

m P P 

on Mericli~n 1, ';& 1 ':,&y 1 on Di~;onnl 

Lnlitude 

pp 

0 9 

Prom 0 t o  2 
2 ,, 4 
4 ,, 6 
(i ,; S 
L4 ,, 10 

10 ,, 12 
13 ,, 14 
11 ,, I G  

' o 1G ,, 18 
I ,, 20 
20 "3 
2, * :; 24 
2E ,, 26 
26 ,, 28 

2 8  ,, 30 
30 ,, 112 

, I 

32 ,, n b  
I ,, :I6 
36 ,, R Y  
3H ,, '1.0 
4 0  ,, 4.2 
4,? ,, 4, k 
4,4 ,, 46 

11 ' 451  
451 
45 1 

452 
453 
455 
4 56 
4 j 8  

11.460 
463 
465 
468 
47 1 

474 
477 
48 1 

11.484 
488 
402 
495 
500 
504 
508 

Le11ctI1 i l l  Inc.11~9 
~ -- . - - - . - - - - -. . - . - 

nr P "I 

on ~ c r i f i m n  1 O i , ~ ~ l y F  I i'p~ratlrl 'pprn 1 on Diagonal 

1 1 ' 5 2 7  
5 2 0  

' 499 
464 
416 
353 
277 
187 

I I . 083  
10,966 

836 
%I3 
536 
367 
'85 

9 . 9 9 '  

9 . 7 5 5  
soh 
336 
o g j  

8 . 8 4 2  
579 
305 

-- 

1 1 ' 5 2 0  
499 
464 
416 
353 
277 
187 
0 8 3  

1 0 . 9 6 6  
836 
693  
536 
367 
1 8 j  

9 ' 9 9 '  
785 

9 '566  
336 
095 

8.842.  
579 
305 
0 2  I 

1 6 , 2 4 5  
235 
216 
187 
149 
101 

0 4 4  
1 5 ' 9 7 7  
I 5.902 

8 1 8  
726 
(126 
5 ' 8  
403 
2 s o  
x j r  

I 5.016 
1 4 , 8 7 6  

730 
5So 
426 
268 
108 

8.706 
706 
706 
707 
708 
709 
710 
7x2 

8 , 7 1 3  
715 
717 
7 ' 9  
721 
724 
726 
729 

8 . 7 3 ~  
735 
738 
74 1 

744 
747 
7 50 

8 , 7 6 4  
759 
743 
7 1 6  
6 So 
632 
574 
5 O 5  

8 .426  
338 
239 
' 2 9  
01  I 

7 . 8 8 2  
744 
596 

7 ' 4 3 9  
274 

.0g8 
6 . 9 1  j 

7 2 3  
S23  
315 

8.759 
743 
7 1 6  
680  
632 
574 
505 
426 

8 , 3 3 8  
239 
1 20 
01 I 

7 '882  
744 
5 96 
439 

7 ' 2 7 4  
09 

6 . 9 1  j 
723 
S 2 3  
3 '5  
0 9 9  

-- 

12.352 
345 
329 
307 
278 
242 
199 
148 

1 2 ' 0 9 1  
027  

1 1  '9C7 
P S I  
799 
71 I 
6 1 8  
j 2 0  

1 1 ' 4 1 7  
31 I 
2 00 

085  
10 .968  I 

848  
727 



TABT,F: XXX1X.-Graticules of maps.-Sides and Diagonals of Squares of 
Degrees of Latitude and Longil:~lde, on the Scale of 1 Inch to 28 Miles. 

1 L e n g t ~ i ~  i n  Inches 

Latitude 

5 ' 2 5 5  
I 86  
"7 
0 4 8  

4 ' 9 7 9  
911 
841 
773 

4 ' 704  
635 
~ $ 6  
497 
429 
360  
290 
2 2 2  

4 ' 1 5 3  
oS3  
o r j  

3 ' 9 4 5  
'877 
sos 

TABLE XL.-Grnt,iculcs of maps.-Sides and Diagonals oE Squares of 2 Degrees 
of Latitude and Longitude, on t l ~ e  Sc::le of 1 Inch to 32 Rliles. 

b 

1,rngtll I I I  I~iclle* 

Lnt~lude 111 

0 0 

Prom 0 t o  2 
2 ,, 4 
4 ,, 6 
G ,, 8 
8 ,, 10 

10 ,, 12 
12 ,, 14 
14 ,, 16 

16 ,, 18 
18 ,, 20 
20 ,, 22 
22 ,, 24 
2k ,, 26 
26 ,, 28 
28 ,, 30 
30 ,, 32 

32 ,, 3% 
3E ,, 36 
36 ,, 39 
38 ,, 40 
40 ,, 42 
43 ,, 44 

6 . 2 6 9  
226 
18.2 
' 39  
0 9 7  
0 5 4  
0 1 2  

5 ' 9 7 1  

5 ' 9 3 0  
889 
548  
808 
770 
7 3  

p 5 3 
5 ' 6 1 6  

57s  
5 40 
504 
468 
433 

4 . 5 3 8  
477 
4x7 
357 
297 
236 
I 76 
I 16 

4 '056  
3 ' 9 9 5  

935 
875 
8 1 5  
754  
694 
634  

3.5;'~ 
5 ' 3  
452 
392 
332 
271 

4 '294  
29J  
294 
295 
295 
295 
~9~ 
297 

4 .293  
298 
299 
300 
362 
303  
304 
305 

4 '  307 
3 0 s  
309 
311 
3'2 
3 '4  

-- 
t. 
N - 
t 

2- 
- 

2 T  
R 
m 

N -  
-- 

01 
I. 

re r 

N 

-- 

4 ' 5 9 8  
5 38 
477 
4 17 
357 
297  
236 
1 76 

4 . 1 1 6  
o 56 

3 ' 9 9 5  
935 
875 
8 1 5  
754 
694  

j . 6 3 4  
573 
513 
452 
392 
332 



TABLE XL1.-Graticules of maps.-Sides and Diagonals of Squares of 4 DegreeB 
, of Latitude and Longitude, on the Scale of 1 Inch to 64 Miles. 

TgBLE XLI1.-GI-ntirules of maps.-Sides mld Dinqonnls of Squares of 4 Degrees 
of Lat,itilde a i d  Longitude, on the Scale of 1 Inch to 80 Miles. 

. 
Latitude 

0 0 

From 0 t o  4 

4 ,, 8 
9 

8 ,, 12 

13 ,, 16 

16 ,, 20 

20 ,, 24 

24 ,, 28 

28 ,, 32 

32 ,, 36 ' 

36 ,, 40 

LengL11 111 Inc l le~  

m P P Check 

on M C Y I ~ I ~ ~  1 oai;:: a/  o~~~~~~~ I on Diagonal 1 D1~~01~1bI 

4 ' 2 9 4  

4 ' 2 9 4  

4 ' 2 9 5  

4 . 2 9 6  

4 , 2 9 8  

4 ' 3 0 0  

4  ' 302 

4 ' 3 0 5  

4 ' 3 0 7  

4 ' 3 1 0  

4 ' 5 9 7  

4 ' 4 7 7  

4 ' 3 5 7  

4 . 2 3 6  

4 . 1 1 6  

3 ' 9 9 5  

3 ' 8 7 5  

3 ' 7 5 4  

3 ' 6 3 3  

3 ' 5 1 3  

.4 ' 4 7 7  

4 ' 3 5 7  

4 . 2 3 6  

4 . 1 1 6  

3 ' 9 9 5  

3 ' 5 7 5  

3 ' 7 5 4  

3 ' 6 3 3  

3 ' 5 ' 3  

3 ' 3 9 2  

6 . 2 4 7  

6 . 1 6 0  

6 , 0 7 5  

5 , 9 9 1  

5 ' 9 0 9  

5 , 8 2 5  

5 ' 7 5 0  

5 ' 6 7 2  

5  ' 596 

5 ' 5 2 2  

- 

m 
2 
n -I. 

h - 
w 
CI 
N 

- 



TABLE SLIV.-Grat,iculrs of maps.-Sidcls and Diagonals of Squares of 4 Degrpes 
of Latitude and Longitutle, on the Scale of 1 Inch to 19% Miles. 

TABLE SLII1.-Graticnles of maps.-Sides and Diagonals of Squares of 4 Degrees 
of Latitude ancl Longitude, on the Scale of 1 Inch to 96 Milcs. j e 

Latitude 

0 0 

Prom O to 4 

4 ,, 8 

8 ,, 12 

12 ,, 16 

16 ,, 20 

20 ,, 24 

24 ,, 28 

28 ,, 32 

32 ,, 36 

36 ,, 40. 

Lengtl~ ill I n c l l e ~  

Latitude m P Cllcrk 

U 

.- .~ 

0 0 

From 0 to 4 

4 ,, 8 

8 ,, 13 

l a  ,, 1~ 

1G ,, 30 

20 ,, 24 

24 ,, 29 

23 ,, 33 

33 ,, 3G 

3G ,, 40 

L - 2  

0 .  

" 

.I 
1,englh in 111cl1es 

111 P 
Clleck 

, 2.863 

2'863 

2.863 

2.664 

2.S6j 

2,867 

2,868 

2.870 

2.871 

2'873 

-- --- 

1 ' 492 

1'4j2 

1'412 

1 a 372 

1'332 

1 .  292 

~ ' z j r  

1'211 

1.171 

I .33; 

2.082 

2'0j3 

2.02 j 

1 "197 

1'970 

1'943 

1'917 

1.891 

1.26j 

1 , 8 4 1  

- .- --- - 

1.451 

1'431 

1'432 

1.432 

I.433 

I.433 

1'434 

1'435 

1.436 

1.437 

3.06 j 

2'98j 

2'90j 

2.824 

2'744 

2.663 

2.j83 

2'j03 

2' 422 

2'342 

2'98j 

2'90j 

2.824 

2'744 

2.663 

1.583 

2.j03 

2'422 

2'342 

2.261 

-- 

\O 
m 
0 

rn 

-- 

w 
U3 

h 

--- 

.- - 

''532 

1'492 

1.452 

1'412 

I '372 

I ,332 

1.292 

I ' Z ~ I  

1'211 

1.171 

4.16 j 

' 4 , 1 0 7  

4.050 

3'994 

3'939 

3'885 

3'833 

3'781 

3'731 

3.681 

-- 
J 

N 
h 
0 
w " 

-- 

" :: 
N 

;r, " 

-- 

- 



TABLE 3LV.-Gmticules of maps.-Sides and Diagonals of Squares of 4 Degrees 
of llatitucle and Longitude, on the Scale of 1 Inch t o  256 Miles. 

Lntitude 

n 

0 
0 0 

From 0 t o  4 

4 ,, 8 

8 ,, 12 ,, 

I 12 ,, 16 

' 16 ,, 20 

20 ,, 39 

21 ,, 3s 

L'S ,, 32 
J 

32 ,, 36 

3G ,, 4,0 

Lengtli in Inchen 

m P Cl~eck 

1'074 

1'074 

1'074 

1'074 

1'075 

I '07 j 

I ,076  

1,o;6 

I ,077 

I ,078 

1'149 

1.119 

I ,089 

1 '059 

I . O Z ~  

0.999 

0'969 

0'939 

0,908 

0.87s 

h (Y 

0 

w 

d- 

5. , 
Ln 

-- 

1'119 

I .089 

1 '059 

I -029 

O'999 

0'969 

0.939 ' 

0.908 

0.878 

0,848 

I .562 

1.540 

1.519 

1 '498 

I.477 

1'457 

1.43; 

1.418 

' ' 399 
1.381 



TABLE XLV1.-Rectan~nlnr Co-ordinnt.cs in Cllains of the Corners of i t h  Degree 
Squares, referred to the centre of the Dcgrce as Origin. 

L ,  

hlitude 

0 I ' I  

-I'O 0 0 
30 52 30 

45 0 
37 30 
30 0 

23 30 
I 0 
7 30 

30 0 0 

39 0 O 
33S3 30 

o a l . j  0 
37 a0 
3O O 

23 30 
15 0 

30 
38 O 

38 0 0 
375: 3O 

4 ' ~  0 
37 30 
30 0 

22 3n 
15 0 

30 
37 O O 

37 0 (I 
3 ( j 5 3  30 

45 0 
3 I 

L1 .- 
00 .- 
6 
u 

% 
'a 

. 
z 

5 4  
2 

R 

5 
" 
- 

s 

,C 
2 

- 

s 

3 
2 
'/1 

- 

3 
1.3 " 1  f 
7 

36 0 1' 

0' 0" 

Meri- 
dian 

Ir 

2759.33 
2069.~8 
1379.6~ 
689.81 
ORIGIN 

689.80 
1379.58 
5 0 6 ~ ' ~ ~  
2759.10 

2758.86 
2069'12 
13.79.40 
689.69 
ORIGIN 

689.68 
1379'34 
2068'99 
2758'63 

27058'39 
2068'77 
1379'17 
689.58 

ORlGlN 

689.56 
1379'11 
2068.64 
2758.16 

---- 

2757.93 
20h.4.i 
1378'91 
689.46 
ORIGIN 

689.45 
r37S'Ss 
~068.3~ 

7' 

Perpen- 
dic~rlur 

530.54 
j31'jO 
j32.47 
533'43 
534'39 

j3j.31 
j36.30 
j37'2j 
53,8'20 

538.20 
j39.14 
540.09 
541.03 
541.96 

542.90 
543.83 
544.76 
545.69 

545.69 
546.61 
547.j4 
548.46 
549'37 

jjo.29 
5j1.20 
jj2.11 

jj3.02 

5j3.02 
553.02 
jj4.S~ 
;sj.j~ 
556.62 

j57.51 
:;S.qo 
5 . 2  

Arc E. or W. of Origin 

30' 

Pprpe~l- 
diculul. 

2122.15 
2126.02 
2129.87 
2153.72 
2137.55 

2141'37 
2145.19 
2145.99 
2152.7S 
- 
z~jz'jS 
21j6.56 

'2160.~4 
2164.10 
2167.Sj 

2171.59 
21jj.32 
2179.~4 
z18t.jb 

zrSz.76 
z1S6.46 
2190.14 
2193.82 
21g7.49 

22~1.1j 
zzo4.Sa 
~ 2 ~ 8 . 4 ~  
~z1z.06 

- 

2212~06 
2215.68 
111yz8 
~ ~ 2 . 8 8  
2226.46 

2 ,  

,,;;.(,,I 

" ~2.10.6~ 2751.9,1 
I 

30" 

Me1.i- 
dian 

2759.71 
2069.8j 
1380~01 
6~0.18 
0'37 

689'43 
1379.21 
2068.97 
2758.73 

2759.23 
2069.49 
1379.77 
690.06 
0.37 

689.31 
1378.98 
2068.63, 
2758.26 

I-- 

2758.76 
2069.14 
13j9.53 
689.94 
0'37 

689.20 
1378'75 
2068.28 
zjj7.80 

2758'30 
2068.79 
1379.30 
680.82 
0.36 

1$89'09 
13jS.j~ 
2067.94 

Distnnces in 

15' 

1 '  
d i c u l ~ ~ r  

1061.08 
1063.01 
1064.94 
1066.86 
1065.77 

1070'69 
1072.j9 
1074.49 
1076.39 

---- 

1076.39 
IO;S.ZY 
1080.17 
IOSZ.O~ 
1083.93 

roSj.80 
1087.66 
1089.j~ 
1091.38 

1091.3S 
1093.2; 
109j.07 
1oyh.91 
109S'jj 

1100~58 
1102.40 

110.1.22 

r~oO.og 

rroh.o*, 
II(;;.S~ 
111~.11.1 
111144 
1113.23 

111jo2 
I I I O . R ~ ,  
I 

0" 

i 
dian 

276j.29 
207j.43 
13Sj'jS 
6gj'7j 
5'93 

683.87 
1373.66 
2063'43 
zjjj.19 

-2764.7; 
207j.o; 
r;Sj.jo 
bgjejy 
j . 8 ~  

683.90 
1373.47 
2063'12 
27jz.76 

2764'26 
2074'63 
IjSj'02 
6gj.42 
5.8, 

683.73 
13;3.2(1 
zohz.8; 
zjjz.gg 

2763.74 
2074.23 
I j S 4 . i ;  
69j.z: 
5.7s 

6 6  
I~;;.H 

22' 

' ~ e l y r n -  
dicr~lar 

1591.61 
I j94.51 
1j97.40 
1600.29 
1603.16 

1606.03 
16oS.S~ 
1611.74 
1614.59 
___ 

1 6 1 ~ . j ~  
1617.42 
1620.20 
1623.0S 
1625.89 

1628.6~ 
1631.49 
1634.28 
1637.07 

1637.07 
1639.84 
1642.61 
1645.37 
16~s.12 

16jo.86 
16j3.60 
16jb.33 
t651.oj 

16i9.05 
lflO1.;(~ 
11.t14.40 
1067.10 
166y.Yg 

I 
~hl;,?r-. 
, 

0" 

BIcri- 
dian 

2760.83 
2070.97 
I ~ S I ' I Z  
691'30 
c.48 

688.31 
137S.10 
2067.87 
27j7.62 

2760.34 
2pjo.60 
138o.SS 
691.17 
1.47 

688.21 
1377'87 
2067.53 
27j7.16 
- 

2759.66 
2070.2~ 
1380.63 
691.04 
:'.16 

688.10 
1377'Oj 
20Oj.19 
27j6.71 

2759.8 
 ZOO,,.:^^ 
1:,8oj0 
630.91 
1.4j 

688.00 
I;-;.,lq 
I : 

~ 7 i 7 . 7 ~  1120.3j I ~ ~ ~ 6 . 2 ~ 1  560.17 
I I 

30" 
-- 

JIeri- 
dian 

--------- 

2762.68 
2072.83 
1382'9S 
693.1j 
3'34 

696.46 
1376.25 
2066.~1 
27j5.77 

2762.19 
2072.4; 
1382.72 
69j.01 
3.31 

686.37 
1376.04 
206j.69 
27jj.32 
- 

2761.70 
2072.0; 
13Sz'~h 
692.86 
3.29 

686.29 
1375.83 
2065.3; 
zjjj.c)n 

rih1.20 
21-1.73 
1i6i.1 . 

2 ;  

3.25 

686.: 
l;rj.h! 
. 

1 0 ~ o . j ~  2757.34 2734.47 



TBBLE XLV1.-Rectangular Co-ordinates in Chains of the Corners af gth Degree 

J 
Squares, referred to the catre of the Degree as Origin. 

I 

, 

1 

Latitude 

- - -. - - 
0 1 '1 

36 o 0 
35 5'2 30 

5 0 
37 30 
30 0 

22 30 
15 O 

7 30 
35 b 0 

a .* 
M .- 
3 - 
$ 
a 

2 - 

2 
2 
n 

2 
;: 

Distances in ArcVE. or W. of Origin 

35 0 0' 
34 52 30 

45 0 
'37  30 
30 0 

22 30 
15 0 
7 30 

31 V 0 

34 0 
33 52 30 

4.5 O 
;37 30 
30 0 

22 30 
15 0 
7 30 

3.7 0 0 

. 

33 0 0 
;3;1 .i3 30 

.k.i o 
37 30 
0 0 

22 30 
15 0 

7 no,  

30' 0" 
- 

Perpon- 
d i p l u r  

- . -- 

2240.69 
~244~22 
2217.74 
22j1.25 
2254.75 

2258'24 
2261.72 
2265'18 
2268.64 

5 * 

$ 
;: 
- - -  

4 

2 
& 

2 
2 

Meri- 
dian 
- 

2763.22 
2073.82 
1384'44 
695.07 

,:'71 
683.63 
1372.96 
2062.27 
2751.57 

22' 30" 

2268.64 
2272'08 
2275'52 
2278.94 
2282.35 

2285.75 
2289.14 
2292.52 
2295.89 

2755'92 

u 0'' 
-. - ... 

Meri- 
dian 

2757.47 
2068.~~1zo68.08 

1378.71 
689.35 

689.33 
1378'65 
2067.96 
2757.25 

~ 

Perpen- 
dicular 
-- 

1680.52 
1683.17 
168j.81 
1688.44 
1691.06 

1693'68 
1696.29 
1698.89 
1701.48 

15' 0" 7' 30" 

34 ,I) 

- 

Meri- 
dian 

-- 

2760.70 
2071.32 
1381.93 
692.57 
3.21 

686.12 
1375.45 
2064.76 
2754.05 

~ 

- 

Perpcn-D 
dicular 
- 

1120.35 
1 1 ~ 2 . 1 1  

1123.87 
1125.63 
1127.38 

1129.12 
1130.86 
1132.59 
1134.32 

Perpen- 
diculur 

-- 

560.17 
j61.06 
561.94 
562.81 
563'69 

564'56 
j65.43 
j66.30 
567.16 

2762.70 
2073-41 
1 3 8 4 ~ ~ ~  
694.88 
j.64 

683'59 
1372.80 
2062~01 
2751.19 

2756.13 
2067.08 
1378'04 
689'01 

ORIGIN 

689.00 
1377'9') 
2066'~~ 

2348.29, 

.- 

Meri- 
dian 

2758.91 
2069.52 
1380.14 
690.78 
1.43 

687.91 
1377.23 
2066'53 
275j.83 

Meri- 
diun 
- .- 

2757.83 

1379.07 
689.71 
0.36 

688.98 
1378.30 
2067.60 
2756.89 

2 

% 

< 
2 

qjo49 

1701.48 
1704.06 
1706'64 
1709.21 
1711.76 

1714'31 
1716.86 
1719.39 
1721.92 

2 ~ ~ ~ . ' 8 9  
2299.25 
2302.60 
2305.93 
2309'26 

2312.57 
2315.87 
2319.36 
2322.44 

2752.S7 

2322.44 
22325.71 
2328.97 
2332'22 
2335.46 

2 i38.68 
2341.90 
7 3 4 5 . ~ ~  

1701.22 

2757.98 
2068.81 
1379.66 
690.52 
1'39 

687.72 
1376.82 
2065.90 
2754.97 

2761.65 
2072.59 
1383.54 
604.50 
5.48 

693.54 
1372.53 
3061.j~ 

2760.22 
2070.93 
1381.67 
692.41 
3.18 

686,oj 
137j.27 
2064.46 
2753.65 

2762.18 
2073.00 
1383.84 
694.70 
5'56 

683.56 
1372.66 
2061.76 
2750'83 

~ 

zjj9.24 
2070'18 
1381.14 
692.10 
3.08 

685.92 
r374.92 
2063.90 

1174.14 

1741.83 
1744.28 
1746.73 
1740.17 
1751.59 

I 754.01 
175h..+z 
17j8.82 

573.97 
574'81 
575'65 
576.48 
577'31 

578'14 
575.97 
579'79 
j80.61 

1134.32 
1136.04 
1137.j6 
1139.47 
1141.18 

1142.88 
1 1 j ~ . ~ 7  
1146.26 
1147.95 

1721.92 
1725.44 
1726.9j 
1729.4j 
1731.94 

1734.43 
1736.90 
1739.37 
1741.83 

1161.22 
1162.86 
1164.49 
1166.11 
1167.73 

I 169.34 
I I jo.gj 
1172.55 

2754.56 

2756.92 
2067'76 
1378'61 
689'47 
0'35 

688.76 
1377.86 
2066.94 
2756.01 

2758.44 
2069.16 
1379.90 
690.65 
1.41 

697.81 
1377.02 
2066~22 
zj55.40 
. 

2756.57 
2067.41 
1378.26 
689.12 

ORIGIN 

659.11 
1378.20 
2007.29 
2756'35 
-- 

2759.72 
2070.56 
1381.40 
692.26 
3'13 

685.99 
1375.09 
2064.17 
2753'25 

2757.51 
2068.46 
1379.42 
690.39 
1.37 

687.63 
1376.62 
2065.60 

587.07 

1147.95 
1149.62 
11j1.30 
1152.97 
1154'63 

1156.28 
1157.94 
115g'jS 
1161.22 

2755'58 

567.16 
568.02 
568.88 
569.74 
570'j9 

571.44 
572.29 
573.13 
573.97 

~80.61 
js1.43 
582'24 
583.06 
583.86 

584.67 
~85'47 
586'27 

2756.48 
2007.42 
1378'38 
689'36 
0'34 

688.66 
1377.64 
2066.62 

2757.38 
2068.10 

* 1378.84 
689.59 
0'3j 

688'87 
1378.08 
2067.27 
2756,45 

--- 

2757.02 
2067.75 
137S'.hS 
689.23 

ORIGIN 

689.22 
1378.43 
2067.62 
27j6,60 



TABLE XLV1.-Rectangular Co-ordinates in Chains of the Corners of $11 Degree 
Squares, referred to the centte of the Degree as Origin. 

Latitude 

0 1 "  

32 0 0 
3 1 5 2  30 

45 0 
37 30 
30 0 

22 30 
15 0 
7 30 

31 0 0 

31 0 0 
30 52 30 

45 0 
31 30 
30 0 

22 30 
15 0 
7 30 

30 0 0 

30 0 0 
29 52 30 

a .- 
M .- 
8 ". 
$ 
" 
zi 

,, 

I 

Distances in Arc E. or W. OF Origin 

688.70 
ORIGIN 

688.68 
1377.35 
2066.01 
2754.65 

' 

, < 

30' 0" 

'5: 

2755.70 
2d66.i6 
1377.82 
688.91 
ORIGIN 

688.89 
1377.77 
2~66.6~ 
27jj.49 

2755.28 
2066.~~ 
137 .61 
686.80 
ORIGIN 

688.79 
1377.56 
2066.32 
2755.07 
- 

2754.86 
2066.13 
1377'40 

Prrpen- 
dicular 

3 
0 " 

.c 

$ e 

f 
o " 
- 

5 
r 

2406.79 
2409.75 

2412.71 
241j.65 
2418.58 
2421'50 

22 30 
15 0 
7 30 

29 0 0 

29 0 0 
28 52 30 

45 0 
37 30 
30 0 

22 30 
15 0 

7 80 
28 0 0 

Meri- 
dian 

f! 
" 

23' 30" 

2348.29 
2351.47 
2354.64 
2357.80 
2360.94 

2364.08 
2367'20 
2370'32 
2373'42 

2373'42 
2376.51 
-2379.59 
2382.66 
2385'71 

2388'76 
2391.79 
2394'81 
2397.82 

2397.82 
2400.82 
2403.81 

693.89 
5'18 

683.52 
1372'20 
2060.87 
2749.53 

5 r- 

2 
9 " 

0' 0" 

Meri. 
dinn 

Perpen- 
dicular 

15' 0" 7' 30" 

Meri- 
dinn 

Perpen- 
diculur 

Perpen- 
diculpr 

2761'13 
2072.17 
1383'23 
694.30 
5'38 

683.52 
1372.41 
2061.29 
2750.15 

2760.61 
2071.76 
1382.92 
694.10 
5.28 

683'52 
1372.30 
2061.07 
2749'84 

---- 

2760.09 
2071.34 
1382.61 

1805.09 
1807.31 

1809.53 
1811.7~ 
1 8 1 3 . ~ ~  
1816.13 

2421.50 
2424'41 
2427.30 
2430.19 
2433'06 

2435'92 
2438.77 
2441.61 
2444.44 

Meri- 
dian 

Meri- 
dian 

1761.22 
1763'60 
1765'98 
1768.35 
1770.71 

1773'06 
1775.40 
1777.74 
1780.07 

-pp-p- 

1780.07 
1782.38 
1784.69 
1786.99 
1789.28 

1791' 7 2 1793' 4 
1796.11 
1798.37 

1798.37 
1800.62 
1802.86 

691.61 
2.92 

685.78 
1374.45 
2063.12 
2751.77 

27j9.57 
2070'93 
1382.29 
693.67 
5.07 

683.53 
1372.11 
2060.68 
2749.24 

27j8.75 
2069.81 
1380.87 
691.94 
3'02 

685.87 
1374.76 
2063.63 
2752.49 

2758.27 
2069.43 
1380.60 
691.78 
2.97 

685.83 
1374.60 
2063'37 
2752.12 

2757.80 
206~.06 
1380.33 

1203.39 
1204.88 

1206.35 
1207.82 
1209.29 
1210.75 

1816.13 
1818.31 
1820.48 
1822.6~ 
18z4'80 

1826.9~ 
1829.08 
1831.21 
1833.33 

1174.14 
1175.73 
1177.32 
1178.90 
1180.47 

118z.04 
1183.60 
1185.16 
1186.71 

1186'71 
1188.25 
1189.79 
1191.33 
1192.86 

1194.38 
1195.90 
1197'41 
1198.91 

1198.91 
1200'41 
1201.91 

689.99 
1.30 

687'39 
1376.06 
206~.73 
2753.37 

2757.33 
2068.69 
1380.06 
691.~6 
2.85 

685.74 
1374.31 
2062.88 
2751.43 

2757'06 
2068.11 
1379'18 
690.25 
1;3j 

687.55 
1376.43 
206j.30 
2754.15 

.61 
'77 

1378.94 
690.12 
1.32 

687.47 
1376.24 
2065.01 
2753.76 

---- 

2756.17 
2067.43 
1378.70 

601.70 
602.44 

603'18 
603.91 
6c4.65 
60j.38 

1210.75 
1 2 1 2 ~ 2 0  

1213.65 
1215.09 
1216.53 

1217.96 
1219'39 
1220.80 
1222.22 

689.02 
0.32 

688.36 
1377.03 
2065.69 
2754.33 

587.07 
587'87 
588'66 
589.45 
590'24 

591'02 
591'80 
592'58 
593.36 

--- 

593.36 
594.13 
594.90 
595.66 
596'43 

597.19 
597.95 
598.70 
599.46 

599.46 
600.21 
600.95 

27j5.73 
2067.10 
1378.~7 
689.86 
1-27 

687.32 
1375.8~ 
2064.45, 
2753.0~ 

27j6.04 
2067.09 
1378'16 
689.24 
0'34 

688.55 
1377.44 
2066.30 
27j5.15 

2755.61 
2066'77 
1377.94 
689.13 
0'33 

688.46 
1377.23 
2065'99 
2754.74 

27j5.19 
2066.45 
1377.73 

605.38 
606'10 
606'83 
607.55 
608'27 

608.98 
609.69 
610.40 
611.11 

2754.77 
2066.14 
1377'52 
688.91 
0'32 

688.27 
1376.83 
2065'39 
2753.94 

2754'45 
206~'.82 
1377'20 
688.59 
OPIGIN 

688.58 
1377.15 
2065.71 
2754.25 



4 ' ( 117 

" TABLE XLV1.-Rectangular Co-ordinates, in Chains of the Corners of 5th Degree 
3 Squares, referred to the centre of the Degree as Origin. 

Dist~~nces in Arc 1. or \V. of Origin 
* - -- -- 

30' 0" 22' 30" 16' 0" 7' 30" 0' 0" 
-- - 

Perpew Hori- Purpcn- Nori- Pcl.pen- I l'crpen- Mwi. 31cri- 
diaulur dial1 dicular diun dicular dian d~culur dian d~au 
-----A 

2444'44 2759.06 1833.33 2756'87 1222.22 2755.30 611.11 2754'36 2754'0j 
2447'2j 2070.51 1535.44 2068.33 1223.63 2066.77 611.81 2065.S3 206j.j~ 
2450'06 1381.98 1837.j4 1379'80 1225'03 1378.25 612.51 1377.31 1377.00 
2452.S5 
245j.63 

24j8.40 
2461.15 
2463'90 
~466.63,~ 
- 

2466.63 
2469'35 
2472'06 
2474.76 
2477.45 

2480.12 
24Sz.78 
2495.44 
2488.oS 

2488.08 
2490.70 
2493.32 
zjgj.9~ 
2493.51 

2jo1.09 
2503.66 
zjoo.zz 
2j08.76 

zjoS.76 
2j11.29 
zj13.81 
2j16.32 
2j13.82 

Izjz1.30 
2523.78 
2526.24 
21zY68 

693.46 
4.93 

683'55 
1372'03 
206o'jr 
2748'97 
- 

27j8.55 
2070'10 
!3Y1'66 
693.24 
4.82 

683.58 
1371.97 
2060.34 
2748.71 

27jS.04 
2069.69 
1381.34 
693.01 
4.69 

683.61 
J371.91 
2060.20 
2748'47 

27j7.54 
2069.27 
1381.oz 

* 692.79 
4.56 

683.66 
1375.86 
296 06 
~ ~ 4 2 ' 2 ~  

1839.64 
1841.72 

1843.80 
1S4j.86 
1847.92 
15~9.97 

1849.97 
,18j2'01 
1Sj4.05 
1Sj6.07 
16jS.09 

1860.09 
1862.09 
1864.08 
1866.06 

1866.06 
1808.03 
1S69.y~ 
1Sj1.94 
1873'88 

1875.S~ 
1877.75 
1879.60 
1881.57 

1881.j7 
1883.47 
lSSj.;6 
188j.24 
1889.12 

189o.gS 
1892.83 
181,j.68 
1S96.51 

691'28 
2'78 

685.71 
1374.19 
2062.65 
2751'11 

2756.40 
2067.96 
1?79'j3 
691.12 
2'71 

685.68 
1374.07 
2062.~~ 
~7j0.80 

2755.95 
2067.61 
1379.27 
690.95 
2.64 

685.66 
1373.95 
2062.23 
2750.49 

27;j.jl 
2067.26 
1379.02 
690.78 
2.57 

1373.84 
2062.03 
2750-20 

1226'42 689'74 613.21 688.80 688.49 
1227.S1 

1229.20 
12;o.jS 
1231.yj 
1233.32 

1233'32 
1234.68 
1236.03 
1237.33 
123S.72 

1240.66 
1241.39 
1242'72 
1244'04 

)ppp___p--- 

1244.04 
1243.35 
1246.66 
1247.96 
1249'26 

1~5 0 . 5 5  
1251.8; 
1253.11 
12j4.38 
- 

1254.38 
1ajj.6j 
1256.91 
1zjS.16 
125y.41 

1260.65 
1261.89 
1263'12 
1264.34 

1.24 

687'25 
1375.72 
2064.18 
2752'63 

2754.58 
2066.45 
1;78'0z 
689.61 

1.21 

687.18 
1375.56 
2063.03 
2752'23 

2754.47 
2066.13 
1377.S3 
689.48 
1.17 

687.12 
137j.41 
2003.6S 
2751.94 
- 

2754'07 
2005.82 
1377.58 
659.35 
1.14 

687.~6 
137j.26 
2063.44 
2751.61 

I 

613.91 

614.60 
61j'zy 
61j.97 
616'66 

616.66 
617.34 
618.02 
618.69 
619.36 

620.03 
620.70 
621.36 
622.02 

622.02 
622.68 
623.33 
623.98 
624'63 

625.27 
625.92 
626'55 
627.19 
- 

627.19 
627.82 
628.~5 
629,oS 
629.71 

630.33 
030.94 
631.j6 
632.17 

0.31 

688.17 
1376.64 
206j'10 
2753'55 
- 

2753.96 
206j.53 
1377'" 
hS8.70 
0'30 

688.08 
1376.46 
2064.82 
27j3.17 

2753'5'9 
20Oj.24 
1376'01 
6SS.60 
0'29 

688.00 
13;6.1S 
2064.j5 
27j2.80 
- 

2753.20 
2064.9j 
1376'72 
638.50 
0'29 

687'92 
1376.10 
2064.28 
~jj2'4j 

ORIGIN 

6SS.48 
1376'95 
2 ~ 6 j . 4 ~  
2753'85 

27j3.66 
~06j.23 
1376.81 
688.4~ 

ORIGIN 

688.35 
1376.76 
~ohj'12 
2753'47 

27j3.28 
2064.94 
1376.62 
688.3~ 

ORIGIN 

688.25 
1376'55 
2064.s4 
2753'05 
- 

2752'91 
2064.67 
1376.43 
tl88'21 

ORIGIN 

688.2~ 
1376'39 
2064'jh 
27j2.73 
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TABLE XLV1.-Rectangular Co-ordinates in Chains of the Corners of $th Degree 
Squares, referred to the centre of the Degree as Origin. 

Lntitude 
L 

c .- 
to .- - Distni~ces ill 

0 ". o 30' ON 22' 30" 

cn' <- 

Perpen- Aleri- Perpen- 1lel.i- 
dlcular dinn dlculur dinn 

7. 

2528.68 27j7.04 1896.j1 27j5.08 - 2531 '12 206S.87 1898'34 2066.91 - 
Y 2j33'jj 1380'71 1900.16 1378.76 

2j;j.gh 692.56 1901'97 690.61 
2j38.36 4.42 1903.77 2.48 

C 2j40.7j 683.71 190j.56 685.64 
; 2j43.12 1371.83 1907'34 1373'74 
o 2545.49 29jg'g4 190y.12 2061 .84 m 2547.84 2748.03 1910'88 2749'93 

2j47'S+ 27j6.5j 1910.88 2jj4.6j 
2jj0.18 206S.46 1912.64 2066.j7 

% zjjz'j~ 1380.39 1914'38 137S'jo 
rjj4.82 692.32 1y16.12 690.45 
~jj7.13 4.27 1917.8j 2.40 

2 j 59.12 683'77 191'9.57 68j.63 < ~gh1.70 1371.81 1921.2S 1373.65 
o zj63.96 20j9.83 1922.97 2061.6Y 

%) 2j66.22 2747'84 1924.67 2749'68 
- 

2j66.22 27j6.06 1924'67 2754.23 

5 zj68.46 2068.06 1926.3j 2066'24 
a 2j70.70 1380.07 1928.02 1378.2j 
2 zj72.91 692.09 1929.69 690.28 

2575.12 4.12 1931.34 2'31 

- 2jj7.32 683'84 1932'99 6Sj.64 - 2 2j;y.jo 1371'79 1934.62 1373.58 
2 2581.66 zojy.73 1936'2j 2061.j1 

2583.82 2747.67 1937.87 2749'43 
----- 

2j83.82 27jj'jg 1937.87 2753'82 
5 "Yj.97 2067'67 1939.48 zohj'90 
;, 2588.10 1379'75 1941'08 1378.00 
x 2j90'22 691.8j 1~42.67 690.11 

2j92.33 3'96 1944'2j 2'23 

2594.43 683.92 1945.82 685.65 
2j96'jl 1371.79 1947.38 1373.jl 
2 j98. jS zoj9.66 1~48.94 2061 .36 
2600.64 2747'jI 19j0.46 2749.20 

0' 0" 

Mori. 

2752.55 
2064.~~ 
13i6.2~ 
688.12 
ORIGIN 

" 688.1~ 

2064.30 
27j2.38 
- 
27j2.20 
2064.14 
1~~~6'08 
688.04 

oRIGlfi 
688.02 
1376.04 
2064'04 
2752.04 
- 

27j1.87 
2063.89 
1375.91 
687'95 
0 ~ 1 ~ 1 ~  

687.94 
1375.87 
2063.79 
2751'71 
- 

2751.5'5 
2063.64. 
1375'75 
687.87 
ORIGIN 

687.86 
1375.71 
2063.~6 
,2151'39 

Arc E. or  W. of 01.igi11 

7' 

P n ~ e n -  
diculnr 

632.17 
632.78 
633.39 
633.99 
634.j~ 

635.19 
63j.78 
636'37 
636'96 

636.96 
637,jj 
63S.13 
638.71 
639.28 

639.86 
640.43 
640.99 
641.56 

---- 

641 '56 
642.12 
642.67 
643.23 
643'78 

644.33 
'6.14'87 
645.42 
645'96 

---- 

645'96 
616.49 
647.03 

688.87'647'jh 
648.08 

h48.61 
649.13 
649.65 
6jo.16 

16' 

Perpe~ l -  
diculnr 

1264.34 
126j'jh 
1266'77 
1267.98 
1269.18 

1270.37 
1271'jO 
1272.74 
1273.92 

---- 

1273.92 
127j.09 
1276.25 
1277.41 
1278.56 

1279.71 
1280'Yj 
1281.99 
1~83.11 

1383.11 
1284.23 
128j.3j 
1286.~6 
1287.j6 

1288.66 
1289.75 
IZYO'S~ 
1291'91 

1291.91 
IZYZ'YS 
1294'0j 
12yj.11 
1296.17 

1297.21 
1298.26 
I 299.29 
1300.32 

30" 

A 
dinn 

~752.8~' 
2064.6s 
1376.53 
688.43 
0.28 

687.84 
137j'94(.1376.2: 
2064.03 
27j2.10 

- 
2752.48 
2064.41 
1376.35 
688.30 
0.27 

687.76 
1375.77 
2063.78 
2751 '77 

2752.13 
2064.15 
1376.17 
688.21 
0'26 

687.69 
137j.62 
2063.54 
27j1'4j 

27j1.80 
2063.90 
1376.~0 
688'12 

0'25 

11687'62 
137j.47 
2063.31 
2751.15 

0" 

Aleri- 
diun 

---- 

27j3.67 
206j.j~ 
1377'37 
6,89.23 
1.10 

687.91 
137j'It 
2063.21 
27j1.29 

27j3.29 
~06j.22 
1377.16 
6S9.11 
1'07 

686.96 
1374.98 
2062.99 
27j0.99 

2752.92 
2064'9; 
1376'9j 
6S8,gg 
1'03 

686.92 
1374'85 
2062.78 
2750'io 

2752'56 
2064.65 
1376.75 

0.99 

686.88 
1374173 
20621 52. 
2750.42 



TABLE XLV1.-Rectangular Co-ordinates i n  Chains of the Corners of i th  Degree 
" Squares, rcferred to t l ~ e  centre of the Degree as Oleigin. 

30' 

Perpew 
d ~ c u l i ~ r  

2600.64 
2602.69 
2604.72 
2606'74 
2608.76 

2610.75 
2612.74 
2614.71 
2616.67,. 

2616'67 
2618.62 
2630.jj 
2622.4s 
2614.39 

2626.2s 
2628.17 
2630.04 
2631.90 

I 

2631.90 
2633.75 
26;j'jy 
2637.41 
2639.~2 

2641 .02 
2642.S0 
,!h~,<.jS 
2646.34 

2646.34 
2048.09 
2049.82 
265 I .54 
26j3.26 

2654.95 
z656.64 
z(1j8.31 
26j9.97 

Distatlces in 

0" 

Meri- 
diun 

27jj.12 
2067.27 
1379.44 
691'61 
3'83 

684.01 
1371.80 
2oj9.j~ 
2747.37 

-- 

2754.63 
2c66,Sy 
1,379'13 
691.3s 
3'63 

684.10 
1371'82 
2ojy.54 
2747.24 

27j4.20 
2060.;~ 
137S'82 
691' 13 
3.46 

684.20 
i371.8; 
20j9'jo 
2747.14 

2753.76 
zohh.13 
1378'jl 
'690.89 

3.29 

684.31 
1371?.90 
~cjyi4S 
2747.c5 

I 

Arc E. or W. of Origin 

22' 

Prrpell- 
dicula~r 

1950.48 
19j2.02 
1yj3.j~ 
19jj.06 
1956.57 

19j8.06 
I9jy.j; 
1961.03 
1962.50 

1962'jo 
*1g6;.y6 
1y6j.41 
1~66.86 
1965'29 

1969.71 
IY71'13 
Iyjz.j3 
1'-)73'5)3 

1973.93 
197j.31 
19;6,O9 
197S.00 
1979.42 

1980.77 
IYSZ'IO 
1983.44 
I Y S J ' ~ ~  

1984.76 
1~86.07 
19S7.37 
1ySS.00 
1ySy.94 

1991.21 
I ~ Y z . ~ S  
19y3'j3 
1994'yS 

15' 

l'crpen- 
t l~culur 

-----ppp 

1300.32 
1301'34 
1302'36 
13C3.37 
1304'3S 

130j.38 
1306'37 
1307.35 
1308.33 

1308'33 
1jo0'31 
1310.2s 
1311.24 
1312.19 

1 ~ 1 ~ ' ; ~  

1314.0') 
131j.02 
1315'95 

1315.95 
131b.Sb 
1317'7y 
I jlS.71 
I 

I 320. j~ 
1321'40 
1322'29 
1323.17 

pp-p----p 

1323.17 
1324.04 
1324.91 
132j.77 
1526.63 

1327.48 
1328.32 
1329. 16 
1329.99 

0' 0" 

Meri- 
diun 

2751.23 
2063.41 
137j.60 
687.79 

ORIGIN 

687.79 
1375.56 
2063'33 
27jl.08 

2750.94 
2063.19 
1375'45 
687.72 

ORIGIN 

687.71 
13ij.41 
2063.11 
2750.79 

2750.65 
2062.98 
13jj.31 
657.65 

ORIGIN 

6S7'64 
1375.27 
2062.90 
27j0.52 

2750.38 
2062.77 
137j.17 
637.58 

ORIGIN 

687'58 
1n5'14 
2062.j0 
27j0'2j 

30" 

1 -  
dian 

2753.42 
206j'jS 
1377'76 
689.95 
2.14 

685'66 
1373.45 
2061'22 
2749'00 

2753'02 
zohj.27 
1377.52 
689.77 
2'04 

6Sj.68 
1373'40 
2061.10 
2748'79 

27j2.6j 
2064.9h 
1377'2s 
689.61 

I 

685.71 
1373'3j 
2060.g~ 
~7~8.02 

2752.28 
2004.66 
1377.oj 
6S9.45 
1.8j 

685'74 
1373'31 
2060.89 
2748.45 

0" 

Aleri- 
d ~ r u ~  

27j2.20 
2064'38 
1376"56 
688.7j 
0.95 

686.84 
1374'62 
2062.39 
ZjjO.16 

- - ~ ~ ~ ~ ~  

~jj1.87 
Z O ~ + . I I  

1376.37 
688.63 
0.91 

686.S1 
1374'jZ 
ZO~Z'ZZ 

2749'91 

2751.j4 
2003.80 
1376'19 
6SS.52 
0.87 

686'7s 
1374.42 
zoOz'o5 
2749'67 

27jl.22 
2003'61 
1;76.01 
688 '41 
0.82 

686'76 
1374'33 
2061 '89 
2749'45 

7' 

Perpen- 
dicular 

6jo.16 
6jo.67 
6j1.18 
6j1.69 
652.19 

652.69 
6j3.18 
6j3.68 
6j4.17 

6j4.17 
654.65 
655.14 
hjj.62 
6j6.1~ 

656.57 
657.04 
6j7.51 
657.98 

6j7.98 
6jS.44 
658.90 
6j9'3j 
6j9.81 

660.26 
660'70 
661'1 j 
6 0 1.j~ 

661.59 
662.02 
662'46 
662.89 
663'31 

663.74 
664.16 
664.58 
664'99 

30" 

hleri- 
dlo11 

27j1.48 
2063.65 
1375'84 
688.03 
0.24 

687.jj 
13jj'33 
2063.~9 
27j0.8j 

27j1.17 
243.42 
1375.68 
687.95 
0'23 

687.49 
1375'19 
2062.89 
Zij0.57 

27j0'8; 
2063.20 
!37j'j3 
687'S7 

0'22 

687'43 
137j'Oh 
2062.09 
27jO.30 

2750'59 
2062.9s 
137j.38 
687.79 
0.21 

687.37 
1374'94 
2062'50 
2750d@j 
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TABLE XLV1.-Rectangular Go-ordinates in Chains of the Corners of &th Degree 
Squares, reforred to the centre of the Degree.as Origin. L 

L ~ t i t u d e  

~ 

r, , 

0 1 

0 1 4 

.- 
CD .- 
L 

0 - 
$ 
Y. = * 
7;' 

15 0 0 
14 52 30 

45 0 
37 30 
30 0 

22 30 
15 0 

7 30 
14 0 0 

I$ 0 0 
13 .yj 30 

15 0 
7 3 

Distances in Arc E. or W. of Origin 
I 

30 0 2690.j~ 2.74 2017.89 1'54 1345.26 0.69 672'63 0'17 0 ~ 1 ~ 1 ~  

-- 
2752'09 2022'02 27j0'93 1348'.1 275010 Q4.01 27,961 274,$4 , ' 

# 

22 30 

5 L 

$ 
,;: 

30' 0" 
, 

2672.80 
2671.54 
2675'88 
2677.40 
2678.91 

2680.40 
26S1.89 
2653.36 
2684.Y~ 

Perpun- 
dic~rlar 

2684.82 2752.49; 2013.61 2751.25 1342.41 2750.36 671.20 2749'83 i749.65 

Meri- 
dinn 

L 

22' 30" 
~ - - -. - - 

27j2'902004'60 
206j.40 zooj.76 
1377'90zoa6.91 
690~41/2008~0j 
2.93'2009.18 

I 684.55 1 zoio.30 
1372.02 2011.42 
20j9.48 / 2012. jz 

0' 0" 
-- 

~ , , ~ i .  
diun, - 

7' 30" 

Perpen- 
dicular 

15' 0" 

2751.58 
2064.08 
1376'60 
689.12 
1.65 

685.81 
1373.28 
2060.73 
2748'17 2746.93 

2686.26 
2687.69 

I 268911 

Pmpun- 
diculur 

-- 

Meri- 
diun 

-- 

Perpen- 
diclrlar 
- 

2013.61 

Meri. 
diun 

Meri- 
d i m  

1336.40 
1337'17 
1337'94 
1338.70 
1339'4j 

1340'20 
1340.94 
1341.68 
1342.41 

206j.04~~014.70 
1377.60 201j.77 
6 9 9 . 1 ~  2016 SJ 

27jo.64 
d063.15 
1375.67, 
688.20 
0.73 

686.73 
1374.18 
2561.62 
2749.06 

2063.81 
1376'38 
68l.96 

668.20 
668.59 
668.97 
669.35 
669'73 

670.10 
670.47 
670'84 
671.20 

1343.13 
1343'Sj 
1344, jh 

2062.93 
137j'jl 
b8S.09 

. 
, 

2750.0712749.88 
2062.59 
1375.11 
687.64 
0.18 

687'27 
1374.72 
2062.16 
2740.59 

671.57 
671.92 
672.2s 

?062.~~ 
1374'()3 
687.4, 
ORIGl\ 

687.45 
1374.90 
2062.34 
2749'77 

2062.41 
137.1'09 
687.58 

2062.23 
13i4'S1 
687.40 



TA.BLE XL'V1.-Rectang~~lar Co-ordinates in Chains of the Corners of gth Degree 
" Squares, referred to the centre of the Degree as Origin. 

Latitude 

O f "  

13 O ' 0  
111 52 30 

45 0 
37 30 
30 0 

22 '30 
, 15 0 

7 30 
11 0 0 

e .- 
to .- 
6 
w 

% 
* 

G 

2 2 

$ 
o " 

30' 

Perpea- 
dicular 

2706.40 
2707.64 
2j08.87 
2710.09 
271.1'29 

2712.48 
2713.66 
2714.82 
2715'97, 

2715'97 
2717.11 
2718'23 
2719.34 
2720'44 

2721.53 
2722.60 
2723.66 
2724.71 

2724.71 
272j.75 
2726.77 
2727.78 
2728.78 

2729'76 
2730.73 
2731.69 
'2732.63 

2732.63 
2733'56 
2734.48 
2735.39 
2736'28 

'2737'16 
2738.03 
2738.88 
2739.72 

0" 

Mepi- 
dian 

2751'70 
2064.35 
1377.02 
689:6{ 

2 3 

684.96 
1372.28 
2059.58 
2746.89 

27j1.32 

2376.73 
689.45 
2.46 

68j.11 
1372.38 
2059.65 
2746.91 

pp 

2750.96 
2063.70 
1376.45 
689.21 
1.97 

685.27 
1372'jo 
2059.73 
~ 7 ~ 6 . 9 5  

2750.61 

1376.18 
688.97 
1.77 

685;43 
1372.63 
rujg.82 
2744.01 

I 

11 0 0 ,  

Distances in 

10 52,  30 
45 0 
37 30 
30 0 

., 22 30 
15 0 

7 30 
10 0 0 

10 0 ' 0 
9 53 30 

45 0 
37 30 
30 0 

22 30 
15 0 
7 80 

9 0 0 

0 0 0 
8 5 2  30 

4'5 0 
87 30 
30 0 

22 80 
15 0 
7 30 
Cf ' 0  

, 

22' 

Perpen- 
diculur 

20~9'80 
2030'73 
2031.65 
2032'57 
2033'47 

2034.36 
2035'24 
2036.12 
2036..98 

12036.98 
2064.02-~2037.83 

2038.67 
2039.51 
2040'33 

2041.15 
2041'95 
2042'75 
2043.53 

2043'53 
2044.31 
2045.05 
204j.84 
2046.58 

2047-32 
2048.0j 
2048'77 
2049.,47 

2049'47 
2063.392050.17 

2050.86 
2051.54 
2ojz.z-I 

zojz.87 
zoj3.52 
roj4.16 
20j4.79 

5 
r 

f 
0 " 
- 

5 fi 

$ 
0 " 

2 

30" 

Meri- 
dian 

2750.62 
2063.29 
1375.96 
688'64 
1.32 

685.98 
1373.29 
2060.jS 
2747.88 

27';Oa33 
2063.05 
1375'76 
688.49 
1.22 

686.05 
1373'31 
2060'56 
2747.81 

pp 

2750'0j 
2062.81 
1375.57 
658.33 
1.-11 

686'12 
7373.34 
2060.56 
2747.76 

- -  

2749'79 
2062.~8 
1375.38 
688.,19 
0.99 

686.1~ 
1373.38 
2060.56 
2747.73 

Arc E. or W. o l  Origin 

15' 

.Perpen- 
dicular 

1353'20 
1353.82 
1354.44 
I jj5.04 
1355.65 

1356.24 
13j6.83 
1357.41 
13j7.99 

13j7.99 
13j8'5j 
1359'12 
1359.67 
1360.22 

1 ~ 6 0 . j ~  
1361.30 
1361.83 
1362.36 

1362.36 
,362.87 
1363.39 
1363.59 
1364.39 

1364.88 
1365.37 
1365.5~ 
1366.32 

1366.32 

1367.24 
1367.69 
1368.14 

1368.~8 
1369.01 
1369.44 
1369.86 

0' 0" 

~ ~ ~ . i .  
diun 

2749.24 
2061.91 
1374.61 
687.3~ 

ORIGIN 

687.3~ 
1374'5( 
2061.8; 
2749.1: 

2749'0t 
2061;7! 
1374.5; 
687.2( 

ORIGIN 

687.2: 
1374'5C 
2061.j4 
2748.9; 

2748.8: 
2061.6( 
1374'44 
687.21 

ORIGIN 

687'21 
1374.42 
2061.62 
2748.82 

2749.74 
2061.662061.5j 

1374.36 
687'18 

ORIGIN 

687'17 
1374.34 
2061.51 
2748'67 

0" - 
3Iel.i- 

. diun 

------- 

2749.86 
2062.53 
1375'21 
687.99 
o'j9 

686.71 
1374.01 
2061.30 
2748.58 

2749'62 
2062.35 
1375.07 
687.50 
0.54 

686.72 
1373.97 
2061'22 
2745.46 

2749.41 
2062.17 
1374.94 
687.71 
0.49 

686.73 
1373.9, 
2061.15 
2748.35 

2749.21 
1366~782062~01 

1374.82 
687.63 
0.44 

686.74 
1373.92 
2061.09 
2748.25 

7' 

Perpen. 
dicudar 

676.60 
676.91 
677.22 
677.52 
677'82 

678.12 
678.41 
678.71 
678.99 

678.99 
679.25 
679'56 
679.84 
6So.11 

680.38 
650.65 
6So.92 
681.15 

pp--- 

681.18 
681'44 
681.69 
681.95 
682.19 

682'44 
682.68 
682.92 
683.16 

683.16 
683'39 
683.62 
683'85 
684.07 

684.29 
684.51 
684.72 
684.93 

30" 

&feri- 
dian 

2749'40 
2062.08 
1374.76 
687.45 
0'15 

687.15 
1374.44 
2061'73 
2749.01 

2719'20 
zC161.93 
1374.66 
687.39 
0'14 

687.12 
1374.37 
2061.61 
2748.84 

2749.02 
2061.79 
1374.56 
687.34 
0.12 

687.09 
1374.30 
2061.50 
2748.70 
-- 
2748.86 

1374.47 
687.29 
0.11 

687'07 
1374'24 
2061.40 
2748'57 



I 

TABLE XLV1.-Rectangular Co-ordinates in Chains of the Corners of i th Degree 
Squares, referred to the centre of the Degree as Origin. ' 

- - .- 
UI .- 
d 

Dist~~nces  in Arc E. or W. of Origin 
- 

W 30' 0" 
Lslitude O 

m 

0 1 N 

30 0 

28 30 

4.3 0 :  27jz.64 137j.39 2064.43 1374.861 1376.32 1374.49 658.16 1374.26 1374.19 
2ij3.24 088.2~ 12a64.93 687.76 1376.62 687.39 6S8.31 bS7.17 687.09 
2753'82 I'lj 206j.36 o.6j 1376.91 0.29 688.45 0'07 ORIGIN 

2748.89 1378.01 2748-j6 689.00 2748.36 2798'fc 
2061.79 1378.26 2061.~7 689.13 2061.28 2061.2z 
1374.70 1378.52 1371.39 689.26 1374'20 1374.14 

7 0 0 
6. 52 30 

45 0 
37 30 
36 0 

22 30 

16' 0" 

Perpe~l- 
diculnr 

1369.86 
1370.28 
1370.65 
1371.08 
1371'48 

1371.87 
1372'2j 
1372.62 
1372.99 

1372.99 
1373'3j 
1373.71 
1374.06 
1374'40 

1374'74 
1375'07 
137j.39 
1375.71 

~~~~~~~- 

1375.71 
11376.02 

c' 

2 

0' 0" - 
Mori- 
diun , 

2748.60 
2 0 6 1 . ~ ~  
1374.30 
687.15 

687.14 

2061'41 
2748.54 

2748.49 
2,061.36 
1374.2, 
687.1t 
ORIGIN 

687.r.1 
1374'22 
2061.33 
3748.43 

2748.38 
2061.28 

Meri- 
dion 

% 

2749.02 
2061.86 
1374.70 
687.j4 
0'39 

686.76 
1373.90 
2061.04 
2748.18 

2748.8j 
2061.72 
1374. j9 
687.46 
0'34 

686.78 
1373'90 
2061~01 
2748.12 

2748.70 
2061.59 

7' 30" 

Peq,en- 
diculur 

684.93 
68j.14 
6Sj.34 
68j.54 
685'74 

68j.93 
686.12 
686.31 
636.50 

686. jo 
656.68 

' 686.86 
687.03 
687'20 

687'37 
687.53 
687.70 
687.85 

687'8j 
688.01 

274j.98- 
2746.71 
2747.42 
274Y.12 
2748'So 

2749'48 
15 0 ; e  
7 3 0  

Meri- 
dion 

2748.71 
2061.55 
1374.40 
687.24 
0.10 

687.oj 
1374'19r1374.4 
2061'32 
2748.45 

2748'jS 
2061'4j 
1374.32 
687.20 
0'09 

687.03 
1374.14 
2061.2j 
2748.3j 

2748.46 
2061.36 

27j0.14 
27j0.78 
27jI.42 

-- 

2731.42 
27j2.04 

6 0 0 

6 0 0 
5 6 2  30 

2749.9: 
2062.79 
13jj.6j 
688,jo 
1-36 

68j.78 

,- 

1372.92 
2060.05 
2747.18 

2749.64 
2062.51 

20j9'49 
2060.03 
2060.j7 
2061~09 
2061.60 

2062.11 

--pp-ppp 

2749.30 
2062.17 
137j.03 
687.Sy 
0'77 

686.37 
2062.60 
2063.09 
2063.j6 

2063.56, 
2064.03 

1373.48 
2060.61 
2747.73 

2749.08 
2061.9s 



TABLE XLV1.-Rectangular Co-ordinates in Cllains of the Corners of it11 Degree 
" Squares, referred to the centre of the Degree as Origin. 

Lstitude 

0 1 1 

4 0 ' 0 
3 52 30 

45 0 
37 30 

, 30 0 

22 30 
.15 , 0 

7 30 
3 0 0 

3 0 0 
2 52, 30 

4.5 0 
3 i  30 ' 30 0 

22 30 
1 5  0 

7 30 
2 0 0 

2 0 0 
1 5 2  30 

45 0 
37 30 
30 . 0 

30 0 2766.36 0.11 2074'77 0.06 1383'18 0'03 691.59 0.0' ORIGIN 

I I 

- .- 
tn .- 
i; 
.La 

% 
f 
'a 

5 

2 
o 

c 
': 
; 

" 

, 

. 
Distn~~cea  ill Arc E. 01. W, of Origin 

30' 

Perpeh. 
dicular 

2759.78 
2760.19 
2760.j9 
2760.~7 
2761.34 

2761.70 
2762.05 
3762.38 
2762.70 

ON 

Meri- 
diun 

2749.06 
2~61.98 
1374'90 
687.52 
0.74 

686'34 
1373.42 
2060.49 
2747.j6 

22' 

Perpen- 
dlcull~r 

----ppp 

2069.83 
2070.14 
2070.41 
2070.73 
ZO7I'OI 

2071.28 
ZOjI'j4 
2071.79 
2072.03 

I 

2762.70 
2763.01 
2763.30 
~j6j.jy 
2763.86 

2764.1.1 
2764.35 
2764.58 
2764.80 

2764.50 
276j.00 
276j.10 
27hj.36 
276j.53 

30" 

bferi- 
diun 

2748.70 
2061.62. 
1374.5; 
687.49 
0'41 

686'66 
1373'71 
2060.78 
2747.84 

It '  

F e ~ ~ p e n -  
dicultrr 

1379.89 
1380.~9 
1380'29 
1380.45) 
13So.67 

1380'8j 
1381.03 
13S1.19 
1381.3j 

0" 
I- 

Meri- 
ditrn 

2748.43 
2061.37 
1371.31 
687.24 
0'18 

686'87 
1373.93 
2060.99 
2748,.oJ 

1381'3j 
1381.j1 
13S1.6j 
1381.7~ 
1381.93 

1382'0j 
1382.1S 
1382.29 
1382.40 

1382.~0 
1382.j0 
13S2.jq 
1382.68 
13S2.76 

- 
1 0' 0" 

&lt,ri- 
dill" 

2748.22 
2~61.17 
1374'11 
687.05 
ORIGIN 

687.oj 
1374.10 
2061.1j 
~7~8.20 

2748'52 
2061.47 
1374.41 
687.16 
0.30 

656'76 
1373.8~ 
~060.86 
2747'9,2 

--pppppp- 

2748.37 
2061.33 
13j4.27 
687.22 
0.18 

7' 

I'crprn- 
d i c u l w  

689.94 
69o.oj 
690.15 
690.24 
690.34 

690.43 
690.51 
hYo.ho 
690.6S 

2748.33 
2061.28 
1374.23 
687.18 
0.13 

686'91 
1373.96 
2061.00 
2748.04 

2748.24 
~ 0 6 1 ~ z o  
1374'16 
687.12 
0'08 

,+--ppppp 

z748.8o207~.o3 
zo61'j3$2072.~6 
,1374'66 2072. 48 

20~2.6~ 

2748.17 
2061.13 
1374.08 
687.04 
ORIGIN 

687.04 
1374.08 
2061.11 
2748'1j 
- 

2748'13 
2061'10 
1374'07 
687.03 
ORIGIN 

30" 

&lel.i- 
dinn 

2748.28 
2061.22 
1374'16 
687.10 
0.0j 

687.01 
1574.06 
2061.11 
2748.16 

690.68 
hgo.jj 
60c1.83 
dyo.yo 
6~0.96 

691.03 
hq1.09 
691.1j 
691.20 

6q1.20 
6\,1.~j 
691.30 
601.34 
691.38 

686.j~ 
1373.60 
2060.67 
2747.73 

2745.55 
2061.49 
1374.43 
687.5j 
0.32 

--- 

sj48.21 
2061'16 
1374.12 
687.0s 
0.03 

687.01 
1374.oj 
2061.09 
2748.12 

2748.16 
2061.12 
1374'09 
687.0; 
0.02 

2073.08 
2073.26 
2073.44 
2073.60 

2073.60 
2073.7j 
2073.89 
2074.02 
2074.1j 



##TABLE XLVI1.-Cmvergmcy betveen Meridiansil Mtde apart meamred 
' 

Parallels of Latitude. b 

. 
Latitude 

25' 1 30' 



( 125 
TABLE XLVII1.-Lengths of Circular Arcs. 

t? 
n Arc 181 111 AVO 

-u -0 

Aro 

.Glo-ocxwojo 
30 
31 
3 1 
32 

'660'0oo0032 
32 
33 
3 3 
34 

'71o.0000034 
3 5 
35 
3 6 
3 6 

~760~0000037 
3 7 
3 8 
3 8 
3 9 

'810'0C00039 
40 
40 
4 1 
.4l 

.860'0000042 
4 2 
4 3 
43 
4 4 

~910'0000044 
45 
45 
46 
46 

'9G0'0000047 
4 7 
48 
48 

s 

Aro 1 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
00 
91 
92 
93 
94 
95 
06 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 

110 
111 
119 
113 
114 
116 

117 
118 

120 

1 Arc 1 
~Olo~ooooooo 

I 
I 
2 
2 

'06o~oooooo~ 
3 
4 
4 
5 

~11o'oooooo~ 
6 
6 
7 
7 

'16o'oooooo8 
8 
9 
9 
10 

'210'0000010 
1 1  
1 1  

12 

iz 
~260'0000013 

13 
14 
14 
15 

0'0000015 
16 
16 
16 
17 

~360'0oo0017 
18 
18 
19 
'9 

'410'0000020 
20 
2 I 
2 I 
2 2 

'4G0'0000022 
23 
23 
24 
24 

'510'0000025 
25 
2 6 
26 
27 

'5G0'0000027 
28 
28 
29 
2 9 

10'01~~5j3 0'0002909 
05818 
08727 
11636 
14544 

0'0317453 
20362 
23271 
26180 
29089 

o~oo31998 
34907 
37815 
40724 
43633 

0.0046542 
49451 
52360 
55269 
58178 

o-0061087 
63995 
66904 
69813 
72722 

0'0075631 
78540 
81449 
84358 
87266 

0'0090175 
93084 
95993 
98902 

O'OIOI~II 

0.0104720 
107629 
110538 
113446 
116355 

0'011926~ 
122x73 
125382 
127991 
130900 

o'0133809 
136717 
139626 
14253540 
145444 

0~01~8353 
151262 
154171 
157080 
159989 

0'01628~7 
165806 
1 6 8 ~ ~  
17162459 
174 - . ,  

I ,0646508 
0821041 
0995574 
1170107 
1344640 

1 .1519173 
1693706 
1848239 
2042772 
2217305 

r '2391838 
2566371 
2740904 
2915436 
3089969 

I .3264502 
3439035 
3613568 
3788101 
3962634 

1.4137267 
4311700 
4486233 
4660766 
4835299 

1'5oog831 
5184364 
5358897 
5533430 
5707963 

I .5882496 
6057029 
6231562 
64060'95 
6j80628155 

1'6755161 
6929694 
7104227 
7278760 
74j3293 

1.7627825 
7802358 
7976891 
8151424 
83259j7 

1'8500490 
8675023 
8849556 
902408gkGf) 
9198622 

1 '9373155 
9547688 
9722221 
9896753 

2'00~1286~17~ 
11Gz.0245819 

0420352 
0594885 
0769~18179 
n n n q n r r  

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
35 
33 
34 
35 
3G 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 

50 
51 
52 
53 
54 
65 
56 
57 
58 

60 

m 

'62 
'63 
'64 
'65 

'67 
'68 
'69 
'70 

'72 
'73 
.74 
'75 

.77 
'78 
'79 
'80 

'82 
'83 
'84 
.85 

'87 
'88 
'89 
'90 

.92 

.93 

.94 
'95 

97 
.98 
.99 

* 

2 
3 
4 
5 
6 
7 
8 
9 

03~9066 
0523599 
06~8132 
0872665 

0.1047198 
1.~~1730 
1396263 
1570756 

121 
122 
123 
124 
125 

127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
13'7 
136 
139 

0~00c0048 
097 
145 
194 
242 

o.oooa291 
339 
388 
436 
485 

0-0000533 
582 
630 
679 
727 

o~oooo776 
824 
873 
921 
970 

0'0001018 
1067 
1 1 1 5  
1164 
1212 

o.ooort61 
1309 
1357 
1406 
1454 

o'ooor 503 
1551 
1600 
1648 
1697 

0.0001745 
1794 
1842 
1891 
1939 

o'ooo1988 
2036 
2085 
2133 
2182 

o.0002230 
2279 
2327 
2376 
2424 

O'OW2473 
2521 

2570 
2618 
2666 

0'0002715 
2763 
2812 
2860 
2000 

'02 
'03 
'04 
'05 

.07 

.08 
'09 
'10 

'12 
'13 
.l4 
'15 

'17 
'18 
'19 
'20 

'22 
'23 
'24 
'25 

'27 
'28 
'29 
'30 
'31 
32 
33 
'34 
'35 

'37 
'38 
39 
'40 

42 
'43 
'44 
'45 

'47 
'48 
49 
'50 

'52 
'53 
'54 
'65 

'67 
'58 
'59 
.60 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
2b 
21 
22 
23 
24 
25 
26 

1 13 
29 
3d 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
40 
50 
51 
52 
53 
4 
5: 
56 
67 
58 
59 

2'1118484 
1293017 
1467550 
1642083 
1816616 

1262.1991149 
2165682 
2340214 
2514747 
2689280 

2.2863813 
3038346 
3212879 
3387412 
3561945 

2'3736478 
39HOII 
4085544 
4260077 

1745329 
0.1919862 
2054395 
2268928 
2443461 
2617994 

0'2792527 
2967060 
3121593 
3316126 
349b6j9 

0'3665191 
3839724 
4014257 
4188790 
4 63323 ? 

0'4537856 
4712389 
4886922 
5061455 
5235988 

0'541cj21 
5585054 
5759587 
5934119 
6~08652 

0'628318j 
6457718 
66322j1 
6806784 
6981317 

oU71j58jo 
7330383 
7504916 
7679449 
78j3982 

0'8028515 
82030~7 
8377580 
8552113109 
8726646 

0.8901 17cj 
9075712 
9250245 
9424778 
~jqg31 I 

0'9773844 
9948377 

1'0122910 
029i443119 
0471076 

1 
2 
33' 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
4G 
47 
48 

50 
51 
52 
53 
54 
55 
56 
57 
58 
69 
60 

140 
141 
142 
143 
144 
145 
146 
147 
143 
149 
150 
151 
152 
153 
154 

157 
158 
159 
160 

1G2 
1G3 
164 
165 
1GG 
167 
1GH 

170 
171 
172 
173 
174 

177 
174 

lF(n 

4434610 
z.460914~ 
4783675 
4958208 
5132741 
5~07274 

2'5481807 
5656340 
5830573 
6005406 
6179939 

2.6354472 
6529005 
6703538 
6878070 
7052603 

1562'7227136 
7401669 
7576202 
7750735 
7925268 

l(il2~8099801 
8274334 
8448867 
8623403 
8797933 

2'8972466 
9146999 
9321531 
949606449 
9670597 

2'9845130 
3'0019663 
0194196 
0368729 
0543262 

1303'0717795 
0892328 
1066861 
1241394 
1 ~ 1 ~ 0 2 7  



TABLE XL1X.-Gauss's Sum and Difference Logarithms. 
G 

0 ' 2 0 ' 0 ' 2 1 ~ 4 4  1206 1167  1128 1090 1 0 j 2  1 0 1 3 0 9 7 j  0937  0898 
3 .21  08600822 0784 0746  0708  06700632 0594 05  j 7  o j 1 9  
0 23 0 4 8 1  0 4 ~ 4 ~ 4 0 6 0 3 6 9 0 3 3 1  0294 0 2 j 7 o z z o o 1 8 2  O I 4 j  -- - - -- .- - - 
"'"'1 0 1 0 8 0 0 7 1 0 0 3 4  9997 9960 9923 9887 9850 9813 9777 
3 2 4 o . 1 9 7 4 0 9 7 0 4  9667 c)631 9 j 9 j  g j j S  9 j 2 2  9486 g 4 j o  9414  
0 2.51 9378 9342 9306 9270 9234 9198 9163 9127 "91 9 0 j 6  
t i  9020 8 9 8 j  8949 8914  8879  8844 8808 8773 8738 8703 

2 i l  8668 8633 8 j 9 9  8 j 6 4  8 j 2 9  8494 8460 842 j 8390  6 3 j 6  
1 )  2 8322 8287 S ~ j j  8 2 1 8  8184  8 1 5 0 8 1 1 6  8582 8048 8014 
0 291 7980 7946 7912 7878 7845 781 1 7777 7744 7710 7677 

o .30 ,0 '17643  7610 7577 7544 7510 7477 7444 7411 7378  7345 
1) 1 ,  7312 7279 7247 7214 7181 7148  71 1 6  7083 7051 7018 

I 6986 6 9 j 4  6921 6889 6 8 j 7  6825 6793 6761 6729 6697 
O i l  666 j 6633 6601 6569 6 j 3 8  6 j 0 6  6474 6443 641 I 6380 
O 6349 6317  6286 6 2 j j  6224 6192 6161 6130 6099 6068 
0.3.; 6037 6007 5976 j 9 4 j  5914 jSS4 j S j 3  j822 j792 5761 1 1  1731 j j o l  5670 5640 j61o  s j 8 o  j j j o  j520 5489 5460 
0 37 5439 j 4 9 0  5370 5340 j 3 1 0  5281 52 51  5221 5192 5162 ' ) ' : ) \ I  5133 5 ' 0 4  jO74 5 0 4 j  j o l h  4986 4 9 j 7  4028 4899 4870 1 4812 4783 4 7 j j  4726 4697 4668 4640 4611 4583 

' ) ' 6 0 ~ ' 1 4 5 5 4  4;26 4497 4469 4441 4412 4384 4356 4328 4300 
0' 11 4272 4244 4216 4188 4160 413a  $104 4977 4049 4021 
1 ) '  1.2 3904 3066 3939 391 1 3884 3 S j 7  3829 3802 3775 3748 

4 3721 3694 sf167 3640 3613 3 j S 6  35 j 9  3532 3 j o j  3479 
4 3452 3425 3399 3 3 i 2  3346 3319 3293 3267 3.40 3214 

3188 3162 3136 3110 3084 3058 3032 3006 29802954 
9 0 8 8 1 8 6  S o  2 7  9 2 2  6 
2673 2648 2622 2 j 9 7  2 j 7 2  Z j J 7  2522 2497 2472 2447 
2 4 2 2  2397 237a 2348 2323 2298 2274 2249 2224 2 2 0 0  

2175 2151 2127 2102  a078 2 o j 4  203s z o o j  1981 1957 I -- - 
O 1 2 3 4  5 6  7 a  o 

0 . 4 1 2 4 4  1306 1367  r,:z8 1490 1552 1613 1675 173,1798 
1860 1922 1984 2046 2108 2170 2232 2294 2357 2419 
2481 2 j 4 4  2606 2669 2731 2794 2857 2920 2582 3045 
3 1 0 8  3171 3234 3297 3360 342.3 3487 3 j j 0  3613 36.77 
3740 3804 3867 3931 3995 4058 4122 4186 41504514 

4378 4442 4506 4 j 7 0  4634 4698 4763 4827 4891 4956 
5020 j 0 8 j  5149 5214 5279 5344 j408 5473 5538 5603 

. 

5668 5733 j 7 9 9  5 8 6 1  5929 jg94 6 0 6 0 6 1 2 ~  6 1 ~ 0 6 2 ~ 6  
' 

6322 6387 6 4 j 3  6 5 r 8 b j 8 4  6 6 j 0 6 7 1 6  6782 68486914 
6980 7046 71 1 2  7178  7245 731 1 7377 7444 7510 7577 

0 ' 4 7 6 4 3  7710 7777 7844 7910 7977 8044 8111 8178 8245 
8 3 1 2  8379  8447 8514 8 j 8 1  8648 8716 8783 88 j1  8918 
8986 9054 9121 9 1 8 9 9 2 j 7  9325 9393 9461 9 j29  9597, 
9661  9733 9801 9869 9938 0 7 ~ 0 ~ ~ 2 G G L G  

0 . 5 0 3 4 9 0 4 1 7  0486 O j j 5  0624 0 6 ~ 2  0761 0 8 3 0 ~ 8 g g ~ 9 6 8  
1037  1107 1176 1145 1314 1384 1453 1522 1592 1661 
1731 1 8 0 1  1870 1940 2 0 1 0  2080 2 1  j~ 2 2 2 0  2289 2 3 6 ~  
2430 2500 2570 2640 2710 2781 2851 2921 2992 3062 
3133 3204 3274 3345  3416 3486 3557 3628 3699 3770 
3841 3912 3983 4 0 5 j  4126 4197 4268 4340 4411 4483 

0 ' 5 4 j 5 4  4626 4697 4769 4841  4912 4984 5056 512$>200 
5272 5344 5 4 1 6  5488 5560  5632 5704 5777 5849 5921 
5994 6066 6 1 3 9  62.11 6284  6357 6429 6 j o 2  6575 6648 
6721 67g4 6867 6940  7013 7086 71 j9  7232 7305 7379 
7452 7 j 2 j  7599 7672 7746 7819 7893 7967 8040 8 1 1 4  

8188 8262 8 3  6 8 4 r o  B484 '2 jjs 8632 8706 "9 j 
8928 9003 91  j~ 9226 9300  9375 9449 9- 
9673 9748 9822 9897  9972 00470122  OI(70272 C347 

0 ' 6 0 4 2 2  0497 o j &  0648 07z3  0 ~ ~ 8  0874 0949 i024  11°' 

1175 ,251 1367 rqoa  1478 1554  1630 1 7 0 j  1781 18j7 - 
o 1 2 3 4  5 6  7 8 9  
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TABLE XL1X.-Gauss's Sum and Difference Logarithms. . . ' 4 
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TABLE XL1X.-Ga.~ss's Sum and Difference Logarithms. 

B C 

0 l J 2 3 4  5 6  7 8 9 0 1 2 3 4  6 6  7 8 9 

4846 4943 5040 5138 
5818 5915 6013 6110 

6751 6888 6 9 S j  7083 

1.64 0984 0981 0979 0977 0975 0973  0970 0968 0966 0964 4954 jog1 5179 5277 5375 5473 5570 5668 5766 5564 

1 . 6 5 0 . 0 6 ~ 6 2  0959 0 9 j 7  0 9 j 5  0 9 j 3  o 9 j 1  0948 0946 0944 0942 5962 6059 6157 6255 6353 645 '  6548 6646 6744 6942 
1.66 0940 0 9 3 s  0936 0933  0935 0929 0927 092 j 0923 0921  6940 7038 7136 7233 7331 7429 7527 7625 7723 7821 
1.67 o ~ 1 ~ 0 ~ 1 ~ o y 1 ~ o ~ 1 ~ o ~ 1 o o y o ~ o ~ o 6 o ~ ~ ~ o y o ~ o ~ o o  7 9 1 9 S 0 1 7 S 1 1 ~ 8 2 1 2 8 3 1 0 s + 0 ~ S j o 6 S 6 o 4 S 7 0 2 s S 0 0  
1 68 0898 oS96 0894  0892 0890 0888 oYS6 0884 0832 0880 8898 8996 9094 - 9192 - - 9290 938s -- 9486 - 9584 - 9682 -- 9780 - 

1 C9 0878 0876 0674  0872 0870  0868 0866 0864  0862 0860 9876 9976 0074 0172 0270  0368 0466 0564 0662 0760  

1 71 
1.72 
1'73 
1 74 

1 '700 '008j8 (1556 0 8 j 4 0 8 j 2  ~ 8 j 0  9548  0846 0S44 0842 0841 
0839 0837 0 8 3 j  0833 0831 0829 0827 0S25 0823 0822 
, o ~ ~ ~ ~ S I S ~ S I ~ ~ S I ~ ~ S I ~ ~ S I ~ ~ S ~ ~ O S O ~ ~ S ~ ~ O S O ~  
0801 0799 0798 0796 0794  0792 0790  0789  0787 0 7 8 j  
9783 0781 0780  0778 0776 0774  0773 0771 0769 0767 

1'730.00766 0 7 6 ~ 0 7 6 2  07600759 0 7 j j 0 7 j 5  0753 0752 0750 

r . 7 o S j 8  o 9 j 6  1054 1152 1250 1348 1446 I j 44  (642  1741 
1839 1937 2035 2133 2231 2329 2427 2 j Z  j 2623 2722 
~ 8 ~ 0 ~ ~ 1 8 3 0 1 6 3 1 1 4 3 ~ ~ 3 3 1 0 3 ~ 0 9 3 j 0 7 3 6 0 j 3 7 0 3  
3801 3899 399s 4096 4194 4292 4390 4483 45S7 468 j 
4783 4881 4980 5078 j176 5274 j373  5471 5569 5667 
5766 5864 5962 6060 6 1  j 9  6257 6 3 j j  6453 6552 6 6 j o  
6748 6847 6 9 4 j  7047 7141 7240 7338 7436 7535 7633 
7731 7830 7928 So26 S 1 2 j  8223 8321 8 4 2 0 S j 1 8  S616 
871 j 8813 8912 9010 9108 9207 9105 9403 9jOZ 9600 - -- -- 
9699 9797 9896 99940092  o r 9 1  0289 0388 o4Y6 0 jS4  

r .go683 0781 08S00978  1077 I 175 1274 1372 1471 1569 
1667 1766 186.4 1963 2061 2160 2258 2357 2455 2 j j 4  
2 6 j 2  2751 2849 2948 3046 3 '45 32-14 3342 3441 3539 
303s 3736 3535 3933 4032 4130 4229 4328 4426 4525 
4623 4722 4820 4 9 1 ~  5018 5116 j ~ 1 5  5313  j412 5511 
5609 5708 jSo6 5 9 0 j  6004 6102 6201 6299 6395 6497 
6595 6694 6793 6891 6990 7'89 7187 7286 7385 74'3 
7 5 8 ~  7681 7779 7878 7977 '075 8174  Sz73  8 3 7 r  s47° 
8569 8667 8766 8865 85164 9062 9161 9260 9.358 9457 
9 j 5 6  9655 9753 9S j2  9951 00j0014Y024703+60-!-!j 

1 ' 9 0 j 4 3  0642 0741 0840  0938 1037 1b36 1235 I333  1432 
1531 1630 1729 1827 1926 2 0 2 j  2124 2223 2321 2420 
2519  2618 2717 2515 2914  3 0 1 3 3 ~ 2 3 2 1 1  3 3 1 0 3 4 0 8  
7 j 0 7  3606 3705 3804 3903 4002 4163 4199 4298 4397 . i 4 9 6  4595 4694 4792 4S91 4990 5089 5188 5287 53e6 
5455 5553 j6Sz 5781 5880 5979 6078 6177 6276 6375 
6474 6573 6671 6770 6869 6968 7067 7a66 7265 7364 
7463 7562 7661 7760 7859 79s8 8057 8 1 ~ 6  8254 8 3 j 3  
8452 8551 8650  8749 8848 8947 ---- 9046 9145 9244 9343 
9442 9541 9640 9739 9838 9937 0036 0135 0 2 3 4 0 3 3 3  

0 1 2 3 4  6 G  7 R  9 

7 0748 0747 0745 0743  0741 07400738  0736 o 7 3 j  0733 
0731 0 7 3 0 0 7 2 8 0 7 2 6 0 j 2 j  0723 0721 ~ 1 7 2 0 0 7 1 8 0 7 1 6  
,0715 0713 0712 07100708 0 7 0 7 0 y O j  0703 0702 0700 
0699 0697 0696 0694 0692 0691 0689 0688 0686 0684 

1 .81  
1.82 
1 83 
1 .84  

1.85 
1.86 
7 
1 8s 
l ' bg  

1'92 
9 

l . 9 1  

"95 
1 96 
1 97 

'l.09 

1 . 8 0 ' 0 ~ 0 0 6 8 ~  0681 06800678  0677 0675 0674 0672 0671 0669 
0667 0666 0664066 ;  0661 0 6 6 0 0 6 j 8  0657 0655 0654 
o 6 j z  0651 0 6 4 9 0 6 4 8 0 6 4 6  064; 064406420641  0639 
0638 0636 o 6 3 j  0633 0632 0630 0629 0628 0626 o 6 2 j  
0 6 ~ 3 0 6 z 2 0 6 2 0 0 6 1 ~ 0 6 r S  0 6 1 6 0 6 1 5  06130612  0 6 1 1  

0609 0608 0606 0605 0604 0602 0601 o j 9 9  0398 0597 
0 5 9 j  0 j ( ) 4 0 j 9 3  o j g r  ~ ' 5 9 0  o j S g O j S 7  0 jS6  0 j 8 j  0583 
0 j 8 2  o j 8 1  o j i g  o j 7 8  o j 7 7  o j 7 5  O j 7 4 0 j g g  Oj71 o j 7 o  
05690 j67  0566 .156~  o j b 4  0562 o j 6 1 . o j 6 o o j j 8  0357 
o j j 6 0 j j j o j 5 3 0 5 j ~ o j 5 1  0 5 5 0 0 j 4 8 0 j 4 7 0 j 4 6 0 j 4 j  

1'990'0'0543 0 ~ 4 2  0 j 4 1  0540  0 j 3 8  0 j 3 7  0 j 3 6  0535 0 j 3 3  0 j 3 2  
% 0531 o j 3 0 o j z 9 o j z 7 o j 2 6  o j z g  o j 2 4 o j z j o j z 1  0520  

0 5 1 9 0 ~ 1 S o j 1 7 c ~ j 1 5 0 5 1 4  0 5 1 3 0 ~ 1 2 0 5 1 1  0 ~ 1 0 o j o 8  
o j 0 7  0506 O j O j  O j O J  0503 O ~ O Z  0 j 0 0 0 4 9 9  0498 0497 
0496 049  j 0.494 0492 0491 o4goo4Sg  0488 0487 0486 

0 4 8 j  0483 0482 0 ~ 8 1  0480 0479 o j 7 S  0477 0 ~ ~ 6  
0474 0473 0371 0470  0469 0468 0467  0 4 6 6  0465  0464 
0463 0462 0461 04600459 0 ) 5 8  0457 0456 0454 0453 
c452 a451 0450  0449 0448 0 4 4 9  0446 0445 04440443  
0442 0441 0440 0439 0438 0437 0436 0435 0434 0433 

0 1 2 3 4  i i G  7 8  9 
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TABLE XL1X.-Gauss's Sum and Difference Logarithms. 
I 

oor 9 
0019 
0019 
0018 
0018 

.40173 
1169 
216j 
3161 
41j7 

51j4 
6150 
7147 
8144 
9140 

'50137 

2131 
3128 

5122 
6119 
7 1 1 7  
8114 
9111 

.60109 
1106 
2104 

3102 
4099 

5097 
609j 
7093 
8091 
908y 

'70087 
108j 
2083 
3081 
4079 

5077 
607 j 
7074 
8072 
9070 

C A B  
--- 

2 .80  
2 .81  
2 . 8 2  
2 . 8 3  
2 ' 8 1  

2.85 
2 .86  
2'87 
2'88 
2'89 

2 . 9 0  
1 1 3 4 2 9 1  

2 .92  
2.93 

4 1 2 j 2 9 4  

2'95 
2-96 
2 .97 
2 .98 
2'99 

3 . 0 0  
3 . 0 1  
3 '02  
:3'0:3 
3'0h 

4 ' 0 5  
9 . 0 6  
3 .07 
3.08 
3.09 

4 '10  
3 .11  
3 '12  
3'13 
3'14 

3.15 
:]'I6 
3 .17 
3 .18  
3'19 

0 ~ ~ 0 0 6 9  
0067 
0066 
0064 
0063 

0061 
0060 
0059 
0057 
ooj6 

O'OOOjj 

OOj3 
OOjZ 
OOjI 
OOjO 

0019 
0043 
0047 
004j 
0044 

0'00043 
0042 
0041 
0041 
0040 

0039 
0038 
0037 
0036 
003j 

0'00034 
0034. 
0033 
0032 

. 0031 

0031 
0030 
0029 
0029 
0028 
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TABLE L.-Common Logaritlims to 4 places of Decimals. 

Log. No  1 
I , 2788  235 

286 

.285h 2118 
, 2 8 7 8  239 

.2900 240 

. z 9 2 3  241 
' 2 9 4 j  2 12 
' 2007  210 
.zySg 2LL 

. ;@lo 215 
,3032 2k6 
3054 217 

, 5 0 7  j 21s 
.301)0 249 

'3118 230 
. 3139  251 
' 3 1 6 0  %:! 
, 3 1 8 1  2.73 
.32o1 254 

.3222 2.55 

. 32+3  2.56 
, 3263  2.57 
'3284 2.53 
'3304 239 

'3324 260 
' 3 3 4 j  361 
'3365 262 
' 3 3 S j  20.3 
' 3  404 264 

'3424 265 
'3444 206 
'3464 207 
' 3483  "ti8 
. 3 j o a  269 

' 3 j z a  270 
'3541 271 
' 3  560 272 
'3579 218 
.3 jyY 274 

'3617 273 
'3636 27(i 
'3655 f77 
,3674 ,278 
.36yz 279 

Log 

'371 1 

'3729 
' 3747  
'3766 
'3784 

.38oz 

. Is20 

'3S38 
'3"6 
'3874 

.3Soa 

. ~ < ) \ J I )  

'3927 
'3945 
'3962 

'3979 
'3997 
'4014 
' 403 1 

'4045 

' 406 j 
' 4 0 s ~  
'4099 
' 4 1  1 6  
'4133 

'4190 
,4166 
'4153 
' 4 2 0 0  
.4216 

'4232 
'4249 
' 4 2 6 j  
'4281 
'4298 

'4314 
' 4330  
'4346 
' 4362 
' 4378  

' 4393  
'4409 
'4425 
' 4 4 4 0  
'4456 

Lob' r -- 

' 5 1 ' 9  
' 5 '32  
'5145 
'5159 

I '5172 

. < 1 8 j  
' j 1 9 8  
, 5 2 1 1  
' j 2 2 J  

'5237 

'52 j o  
' 5263  
' j ~ j 6  
' j2S9 

~ 3 0 2  

' ;315 
' j328 
' j.<40 
'5355 
' j366 

'5375 
' 559 1 

'540.3 
' j ~ l b  
'5428 

' j 4 4 1  . - 
,453 

' j 4 6 j  
' 5478 
'5490 

' 5  j o t  
' S j l j  .--,- > > " I  

'5531) ..-- 
> > > I  

'5563 
'5575 
' 5 j S 7  
' 5509  
.561 I 

' j623  
' 5633 
'5647 
' j65Y 
' j 6 j o  

No.. 

280 
281 
282 
239 
2Y4 

283 
286 
2H7 
2HH 
289 

290 
291 
9 2  
2 :  
294 

29-i 
296 
297 
298 
290 

300, 
J 
:I09 
:i03 
304 

305 .  
:I06 
307 
30s 
300 . 

310 
311 
312 
313 
314 

31s  
1 6  
317 
: 
319 

320 
391 
322 
323 
324 

- 
Log. 

. j682 
' j694 
571'5 

'5717 
' 5729 

' j 7 4 0  
' j752 
' 5763 
'5775 
'57bri 

' 5798 
' jS09 
,582 1 

. j 8 3 2  
' j843 

'5855 
. 5866 
' 5877 
. j888 
' 5599 

' j q l l  
' jgZ2 
'5933 
'5944 
'5955 

' 59695 
' 597.7 
' 5988 
'5999 
,6010 

.6031 
'603 I 
.6042 
' 6 0 j 3  
.6064 

.60; j 
' 6 0 8 j  
,6096 
'6107 
. 6 1 1 7  

.6135 
,6135 
'$149 
. 6 1 b  
' 6170  

Log. 

I 
'4472 
,4487 
,4502 

'4333 

. 4 j 4 8  
' j j h j  

' 4  jy4 
.4609 

'4624 
.463y 
'4654 
' 4669 
'4683 

' 4698  
' 4 7 1 3  
'4728 
'4742 
'4757 

'4771 
. 4756 
.4803 
'4814 
'4829 

' 4843  
48 j i  

,487  I 
.48S6 
' 4900  

'4914 
'4923 
'49.12 
' 4 y j j  
'4969 

-4983 
'4997 
' j O I  I 

'5024 
' j038 

' j O j 2  
' 5 0 6 j  
' 5079 
' joy2 
' j ~ o j  
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TABLE La-Common Logarithms to 4 places of Decimals. 
8 
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TABLE L1.-Common Logarithms t o  5 places of Decimals. 
o 

- 
No. 

0 1 2  3 4 5  6 7 8 9  

100 o o o o o o j ;  0 8 7  130 I j; 217 260 30; 346 !S9 
l u l l  4 3 2 4 j j  j 1 8 j h 1 6 3 ~  - --!'-- 6 4 7 6 S ~ - q ~ j j j b ~ :  - 
102  860903  0 4 j  gSS030 072 1 1 j  I j j  199 2-12 

1 0 3  O I Z S ~  320 3 6 s  410 432 494 j36 j j S  620 662 -- 
l u l l  703 7 4 j 7 8 7 8 2 8 8 j 0  912 9 j ; 9 g j 0 3 6 a j S  

10.3 1 0 2  I I 9 160 202 243 284 32 j 366 407 449 490 
10GI 531 j 7 2 6 1 2  f i < 3  694 7;s 7 7 6 8 1 6  S j j S q S  - - - -- - -- - - - -- - 
l(l;c 9 ~ S 9 j 9 0 l y ~ O 0 l G O  1 ~ 1 1 b 1 2 3 2 2 6 2 3 0 2  
1(1s 03342 383 423 46 ; jo ;  j 4 3  5 S 3 6 2 ; 6 6 3 i o ;  --- 
I 743 i S 2  822 Shz 902 941 gSr 0 2 1  0 6 0  l o o  

I 

No. 

C 
Logarithm 

Pro. Parts 1 

11.5; 06070 108 I j j  183  2 2 1  258 296 333 371 408 
116,  446 433 j 2 f  j j S  j 9 j  A:j 670 - 707  7 ~ 4  7 8 1  - 
l l ' i / ,  8 1 9 S j 6 8 9 3 y 3 0 9 6 7  u u 4 0 4 1 0 7 S  I I j  I j I  

1 1 b o j 1 S d  2 2 j  202 298 3 3 j  372 4 0 S 4 4 j  4S2 51s  
j j j  j 9 I  628 604 700 737 773 809  S46 SSz 

- - - - -- - 
~ 9 1 8  9 j 4 9 9 0 0 2 7 0 6 3  099 1 3 j  171 207 243 

1 2 1 1 0 S z j 9 3 1 4  3 j 0 3 S 6 4 2 2  4 5 8 4 9 3  j a r )  j 6 j 6 o o  
1 2  6 3 6 6 7 2  707 7 4 5 7 7 5  S 1 4 8 4 0 X S 4 0 2 0 9 ; ;  

I - -- - - 
1 ,  9 9 1 0 2 6 o b 1 0 y 6  132 1 b 7 2 0 2  2 3 7 2 7 2 3 o j  
121. 09542 377 412 447 482 j 1 7  552 557 621 656 

1 2 3  691 726 760 795 830 864 899  934 968 07~ 
126 1 0 0 3 7 o j z  106 1 4 0  ~ j j  209 243 278 312 340 
127 3 S 0 4 1 j j 4 9 4 S j  517 5 j I  5 8 j 6 1 9 6 j 3 6 8 7  
12s 721 7 j j  789 823  857  8 9 9  924 9 j S  992 0c 
129 I l G j 9 0 9 3  126 160  193 2 2 7 2 6 1  2 9 4 3 2 7 3 6 1  

1301 394 128 461 494 528 561 594 628  661 694  - 
131 1 727 760 793 826 860  893  926 9 j 9  992 0 2 4  
l:j:!' 120j7  0 9 0  123 1 j 6  189 2 2 2  254 287 320 3 j 2  
1 3 b j 4 1 8 j j 0 4 S 3 5 1 6  5 4 8 5 8 1 6 1 3 6 4 6 6 7 8  
1 7 1 0  743  775 So8 8 4 0  872 905 937 969 Lo: 

13.3 13033066098  130 162 194  226  258 ~ 9 0 3 . ~ 2  
1% 3 5 4 3 8 6  418 1 5 0  481 513 545 577 609 64c 
13 i  672 704 735 767 ~ Q Q  8 3 0  862 1 9 3  92 j 9 j f  --- -- 
138 9 8 8 0 1 9 0 j 1 0 8 2  114 l ~ j  176  20s 239 27C 
la!) I14301 333  364 395 426 457 489 j 2 0  5 j l  582 

41 2 439 466 493 520 548 575 602 829  6 j6  
1Gl 683  710 777 763 790 8 1 7  844  8 7 1  89Ej925 l G O l  
I 9 j 2 9 ~ S o o j 0 3 2 o j 9  p S j  1 1 2  139  r h j  192 
l6;j 31219 245 272 2 9 9 3 2 5  3 j 2  3 7 8 4 0 j  431 4 j 8  
1641 484 511 537 j64  590 6 1 7  6 4 3  669 696 722 

l(;5 748 775 801  827  854  880 906 932 9 j S  9 S j  
1 G G  Z Z O I I O ~ ~ O ~ ~ O S ~ I I ~  141 167 1 ~ 4 2 2 0 2 4 6  
167 272 29s  324 3 j o  376 401 427 453 479 595 
163 531  j j j  j 8 3 6 0 5 6 3 4  6 6 0 6 8 6 7 1 2  7 3 7 7 6 3  
1 789  8 1  4 8 4 0  566 891  917  943 968  994 o r 9  

170 2 3 0 ~ j o j o 0 9 6  1 2 1  147  172 198 223 2 4 9 2 7 4  
171 1 300  32 j 3jO 376 401 426 452 477 502 j28  
172 5 j 3  j 7 s  603  629 654  679  704 729 754 779 
1 8 0 j  8 3 0 8 j j  8 8 0 9 0 j  9 3 0 9 j j  98000 j030  
174 240 j5080105  130 155 1 8 0 . 2 0 4 2 2 9 2 5 4 2 7 9  

175 304 329 353 378 403 428 452 477  502 527 
176 5 j1 576 631 6a  j 6 50 $74 6 9 9  724 748 773 
177 797 822 846  871 8 9  j 920  944 969 993 0 1 8  
17s 2 j 0 ~ 2 0 6 6 0 9 1  115 139 164  188 2 1 2 2 3 7 2 6 1  
179  2 S j  310  334 3 j 8  352 406 431 4 j 5  479 503 

180 527 551 575 600  624  6 4 8  672 696 720 744 
181 768 7y2 816  8 4 0  8 6 4  888  912 935 959 983 
182 26007031 055079 102 126  150  174  1 9 8 2 2 1  
183 245 269 293 3b6 340  364 387 411 435 4 j 8  
186 482 505 529  553 576 boo  6 2 3  647  6 7 0  694 

185 717  741  764 788 81 I 8 3 4  858  881 905 929 - -- -- --- 
136 9 j l  9 7 j  9 9 8 0 2 1  c 4 j  0 6 8 0 9 1  114 138 161 
187  27184207  231 2 j 4 2 7 7  3 0 0 3 2 3  3 4 6 3 7 0 3 9 3  
1x8 416 439 462 485 508  531 554 577 600  623 
IS9 6 46 669 692 715 738  761 784  807 8 3 0  852 

I 
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TABLE L1.-Common Logarithms to 5 places of Decimals. 
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' TABLE L1.--Common 'Loga~ithms to 5 places of Decimals. 
e 

Lognrithrn 
No. 

Logarithm 
c 

51188 202 215 2 2 8 2 4 2  tjj 2 6 8 2 8 2  2 9 j  308 
322 335 348  362 375 388 402 4 1  j 428 441 
455 465 481 495 508 521  '534 j 4 8  j 6 1  574 
587 601 614  627  6 4 0  6 j 4  6 6 7  6 8 0  693 706 
720 733 746  759  772 786  799  812 825 838 

Pro. Pnrta 



TABLE L1.-Common Logarithms to 6 places of Decimals. 

Na, 

415 
416 
4.17 
418 
419 

420 
4f l  
422 
423 
424 

425 
42G 
427 
'1.28 
4,20 

430 
431 
432 
433 
434 

4.35 
486 
4,3i 
438 
439 

440 
-141 
442 
443 
444 

445 
446 
447 
448 
4-hg 

4.50 
451 
452 
453 
454 

-1.56 
456 
-157 
4,5H 
459 

> 
Logarithm 

0 1 2  3 4  5 6 7 8 9  

56820 832 8 4 4  855 867  8 7 9  891 902 914 926 
937 949 961 972 984  996 00s 0 1 9  0 3 1  0 4 3  

57054 066 0 7 8  089 101'1 13 124 136 1 4 s  159 
a 171 183 194 206 217 229 241 2 j 2  264 276 

287 299 310 322 334  345 357 368 380 392 

403 415 426 438 449  461 473 484 496 507 
519 530 542 553 565 576 588 6 0 0 6 1 1  6 2 3  
634 646 657 669  680 692 703 715 726 738 
749761  772 784 795 807  818  530 841  852 
864 875 887 5 9 8  9 1 0  921 933  94'4 955 967 

--- ----- 
978 390 001 0 1 3  0 2 4  03 5 047  0 j 8  0 7 0  081  

58092 1 0 4  l l j  127 138  149  161  172 1 8 4  195 
206 218 229 240 52 263 274 286 297 309 
320 331 343 354 365 317 388 399 410 422 
433 444 456 467 478 490 501 512 524 535 

546 557 569 580 591 602 614 625 636 6-47 
6 j 9  670  651 692 704  71  j 726 737,749 760 
771 782 794 805 816  827 838  S j o  861 872 
883 894 906 917 928  9 3 4 9 5 0 9 6 1  973 984 
995 006 0 1 7  028 0 4 0  o j l  062 0 7 3  0 8 4  

59106 118 129 140  151 162 173  184 195 207 
218 229 240 251 262 273 284 2 9 j  306 3 1 8  
329 340 351 362 373  354  395 406 417 428 
439 450 461 472 483 494 506 517 528 j 3 9  
550 561 j72  583 594 605 6 1 6  627 638 649 

660 671 682 6 9 3  704 715 726 737 748 759 
770 780 791 802 813  824  835 846 857 5 6 s  
879 890901  912 923 934 045 9 j 6  966 977 --- ----- 
988 999 0 1 0 0 2 1  032  0 4 3  0 j 4  065 o j b  086  

60097 108 119  130 141 152 163 173  184 1 9 j  

206 217 228 239 249 260 271 282 293 304 
314  325 336 347 358 369,379 3 9 0 4 0 1  412 
423 433 444 455 466 477 487 498 509 j 2 0  

531 541 552 563 574 554 595 606 6 1 7 6 2 7  
638 649 660 670 6 8 1  692 703 713 724 735 

746 756 767 778  788 799 810 821 831 842 
' 

853 863  874  8 8 j  kj 906 917 927 9.18 949 
9 5 9 9 7 0 9 8 1  991 0 0 2  0 1 3 0 2 3 0 3 4 0 4 5  055  

61066 0 7 7  0 8 ~  o g 8  1 0 9  I 19 1 3 0  140  151 162 
172 183 194 204 215 225 236 247 257 268 

278 2S9 300 310 3 2 1  331 3 4 2  3 5 t  363 374  
384 395 405 4 i 6  426 437 44P.458 469 471) 
490 500 51 I 5 2 1  532 542 5 j 3  563 574 584 
595 6 0 6 6 1 6  6 2 7  637  6 4 8  6 . ~ 8  6 6 9 6 7 9  690 
l o o  7 l 1  721 731 742 752 763 773 784 794 

0 1 2  3 4  $ ; G  7 8 0  

' 

NO. 

.5id 
371 
472 
373 
374 

375 
276 
377 
378 
379 

380 

382 
383 

355 
386 
357 

389v 

390 
391 
39'2 
393 
394 

39' 
396 
397 
398 
399 

400 
401 
402 
403 
404 

405 
$06 
407 
408 
409 

410 
411 
'412 
31.3 
414 

Lognritlim 

0 1 2  3 4  6 6 7 8 9  

61805 81  j 826 83P 847  8 57 868 8 7 8 8 8 8  899 
909 920 930 941 951 962 972 982 993 043 

62014 024 0 3 4 0 4 5  055 066 076 086 097 107 
118 128 138 149 159 170 180 190201  2 1 1  
2 2 1  232 242 252 263 273 284 294 304 315 

32 j 335 346 356 366 377 387 397 408 418 
428 439 449 459 469 480 490 500 51 I 521 
531 542 552 562 j72 583 593 603 613  624 
6 3 4 6 4 4  6 j 5  665 6 7 j  655 696 706 716 726 
737 747 757 767 775 785  798 808 818  829 

839  849  859 870  880 890  900 910 921 931 
941 951 961 972 98.2 992 0 0 2  o r 2  0 .22  033 

63043 Oj3  063 073  G S ~  094 104 I 14 124 134 
144 155 165 175 185 195 205 2 1  5 225 236 
246 2 j 6  266 276 286 296 306 317 327 337 

347  3 57 367 377 387 397 407 417 428 438 
448 4 j S  468 475 488 494 508 518 518 535 
5 4 s  j s S  568 579 589 599 609619  629 639 
649 659 669 679 689 699 709 719 729 739 
749 759 769 779 789 799 809 819 829 839 

849 859 869  879  889  8 9 9 9 0 9  919 929 9.19 
949 959 969 979 988 998 ooY 018 028 0 3 8  

64048 058 068078  088 098 ICS 118 128 137 
I 4 7  I j 7  167 177 187  197 207 217 227 237 
246 256 266 276 286 296 306 316 326 335 

345 3 j 5  365 375 385 395 404 414 424 434 
444 454 464 473 483 493 503 513 523 532 
542 552 562 572 582 591 601 611 6 2 1  631 
640 6 j o  669  670 680 659 699 709 719 729 
738  748 758 768 777 787 797 8 0 7 8 1 6 8 2 6  

836 846 856 865 875 885 895 904 914 924 
933 943 9 j 3  963 972 982 992 0 0 2  0 1 1  0 2 1  

65031 @40 050 060 0 7 0  079  089 099 10s 118 
128 137 147 157 167 176 186 196 205 215 
z z j  234 244 254 263 273 283 292 302 312 

321 331 341 350 360 369 379 389 398 408 
418 427 437 447 456 466 475 435 495 504 
514 523 533 543 5 j 2  562 57l  5S1 59' 
~ I G  611) 6z9  639 648 658 667 677 656 696 
706 71 j 725 734 744 753 763 7 7 ~  7Sz 7g2 

801  8 1  1 820  830.839 849 8 s 8  868 877 887 
896 go6 9 5  gzia 9 3  -523 93 982 
992 001 0 1  1 0 2 0 0 3 0  031) 049 0 5 ~  077 

66087 096 106 115 124 134 143 153 1h2 1 7 ~  
181 191 2 0 0 2 1 0 2 1 9  238 ~ 4 7  '57 266 

0  1 2 3 4  G t i  7 8 9  

Pro. Pnrte 

D. 12 

2 2.4 
3 3.6 

Q:: 
6 7'2 
7 8.4 
.3 9.6 
9 10.8 

Da 11 

1 1.1 
2 2.2 
3 3'3 

::: 
6 6.6 
7 7.7 
s S.S 
9 9'9 

D. lo  

1 1.0 
2 2.0 

43:; 
o.o 

F fi.0 
7 7'0 
8 8.0 
9 9.0 

D. 9 

: y:: 
3 2.7 
4 3.6 
6 4.6 '" 

76:; 
9 8.1 

. 

, 



TABLE LI.-Common Logarithms to 5 places of Decimals. I 

No. No. 
Logarithm I . 

0 1 2  3 4 5  G 7 8 9  

G 

Logarithm 
a 

0 1 2  3 4  5 6 7 8 9  

1 

. 
'. 

460 
401 
462 
4G3 
464 

4G,i 
4GG 
467 
46s 
469 

170 
hi1 
2 
473 

2 

Pro. Parts . 
66276 285 29s  304 314 323  332 342 3 j 1  361 

370  380 389 398 408 417  427 431 4 4 j  455 
464 474 483 492 502 51 1 521 530 539 549 
558 567 577 586 596 6 0 j  614  624 633  612 
6 j 2  661  671 680 689  699 7 0 s  717 727 736 

745 7 j j  764 773 783 792 S o t  81 I 8 2 0  829  
839  848  8 j 7  867  876 8 8 j  894 904 913 923 -- 
932 941 9 j 0  960 969 978  987 997 006  01  j 

6 702 j 0 3 4  0 4 3  o j a  062 0 7 1  OSO OSY 0 9 9  IOS 
117 127 136 1 4 j  154  164 173  1S2 191 2 0 1  

210 2 1 9  228 237 247 256 2 6 j  274 284 29; 
302 311 311 330  339 348 357 367 376 3 S j  
394 403 413 422 431 440 449 4 ~ 9  468 477 
466 495 j04  514 523 j j z  j41  5 j 0  560 569 
578 jS7 j96  6 o j  614  624 633  642 6 j 1  660 

505 
506 
507 
30s 
509 

510 
511 
512 
513 
514 

515 
316 
517 
518 
519 

669 6 7 9 6 5 8  697 706 7.15 724 733 742 752 
761 7 7 0  7 7 9 7 8 8  797 806 8 1  j 82 j 834  843  . 8 5 2 8 6 1  8708798SY 8 9 7 9 0 6  9 1 6 0 2 5  - - 934 
943  9 j 2  961 9 7 0 9 7 9  988 9 r ) 7 ~ 0 6 0 l j  0 2 4  

520 
621 
622 
52'3 
624 

525 
52G 
527 
5'18 
529 

53U 
631 
5YY 
5233 
SYJ! 

5.75 
5% 
537 
3'4 
639 

540 
611 
515 
543 
114 

515 
51.6 

2E7 .JLY 
;kg 

-179 

4S0 
431 
4S3  
3 
48k 

4S.i 
4'46 
4q7 

70329 338 346 355 364  372 381 389  398 406 
4 4 3 4 4  449  j 7 475 4 4  4 
501 509 518 526 535 544 < j z  561 569 578 
586 5 9 j  603  612  621 629 638  646 65 j 663  
672 680  689  697 706 714 723 731  740 749 

757 766 774 783  791 800 808 817  825  834' 
842 8 j 1  S j 9  868  876 8 8 j  Sy3 902 910 919 - 
927 935 944 952 96' 969 978  956 995 0 0 3  

71012 0 2 0  0 2 9  037  046  0 5 4  0 6 3  071  0 7 9  088 
096 I o j  113 129  130  139 147  155 164 172 

181 189 1 9 s  206 214 223  231 240 248 257' 
265 273 282 290 299 307 315 324 332 341 
349 357 366 374 383  391 399 4~38 416 4 2 9  
433 4 4 1  450 458 466 475 483 492 500 50s 
517 j 2 j  533 542 550 559 567 575 584 592 

6S034043 052 0 6 1  0 7 0  0790SSoy7  106 11 j 

124  133  142 151 160 169 178 187  l s f i zog  
2 1  j 224 233 242 251 260 269 27s  287 296 
305 3 1 4 3 2 3  332 341 3 j 0 3 5 9 3 6 5 3 ; 7 3 8 6  
395 404 413 422 431 440 449 4 j 8  4b7 476 
185 494 502 511 j 2 O  529  j 3 8  j 4 7  j j 6  5 6 j  

574 5S3 592 601 6 1 0  619 628  637 646 6 j  j 
6 6 1  6 7 3  681 690 699  708 717 726 7 3 j  744 
j j 3  762 771 780  739 797 806 S I  j 824 833 

b 
D. 10 b C -  

, 
2 2 o  
9 L ~ . O  
4 4.0 
6 6'0 
6 6.0 

7'0 
8 8.0 
9 9.0 

D., 9 
1 0 9  

3 2 7  
4 U3'6 

;{ 
7 (;.3 

600609 6 1 7  6 2 j  634  642 6 j o 6 5 9 6 6 7  6 7 j  
684  692 700 709 7:7 72 j 734 742 7 j o  759 
7 6 7 7 7 5  784 792 800 f 0 9 8 1 7 S z j  8 3 4 8 4 2  
8 5 0 8 j 8  $67 8i . j  853  892 goo 908  917 925 

933 941 9 j o y j S  966 9 7 j  983 991 999~OY 

7 2 0 1 6 o z ~ 0 3 ~ 0 4 1  049 o j 7 0 6 6 0 7 4 0 8 ~ 0 9 0  
099 107 1 1  j 123 132 140 1 4 s  I j 6  165 173 
181 189 1 9 8  2 ~ 6  214 2 2 2  2 3 0 2 3 9  2 4 7 2 5 j  
263 272 280 288 296 304 313  321 329 337 
346 3 j 4  362 370 378  397 395 4c3  4" 419  

428 436 444 452 460 469 477 485 493 jo1 
509 518 j26  534 542 j j0 5 j 8  567 j75 j83  
591  599 607 6 1 6  624 632 640  648 6jO 6 6 j  
673  681 fiS9 697 705 713  722 730  738 746 
754 762 770  779 787  795 803  811 819 827 

835  843  852 860 868 876 8 8 4  892 900  908 
9 1 6  2; 933 941  g ~ o  9 2  9 6 j  973 991 0 9  
9 9 7 0 0 6  014022  0 3 0  0 3 8  0 4 6 0 5 ~ 0 6 2  0 7 0  

7 3 0 7 9 0 8 6 0 ~ 4  1 0 2  111 1 1 9  127 1 3 j  143 I j l  
rgy  167  175 183 191 199 207 z r g  223 231 

239 247 255 263 272 280 288 296 304 312 
320  328 336 344 3 j 2  360 368 376 384 302 
402  408 4 1 6  424 432 440 448 4 j 6  464 472 
480 488 490 504 512 520 528 536 544 j52 
560 j l S  576 584 592 6 0 0 6 0 8 6 1 6  624  632 

6 4 0  648  6 j 6  664 672 679  687  69; 703 71 I 
719 727 737 743 791 750 767 775 783 791 
799 807 815 $23 S i o  538 8 4 6 8 5 4 8 6 2 8 7 0  
8 7 s  886  894 902 9 l o " 9 1 S  9 2 h 0 3 f  441 049 
9 j 7  9 6 j  973 931 989  99733j o13  0 2 0 0 2 8  

0 1 3 3 4  G ' G  7 8 9  

8 7'2 
9 8.1 

a 

D' ' 
1 q e  
2 I 6  
3 2 1  

46 :: 
6 4 8  
7 6 6  

;'", 
. 

D 7 

1 0.7 

!jj 
4 2.8 
6 3 6 
6 4.2 ' 4 D  
8 6 6  

(;3 

842 S j r  8 6 0  869  878  886  S g j  904 - 9 1 7  922 - 

931 940  949 9 j 8  966  975 984 993 0 0 2  01 I 

69320 028 0 3 7  046 ~j j 064 073  OSZ 090 099  
l o 8  117 1.26 1 3 j  144 152 1 6 1  I;O 179 188  

4 )  197 2 o j  214 223 232 241 249 ~ j 8  267 276 
4 285 294 392 31 1 320 329 338 346 355 364 
4 

495 
4!)6 

373  381 390  399 408 417 425 434 443 452 

461 469 478 487 496 504 513 522 j31 539 
;48 5 j 7  566 574 583 592 601 609 6 1 8  627 

497 636 644 6 j 3  662 671 679  688  697  7 ~ j  71.1 
49'3 723 732 740 749 758 767 775 7S.r 793 $01 
499J 8 1 0 8 1 9  827 836 B 4 j  8 j 4  862  871 00 888 

500 897  906 9 3  923 9 3 2  9 ~ 0  949 9 9  o66 975 
501 1 $ 3 4  9 9 2 0 3 1  0 1 0 0 1 8  oh2 
502 7ooi.boi90SSoyA 1 0 j  114 1 2 2  131 1 4 0  148  
509 r j 7  1 6 j  174  183 191 zoo 209 217 226 234 

243 252 26'3 269 278 286 z y j  303 312 321 

0 1 2 3 4  5 G  7 8 9  
0 



TABLB L1.-Common Logarithms to 5 places of Decimals. 

No. 

- 
550 
561 
b52 
553 
551 

559 
5% 
657 
55s 
559 

>GO 
561 
562 
56;) 
561, 

563 
566 
567 
56s 
6G9 

570 
571 
572 
573 
7 .  

573 
5i6 
377 
578 
679 

5S0 
581 
582 
553 
5848 

5S5 
i 
537 
e5HS 
5x9 

,in0 
5 

J 

Logarithm 

0 1 2  3 4  5 6 7 8 9  

!, 
74036 0 4 4  052  0 6 0 0 6 8  0 7 6  084092  099  107 

115 123 '3 '  '39 ' 47  I j j  162 170 178 186 
194 202 2 1 0  2 1 8  225 i 3 3  241 249 2 j 7  2 6 j  
273 280 288 296 304 3 '"20 327 335 343 
351 3 j 9  367 374 382 390 398  406 414 421 

429 437 445 453 461 468 47'6 484 492 500 
507 513 j 2 3  j31 539 j 4 7  j54  562 570 j78  
586 593 6 0 1  609 617 624  632 6 4 0 6 4 8  656 
663  671 679 687 695 702 710 718 726 733 
7 4 1 7 4 9 7 j 7 7 6 4 7 7 2 7 8 0 7 S 8 7 9 i { 8 0 3 8 1 1  

8 1 9  817 8 3 4  8 4 2 S j o  858  865 873  881  599  
896 904 9'V20)_2_7 935 943 9 5 0 9 5 s  966 
' 9749S'r 989 997 00j 0 1 2  0 2 0 0 2 8 0 3 j  0 4 3  

7 j o j i o j 9 0 6 ~ 0 ~ ~ 0 8 2  08,9097 l o j  113 1 2 0  

128 136 143 151 I j 9  166 174 182 189 197 

205 213 2 2 0  228 236 243 Z j I  2 j 9  266 274 
282 289 297 3 0 j  312 3 2 3 3 2 8  335 ;43 351 
355 j66 374 381 389 397.404 4 1 2  420 427 
43 j , 1 4 2  4 j o  4 53 46 j 473 481 488 496 504 

r,  51 I j 1 9  j26 534 j42  549 557 j6  j j72 580 

, 587 5 9 j  693  610 6 1 8  626 633  641 648  656 
664 671  670 6S6 69, 702 709 717  724 732 
7 JO  747 7 j j 762 770  775 75 j 793 803 805 
8 1 j S 2 3 5 3 1  8 3 8 8 ~ 6  8 5 3 8 6 1  S 6 8 S 7 6 S S 4  
891  899  yo6 914 921  92(! 937 944 9 j 2  9 j y  

----- 
967 974 982 989 997 o o j  o r  z o z o  027 035 

76042 0 j 3 0 j 7 0 6 j  072 0 8 0 0 8 7 0 9 j  103 1 1 0  

1 1 8  I z j  133 140 148  1 2 j  163  170 178  185 
193 2 0 0  208 2 1  j 223 230 238 2 J j  2 j 3  260 
268 2 7 j  283 290 298 305 313  320 328  335 

343 350 358 365 373 380 388 395 403 410 
418 42 j 433 440 448 455,462 470 477 485 
402 500 507 51 j 522 530 537 545 552 5 51) 
507 57-1 j Y 2  jSg 597 604 612 6 1 9 6 2 6  634 
641 649  6 j 6  664 671  678  686 693  701 705 

, 7 1 6  723 730  738 745 753 760 768 775 782 
7 ~ ) 0 ~ ~ ) 7 S ~ 1 ; 8 1 ~ S r ~ 8 2 7 8 3 ~ 8 ~ z S ~ y 8 j 6  
864  S ~ I  87,) 586 893  901 998 916 923 933  
938 9 4 j  9 j 3  060 967 9 i ~ 9 S 2  $39 997 06; 

; jv12  019 o l f ~  034 041  048 o j 6  063 07007:i 

o S j  0 9 3  l o o  1q7 I I  j 1 2 2  129 137 144 ~ j r  
I jq  166 I 73  181 1 8 3  1 9 j  2 o T a r s  217 2 2 ;  

232 2 4 0  247 254 262 269 2.76 283 291 zgS 
3,!3 3 3 0 3 2 7  3.35 332 349 3 j 7  304 371. 
336 393 401  408 4 1 5  422 430 437 444 

1 2 3 4 G, 'G 7 8 9 

Pro. Parts 

D. 8 

0.8 
2 1.6 
3 2'4 
4 3'2 
6 4.0 
G 4.8 

G.c 
8 6.4 
9 7.2 

D. , 
1 0.7 
2 1.4 

"l 
4 2.8 
6 g.5 
6 4.2 
7 4.9 

"6 
.6'3 

D. 6 

1 0% 
1.2 

3 1 8  
2.,, 

6 3.0 
6 3.6 
7 4.8 
8 4'8 
I) 6'4 

. 

No. 

595 
596 
597 
695  
599 

600 

602 
($03 
604 

605 
606 
GO7 
ti08 
GOD 

G10 
611 
612 
613 
614 

615 
GIG 
617 
G1S 
619 

G2O 
621 
622 
623 
624 

625 
GZG 

C;27 b2Y 
ti29 

GI30 
(i31 
(if32 
(;:I:< 
634 

635 
636 
637 
(i:3S 
639 

. Lognrithm 
, 

0 1 2  3 4  5 G 7 8 9  

77452 4 j 9  466 474 481 4 8 8 d 9 j  503 510 517 
j z j  532 539 546 554 561 568 576 jS3 j9o 
597 605 612 619 627 634 641 648  656 663  
670  677 6 8  j 692 699 706 71 4 72 I 728 73 j 
743 7jO 757 764 772 779 786 793 801 808 

81 j 822 830  537 844  8 j l  859  866 873 880 
857 895 902 909 916 924 031 - - 938 945 -. - 052 - 
960 907 974 981 988 996 033  O I O O I ~ ~ O Z ~  

78032 039046  0 j 3  061 0 6 8  075 oSz G S ~  097  
1 0 4 1 l l 1 1 8 1 2 5 1 3 2 1 4 0 1 4 7 1 j 4 l 6 1 1 6 ~  

176 183 190  197 204 2 1 1  219 226 233 240 
247 Z j 4  262 269 276 283 290 297 3 0 j  312 
319 326 333 340 347 355 362 369 376 353 
3 9 0 3 9 S 4 0 j  4 1 2  419 4 2 6 4 3 3  440447  4 j j  
462 469 476 483 490 497 504 512 j l 9  526 

533 540 547 554 561 569.576 583 590 597 
6 0 4 6 1 1  6 1 8  6 ~ j  633  640647  Oj4 6h1  668  
675 652 689  696 704 711 718 72 j 732 739 
746 7 j 3  760 767 ~ 7 4  781 759 796 803 5 '0 
817 524 831 838 b45 852 S j 9  866 873 880  

858 895 902 909 916 923 9 3 0  937 o 1 4  9 3  
g j 8  965 972 979 986 993 o o o o 0 7  0 1 4  0.21 

79029 030 0 4 3  O ~ O  o j 7  064 071  0 7 3  OS j 092 
0 9 9  106 113  1 2 0 1 2 7  1 3 J . I J 1  1.18 I j j  162 
169 176 183 190  197 204 2 1 1  218 225 232 

239 246 2 53 260 267 274 281 2 8 s  295 302 
309 316 3" 330 337 344 3 j 1  g j 8  3 6 j  372 
3 7 9 3 S 6 3 [ 1 3 4 0 3 4 0 i  414421  4284354.12 
449 456 463 470 477 484 491 49s  j0j j I  1 

5 1 s  j z j  j32 539 546 j j 3  560 j67 574 581 

588 595 602 609 616 623  630 637 644 6 j o  
6 j 7  664 671 678  6 S j  692 69q 706 713 720 
727 734 741 748 755 761 7 6 s  775 7S2 7S? 
706 803 S I O S I ~  824  831 837 8.1 I 851 S j b  
8 6 j  872 579  856 893  900 906 913 920 927 

934 941 948 955 962 9 6 9 9 7 5  992 9S9 996 
~ ~ O ~ ~ ~ I O O I ~ O ~ ~ O ~ O O ~ ~ O ~ ~ O ~ I O ~ S O O ~  

072 0 7 9 0 8 j  092 099 1 0 6  113 1 2 0  127 134 
1 4 0  147 1 j 4  161 168 175 182 IS$  195 202 

209 216 223 229 236 243 z5° 257  264 '7' 

277 284 291 298 305 312 3 1 8  3" 332 339 
346 3 53 359 366 373 380 357 303 4 1 0  407 
4 1 4  421 428 434 441 4 4 s  455 462 468 475 
482 489 406 502 509 516 523 530 536 543 
550 j 57 j64 570 577 584 591 5 9 8 6 0 4  611 

--. 
0 1 2 3 4  5 G  7 8 9  
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FABLE L1.-Common Logarithms to 5 places of Decimals. 
t 

No. 

G10 
611 
642 
(it3 
1 

4 
646 
64.7 
61s 
649 

G50 
651 
632 
6 
654 

G;i5 
6.56 
6.57 
6.53 
659 

GGO 
661 
662 
663 
6G4 

663 
666 
667 
6(;q 
ti60 

GiO 
( i71  
,672 
673 
674 

675 
67(i 
677 
G7H/ 

Logaritlim Logarithm 

0 1 2  3 4  5 6 7 8 9  0 1 . 2  3 4  6 6 7 8 9  

So618 625 632 638 6 4 j  652 659 6 Q j  672 679 
686 693 699 706 71 3 920 726 733 7 4 ~  747 
7 j 4  760 767 774 781 787 794 SOI SOS S14 
821 828 S3 j  s 4 1  848 S j j  e62 868 S7 j  SSZ 
899 8 9 j  902 909 916 922 929 936 943 949 

--- 
9 j 6  963 969 976 983 990 996 003 0 1 0  017 

81023 030 037 043 050 057 064 070077 084 
oyoog7 104 1 1 1  117 1 2 4  131 137 141 1 j I  

1 5 S 1 6 4 1 ? 1 1 7 8 1 8 4 1 9 1 1 9 S 2 o 4 2 l 1 2 1 S  
2 2 4  231 238 245 2 j I  2 j8  26 j  271 278 2Sj 

291 293 j o j  311 318 325 331 338 345 351 
3 5 8 3 6 j 3 ; 1 3 7 8 3 S j  3 9 1 3 9 S 4 0 j ~ 1 r 4 1 S  
42 j 43 1 43s ;4 j 4 j  1 4 j8  46 j 471 478 4Sj  
491 41)s 5 ~ j  j 1 1  j 1 8  525 j31 j j S  544 j j I  

5 jS  jb4 j71 578 584 591 598 604 611 617 

624 631 637 644 6 j 1  657 664 671 677 6S4 
. 690 697 704 710 717 723 730 737 743 750 . 757 763 770 776 753 790 796 803 SOY 816 

823 829 836 S42 849 8 j 6  862 869 875 SS2 
8Sy 8 9 j  902 908 915 921 928 9 3 j  941 948 

--- 
b 5 4  961 968 974 981 987 ~ ~ ~ O O O O L ~ O I ~  

82020027033 040046 o j 3  060066073 079 
oS6092 099 105 I 1 2  I 19 125 132 138 145 
I j r  1 j 8  164 171 178 184 191 197204 2 1 0  

a17 223 230 236 243 249 256 263 269 276 

282 289 29 j  302 308 315 321 328 334 341 
347 334 360 367 373 $30 387 393 4 0 0  406 
413  419426432 439 4 4 j  4 j 2 4 5 S 4 6 j  471 
47s 484 491 497 501 510 j I 7  523 j30 536 
543 549 5 j6  j62 569 5 7 j  582 588 j 9 j  601 

607 614 620 627 633 640 646 6 j 3  6 j 9  666 
672 679 685 692 698 7 0 j  71 I 718  724 730 
737 743 7 j o  756 763 769 776 782 jS9 j p j  
802 803 814 821 827 834 840 847 853 860 
866 872 679 885 892 898 905 91 I 918 924 

930937943 950956 9& 969 975 982 9% 
9 9 j  o o ~  ocY 014 ozo  027 033 040  046 052 

83059 065 072 078 085 "91 097 1 0 4  1 10 I I 7 
123 129 136 1 4 2  149 155 161 168 174 181 

I 187 193 2 0 0  206 213 219 225 232 238 z j j  

690 251 257 264 270 276 283 289 296 302 308 

GS5 
6YG 
6S7 
CiYS 
GS0 

GDO 
691 
692 
693 
694 

695 
(j!)G 
697 
698 
699 

$00 
701 
702 
703 
704 

705 
706 
707 
iOY 
709 

710 
711 
$12 
713 
714 

715 
716 
717 
718 
710 

720 
721 
'722 
723 
724 

725 
726 )  
727 
728 
729 

631 
6'32 
68.7 
634 

3 1 5 3 2 1 3 2 7 3 3 J 3 4 0 3 4 7 3 j 3 3 j 9 3 6 6 3 j 2  
373 3Sj 391 39s 404 410 417 423 429436 
4 4 2  448 4 j5  461 467 474 480 487 403 409 
506 j 1 2  518 j25 531 537 544 550 5 56 563 

- 

83569 j 7 j  582 588 j94 601 607613 620 626 
632 639 6 4 j  6 j I 6 j 8  664 670 677 683 689 
696 702 708 71 j 721 727934 740 746 753 
759 76 j  771 778 784 790 797 803 809 816 
822 828 8 3 j  841 847 853 860 866 872 879 

885 891 897 904 910 916 923 929 935 9& 
948 9 j 4  960 967 973 979 985 992 998 0 0 ~  

84011 017023029036  0 4 2 0 4 8 o j j o 6 1  067 
O ~ ~ O S O O S ~ O ~ ~ O ~ S I O ~ I I I I I ~ I ~ ~ I ~ ~ - - -  
136 1 4 2  148 ~ f j  161 167 173 180 186 192 

198 2 0 j  2 1 1  217 223 230236 242 2 4 s  25j" 
2612672732SozS6 2922983o j311317  
323 330 336 342 348 354 361 367 373 37% 
386 392 39s 4 0 4  4 1 0  41,7 423 429 435 4 4 2  
445 4 j4  460 466 473 479 4 8 j  491 497 jo4 

510 516 522 528 j 3 j  j4I  547 5 j 3  559 566 
572 578 5 8 ~ 5 9 0  597 603 609 615 621 628 
634 640 646 6 j 2  6 j S  665 671 677 683 659 
696 702 708 714 720 726 733 739 745 7 j 1  
7 j 7  763 770 776 782 788 794 800 807 813 

819 8 2 j  831 837 844 8 j o  856 862 868 874 
880 887 893 899 905 91 I 917 924 930 936 
942 948 g j 4  960 967 973 979 9 8 j  991 947 

8j00300g016022028 0 3 4 0 4 0 0 4 6 0 j ~ o j 8  
0 6 j  071 077083 089 095 101 107 114 1 2 0  

126 132 138 144 I j o  156 163 169 175 181 
re7 193 199 205 2 1  I 217 2 2 4  230 236 2 4 2  

974 980 986 992 998 0c4010016022  028 

86034 o q o o j 6  052 058 064 070 076 082 088 
0 ~ 4 l 0 0 1 0 6 1 1 2 1 ~ 8  12413013h141147 
I j 3  159 165 I71 177 183 189 I95 2 0 1  207 
213 219 2 2 j  231 237'243 249 255 261 267, 
273 279 285 291 297 303 308 314 320 326 

0 1 2  a 4  G G 7 8 0  0 1 2  3 4  5 G 7 8 0  

*[ 
1 o., 
2 1.4 
3 $2.1 

ii 
6 4 2  
7 4 9  
8 6.6 
9 6'3 

D . ~  6 

1 0 6  
2  1.2 
3 9 1.8 
4  2.r 
6 3.0 
6 3 6  
7 4 2  

bp 

D. 5 

1 @0.6 

* i:: 
4  2 0  
5 2'6 

3'0 

i: 
9 '4.6 

, 

, 

248 254260266 272 278 285 291 297303 
309 315 321 327 333 339 345 352 358 364 
370 376 382 388 394 400 406 412 418 425 

431 437 443 449 455 461 '467 473 479 485 
491 497 503 509 516 522 528 534 j 4 0  546 
j j2 j58 j64 570 j76 582 588 594 600 606 
612 6 1 8  625 631 637 643 649655 661 667 
673 679 685 691 697 703 709 715 721 727 

733 739 745 751 757 763 769 775 781 785 
794 800 806 812 8 1 8  824 830 836 842 848 
8 j4 860 866 872 878 884 890 896 902 908 
9 1 ~ 9 2 0 9 2 6  932 938 9 4  9509569h2 9 6 j  
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TABLE L1.-Common Logarithms to 5 places of DecimaIs. 

No. No. 

775 
77G 
777 
778 
770 

760 
781 
782 
7S3 
784 

786 

7SY 
SSg 

790 
7 9 1  
792 
793 
i 9 4  

i 0 a  
7!)6 
797 
798 
$91) 

SO0 
SO1 
302 
So3 
So4 

805 
SO(; 
507 
SOS 
SOD 

810 
811 
812 
813 
~ 1 4  

815  
316 
817 
818 
819 

' J  Logarithm 

0 1 2  3 4 5  6 7 8 9  

Logarithm 

0 1 2  3 4  5 6 7 8 9  

88930 936 941 947 9 j 3  958 964 469 975 9fi 
986 992 9 9 7 0 0 5  o c 9  0 1 4  o z o 0 2 j  0 3 1  037 

8 9 0 ~ 2  048 o j 3  059  0 6 ~  0 7 0  076 081 087 ogz 
098 1 0 4  109 115 1 2 0  126  131 137 143  r 4 8  
154 159 165 170  176 182 187 193 198  204 

209 2 1  j 2 2 1  226 232 237 243 248 254 260 
2 6 j 7 7 1  276 282 287 293 298 3c4 3 1 0 3 1 5  
321 326 332 337 3-13 348 354 363  365 371 
376 382 387 393 398 404 409 415 421 4.26 
432 437 443 448 454 459 j 6 j  470 476 481 

487 492 498 504 509 515 520 j26 531 537 
j42 548 j j j  5 j 9  564 j70  j 7 j  jS1 586 592 
597 603  609 614 620 62 j 631 636 (142 647 
6 5 3 6 j 8 6 6 4 6 6 y 6 7 j 6 8 0 6 S 6 6 9 1 6 9 j j 0 2  
i o 8  713 719 724 730 735 741 746 7 j 2  757 

763 768 774 779 785 790796 SOT 807 812 
8 1 8  523 829 834 840 8 4 7 8 j r  8 j 6  862 867 
873 8 7 s  S S j  SS9 894 900 9 o j  91  I $6 922 
927 933 9 3 s  944 940 955 960 996 971 977 
982 988 993 998 0 0 4  009 01 j 020026 031 

9 0 0 3 7 0 4 ~ 0 4 8 0 j 3 0 5 9 0 6 4 0 6 9 0 7 j 0 8 0 0 8 6  
091 ~ 9 7  102  108 I 13 119 124 129 l j j  1 4 0  

146 r j r  157 162 1 6 8  173 179 184 189 1 9 j  
2 0 0  2c6 2 1 1  217 2 2 2  227 233 238 244 249 
2 5 j  260 266 271 276 282 287 293 298 304 

309 314 320 325 331 336 342 347 352 356 
363 369 374 380 385 300 396 401 407 412 
417 423 428 434 439 445 450 455 461 466 
472 477 482 4SS 493 499 504 509 51 5 j 2 O  

526 531 536 542 j47  5 53 5 58 563 569 574 

580 585 590 596 601 6 0 7 6 1 2  6 1 7 6 2 ;  628 
634 639 644 6 j o 6 j 5  660666  671 67; 682 
687 693  698 703 709 7 1 4  720 725 730 736 
741 747 7 jZ  7 j 7  763 768 773 779 784 789 
7 9 j  800806 811 816 822 827 832 838 843 

a 4 9  854 859 8 6 j  870 8 7 j  881 856 891 897 
902 907 913 918 924 929 934 940 945 9 3  
956 961 966 972 977 982 988 993 998 004  

~ I O O ~ O I ~ O Z O O Z ~ O ~ O  0 3 6 0 4 1  0 4 6 0 5 2 0 j 7  
062 068 0 7 3  078 0 8 4  089 094  IOO I O j  110 

116  1 2 1  126 132 137 142 148 153  I ~8 164 
169  174 180 185 190 196 2 0 1  206 2 1 2  217 
2 2 2  228 233 238 243 249 254 259 265 270 
275 281 2S6 291 297 302 307 312 318 323 
328 334 339 344 350 355 3 6 0 3 ~ 5  37 l  376 

0  1 2 3 ' 4  5~ 7 8 9  

7awj86332 3 -8  3 344 350 356 362 368 374 380 386 
392 398 404 410 415 d Z 1  427 433 439 445 

Pro. Parts 

D. 

0.6 
2 1.2 
3 1.8 

i:: 
ti 3'6 
7 4.2 
8 4.8 
9 6'4 

,,, 
1 0.6 
2 1'0 

i:: 
5 2.5 
6 3.0 
7 3.6 
8 4'0 
, 4'6 

' 

. 

' 

451 457 463 469 475 >qS1 487 493 499 jo4  

734" 

735 
7.36 
7:17 
738 
739 

740 
741 
74,2 
7.~3 
74(4 

745 
7iC 
747 
74s 
749 

750 
751 
7 2  
753 
75-4 

755 
756 
757 
7 ;  
769 

760 
761 

5 1 0 5 1 6  s~~ s z 8  534 5 4 0 5 4 6  j j 2  558 564 
5 7 0 5 7 6 5 8 1  587 593 5 9 9 6 0 5 6 1 1 6 1 7 6 2 3  

629 6 3 j  6 4 ~  646 652 6 j S  664 670 676 682 
6 8 8 6 9 4  7 0 0 7 0 j  711 717 723 729 735 741 
747 753 7 j y  764 770 776 782 788 794 800 
So6 812 817 823  829 8 3 j  841 847 853 859 
864  870 876 882 888 894  900 905 91 1 917 

923 929 935 911 - 947 - . - 953 958 . 964 -- 970 - 976 - 
982 988 994 999 00j 01 I 017 023 0 2 9 0 3 5  

S ~ O ~ O C ' ; ~  052 0 j S  0 6 4  0 7 0 0 7 j  081 087 093 
0 9 9 1 0 j 1 1 1 1 1 6 1 2 2 1 2 8 1 3 4 1 4 0 1 4 6 1 j 1  
157 163 169 175 181 186 192 198 204 2 1 0  

216 2 2 1  227 233 239 245 Z j I  2 j 6  262 268 
274 2 8 s  286 291 297 303  309 31 j 320 326 
332 338 344 3.19 3 j j 361 367 373 379 3S+ 
390 396 402 408 413 419'42j 431 437 442 
448 454 460 466 471 477 483 489 4 9 j  500 

I I 

5 0 6 j 1 2 j 1 8 5 2 3 j 2 9  j 3 ~ 5 4 1 j 4 7 5 5 2 ~ j S  
564 570 576 581 587 593 j 9 9  604 6 1 c  6 1 6  
622 628  633  639 645 651 656 662 668 674 
679 685 691 697 703 708 714  720 726 731 
737 743 749 754 760 766 772 777 783 789 

' 795 800 So6 8 1 2  8 1 8  82; 8 z 9  s Q j  841  846 
852 8 j S  8 6 4  869 875 8 8 1  887 892 898 934 
9 1 0  915 921  927 933 938  94.1 . - 9 i 0  - 955 - - . - 961 
967 973 978 984  990 996 001 007  013 0 1 8  

88024 0 3 0  036 041 0 4 7  o j j  058 0 6 ~  0 7 0  076 

o 8 i  0 8 7 0 9 3 0 9 8  104 I I O  116 1 2 1  127 133 
138 144 150 156 161 167 1 7 3  178 184 190 
1 9 j  2 0 1  207 213 218 zzqUzjo  2 3 j  2 4 1  247 
252 2 j 8  264 270 275 281 287 292 298 304 
309 315 321 326 332 338 3.13 349 355 360 

366 372 377 383  389 395 400 406 4 1 2  417 
766 
i ( i7 
7(;d 
769 

770 
1 
772 
77.3 
" f h  

. .  423 429 434 440 446 451 457 463 468 474 
480 485 491 497 502 508 513 519 j 2 j  530 
536 542 j 4 7  553 5 j 9  564 5ZO 576 581 j 8 j  
593 598 604  610 61 5 62 r 627 632 638  643  

649 655 660666  672 677 683  689 694 700 
705 7 1 1  7 1 7  7?,2 728 734 739,745 750 7 j 6  
762 767 773 779 784 790  795 801  So7 812 
8 1 8  824  829  8 3 j  S40  846 e j 2  857 863 868 
8 7 1  880 885  891 897  yoz go8 913 919  925 

0 1 2 3 4  51.G 7 8 9  
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No. 

8" 
821 
S22 
8'13 
824 

895 
826 
827 
828 
829 

530 
$31 
832 
833 
534 

$35 
836 
St37 
538 
b39 

840 
841 
812 
843 
844 

845 
346 
847 
81.8 
849 

8.50 
5 1  

:i2 
8 5 3  
854 

8 5  
855 
6; 
8-53 
859 

8GO 
861 
862 
863 
864 

No. 

865 
8 6 6  
867  
SGS 
Sti9 

870 
871 
8 i 2  
ST8 
874 

$75 
S i c  
877 
S78 
879 

$50 
SS1 
SS2 
883 
884 

995 
8SG 
887 
888 
889 

$90 
891 
802 
S D : ~  
~ 9 d  

AD! 8~ 
897 
899 
399 

000 
901 
902 
903 
904 

905 
906 
907 
909 
909 

TABLE L1.-Common 

L o g r r i t l ~ m  

0 1 2  3 4  5 6 7 8 9  

91381 387 392 397 403 408 413 418 424 429 
434 440 4 4 j  4 j o  455 461 466 471 477 482 
487 492 498 503 503  514 519  524 j 2 9  5 3 j  
540 j 4  j j j l  j j 6  561 566 572 577 jS2 587 
593 598 603 609 614 619  624  630  635 640  

6 4 j  651 656 661 666 672 677 682 687 693 
6 9 8 7 0 3  7 0 9 7 1 4 7 1 9  7 2 4 7 3 0 7 5 5  7407.15 
7 5 1  756 761 766 772 777 782 787 793 798 
S o 3 8 0 8 8 1 4 8 1 g S z 4  S z ~ S 3 q 8 4 o S 4 j S j o  
8 j  j 861'866 871 876 882 887 892 897  903 

908 913 9 1 8  924 929 934 939 944 950 9 j j  -- 
960  9 6 j  971 976 gSr gS6 9 9 1  997 0 0 2  c o y  

92012 01s 023 02s c 3 3  03s  244  049 054 o j g  
065 070075 080 oYj  c 9 1  096 r o l  106 I I I 

1 1 7 1 2 2 1 2 7 1 3 2 1 3 7  1 4 3 1 4 8 l j 3 1 5 8 1 6 3  

169  174 179 184 189 1 9 j  200 205 210  2 1  j 
2 2 1  226 231 256 2 4 1  247 2 j 2  2 j 7  262 267 

' 
273 278 283 288 293 298 304 309 314 319 ' 
324 330 3 3 j  340 345 3 j o 3 j j  361 366 371  
376 381 387 392 397 402 407 412 418 423 

4 2 8  433 438 443 449 454 459 464 469 474 
480 4 8 j  490 4 9 j  j o o  5 0 j  j I I  j 16  j 2 1  526 
531 536 5 4 2 j 4 7  j j z  j j 7  562 567 j72 578 
583 jS8 j 9 3  j 9 8  6 0 3  609 614 619  624 629 
634  639 6 4 j  650 655 660 6 6 j  670 675 681 

686 691  696 701 706 711 716 722 727 732 
737 742 747 7 j 2  758 763 7 6 s  773 778 783 
7 8 s  795 799 S?4 809  814 819 824  829  83.1 
8 4 0  8 4 j  8 j o  S j j  860  8 6 j  870 875  8 8 1  886 
891 896  901 906 911 916 921 927 932 937 

942 947 9 j 2  9;7 962 967 973 978  983 988 - - - - - - - - 
993 998 o o j  0 9 8 0 1 3  018 024 029 ~ 3 4 0 3 ~  

93044 049 054 o j p  0 6 4  0 6 9  075 o S o o Y j  090 
0 9 5  100 ~ o j  I I O  1 1  j 1 2 0  1 2 j  131 136 141 
146 I j! 156 161 166 171 176 181 :86 192 

197 202 2'17 2 1 2  217 2 2 2  217 232 237 242 
247 252 2 j 8  263 268 273 278 283 288 293 
298 303 308 313 318 3" 332 334 339 344 
349 354 359 364 369 374 379 334 359 394 
399 404 409 414 420 425 430 435 440 445 

450  4 j 5  460 46 j 470 475 480 48 j 490 4 9 j  
500 505 510 j l 5  520 526 531 536 541 546 
551 556 561 566 571 576 581 586 591 j96 
601 6 0 6 6 1 1  6 1 6 6 2 1  6 2 6 6 3 1  6 3 6 6 4 1  6 4 6  
651 6 5 6 6 6 1  6 6 6 6 7 1  6 7 6 6 8 2 6 8 7 6 9 2  697 

0 1 2  3 4  6 6 7 8 9  

Logarithms to 6 places of Decimals. 

L o g n r i t h m  8 

a 

0 1 2  3 4  5 6 7 8 9  

93702 707 712 717 722 727 732 737 742 747 
7 j 2  757 7 6 ~  767 772 777 782 787 792 797 
802 807  812 817  822 8 2 7 8 3 2  837 842 S47 
8 j 2  8 j 7  862 867  872 877 882 887  892 897 
902 907 912 917  922 92; 932 937 942 947 

9 j 2  957 962 967 972 977  982 987 992 997 
9 ~ G 0 2 0 0 7 0 1 2 0 1 7 0 2 2  0 2 7 0 3 2 0 3 7 0 4 2 0 ~ 7  

O j t  0 5 7  062 0 6 7  072 0 7 7  082 086 091  096 
I o r  106 I I I  116 1 2 1  126 131 136 141 146 
151 I j 6  161 166 171 176 181 186 191 196 

2 0 1  206 2 1 1  216 2 2 1  226 231 236 2 4 0  245, 
250 255 260 265 270 275 280 285 290 295 
300 305 310 315 320 325 330 335 340 346 
349 354 359 364 369 374 379 384 359 394 
3 9 9 4 ° 4 4 0 9 4 1 4 4 1 9 4 p * 4 2 9 4 3 3 4 3 8 4 4 3  

448 453 458 463 468 473 478 483 488 493 
498 503 507 512 j I 7  j 2 2  j 2 7  j32  537 542 
547 5 52 5 57 362  567 571 576 581 586 591 
596 601 606 611 616 0 2 1  626 6 3 0 6 3 5  640  
645 650 655 660 6 6 j  6 7 0 6 7 j  6806Yj  689 

694  699 704 709  714 719  724 729 734 738 
743  748 753 758 763 768  773 778 783 787 
7 9 2 7 9 7 8 0 2  8 0 7 8 1 2  8 1 7 8 2 2  8 2 7 8 3 2  836 
841 846 8 j 1  8 j 6  861 866  871 876  880 8 g j  
890 895  GO 9Oj 910  91  j 919 924 929 934 

939  944 949 954 959 & 3  968 973 9 2  $3 
988  993 998 0 0 2  007  0 1 2  017 0 2 2  027  032 

95036 0 4 1  0 4 6  0 5 1  056 061  066 0 7 1  o 7 j  080 
0 8 j o 9 0 0 9 j  I O O  10s 109 1 1 4  119 1 2 4  129 
134 139  143 148 153  158 163  168 173  1 7 7  

182 187 192 197  202 207 2 1 1  216 2 2 1  226 
231 236 2 4 0 2 4 5  250 255 260265 2 7 0 2 7 4  
279 284 289 994 299 1 0 3  308 313 318 323 
328  332 337 342 347 352 3 5 7 3 6 1  366 371 
376 381 386 390 395 400 405 410 415 4 '9  

424 429 434 439 444 448 453 458 463 468 
472 477 482 487 492 497 501  506 5" 5 1 6  
521 525 530 535 540 545 550 554 559 564 
569 574 578 553 sS? 593 5 9 8 6 0 2  607 612 
617  622 626 631 636 641  646 650 655 660  

665 670 674  679 684 689  694 698  703 708 
713 718 723 727 732 i 3 7  742 744 751 756 
76: 766 770 775 780 785 789 794 799 80-1 
8 0 9 8 1 3 8 1 8 8 2 3 8 2 8  832 8 3 7 8 4 2  8 4 7 8 j ~  
8 5 6 8 6 1  8 6 6 8 7 1  875  S S 0 8 8 j 8 9 0 8 9 j  899, 

0 1 2  3 4  6 6  7 8 9 '  

0 

Pro.  Par10 

- 
D. 

0 . 6 e  

a 
3 1.8 
4 '9.4 
6 3.0 
6 3.6 

4.2 
8 4.8, 
9 6.4 

D. 

1 06 
2 1.0 

i:: 
6 2.6 
6 30 
7 3'6 

::: 
' D. 

1 00.4 
2 0.8 
3 
4 1.6 
6 2.0 
6 ''4 

32:; 
9 9 3 6  

' 

' - 
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TABLE L1.-Common Logarithms to 5 places of Decimals, 

a 

No. 

- 
9lCP 
CIL 
312 
91.3 
914 

915 
916 
917 
914 
91:) 

9211 
9 Y  
02:! 
92:i 
021 

92.5 
926 
927 
029 
920 

930 
931 
082 
933 
034 

93.5 
936 
9:\7 
038 
939 

910 
911 
912 
01:1 
9d4 

915 
916 
h 
914 
010 

9 
9.1 
9 
95:  

I.i, 

Logarithm 

0 1 2  3 4  5 6 7 8 9  

9 j904 909 914 918  923 928 933 938 942 947 
9 j 2  9-51961 966 971 976 980 9 8 j  990 99; 
9 9 9 0 0 ~ 0 0 9 0 1 ~ 0 1 9  ~ 0 2 3 0 2 8 0 3 3 0 3 8 0 ~ 2  

~ 6 0 ~ ~ o ~ ~ 0 j ~ 0 6 1 0 6 6 o ~ 1 o ~ 6 o 8 o 0 8 ~ 0 ~ 0  
o g j  099 104  109  114 1 1 8  123 128 133 137 

I 4 2  147  152 156 161 166 171 175 180 1 8 j  
190 194  199 204  209 213 218 223 227 232 
237 242 246 251 2 j 6  261 2 6 j  270 2 7 j  280 
284 289 294 298 303 308 313 317 322 327 
332 336 341 346 350 355 360 365 369 374 

379 384 388 393 398 402 407 412 417 4 2 1  

426 431 43 j 440 44 j 450 454 459 464 4 6 s  
j 473 478 483 487 492 497 501 506 51 1 j r  j 

5" 525 530 j34  539 544 548 j 5 3  j j 8  j62 
567 j72  577 581 586 591 595 600 6 0 j  609 

614  6 1 9  624 628  633  638 642 647 652 6 j 6  
661 666 670  67  j 680 68  j 689 694 699 703 
708 7 1 3  717  722 727 731 736 741 7 4 j  7 j o  
735 759 764 769  774 778'783 788 792 797 
802 So6 8 1  I 816 8 2 0  82 j 830 934 839 844 

I 

848 S j 3  858 862 867  872 876 881  886 890  
8 9 j  930  g s 4  go9 914 9 1 8  923 928 932 937 
942 946 9 j 1  9 j h  -- 960 ghi 970 974 079 984 
9 8 8 9 9 3  9 9 7 0 0 2 0 0 7  O I I  016021  0 2 j 0 3 0  

9 7 0 3 5 0 3 9 0 4 4 0 4 9 0 j 3  0 j 8 0 6 3 0 6 7 0 ; ~ 0 7 7  

0 8 1 0 8 6 0 9 0 0 9 j  l o o  104 r o g 1 1 4 1 1 8  127 
128 132 137  142 1 4 6  151 I j5  160 165  169 
1 7 4 1 7 9  1 8 3  188 192 197 2 0 2  206211  216 
220225  230 2 3 4 2 3 9  243 248 2 j 3  257 262 
267 271 276 280 2 8 j  290 294 299 304 308 

31 j 317 322 327 331 336 340 345 350 354 
359 364 368 373 377 382 387 391 396 400 
4 0 j  4 1 0  414 419 424 428 433 437 442 447 
451 456 460 4 6 j  470 474 479 483 488 493 
497 502 506 511 516 520 j25 529 534 539 

543 548 552 557 562 566 571 575 550 585 
589 594 598 003  607 612 617 621 626 630 
635 640 644 649 6 j 3  6 j 8  663  667 672 676 
681  6 8 j  690 6 9 j  699  704 798 713 717 722 
727 731 736 740 745 743 754 759 763 768 

772 777 792 786 791 795 800 804 809  8 1 3  
8 1 8  823 827 822 836 841  8 4 5  850 8 j 5  859 
864 868  873  877 882 886 8 9 1  896 goo 905 
909 914 518 923 928 932 p37 941 946 950 
955 9 j 9  964 968  973 978  982 987 991 996 

, , 

1 2 3 4  6lG 7 8 9  

No. 

936 
956 
957 
9.58 
059 

960 
9G1 
9GS 
963 
O G h  

9G.j 
966 
967 
96'3 
0G0 

970 
071 
972 
!)is 
071 

9 i6  
97(i 
9 i7  
978 
970 

!?SO 
9'31 
932 
983 
9S4 

9% 
9% 
!)h7 
9'38 
%'9 

990 
!Mi 
!)!I2 
993 
901 

995 
996 
!I97 
99s 
999 

Logarithm 

I 
0 1 2  3 4  5 6 7 8 9  

98000 005  009 014  019  023 028 032 037  0 4 1  

046  0 5 0  o j 5  o j p  064 068 073  078  082 087 
091  096 I 0 0  l O j  l o g  I 1 4  118 123 127 132 
I 3 7 ~ 4 1 1 4 6 1 5 0 1 5 5 1 j 9 1 6 4 1 6 8 1 7 3 1 7 7  
182 186 191 195 2 0 0  2 0 4  209 214 218 2z3 

2 2 7 2 3 2  236 241 245 250 254 259 263 268 
272 277 281 286 290 295 299 304 308 3 1 3  
3 1 8  322 327 331 336 340 345 349 354 358 
363 367 372 376 381  385 390 394 399 403 
408 412 417 421 426 430 435 439 444 448 

453 457 462 466 471 475 480 484 489 493 
498 502 507 511 5 1 6  520 52 j 529 534 538 
543 j47  j j z  5 j 6  561 565 j 7 0  574 j 7 9  583 
j88  j92 597 601 605 6 1 0 6 1 4  6 1 9  623  628  
632 637 641 646 6 j 0  6 j  j 659 664 668 673 

6 7 7 6 8 2  686 691 695 700 704 709 713 717 
722 726 731 735 7.10 744  749 7 j 3  7 58 762 
767 771 776 780 784 789 793 798 862 So7 
81 1 816 820  825 829 834 838 843 847 851 
856 860 8 6 j  869 874  878 883 887 892 896 

900 9Oj 999 914 9 1 8  923 927 932 936 941 
9 4 j  949 954 9 ; s  963 967 972 976 ySr 9 8 j  - - - - - - - 
989 994 998003 007  0 1 2  016 o z r  o z j  029  

99034038043047052  0 j 6 0 6 1 0 6 5 0 6 9 0 7 4  
078083097092096  100 I o j  109 I 1 4  118 

123 1 2 7 1 3 1  136 140 1 4 j  149 1 5 4 1 j 8  162 
167 171 176 180 1 8 j  1 8 3  193 198 202 207 
2 1 1  2 1 6 2 2 0 2 2 4 2 2 9  2 3 3 2 3 8 2 4 2 2 4 7 2 5 1  
2 5 j  2 6 0 2 6 4 2 6 ~  273 277 282 ~ 8 6 2 ~ 1  2 9 j  
300 304 308 313 317 322 326 330 335 339 

344 348 352 357 361 366 370 374 379 383 
388 392 396 401 405 410 414 419  423 427 
432 436 441 445 449 454 458 463 467 471 
476 480 484 489 493 498 502 506 5" 515 
5 2 0 5 2 4  528 533 537 542 5 4 6 5 5 0 5 5 5  559 

564 568 572 577 581 585 590 594 599603  
607 612 6 1 6  621 6 2 j  629 634 638  642 647 
6 5 1  656 660 664 669 673  677 682 656 691 
695 699  704 708 712 717 721 726 730 734 
739 743 747 752 756 760 765 769 774 778 

782 787 791 795 800 804 808 813 817 822 
826 8 3 0  8 3 j  839 843 848 852 856 861 865 
870 874 878 883 887 891 896 900 904 909 
913 9 1 7  922 926 930 935 939 944 945 952 
957 961 965 970 974 978 ~ 8 3  987 991 996 

0  1 2 3 ' 4  5 6  7 8 9  

Pro. Parta 

D. 6 

0.6 
2 1.0 
3 1.6 
4 2 0  
6 2 6  
6 3 0  
7 3.ri 
a 4.0 
9 4 6  

D. 

1 0.4 

y: 
I.6 
2.0 

6 2.4 
7 2 8  
8 3 2  
9 3'6 - 
, 

a 

3 



TABLE LI1.-Logarithmic Sines and Cosines to 5 places of Decimals. * 6 '  

7'95508 
IJ~SX; 
1jX2z.3 
99520 

6'00779 

0 2 0 0 2  

0 j l ' ) Z  

04350 
oi4;H 
0(15;8 

8'o;h;o 
oXh00 
or,; 18 
10; I 7 
1 169,; 

1 2647 
1.3581 
14405 
15301 
16zf1R 

R.I;I?R 
1;fJ: I 

IH;~R 
lI)hl0 
2040; 

2118q 
21~;n 

, 2271.3 
2 , l j i h  
y 186 
- - 

Con. 

 in. I Cos. Bin. , Cos. 
-- 
8 . ~ 2 8 2  ;'999i4 

54042 i 3 
54')99 13 
55.;54 i2 
5,;iO.i 1 2  
56054 7 I 

' i090: 4 1 
71151 4 2  

7 1.39.; 4' 
7 16.33 4 1 

7 I 880 4 0 
-- 

I Con. Sin. 

1 87" 

s i n .  I ~ o s .  

R.Rz;ol 9'99902 
RzXR8 o I 
R,30ii 00 
8.7261 9'9961)0 
R.i44(~ 98 

R,zfi.v~ 98 
8.7A1.3 ,. 9 ;  
'3.3990 96 
8 4 l i i  , 95 
84358 9 4 

-- - 
Cos. Sin .  

85429 
Rg00.i 
8g;h'o 
85955 
86128 

8.Rf1~01 
80474 
R h h j ~  
808 I 6 
86987 

R j 1 5 6  
R i 3 2 j  
87494 
R;601 
87829 

8.R;qqj 
RHlbl  
XH.3 I!, 
88490 
88654 

RRR I i 
RHgRo 
80142 
R0.304 
89464 

93.148 39 
9.3.5')4 38 
0.3 i 4 0  3 7 
0.3Xfi5 .? 6 
940.30 34 -- 
Coe. 6in. 

- 
8 6" 
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* a '  

.BLE LI1.-Logarithmic Sines and Cosines to 6 places of Decimals. 

10° 1 1 "  j 20 13" 14" 
( Sin. Cos. Sin. Cos. Sin. Cos. 

0 9'1.1961 9 . 9 9 3 3  9.28060 9'9910j 9..iliRR 
1 2 4 0 . ~ ~ 1  3.3 28125 93 .zl%; 
2 :.$I 10 .II 28190 00 3 100; 
3 24181 18 28254 8; . ~ l 9 6 6  
4 24z,:,z 26 28.119 . 85 , 3 2 0 ~ j  30 3542; 
6 24.;14 24 18.384 82 32084 2; 35481 

12 28443 6 24.;95 80 .Z2I4.1 24 .~;,;.1h 
7 2 ~ 4 6 6  19 a8512 77 ,32202 2 2  .3.5590 
8 245.i6 I ;  28,:;; . ,, - 3 ~ 2 6 1  19 351144 
9 24b07 15 28041 i 2  32.419 16 ,35698 

10 246;; 1.3 a 8 j o j  i o  .{z,zin 1 .3 .35 i 5 2 

11 9,24748 9'99.310 9.28i69 9.99167 9'324.37 
12 24818 09 aRX.i.3 65 32495 
13 248SR 06 28S06 62 325,;,1 
14 24058 04 2R960 60 .32f112 01 ,;,<<)OR 46 46 
15 2.;028 0 1  29014 57 , ~ ~ ~ i ~  00 j f loz i  

16 2.io98 9'99299 zgoR7 55 32;~H 9.98007 ,360;s 
17 2j1bd 9; 21j150 .;I ,32;86 94 36129 
13 2j2.3; 94 2')314 10 2 I 91 3h18z 
I9 25.307 92 2#)1;7 4; 32902 89 362.36 
20 2;,3;6 90 30.340 45 .42960 80 362x9 

21 9.23445 9.99288 9.2940.3 9 9 9 1 4 2  0.33018 .,., 2,;il.l i 85 21)466 40 ,3.3Oi.i 
23 z;,;X,3 R j  29~21) .Zi 3.11.3.i 
2b ~ 3 6 , ; ~  81 ~ < ) ; I ) I  3; .3.1100 ' 

6 
27 
2Y 
29 
3 0 '  

3 1  
32 
33 
34 
3 

36 
37 
38 
39 

40 1 
41 
42 
43 

45 

4 1; 
47 
48 
49 
50 

2 j j a 1  

25790 
z j 8 j 8  
2592; 
Z ; ~ I J ;  
2606.: 

9'261.11 
20199 
2Ozt17 
2hj.i j 
2640.3 

26470 
z6;j9 
26hoj 
2 6 6 ; ~  
a6j.39 

9.26R06 
2687.3 
26940 
27007 
2;o;j 

27140 
ajzoh 
2727.3 
2i.i.iO 
r;qo; 

61 I 9'2i4;l  
52 z;:.J~ 
53 I I ; C > O ~  

78 

76 
74 
7 1 

60 
6;  

9'092(u 
62 
63 
57 
53 

5 
50 
48 
4.5 
4.1 

9.99141 
38 
3 
3.3 
? I  

29 
l b  
14 
2 1  

19 

9.99217 
1 4  
1 2  

09 
65 o i  

04 
67 1 0 3  

68 z ; l ) .~oI  oo 
69 1 2;00; ! 9.991,li 

( 780h0 I I).; 

T i y -  i girl. 
----. - 

L- 79" 

2065) 

29; 1 0  
2Oii0 
21)s~ I 

2000,; 

21j06b 

9 . . 3 0 0 ~ 8  
jo01)o 
3 0 r j 1  
30"3 
30175 

.10,73(1 

.30.;08 
,304io 
.30.32 1 

30j82 

9.io(~t.z 8 

30704 
.30;(15 
.3082(l 
,?o'iHi 

,30947 
,310cn 
3 I oh8 
,11120 
31 1x0 

9.31250 , 
. ? l j 1 0  
.ZI,;iO 
314.10 
.11 J ~ ) O  

31 ~ 4 9  
,31(19r) 
, ~ I ( I ( I O  

.11iaR 

30 
2 ;  

24 
2 2  

' 9  

9.991 I ;  

14  
1 2  

09 
06 

04 
01 

9'99094 
96 
9.3 

9.99001 
R8 
R6 
8.3 
80  

78 
7.5 
7 2  

70 
7 

9.99064 
(12 
59 
56 
SJ  

5 1  
4 8  
40 
43 

,3,3248 

.3.:.:05 

.1,1,363 
33410 
3.34i7 
3.35.34 

9,.3.1;91 
3364; 
33704 
3.3i(ll 
.q.{R18 

33874 
3,393 1 

3.3oni 
34043 
.34'OO 

9..311;6 
3 4 3 2  
.3426R 
34324 
34.330 

.344,36 

.I4401 
3454; 
, ~ ~ ( I o L  
3 4 ( 1 j ~  

,I I ;HR / 40 
-- - - - 

0 .  I s i n .  
- 

i Y O  

9 '34i l .1  
,i4;69 
34324 
348;0 
349.34 

.i4089 
,35044 
,35090 
351.i.I 

69 
6; 
64 
0 1  
j R  

9.9R95j 
53 
50 
47 
44 

41 
.1R 
36 
3.1 
30 

9.98927 
24 
01 

19 
16 

1.; 
10 

07 
04 
0 1  

j,;20q 
-- 

. 

9.98R9K 
00 
9.1 
90 
Ri 

84 
8 1  
;R 
7; 

30608 
.:O660 
$7 1.3 
.qO;f16 
.16419 

g.,16R71 
.46924 
3(9 ;6  
.3i028 
370x1 

311.13 
3; 18.5 
31237 

; 
-- 

I 

77" 

'95 
92 
80  
86 
8.3 

9.98;Ro 
7; 
74 
71 
$k 

65 
62 
59 

9.37909 
j jqflo 
.?Ho" 
,38062 

9'40873 
40921 
401j6R 
41016 

9.98719 
15 
I 2 

09 
381 1.1 

,38164 
38215 
38266 
1 

4106.3 

41111 
411:a 
41 205 
41152 

,196(14 
30713 
,39i62 
3981 1 

39860 

9.30909 
39938 
40006 
40055 
40103 

4 0 1 j z  
40200 
40249 

06 

0.3 
. oo 

9.9R60; 
. 9 4  

.3R.368 

. 

37289 50 
' 31.341 I 5 3  

~ i . ? q , ?  / 9.98;jo 

.I 1,300 
--------, 

con. 

40297 
4 0 3 4 ~  

9'10.491 
4044' 
40400 
405.18 
40.586 

406.34 
40682 
407.30 
40778 
408zj 

9.98325 
11 

1 8  

go 

s". 

3i.14; 
. ? ; ~ o -  
3754') 
37600 

.1765~ 

.Zi70.3 
37755 
j ; ~ o h  
.3iH,iR 

15 
I I  

OR 
05 
01 

9'98498 

o j  
04 
01  

9.9859; 
94 
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7.1 1 

75,; 
i 7 0  
Ho.1 

H i7  
851 
H;5 
h i  
I) : 1 

I 

070 
001 I 

0.6;014 
o 

000 
090 
11.1 
1 7 
101 

.-. . 

Ooa, 

2 5" 
Sill. 
-- 
9'6259S 

622 
('49 
670 
70.1 
730 

757 
784 
HI I 
R.3R 

, 865 

9 . 6 2 8 9 ~  
918 
94.; 
972 
909 

?.6.30~6 
osz 
070 

:, 106 
133 

9.6,~1so 
, 

2 1 3  
1 0  
a66 

' 29 2 

319 
345 
372 
,708 

9 . 6 ~ 4 2 ~  
4,; 1 

478 
50.1 
53 1 

55 7 
, 58.1 

( 1 1 0  

6.30 
(102 

9.63OR1) 
715 
74 1 

i f 1 7  

794 
Hzo 
H46 
H7' 
H~IH 
924 

6 ;  
0 ; 

r).(,~onr 

, 

1 .I 1 

158 
, I R ~  

Con. 

(i b0 

270 
COB. 
-. 

g.g.~gRB 
982 
9;s 
~ ( 1 9  
c)b2 

956 

941) 
94.1 
9.36 
9.10 
02.1 

r) .q~1)17 
OI I 
V0-I 
HtjH 
801 

88,; 
H78 
H;I 
H6,i 
858 

g.r).#R5~ 
44,; 
#.I9 
H,I 2 

(' 

8") 
HI.{ 
ROO 
799 
7 , ;  

9.94780 
~ H o  
7 i 3  
76; 
;60 

75.3 
747 
740 
7.i4 
7 2 7  

9.1)4;20 
714 
7 0 7  
7 00 

(11) J 

hH7 
(#no 
(174 
6(1i 
(160 

9 ;  
0 4 ;  
(I 1 0  

0.31 
("7 
(320 

614 
(107 

(BOO 

5 ').I 

Rill. 

28" 
Con. 

9 ' 9 5 l 2 8  
722 
716 
7 1 0  

704 
698 
692' 
fino 
OR0 
674 
668 

9'95f16.3 
Oj7 
(151 
64 5 
6.40 

(IJ,~ 

617 
(121 

615 
601) 

9.gj60.i 
5'); 
501 
58: 
579 

573 
SO; 
gh 1 .; 5 5 
540 

9.9j54.1 
I 
5.11 
S Z J  
510 

51.1 
507 
500 
404 
4HS 

g .g j jR ,  
470 
470 
404 
4 jH 

qqz 
4+(1 
440 
4.14 
4'1 

I 

4 1 .i 

30; 

- -  2 9" ~ - -  

cus. 
- 

9 . 9 4 1 ~ l  
17s 
I~IR 
101 
154 
I ;  

140 
I,],] 
120 
111) 
1 1 2  

c).c)qloi 
ogR 
090 
08.1 
o;b 

oh9 
00 1 

055 
OJH 
0 4 1  

I J . ~ ~ o . ~ J  
027 
010 

0 1 2  

00,; 

9 'q,3c~~~H 
OOI 
984 
977 
070 

9.9.31~6.1 
9.45 
I 

<)4 I 
1)j.t 

1)27 

1) 2 0  

I)II 

90.; 
HyH 

O.I).IHOI 
nn4 
H i 0  
801) 
HOa 

855 
847 
H4o 
8.13 
H Z O  

9 . 9  
HII 
804 
7117 
7H0 

782 
77,; 
7'1% 
7bo 

75.1 

Kil l. 

GOo 

con, 
- -~ - 

9,94593 
587 
580 
57.1 
507 
560 

55.3 
.i4(1 
540 
533 
I . 

9.1,451~~ 
5 1 3 
. 500 
4 
402 

48: 
47') 
47 2 

465 
4jH 

9 . g 4 4 ~ 1  
44 j 
4.18 
4 3.1 
424 

417 
410 
404 
.19i 
31jo 

g.q~jH.3 
.I i (1 
3()0 
.3 (1 2 

,355 

,340 
34: 
,I .I ,; 

.i'H 

.321 

9.1)1.:1.( 
:I07 

.{on 
29.1 
~ H O  

271) 

2 ,  
2(10 
2.i9 
2 . 2  

4 .  
2.1x 
2.1 I 
2 4  
2 1 7  

2 1 0  

20.1 
lo(' 
'$1) 
IHZ 

RIII. 
.-. 

(;I.0 

, , 
- 

68 
bH 
67 
6ti 
617 

6 4  
h:l 
6 2  
GI 
60 

49 
48 
47 
46 
45 

4 b  
4:l 
42 
41 
4U 

sn 

:I7 
:If; 
3; 
3.L 
:13 . 3 2  
31 

, :i0 

80 
28 
27 
PI; 
Pi, 

24 
?:i 
2: 
2 I 
20 

10 
IH 
17 
I t i  
16 

14 
13 
12 
1 1  
10 

1) 
H 
7 
(i 
Ii 

4 
:I 
2 
1 

. 

sin. 
. . 

9 . 6 ~ ~ , ~ ~  
580 
60.3 
625 
648 
671 

694 
716 
7.3 
702 
784 

1),(18Ho7 
819 
8.52 
8 i ~  
H97 

920 
I )  2 

1)"5 
087 

1)'6t)o10 

I).(J,)o,Jz 
OS.5 
0 7 7  
loo  
I ,  

14.1 
I 

lHq 
2 1 1  

2.14 

I).GI)z~(I 
2;') 
.PI 
.I 2 ,i 
.i45 

.3hH 
.l'lO 

412 
4.14 
4 

9 0 ~ ) ~ ; ~ )  
.; o I 
5 2  
5.15 
567 

;Ho 
0 1 1  
6 
5 
(17; 

o 
7 ' 1  
i4.1 
705 
in7  

Horj 
H.1 1 

H,;,I 
8;s 
807 

(:OR. 

2 
Sin. 

- - ... -- . . 

0.64lA4 
2 1 0  

3 
zh2 
288 
31.3 

,339 
,16j 

417 
442 

0 ' 6 4 4 0 ~  
40.1 
511) 
5+5 

596 
6 2 2 

('47 
67.3 
008 

3.6.1iz+ 
74') 
775 
Hoo 
Hz6 

851 
877 
00 1 

027 
0 5 .I 

O.(I~I)~A 
j 

021) 
0.54 

, 070 

104 
1.30 

1 5 .i 
I Ho 
205 

9 ,6 j230 
2.55 
ZH I 
106 

' .1.31 

.1,<6 
3s 1 
400 
4.11 
450 

6 .  

5 ; 6  

6" 
- 

Con. 
-. . - 

9'9j3(1(1 
~ 1 1 0  

354 
348 
341 
335 

320 
J2.l 

317 
,310 
304 

9,9;2qR 
292 
2Rf1 
270 

5 7 1 8 2 ; , <  

267 
26 I 
2 5 4 
248 
241 

g.1)5~.16 
229 
22.1 
2 1 7  
z r l  

204 
I OH 
192 
1H.i 
170 

9.95173 
I 
160 
154 
14H 

141 

121) 
122 
116 

r) . r )5110 
10.1 

01) i 
0110 
084 

o;R 
0 7 1  
oh; 
051) 
052 

I 

0.30 
0.1.1 
027 

, 1 a :i: 
605 
~ I P O  

.~;n (psi 
672 ,681, 
3011 70.5 

.- 

Sitl. R 
1 .  

I 

010 

01.1 
007 
00 I 

9'9411:fi 
1jH4 

. . 

Hill. 

(;:lo 
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TABLE LI1.-Logarithmic Sines and Cosines to 5 places of Decimals. 

3 0" 3 lo 

0 
1 
2 
3 
4 
6 

6 
7 
8 
9 

10 

11 
12 
13 

32" 
Sin. 

9'7'4" 
44 1 

461 
482 
502 
522 

54 2 

562 
533 
602 
611 

9.72643 
663 
68.3 
70.1 
i 23 

743 
7 h.3 
78.3 
80.3 
82,; 

g.;?84,z 
S f  
83.3 
902 
923 

942 
963 
9x2 

9';3002 
0 2 3  

')'7.3041 
OI~I 
08 I 
101 

1 2  I 

140 
llvo 
I Ro 
ZOO 

2 1 9  

r).;:,z,zr) 
2 i r )  

2;s 
298 
3 1 8  

.Z 17 
357 
3 7 i  
300 
416 

9'734.3; 
455 
4 i 4  
494 
5 1 .I 

53.1 
552 
572 
501 
61 I 

COI. 

Sin.  

9 ' 7 l l R 4  
20.5 
a26 
247 
2 6 8 .  
289 

310 
33 1 

352 
37.3 
303 

9.71414 
4.3 5 
4 j 6  
477 
498 

519 
5.79 
560 
581 
602 

9.;16zz 

, 
" 

' 

, 

Cos. 

9'91842 
8.14 
826 
818 
810 
803 

795 
797 
779 
771 
76.3 

9.92;;; 
747 
7 ;  
731 
73.1 

713 
707 
6 9 ~ J  
601 
68.3 

9.92675 
b h i  
659 
6; I . 643 

63; 
62; 
O I ~ J  

0 1  I 
603 

9'925o,; 
Ss7 
5 7 o 
5;' 
56.3 

. 4 . < < 
5 40 
5.38 
5.30 
5" 

9.92511 
.;oh 
493 
490 
482 

4i.Z 
46; 
4 1 7 
440 
441 

9'924,Xj 
4 2.5 
4 1 6  
408 
400 

9 
384 
.i;6 
3 0 ;  
.z s (J 

- 

Sin. 

57" 

Cos. 
I - - p p  

9'9.3307 
299 
291 
284 
376 
269 

261 
2j .z 
z46 
2.38 
2.30 

9.932'3 
2 1  j 
20; 
100 
192 

184 
1 7 i 
I 69 
161 
154 

9.93146 
1.38 

-- 
Sin. 

9'74750 
775 
794 
8 1 2  
8.3 1 
8 j o  
8118 
887 
906 
924 
943 

9.74961 
980 
099 

9'75017 
0.36 

0.54 
"7.3 
OY1 
1 1 0  

128 

q . i j 1 4 7  
165 a 

184 
202 
z z  I 

230 
2.58 
276 
204 
3 13 

9 '75331 
.1 5 0 

.?OR 
386 
40,; 

423 
44 1 

450 
478 
496 

9 . 7 j j r q  
5 3.3 
5,; 1 

5hq 
58; 

60; 
624 
f ~ 4 2  
hbo 
678 

9'7j(ul(l 
714 
7.33 
7; I 

701) 

787 
80,; 
RZ.1 
811 
R.;o 

-- _ 
COP. 

3 3 O  

Sill. 

9.73611 
0.30 
650 
669 
689 
708 

72; 

5:; 
i8.i 
805 

9.73R24 
843 
86.3 
888 
90 1 

93 I 
94O 
959 
978 
907 

9.7401: 
0.36 
03.; 
074 
GO3 

11,; 
I ,< 2 

1 .; 1 

I ;O 

139 

9.74208 
2 2 7  
2 4 (3 

20 j 
281 

30.: 
313 
349 
$10 

3;9 

9.;4:,,,~ 
4 17 
~ 1 0  
4;; 
J;, 

49.1 
.i I 2 

53 1 

549 
jhf l  

9.74;87 
f136 
02,; 
641 
662 

681 
700 
719 
7.17 
730 

Cor. 

Sill. ( Coa. Cus. 

9'92.759 
j j l  
343 
3 3 ,i 
:,~h 
318 

310 
30' 
293 
285 
277 

9.92269 
260 
232 
244 
2.35 

22 j 
2 1 9  
2 1 1  

202 
19,4 

9.92186 
'77 
I 69 
161 
I j r  

1.14 
w 

I .36 
127 
119 
I I I 

r).l)2102 
004 
08f1 
O i  7 
o t ~  

060 
0,; 2 

04 I 
0.1,; 
cz; 

g.c)aolR 
010 
o o t  

9'910')3 
y 8 j  

9;(* 
qfiH 
o,;q 
95 1 

942 

9'910.11 
92,; 
9 '7  
903 
900 

$9 I 
84 : 
874 
H(b6 
857 . . 

Si l l . .  
-- 

56" . 

9'69897 
919 
94 1 

96.1 
9x4 

9 . 7 0 0 ~ 6  

028 
0.50 

0 7 2  

09.3 
I I ,; 

9 ' i0137 
1 .; 0 
180 
202 

65" 

$4" 
Cos. --- 

9.918:: 
849 
840 
8 ,  
82.3 
8 1 j  

806 
798 
789 
781 
772 

9.9176.3 
j 
746 
;.;8 
7 9  

7 
712 
70.3 
6); 
636 

9.91677 
669 
600 
651 
64.3 

3 4  
62,; 
617 
608 
5 

1)'91591 
2 

573 
50; 
530 

.i47 
8 
5.30 
5" 
2 

c ) , 9 1 s o ~  
49; 
JR(I 
477 
400 

400 
4.51 
4 4  
4.4.3 
4 3  

9.91416 
407 
398 
.7X0 
381 

372 
3 (1.1 
354 
4 

9'9375.3 
746 
7.38 
7.: I 

724 
71 7 

709 
702 
695 
687 
680 

9.93673 
60,; 
8 
630 
64.3 

6 . ~ ~  
628 
621 
614 
bob 

9.9.3309 
5cJ1 

16 

::.;I 

--- 

GO 
69 
58 
5 7 @  
5G 
55 

54 
6 3 '  
5 2  
51 
50 

49 
48 
47 
46 

45,, 
41- 
43 

4'1, 
41 
40 

an 
98 
37 
:16 
35 

34 
3:) 
: IZO 
91 

30q, 
29 
28 
27 
21; a 

26,, 

Z L  
?:I 
23  
21 ' 
20 

19 
18 
IT 

15 

14 
13 
I J  
1 . 1 '  
5 0 ,  

I) 

7 
C, 

6 

4 
3 
2 
I 

- 

2 

6d5 
j o j  

; 26 
i 4 7  
;hi 
788 
809 

9 . i 1 8 q  
X j o  
$70 
891 
9: I 

9.32 
932 
9i.3 
90 4 

9';2?14 

r).;zo0.:4 
0 .< ,5 
0; ,5 
O,J(> 

I 16 

' 3 i  
137 
'77 
11)s 
218 

9.72238 
250 
2 j f )  

2 

320 

3.10 
,lf>o 
.141 
40 1 

. 4 2 ~  

. I SII! 

"'(I -- I " 

23 
2 L 
S 

26 
27 . 
2s  
~ $ 1  

31)' 

31 
32 
:i :$ 

3 1  
35 

36 
37 
3 9 
39 
4.l 

41 
42 
43 
'1 4  
45 

46 
47 
48 
49 
6 0  

6 1  
62 
f,:l 
6 1  
55 

6G 
57 
6N 
69 
GO 
-- 

-- . 

12.; 

1 1 j  

108 
l o o  
OlJ2 

08.1 
o j'i 

9.9.306p 
c6 I 
05.; 
040 
038 

030 
0 2 1  

014 
007 

9'9290)lJ 

9 . 9 ~ 9 0 1  
0s ,Z 
9 i "  
9I18 
900 

952 
944 
9.1') 
921) 
I) fl 

9.92913 
'JQ ; 

; n o i  
1 RHO) 

88 I 

R74 
Rhh 
R , i H  
Ria 
812 

1 s in.  

:: I 245 

6 8" 

17 
I S  
19 
20 

2 1  
2'' 1 ::; 

4.19 569 

207 
288 
I 

3.3' 

9.;03:3 
.3 ; .i 

461 481 
SO4 
j 2 .; 
547 

562 
554 
547 
530 
.s .3 2 

9';0:,(~8 l 9 . 9 3 j z ;  
500 I 517 
O I  I 

6 .Z 3 
6j-1 

6;; 
(107 

714 
739 
761 

9 . i o 7 8 3 ,  

~ I O  

j O 2  

405 

4 8 i  
480 
472 
4().i 
457 

9'934,;o 
no; 442 

4,:s 1 (27 
807 410 

888 
90,) 
9.3 1 

95' 
9 i d  

412 
40.; 
.Z 0 i 
3'10 
38" 

9 ' i0994 , 9'93.375 
y . j l 0 1 5  1 . 3 O i  

o,;O 3(10 
0.58 J S Z  

Oi') 1 344 

100 
121 
I42 
1fl.i 
184 

-- 

3 .; i 
319 
322 
314 
,307 

-- -- 

CO. I ~ i n .  

6!,0 
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TABLE LT1.-Logarithhic Sines and Cbsines to 5 places of Decimals. 

1 

., 
: 

'1 

: 

. 

i 

Con. 

9.31331' 
3 2 8  
319 
3 1 0 -  
301 

292,, 

8 .  
2 i 4  
2 00 
2 5 7  
248 

9'912.39 
2.30 
2 3 1  

2 1 2  

20.7 

I R ~  
I 76 
10; 
158 

9.91149 
141 
1.72 

12.3 

114 

10.5 

34"9() 
os 7 
0;s 
o('9 

9 ' 9 1 0 ~ 0  
05 1 

0 4 2  

0.4.1 

02.3 

01-1 
00; 

9 9  
y W i  
978 

9.90960) 
~ ( I O  

0 5  1 

9 4 2  
I .  

914 
9 I ,; 
I 

U ~ j h  
88; 

9.908;R 
K61) 
800 
R,;I 
R 

R,12 
823 
8 1 4  
, 805 i'JL 

Sin. 

3 
Sin. 

9'789.74 
J .  
967 
98.3 
9119 

0 

031  

047 
06.7 
O i 9  

095 

9.;9111 
1 '8 
144 
160 

l i b  

1 9 2  
208 

2 2 4  

2.10 

2 5 6  

y.;()z;? 
zHR 
3 
319 
3.75 

35' 
3h7 
. ~ R S  

, ,390 
4 1 .5 

9.73431 
44 7 
4(1,3 
4;8 
404 

5 1 0  
5 2 f l  

54 1 

5,is 
573 

g.79,:Sq 
(805 
6 1  I 

636 
6.52 

668 
OR4 
6419 
I 

73  1 

9.;qi46 
7112 

7;s 
79.1 
R C O  

8 2 5  
u 4 0  
8,;0 
877. 
887 

Uos. .. 

0 
1 
2 
3 
4 
6 

6 
7 
8 
9 

1 0  

11 
1 a 
13 
14 
15 

16 
17 
I 8  
9 
2 J 

2 1  
22 
23 
24  
25 

26 
27 

I ZH 
2:) 
30 

31 
3 2 
33 
34 
35 

36 
37 
:i 8 
3!) 
40 

41 
42 ' 

43 
4 4  
45 

46 
47 
49 

' 49 
60 

61 
5 3  

' 5;s 
b 1, 

, GG 
50 
67 
h 8  
5! )  
#.?I ' 

~ 

i 

:3 
Sin. 

9'7692* 
9.49 
957 
974 

, 991 
9'75009 

026 
04.3 
00 I 

078 
005 

9.77112 
1.30 

141 
I 

1 s t  

199 
216 

2 .  

230 
. 208 

g ' ; j z X i  
30" 
310 
7 
353 

370 
337 
405 
4 2 2  

4.30 

9,77456 
4 i 3  
40° 
50; 
5 2 4  

5 4 1  

558 
5 i 5 
S1J2 
600 

9.7;02(1 
6 1.1 
660 

, h i 7  
694 

7 1 1  

728 
;A J 

7 0 1  

776 

r).;i;95 
t j ~  z 

' 820 
, 8 4 0  

802  

R i 9  
81if1 
91.7 
5.10 0 4 6 1  

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

. 

so 
Cos. 

. -  

9.89653 
4 
6.73 
6 2 . 1 ,  
(114 

604 

594 
584 
5 7 4  
564 
5 5 4  

9.89544 
5.14 
5'4 
5 1 4  
50-1 

495 
4S.j 
4 7 5  
465 
45.5 

9.89445 
4 5  
4 2 j  
4 ' 5  
405 

395 
,385 
3; s 
,i04 
3.54 

0.89344 
3 .i 4 
3 2 4  
314 
304  

2 0 4  

2 8 4  
l i 4  
~ ( 1 4  

2.64 

9',89244 
2.7 ; 
22.4 

213 

20.7 

19.1 
I ,  

l i . 3  
)Or 
1.51 

9.891.1r 
1.12 
IJI 

I I Z  

101 

00 t 

onl 
0 ;  I 
000 
050 

Si l l  

b L O  

3 j0 
Sill. 

9.75859 
s i 7  
89.5 
91.3 
93 1 

940 

967 
985 

9.76003 
0 2  I 

' 0.39 

9.76057 
07.; 
09.7 
III 

129 

146 
1 6 4  
183 

:' 2 0 0  

218 

g ' t h ~ , ~ h  
2,:.3' 

2 7 1  

289 
, 307 

3 2 4  

3 (1 0 

.3;8 
305 

9'7641.3 
4.: I 

41H 
406 
434 

, j O l  

5 ' 9  
5 7 
5. i4  
5 i 3  

9.76;90 
6 0 7  
6 ? ,; 
(34 2 

660 

('7; 
605 
7 1 2  

730 
747 

9.;6;(15 
7 3 2  
Hoo 
817 
8 ,  

852 
H;o 
887 
9"4 . 9 2 2  

- 

,(:OR. 

-.-.-..-.. 

5-11" 

.- ~ ---- 

&in. 

9'79867 
90.3 
918 
9.34 
9.iO 

' gh j  
' 9H l  

990 
')'Booc 

0 2 7  

04.7 

9.80058 
o i  J 
0x0  

105 
120  

136 
1 .; I 
I 60 
182 
1 9 i  

9.8021.j 
128 

24.1 
, 2 j g  

2 7 4  

290 
305 
,320 

.33(l 
35 I 

9'80.106 
$32 

3'1 7 
4 1 2  

4 x 8  

44.7 
4 5 "  
473 
481) 
504 

I) .Ro; I~ 
5.74 
550  
5'15 
580 

50; 
610 
(125 
0 4  I 
(1.56 

9.80671 
(186 

7 0 1  

7 1 6  
i.7 1 

7 4 6  

i i 7  
79? 
807 

-- 
Con. 

Go 

0 0 8 .  

9.90796 
787 

759 
7 5 0  

7 4 1  
73 1 

7 2 2  

71.3 

704 

9'90~%: 
676 

, 667 
657 

648 
6.49 
6.30 
620 
6 1  I 

9.90602 
5112 

58.1 
5 i 4  

* 56.5 

5.55 
546 
53 i 
5'7 
5 ' 8  

9.90509 
4 
4'10 
482 
4 i '  

4 6 2  

4 i 2  
44.1 
4.34 
4'4 

9.90415 
40.; 
.39(1 
jnG 
.3;7 

368 
-3.58 
349 
3.10 
3.70 

9.90320 
.~ I I  

301 
21); 

281  

27.4 
zh,{ 
2.54 

2 4 4  
2 .Z 5 

SIII. 

37" 
Sin. 

I 

9.77946 
9('3 
980 
997 

9'7801.7 
030 

047 
00.7 
080 
O97 
113 

9.78130 
147 
16.7 
I 80 
197 

2 1 3  
2.30 

. 246 
z(1.3 

280 

9 . j 8 t 96  
-3 1 .7 
3 29 
3 4 0  
362 

, 379 
.I~S 
4 1 2  

428 
445 

-9.7fl461 
479 
4 
5 1 0  
5 2 7  

54.: 
500 
5 i f '  
5 9 2  
609 

9.78625 
(142 

0 j 8 
(174 
691 

7 0 7  
72.3 

7.1'1 
756 
7 7 2  

9'78;RR 
805 
H z 1  

8.7; 
85.1 

Rf19 
8Rh 

9 O 2  

9 1 8  
9.31 

- _  
Uos .  

p..-p-..p 

, h:jO 

Con. 

9 .c )OV. i  

2 2 5  
2 16 
206 

897 
7 

8 
168 
1.69 

1.70 

9 ~ 9 0 1 3 0  
1 2 0  

III 

101 

09 1 

0 8 2  

0 7 2  

06.3 
05.7 
043 

9.900.74 
0 2 4  

01.1 

005 

9.89905 

985 
970 
c j 6 0  

95fl 
947 

9.89337 
0 2 ;  
018 
t)oW 

898 

hHR 
#;I, 
86q 

850 
849 

g.RgR40 
8.70 
820 

8 1 0  
801 

;HI 
7 7 1  
;()I 

j . i2  

9.89742 
7.12 
7 2 a 
7 1 2  

7 0 2  

69.; 
0s3 
0 7 , ;  
06.1 
('5.1 

Sin. 

sf' 

3!1° 
~ .~ 

Cos. __ 
g.8go;o 

040 
0.70 
ozo 

oog 
9.88991) 

980 
978 
908 
9.58 
948 

9.88937 
927 
917 
906 
806 

RR6 

Rhg 
855 
844  

9.888.34 
824 
81.7 
80.7 
70.3 

7 3 2  
7 7 2  
761 
7 5 '  
7 4 '  

g.PRi.30 
7 2 0  

700 
O O ~ J  
688 

0;R 
(168 
65; 
0 4 7  
6.7f1 

g.886zh 
01.; 
60,; 
S%I 
584 

S i . 3  
5 
5 5 2  
54" 
5.31 

9.88521 
5 1 0  
409 
480) 
4 7 H  

46H 
4.;; 
4.1; 
4 3  
' 4 2 5  

-- 

SIII. 

5 (0" 

- 
(;n 
59  
68 
67 
G f i  
6.5 

G4 
ha 
s!? 
61 
50  

4!1 
48 
47 
48 
45 

4 1  
43 
42 
4 1  
40 

39 
38 
37 
:lG 

$ 
34 

, :13 
32 

- 3 1  
30 

23 
28 
27 
26 
25 

24 
23 
22 
21 
20 

19 
18 
17  

. 16 
13 

14 
1:1 
13 

1 
10 

9 
8 
7 
6 
6 

4 
3 
2 
1 
O 
- 
-- 

, 



TABLE LI1.-Logarithmio Sines and Cosines to 6 places of Decimals, 

, . 

i 

. '  

-- 

_- 
0 
1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

1 1  
I a 
13 
14 
15 

16 
17 
18 
19 
10 

21 
22 
23 
a4 
!J6 

a6 
27 
28 
29 
30 ' 
31 
32 
33 
34 
35 

36 
37 
3.9 
39 
W 

41 
42 
43 
44 
45 

48 
47 
1 9  
49 
50 

61 
62 
6 3 
61 
55 

66 
67 
63 ' 
69 
60 

I .  

sin.  - 
9'84177 

'[go 
20.3 
116 
:229 
242 

z j g  
c .  

269 
282 
295 
308 

9.84.321 
-3.34 
347 
360 
373 

.78.; 
398 
'41 1 

424 
437 

9,84450 
463 
476 
489 
joz 

51.5 
528 
540 
553 
566 

9.84579 
.sf) 2 

605 
6 I 8 
630 

64.3 
6 j 6  
609 
682 
694 

9.84707 
7 2" 

733 
74 5 
758 

i 7 '  
7R4 
796 
R O ~  
822 

9.84835 
H4i 
860 
87.3 
88.i 

898 
9r1 
923 
9.36 
949 

Con. 
- 

40" 
sin. 

9'80801 
812 
8-31 
8.42 
,867 
8 8 2  

897 
9" 
9'7 
9 J 2  
'957 

,9,8a972 
987 

9.810a2 
0 1  7 
032 

047 
061 
0 7 ~  
09 1 
I 06 

9.81121 
1-36 
15l 
166 
180 

19; 
'10 

' a z j  
'40 
254 

9.81169 
284 
299 
314 
328 

343 
3-53 
372 
387 
40' 

9'81417 
431 
446 
461 
47.; 

490 
50.4 
519 

549 

9'81563 
SiH 
592 
607 
612 

6.36 
6; 1 

66; 
680 
694 --- 

Con. 

4B0 

sin. 

9.81694 
709 
723 
7.38 
752 
:67 

796 
8 1 0  
825 
839 

9'818.54 
868 
882 
897 
91 I 

9 26 
940 
9.5 .4 
969 
98.3 

9.81998 
9.82012 

026 
' 041 

o j j  

069 
084 
a 
1 1 2  

126 

9.82141 
155 
1!9 
184 
198 

2 1 2  

226 
240 
2; j 
160 

9-8228.1 
Z O i  
3 1 1  
J "1 

340 

351 
3'18 
38 2 

396 
410 

9.82124 
4.39 
4 .i .3 
467 
481 

495 
609 
5 2.3 
5.37 
551 

Con. 

4tb0 
COS. 

9'88425 
415 
404 
394 

'38.:. 
372 
362' 
351 
j4o  
33O 
9 

9'8830R 
298 
287 
276 
266 

255 
244 
2.74 
22.3 
212 

9.88201 
191 
I 80 
169 
158 

148 
137 
126 
11; 

~ o j  

9.88091 
083 
072 
061 
o j l  

040 
029 
orH 
007 

9,87996 

9,87985 
975 
964 
9.5.; 
94 2 

931 
920 
900 
898 
897 

9'87R77 
866 
85 5 
844 
833 
822 
8 1  I 
Boo 
7% 
778 

Sin. 

$1" 
CW. 

9.87778 
767 
i s 6  
745 
7 4  
73.3 

7 
101 

690 
679 

' 668 

9.876.47 
646 
6 i 5  
62.1 
613 

60 I 
5 90 

557 

9"8j'j4b 
5.35 
524 
5 .  
501 

490 
'479 
464 
457 
446 

9.87434 
41.3 
4 1 2  
qor 
390 

378.  
367 
356 
345 
354 

9'87.322 
311 
300 
a8R 
277 
266 
255 
'43 
2.32 
2 2 1  

9.87209 
138 
'87 
175 
164 

15.3 
141 
I .30 
119 
"37 

Sill. 

4Y0 

s ~ 0 8 . t ,  
-- 

9.85693 
681 
669 
'6j7 
645 
632 
620 

' '608 
596 
58.3 
571 

9.85539 
547 
534 
j 2 2  

510 

497 
4Hj 
473 
4t-o 
4 8  

9.85436 
42.3 
411 
399 
386 

37; 
361 
349 
337 
324 

'9,85312 
x99 
287 
274 
262 

250 
2.37 
2 2 j  
2 1 2  

ZOO 

9-851R7 
I 7,; 
162 
150 
137 

1 2 j  
1 1 2  

I00 

o ~ 7  
074 

9.85062 
04') 
0.37 
024 
0 1 2  

9'84999 
o~~~ 
0 i 4  
961 
9,49 __ ._ - - - -  

Rill. 
. 

4,;iU 

Sill. 

9.82551 
565 
579 
593 
607 
621 

635 
649 
66.3 
677 
691 

9.82705 
7 1 9  
73.3 
747 
761 

7 7 5 
78s 
862 
816 
830 

6 q ' 8 z 8 4 4  
838 
872 
885 
8g9 

913 
927 
941 
955 
908 

9.829R2 
9Ob 

9.8.zolo 
02.3 
0.3 7 

0.51 
065 
078 
? I z  
I O G  

9 ,83120 
3 
147 
161 
174 
I 88 
201 

21 5 
219 
142 

9.83256 
z ;o 
28.3 
297 
310 

324 
338 
3 .< 1 

.36: 
378 

--- 
Cos. 

- 
60 
59 
58 
67 , 
56 
55 

54 
53 , 
5:: 
61 
50 

49 
48 
47 
46 
45 

44' 
43 
42 
4 1 ~  
40 

39 
38 
37 
36 
35 

34 
33 , 
32, 
31 
30 

29' 
28 
27 , 
2 6 ,  
25 

2 4 .  
23 
2 2 .  
2 1 ,  
20 

18 !; 
18 
17 
16 
15 

14 
1 3 '  
12 
1 1 '  
10 

9 
8 
7 
6 
6 

4 

2 
1 

,? - 
-- . 
I 

s in .  

9 ' 8 3 3 3  
392 
40.5 
419 
4-32 
446 

459 
4 i 3  
486 
50° 
513 

9 ' 8 j i 2 7  
540 
554 
5"7 
581 

594 
608 
621 
6.74 
648 

9.83661 
6i.1 
638 
701 
F 5 

728 
741 
735 
7 68 
j81 

9.8379.; 
808 
R 2 1  

8.34 
848 

861 
R74 
887 
gol 
9 I 4  

9'8.39'7 
440 
954 
967 
980 

99.1 
9.84006 

0 2 0  

0.33 
046 

9.84059 
0 7 2  

085 
098 
I I Z  

125 
138 
1s 1 

164 
l i 7  

D .  

46' 

4z0 
cos 
1- 

9 '8 j107 
096 
08.5 
073 
062 
050 

0.W 
olK 
010 
00.5 

9'8699.3 
9.860R2 

9 io .  
959 
947 
9.36 

924 
91.3 
902 
890 
879 

9.86867 
R j j  

"84.1 
8.32 
821 

1309 
i n n '  
786 
7 i .4 
76.3 

9.86752 
74O 
728 
717 
7Oj 

694 
682 
670 
659 
647 

9'866.35 
624 
612 
600 
589 

177 
56, 
554 
542 
530 

9'86,518 
50 i 
49; 
4 .  
4 7 ~  

460 
443 
430 
42,; 
4 ' 3  

Fin. 

47" 

43" 
con. - 

'9'86413 
40 1 

389 
377 
366 
354 

342 
333 
318 
306 
295 

9 .86283-  
27 1 

259 
247, 
235 

22.3 
211 
zoo 
188 
176 

9.8616i 
1.52 
140 
123 
I 16 

to4 
09 2 
oRo 
068 
0.56 

9.86044 
0.32 
0 2 0  

008 
9.05999 

984 
972 
960 
948 
936 

9.85924 
Y 
900 
RB'R 
676 

864 
851 
830 
~ 2 7  
R I ~  

g.BjRo.3 
791 
759 
766 
75.1 

742 
7 . 0  
7 1 8  
i06  
69.3 

Sin. 



TABLE LI1I.-Azimuth and Apparent Altitude of Polaris computed with North 
Polar Distance lo lo1, and Mean Refraction. 

: 
5 

,- 

Hour 
-41igle 

before or 
alter 

Cullnine- 
1, tion 

h m  
o I j  . 

0 3 0  
0 45 
1 0  

I 15 , 
I 3') 
1 45 
2 o 

2 15 
2 30 
2 45 
3  0 

3 2 0  
3 4 0  
4 0  
4 2 0  

4 4 0  
5  0 

5  2 0  
Elong. 

Elong.at 

6 4 0  
7 0  
7  2 0  

7  4 0  

8 o 
8 2 0  

8  40 
9 O  

9  15 
9  3O 
9  45 

10 0 

10 f 5  
10 . jo 
10 + j  
r i  13 

1 1  15 
. 1 1 3 0  

1 1  '45 

Azimuth 

0 1 * 

o 4  35 
O 9  9  
o  13 41 
o  18  9  

0 2 2  32 
0 26 49 
o 31 o 
o g j  3  

o  38 56 
0 4 2 4 0  
0 46 13 
0 49 33 

o  53 41 
0 57 24 
r o  41 

1 3 30 

I 5  50 
1 7 40 
1 8 5 9  
I ro 3  
-- 

h l n 8  
5  59 jo -- 
0 1 "  

I 8  58 
7 3 9  
I 5  4 s  
I 3  28 

I o 38 
0 57 2 1  

0 53 38 
O 49 30 

o  46 l o  
O 4 2  37 
0 38 54 
0 3 5  0 

0 30 58 
0 26 47 
o  2 2  30 
o  18 7  

0 13 39 
O g 8  
0 4 3 5  

Azimuth 

0 1 "  

0 4 35 
0 9 8  

' 0 13 39 
0 1 8 7  

o  2 2  30 
o  26 47 
0 30 58 
0 3 5  o 

I 0 3 8  54 
0 4 2  37 
0 46 9  
0 49 39 

0 5 3 3 8  
0 5 7 2 1  
1 0 3 7  
1 3 2 7  

I 5 47 
1 7 3 7  
I 8  j6 
I r o  o  
-- 

h m s  
6  o o -- 

... ... ... 

... 
,.. 
... ... ... 
... 
... ... ... 
... 
... 
... ... 
... 

' ... 
... 

LATITUDE 

Correc- 
tion Tor 

Illcrcl~le~rt 
of 10" in 

R.P.D. 

I 

+ o a , 6 j  
1.3.1 
1 . ~ 5  
2.59 

3'" 
3 ' 83  
4'42 
5 .00  

5'56 
4 \09  
6 .60  
7.07 

7 '66 
8 . ~ 9  
8-66 
9.06 

9'4O 
9 ' 66  
9 ' 8 j  

10.00 

6 

O',OO 

... 

... ... 

... 

... 

... ... ... 

... 

... 

... 

. . a .  

... 

... 

.., 

... 
,.. , 
... 
... 

Correc- 
Lio11 for 

Irlcre~~~rrdt 
of 10" in 

N.P.D. 

I 

+ 9 ' 9 8  
9 ' 91  
9 .81  
9 ' 66  

9 ' 47 ,  
9 ' 24  
8 . 9 7  
8 .66  

8 .31  
7 ' 9 3  
7 ' 5 '  
7  '07 

6  ' 4-2 

5  ' 73 
4 ' 99  
4 '22  

3'4 1 
2 '58 
1 ' 7 3  
0'01 

- 1 '74  
2 ' 59  
3 ' 43  
4 ' 23  

5.01 
5 ' 74  
6 .43  
7 '07  

7 '52  
7 '94  
8 .32  
8 .66  

8 ' 9 7  
9 .14  
9 ' 47  

. 9 '66  

9 '81  
9 ' 9 '  
9 '  98. 

O" 

~ [ ~ ~ ~ ~ t  

0 1 1, 

1 3 1  23 
1 31 o  
,I 3 0 2 0  
1 2 9  2 2  

I 28 1 2  

'1 26 43 
1 2 5 0  
I 23 4 

1 2 0  53 
1 1 8 2 9  
I I j  jz 
1 x 3  3  

I, 8 59 
1 4  35 
0 5 9 5 5  
o 5 j t 2  

Ci g o  39 
0 4 j 4 7  
0 4047  
o  30 32 

... 

... 

... ... 

... 

... 

... 

... 

... ... 

... 
. . a  

. a .  

... 

... ... 

... ... ... 

LATITUDP 

Correc- 
tion for 

Increment 
01 10" in 

N.P.D. 

,I 

+ 0 .66  
1 .31  
1 .96  
2 '59  

3.22 
3 ' 84  
4 ' 43  
5 '01 

5 '57  
6 1 0  
6 .61  
7 ' 0 s  

7 ' 67  
8 .20  
8 .67  
9 ' 07  

9 '41  
9 .67  
9.86 

ro ' o r  

8 

- 0.02 

+ 9.85 
9 .66  
'9.40 
9 '06  

8 .66  
6 .19  
7 '66  
7 ' 07  

6 .59  
6.09 
5 . j j  
5 . 0 0  

4.42 
3 .83  
3 .21  
2.59 

, 1 '95  
1 ' 3 0  
0 .65  

Correc- 
ti011 for 

Il lc~emrnl 
of LO" in 
N.P.D. 

I 

+ 9.98 
9 ' 9 I  
9.81 
9 ' 66  

9 '47 
9 ' 24  
8 . 9 7  
8 .66  

8 .31  
7 '93  
7 '52  
7 .07  

6 ' 4 3  
5'74 
5 '00 
4 '13  

3 '42 
2 '59  
1 ' 74  
0.00 

... 

... 

... 

... 

... 

... 

... ... 

... 

... 

. , . ... 

... 

... ... ... 

... 

... 

... 

2' 

~ ~ ~ ~ ' , " I ~ ~  

0 1 n 

3  23 13 
3  2 2  48 
3  2 2  6  
3  2 l  4  

3  19 48 
3  18 16 
3 1 6 2 7  
3  14 23 

3  1 2  5  
3  9  32 
3  6  43 
3  3  45 

2 59'25 
2 54 53 
2 5 0 3  
2 4 4  j9  

2 3 9 4 0  
J 3 4  1 4  

2 28 39 
2 17 13 

2 5  5 2  
2 o  17  
1 55 0 

1 49 55 

I 4 j  I 

I 40 23 
r 36 r 
1 31 57 

1 29 7  
I 26 31 
r 2 4  6 
1 2 1  54 

I 19 58 
I 18 16 
I 16 47 
1 x 5  37 

1 1 4  39 
"359 
1 13 34 



FABLE LII1.-Azimuth and Apparent Altitiide of Polaris computed with North' a 

Polar Distance lo lo', and Mean Refraction. 
a 

IIonr 
Anplo 

btal'ors or 
nllsr  

C u l ~ ~ ~ i n s -  
tion 

h 8 

o 15 
0 3 0  
0 45 
I o  

I 15 
I 30 
1 45 
2 o  

? I s  

,230 
2 4 5  
3  0 

3 20 

3 4 0  
4 4 .  
4  2 0  

4 4 0  
5 0  
5 2 0  

Eloug. 

Elong.nt 

6 40 
7 0  
7  2 0  

7 4 0  

8 0  
8  2 0  

8  40 
9  0 

9  15 
9  30 
9 4 5  

10 0 

10 15 
1 3  39 
1 0 4 j  
1 x 0  

I I  15 
1 1 3 0  
1 1 4 s  

. 

Azimuth 

O I *  

o 4  37 
0 9  1 2  

o  13 46 
o  18 15 

0 2 2 4 0  

0 27 0 

o  31 1 2  

o  35 16 

0 3 9 1 1  
0 4 2  55 
0 4 6 2 9  
0 49 51 

O 5 4 O r  
0 57 44 
1 I I 

I 3 51 

I 6  11 

I 8  2 

I 9  21  

I 10 23 
-- 

h n a  s 
5 59 31 -- 
0 I " 

1 9  17 
I 7  57 
1 6  6  
1 3  44 

r  o  54 
0 57 35 
0 5 3 5 1  
0 49 4 2  

o  46 20 

0 4 2  47 
0 3 9  2 

o  35 8  

0 31 4 
0 1 6 5 3  
0 2 2  35 
o  18 11 

o  13 42 
o  9  10 

0 4 3 6  

Azimuth 

O I' 

o 4  36 
0 9 1 0  
0 I3  43 
o  18 11 

0 2 2  3 j  
0 26 54 
0 31 5  
0 3 5  8  

O 3 9  2 
0 4 2 4 6  
0 4 6 1 9  
0 49 4 0  

0 53-48 
0 5 7 3 2  
1 0 4 9  
1 3  38 

1 5 5 8  
1 7 4 8  
1 9 7  
I 10 ro 
-- 

h m  s 
5 59 4 0  -- 
CI I " 

I 9  5  
1 7 4 5  
I 5  54 
1 3 3 4  

1 0 4 4  
o  57 26 
0 53 42 
0 4 9 3 4  

0 46 13 
o 4 2  40 
0 3 8 5 7  
0 35 3  

o 31 o 
0 26 49 
0 ~ 2 3 2  
0 1 8 8  

o  13 4 0  
0 9  9  
0 4 3 5  

4* 

App"rent 

, 
- 

0 1 '1 

5 19 1 2  

j 18 47 
5 18 4  
5  17 I 

5  15 43 
5  1 4  10 
5  1 2  18 
5 x 0 1 1  

5  7 5 '  
5  5  13 
5  2 2 4  

4 59 2 1  

4  54 59 
4  50 16 
4  45 17 
4 4 0  I 

4 34 j 3  
4  28 53 
4  23 6  
4  11 25 

3  59 32 
3  53 49 
3  48 16  
3  4 2  50 

3  37 40 
3  32 46 
3  28 6  
3  23 47 

3 2 0 4 9  
3  18 I 

3  15 28 
3 1 3 1 0  

3  11 j 
3 9  '8 
3  7  44 
3  6 2 7  

. 3 5  28 
3  4  46 
3  4 Z I  

LATITUDE 

Correc. 
t .~on  for 

int!rolb~ent 
of 10" i l l  
N.P.D. - 

I, 

+ 0.66 
1 ' 32  
1 ' 97  
2.61 

3 ' 2 5  
3 ' g6  
4 ' 47  
5 '05  

5 ' 6 1  
6 - 1 4  
6 ' 65  
7 ' 1 3  

7 - 7 3  
8 . ~ 6  
8 ' 7 3  
9.13 

9 .46  
9.7a 
9 . 9 1  

10.06 

8 - 0 . 0 7  

+ 9 .90  
9 . 7 0  
9 .44  
9 " "  

8 . 6 9  
8 .22  
7.68 
7 '09  

6.61 
6.10 
5 ' 57  
~ : O I  

4 ' 4 3  
3 ' 8 3  
3.22 
2 .59  

- 1 . 9 ~  
1 .31  
0.66. 

LATITUDE 

Corrcc- 
lion Tor 

Increll lent of in  

N Y.D. 

I 

+ 0.66 
1 ' 31  
1.96 
2.60 

3 '23  
3 ' 8 j  
4'45 
5.03 

~ ' 5 ~  
6 . 1 2  
6 .63  
7 ' 10  

7 .69  
8 .23  
8 . 6 9  
9 .10  

9 '43  
9 ' 69  
9 .88  

10 .03  

8 - 0.05 

+ 9.87 
9 '69 
9 .41  
9 '07  

8 .67  
8.20 
7 .67  
7.08 

6 .60  
6.09 
5 '56 
5.00 

4'42 
3 '83  
3.21 
2 '59  

1.95 
1 '31 
0 .65  

c 

Corron- 
{.ion I'or 

1110re1nent 
of 10" in 

X.P.D. 

I 

+ 9.98 
9 ' 9 1  
9 .81  
9.66 

9 '47  
9 ' 24  
8 .96  
8 .66  

8.31 
7 '93  
7 . j 1  
7 '06 

6 .42  
5 ' 7 3  
4 ' 99  
4 .21  

3.41 
2.57 
1 ' 72  
0.01 

- 1 '75  
2 .60  
3 .43  
4 '24 

5.01 
5 '75 
6 ' 4 3  
7.08 

7 '52  
7 '94  
8.32 
8.66 

8 .97  
9.24 
9 .47  
9 .66  

9 .81  
9 . 9 1  
9 ' 98  

6" ' 

0 1 '1 

7 16 58 
7  16 33 
7  15 49 
7  14 46 

7  '3 27 
7  1 1  53 
7  10 0 

7  7  52 

7  5  29 
7  a  51 
7  o  o  
6  56 55 

6 5 2 2 7  
6  47 4 2  

6 4 2  37 
6 37 18  

6 3 x 4 4  
6 2 6  o  
6  10 8 
6 8  aa 

5  56 18 
5 5 0 2 8  
5 44 47 
5 3 Y x 6  

5  33 57 
5  28 56 
5  2 4  13 
5 1 9 4 9  

5  16 46 
5  13  56 
5 1 1 2 0  
5  8  59 

5  ,P 53 
5  5  
5  3  28 
5  2 10 

5  I 10 

5  o  27 
5  o I 

Correc- 
tion for 

1 1 1 r r e 1 1 1 ~ ~ t  
oE lo" in ' 
N.P.D. 

" 8 

+ 9.98 
. 9 '91  

9 '81  
9 '66  

9 ' 47  
9'24, 

, 8.9h 
8 .65  

8'3t' 
7'92 
7 '51  
7.06 

6 .41  
' 5 '72  

4 '98  
4 '21t  

3  ' 4 9  
2'57 

. 1.72 
0 ' 0 2  * 

- 1'76 
2.61 
3 '44 
4 '24 

5.02 
5 '75 
6 ' 44  
7.08 

7 ' 5 3  
7 ' 94  
8 , 3 2  
8 .66  

8 . 9 7  
9 ' 2 4  
9 .47  

a 9 . 6 6  

9.81 
9 '91  
9 ' y8  



*ABLE LII1.-Azimuth and Apparent Altitude of Polaris computed with North 
Polar Distance lo lo', and Mean Refraction. 

IIylr  
A r ~ c l o  

bct'<t~.r or 
lllll'r 

Cullllilll~. 
I t ion 

, l b  1 ) )  

0 I j  

O3O 
0 45 
I o  

1 1 5  
1 3 0  
1 4 5 .  
2 o  

' 2  15 
2 3 0  
2 45 
3 O  

3 2 0  
3  4 0  
4 0  
4 2 0  

4 4 0  
5 0  
5 2 0  

Elong. 

E ~ o u ~ . P ~  

6 40 
7 0  
7  2 0  

7 4 0  

8 0  
8  20 

8  40 
9  0 

9  15 
9 3 0  
0 4 5  

10 o  

l o l j  
l o  3~  
10 45 
1 1  D 

1 1  15 
1 1 3 0  

1 1 4 5  

Azimuth 

0 4  38 
0 9 I 5  
0 13 50 
0 1 8 2 1  

0 2 2 4 7  
0 2 7  8 
0 31 2 1  

o 35 26' 

I' o  39 2 2  

0 4 3  8  
0 46 43 
O S 0 5  

0 5 4 1 5  
0 58 0 

1 1 1 8  
1 4 9  

1 6 2 9  
1 8 2 0  
1 9 3 9  
I 10 41  -- 
?d 111 S 

5 5 9 2 1  -- 
0 1 11 

I 9  35 
1 8 1 4  
I 6  2 2  

1 3 5 9  

1 1 8  
0 57 49 
0 54 3  
0 49 53 

o 46 31 
0 4 2 5 6  
0 3 0 1 1  
0 3 5 1 6  

0 3 1 1 1  
o  26 59 
o a2 4 0  

, 0 1 8  15 

, 0 1 3 4 5  
0 . 9 1 2  
0 4 3 7  

LATITUDE 

Corrcc- 
tion for 

Inrrolllont 
of 1 0 "  in 

N.IJ.D. 

I 

+ 0.66 
"33 
1 .98  
2 ' 63  

3 '26 
3 - 8 9  
4 '49 
5.08 

5 ' 64  
6 .18  
6 .69  
7 ' I 7  

7 ' 7 7  
8 .30  
8 ' 77  
9 .18  

9 .51  
9 ' 7 7  
9 . 9 j  

10.10 

6 

- 0 . 0 9  

n 

+ 9 '94  
9 ' 7 4  
9 ' 47  
9 ' 3  

8 ' 72  
8 .25  
7 '71  
7.11 

6 . 6 3  
6 . 1 2  
5:5i' 
5 -03  

4 '45 
3 ' 85  ' 

3 ' 2 1  
2 .60  

1 .96 .  
1 .31  
0 .66  

Azi~rlutll 

0 1 n 

0 4  4 0  
O 9  '9  
0 13 5 j  
o  18  28 

0 2 2 5 6  
o  27 18  
0 31 33 
0 35 39 

0 39 37 
0 43 24 
9 4 7  0 

0 50 2 4  

0 54 35 
o 58 2 1  

I I 4 0  
I 4  31 

1 6 5 3  
1 8  4 3  
I l o  3  
I 11 j 
-- 

h ,111. s 

5 59 I 1  -- 
0 1 '1 

1 9  57 
I 8  36 
1 6  43 
1 4  19 

I I 27 
0 58 6  
0 54 20 
o  50 8  

0 4 6 4 5  
O 43 9 
0 39 23 
o  35 26 

0 3 1 2 0  
0 2 7  7  
o  2 2  46 
o  18 ao 

o 13 49 
o 9  1 j 
o  4 3 8  

LATITUDE 

Corroc- 
t,i011 (or 

l n r r o ~ ~ ~ r n t  
ill 

N.P. I). 
- 

N 

+ 0 . 6 7  
1 ' 34  
2 ' 0 0  

2.65 

3.29 
3 '91  
4 ' 52  
5 .11  

5 '68  
6 .22  
6 ' 7 3  
7.22 

7.82 
8 - 3 5  
8 . 8 3  
9 '23  

9 ' 57  
9 ' 8 3  

10'01 

10.16 

8 

- 0 ' 1 2  

I 

+ 9 '99  
9 ' 79  
9.52 
9 ' 1 8  

8.76 
8 . 2 8  
7 .74  
7 ' 1 j  

6 .66  
6 . r j  
5 '61  
5 '05  

4.46 
3.86 
3 .24  
2.61 

.. 1 - 9 7  
1.32 
0 .66  

- - -- . -  

10' 

Ap~''"cnt 
A l t ~ t u d u  

0 I n 

r r  14  37 
1 1  1 4  1 1  

1 1 1 3 2 8  
1 1  1 2  24 

1 1 1 1  5  
" 9  29 
1 1  7 3 6  
1 1  5  27 

11 3  2 
1 1  0 2 3  
ro 57 28 
1 0  54 2 2  

10 49.54 
1 0  45 4  
l o  39 56 
10 34 33 

1 0  28 57 
10 23 10 

l o  17 15 
l o  5  27 

9  53 10 

9 4 7 1 5  
9 41 28 
9  35 53 

9  30 32 
9 z j 2 7  
9  2 0  4 0  
9 16 1 2  

9 1 3 8  
9 1 0 1 6  
9  7  38 
9  5  13 

9 . 3 6  
9  1 1 4  
8 59 38 
8  58 19 

8 5 7  18 
8  56 35 
8 56 7  

~ ~ ~ ~ ~ ; ~ t  

0 1 '1 

9  15 37 
9  '5 1 1  

9  14 27 
9  13 24 

9  1 2  5  
' 9  10 30 
9  8  37 
9  6  28 

9 4 4  
9  I 25 
8  5s 33 
a 55 25 

g.50 58 
8 4 6  9  
8  41  5  
8  35 4 2  

8  30 8  
'5 2 4  2 2  

8  18  28 
8  6  39 

7  54 23 
7 4 8 3 0  
7  4 2  45 
7 3 7  1 1  

7  31 52 
7  26 48 
7  zz o  
7  1 7  36 

7  14  30 
7 1 1 3 9  
7  9  1 
7  6  40 

7  4 3 2  
7  2 39 
7  1 5  
6 5 9 4 6  

h 58 45 
6  58 2 

6  57 36 

- 

Correo- 
tion I'or 

I I I L . r O l l ~ ~ q ~ ~ L  
of 10" irr 
N.I'.D. 

I 

+ 9.98 
9.9 '  
9.81 
9 .66  

9 '47  
9 .23  
8 .96  
8 .65  

8 .30  
7 ' 9 a  
7 ' 5 0  
7'O5 

6 - 4 1  
5 .71  
4 '97  
4 '19  

3 ' 39  
2 ' 5 5  
1 '70  
0 .04  

- 1 - 7 7  
1 .62  
3 '45  
4 .26  

5 ' 03  
5 '76 
6 .45  
7  '09  

7 '53  
7 ' 95  
8 .32  
8 . 6 7  

8 ' 9 8  
,9 '24  
9 ' 4 7  
9 .66  

9 ' 81  
9 ' 92  
9 ' 9 8  

Correo- 
tion for 

Irlcl.ornu~lt 
of 10" 1 1 1  

N.1'.1). 

I 

+ 9 .98  
9 ' 9 '  
9 '81  
9.66 

9 '47  
9 .23  
8 .96  
8 ' 65  

8 '30  
7 '92 
7 '50 
7.06 

6.41 
5.72 
4 '98 
4'20 

3 '40 
2.56 
1 '71  
0 ' 0 3  

- 1-76  
2.61 
3 ' 44  
4 5  

s 'oa  
5 '75 
6 .44  
7.09 

7.53 
7 '94  
8 .32  
8 .67  

8.97 
9 ' 2 4  
9 .47  
9 .66  

9.81 
9 '91  
9 .08  



"mBZE :LTII.-Azimuth and Apparent Altitude .of 'Polaris fcompdted w'ith Nor&' 6 

Polar Distance 1" lo', and Mean Refracl;ion. 
a 

1 

a 

' 

: 
. 
' 

.! 
: 

I, 
: 

[ 
b 

r 

. 
Hour 

A1l~ l0  
Iwfors or 

~~I ' tcr  
Clllnl~l~s-. .  

Lion . 

h m  
o  15 
0.30 
o 4 j  
I o  

I 1 5  
1 3 0  

45 
2 o 

2 1 5  
2 30 
2 45 
3 0  

3'20 
3 4 0  
4 0 .  

,4  10 

4 4 0  
5 0  
5  20 

Elellg. 

Arimolh 

O 

o  4  42 
o  19 13 
o 1 4  $ 1  

0 1 8 3 6  

o  "3 . 6  
0 2 7 3 0  
0 31 47 
0 3 j  j j  

0 3 3 5 4  
0 4; +3 
0 47 2 1  

0 5 0 4 6  

0 5 4 5 9  
o j8 4 6  
1 2 7  
I :q gg 

I 7 1 1  
1 9 1 2  
I 10 32 
I 1 1  34 

11 ar s 

LATITUDE 1Y LATITUDB 14' * 

Correc- Correc- Cosrec- 
t,io11 tor . 1.io11 for liun For . 

of I(l'.in of 10"in ' I  

N.P.1). . -N.P.D.  

I .  
0 1 " 0 I I 

2'0.1 13 1 2  43 9 .81  o I 4 .9 
2 '67  1 3  11 41  9 ' 6 6  o  IS  46 

' 3 - 3 1  1 3  10 n 9 - 4 6  o  23 rS 9 .46  
3 : 9 j  13  8  44 9 '23  0 27 44 9 ' 23  : 
4 '56  1.3 6  j o  8 . 9 6  0 3 2  3  8.96'  1 
5 ' 1 j  13 .4 41 8 ' 6 j  o 36 14 5 .20  I j 4  8  ' 8.65 ; / 

Elong. nt 

6 4 0  
7  0 
7  2 0  

7 4 0  

8 0  
8  20 

8 40 
9  0 

9 15 
9  30 
9  45 

I 0  0 

1 0 x 5  
ro 30. 
1 0 4 j  
1 1  o  

11 15 
1 1  30 
'1  45 

5.72 
6 . 2 7  
6 . 7 9  
7 ' 2 8  

7 .88  
8.42 
8 . 8 ~  
9',30 

9 .61  
9 .90  

10.08 
10.23 

a 
- 0..14 - 

+ r o ' o j -  
9 .81  
9.58  
9:23 

8 .82  
8 . 3 3  
7 7 9  
7 ' 1 9  

6 7 0  
6718 
5-64 
5-08 

4 ' 49  
3 .83  
3'26 
2 '63  

1 .98  
1 ' 32  
0.66 

5  jg  o -- 
0 1 * 

1 1 0 J j  

1 9 3  
I 7 ' 9  
1 4 4 5  

I 1 5 1  
o j8 19 
0 j 4  4 0  
0 5 0 2 7  

0 47 - 3  

0 4'3 n j  
0 39 37 
0 3 j 3 9  

0 3 1 3 2  
o  27 17 
o  2 2  5 j  
0 1 8 2 7  

0 13 54 
0 9 18 
0 4 4 3  

1 2 3 9 3 7  
1 2  56 4 4  
1 2  53 37 

1 2 4 . 9 ' 6  
1 2  44 16 
1 2  s y  '7  
1 2  35 4 j  

r r 5 2 1 , q  - 1 . 7 8  
1 1  4 6  1 3  1 2.63 

3 ' 46  I '  la i 4 .26  

13 :z 18 

5  58 j o  
-- 

0 1 " 

I l o  59 
I 9  3 6 .  
1 7  4 1  
I r5 

I 2 FCJ 

0 58 56 
o 5 j  j 
0 j0 50 

0 4 7 2 3  
0 43 4 j  
0 30 55 
0 35 j j  

o  31 46 
o 17 29 
0 23 5  
o  18 3 j  

0 14 0 

0 9  1 2  

0 4 4 2  

1 1  34 57 

1 1  29 35 
1 1  24 27 
1 1  19 39 
I 1  I j  I 3  

1 1 1 2 . 6  
1 1  . 9  r3  
1 1  6  34 
1 1  4 1 1  

1 1  2 4  
1 1  o  11 

10 58 36 
l o  57 17 

j o  56 I S '  

1 0 j j 3 1  
16 j s  C 

8':30 
7'.92 
7 ' j O  
7 ' o j  

6 .40  
5 ' 71  
4 ' 97  
4 '19  

o  4 0  I j 

5.03 
5 '76  
6 .45  
7 ' 0 9  

7 '54  
7  
8 ' 3 3  
8 . 6 7  

8!98 
9 ' 2 4  
9 ' 4 7  
9 .66  

9 .81  
9 ' 92  
9 ' 9 8  

1 2  28 j I 3 .38  
1 2  2 2  19 2 ' 5 j  
1.2 1 6  23 I 1 - 6 9  
1'2 ,4 36 ' 0 '04  

- 0.117 

+ 1 0 8 1 3  
9 .93  
9 . 6 5  
9 ' 30  

8 .88  
8.39 
7 .84  
7.1'4 

6 .75  
6 .23  
S ' h 8  
~ ; ' I I  

4 '52 
3 '91  
3 .28  
2 .64  

.1 '99 
1 .33  
0 .67 ,  

o  4 4  ,6  
0 47 45 
o  j~ 1.2 

o 55 27. 
0 59 16 
1 .z 38 
1 5  32 

5 .78  

I 7  55 
1 9 4 7  
I I I 7  
I 1 2  ,9 
-- 

h T I ~  s 

. r 3  51 3; 
13 45 39 
13 39 50 
13 34 14 

13 28 52 
13 23 45 
13 18 57 
13 14 28 

13 1.1 23 
13 8  30 
13 5 j I  
13 3  27 

13 ,? 2 0  

1 2  99 27 
1 2  57 51 
1 2  56 31 

I 2  55 30 
' 2  54 46 
1 2  54 18 

6 '33.  
6 . 8 j  
7 ' 34  

7-95 
8.169 
8 .97  
9 . 3 8  

15 I 42 

9 '72 
9 '98 

10.17 
1 0 ' 3 1  

I 

8.30' . 

- 8.79 
2.64 
3 ' 46  
4 '27  

5 '04 
5 '77  
6 . 4 6  
7'10 * 

7 '54  
7 ' 95  
8 . 3 3  
8 . 6 7  

8 .98  
9 ' 25  
9 ' 4 7  

, 9'6P 

, 9 '81  , 

9 ' 9 2  
9 .98  

& 

14 59 3  
I4 56 8 
14 j 3  "1 

14 48 32 
14 43 41 
1 4  38 32 
14 gg 8  

' 

7'91 
7 ' 50  
7'04 

6.40 . 5 '70  
4.96 
4 . 1 8 ,  

14 27 29 
14 ,2143  
14  I j 46 
14 .4 o 

3 '37 ,  
2 '54  
r 6 g  
0.125 

t 



TABLE ~111 . -~c imuth  and Apparent Altitude of Polaris computed with North 
Polar Distance lo lo' ,  and Mean Refmction. 

IIo11r 
Al~glo  

before or 
.€tor 

Culnlina- 
LIOII 

h 
0 15  
0 30 
0 45 
I o 

I 15 
I 30 
1 45 
z o  

'2 15 
2 30 
245 
3 0 

3 20 
3 4 0 ,  
4 0  
4 20 

440 
5 0 
5 20 

Elong, 

Elong.at 

6 40 
7 0  
720 
7 40 

8 0  
8 20 
840 
9 0  

915 
y 30 
945 

10 o 

1015 
10 30 
1 0  45 
1 1  n 

1 1  1 5  
1 1  30 
1145 

~iirnulh 

O f "  

0 4 47 
0 9 34 
0 14 17 
01857 

o 23 32 
o 28 I 

' 0 32 23 
03636 

: o 40 39 
o 44 32 
04814 
051.43 

o 56 o 
0595' 
1 3 1 5  
I 6 10 

I 834 
1 1 0  27 

. I 1 1  47 
I 12 49 -- 
h m  s 
5 58 40 -- 
0 I 'I 

r Ir 38 
11014 
I 818 
1 5 50 

1 2 5 3  
o 59 27 
05535 
051x7 

04748 
0 44 8 
04016 
03614 

032 3 
0 27 43 
0 23 17 
01845 

o 14 8 
o 927 
0 444 

Azimuth 

0 1 "  

o 4 51 
0 9 40 
o 14 27 
o 19 lo 

02349 
o 28 21 
0 32 45 
037 r 

o 41 7 
0 45 3 
0 48 47 
0 52 18 

o 56 38 
I o 31 
1 3 57 
I 6 54 

1 9 19 
1 I 1  13 
I 12 34 
I 13 36 -- 
11 ?I& s 
5 58 29 -- 
0 1 'I 

11zz4 
11058 
1 9 0 
I 6 31 

1 3 32 
I o 4 
a56 9 
05148 

0 48 18 
o 44 35 
0 40 40 
o 36 36 

o 32 22 
o 28 o 
0233' 
o 18 56 

0 14 16 
o ,9 33 
o 4 47 
- 

LATITUDU 

Correc- 
tion lor 

Inclrlllent, 
of 10" in 

N.P.D. 

I 

w 

+ 0'69 
1'37 
2.05 
2-72 

3-35 
4'03 
4'65 
5'26 

5.84 
.6.39 
6'92 
7'42 

8.03 
8.58 
9.06 
9.48 

9.82 
10'08 
10.27 
10.41 

8 

- om 19 

t 

+10.22 
10.02 
9'74 
9'38 

8.96 
8.47 
7-91 
7-30 

6.80 
6.29 
5.73. 
5'15 

4-55 
3'94 ' 
3'3' 
2.66 

2.01, 
1'34, 
0.67 

16" 

2~:::~ 

0 1 I 
4 

17 12 56 
I7 12 31 
17 1 1  45 
171043 

I7 9 23 
17 745 
17 5 52 
17 342 

17 1 17 
16 58 37 
165542 
16 52 34 

16 48 3 
16 43 12 
16 38 3 
16 32 38 

16 27 r 
16 21 I3 
16 15 16 
16 3 32 

15 51 r 
1545 6 
15 39 18 
15 33 43 

15 28 18 
15 23 t~ 
1 5  IS 25 
15 13 56 

151048 
15 7 57 
15 5 IS 
15 2 54 

'5 0 45 
14 58 53 
'4 57 '8 
14 55 58 

14 54 56 
14 54 '2 
14 53 44 

U 

Corrcc- 
tion fur 

I n c  
of  10" in 

N.IJ.D. 

It 

+ 9'98 
9'9' 
9.81 
9'66 

9'46 
9'23 
8'96 
8'65 

8.30 
7'91 
7'49 
7-04 

6,39 
5'70 
4'95 
4.18 

3'37 
2'53 
1.68 
0.06 

- 1'79 
2.64 
3'47 
4-27 

5'04 
5.77 
6'46 
7.10 

7'54 
7'95 
8.33 
8.67 

8.98 
9'2j 
9'47 
9'66 

9'81 
9.92 
9.98 

LATITUDE 

Correc- 
tion for 

Incremellt 
of 10" in 

N.P.D. 

n 

+ 0.70 
1'39 
2'08 
2-76 

3'42 
4'07 
4'71 
5'32 

5.91 
6'47 
7.00 
7'51 

t 
8.12 
8.68 
9'17 
9'58 

9'93 
10.19 
10.38, 
10.52 

s - 0.22 
I/ 

+10.33 
10.12 

9.84 
9.48 

9'05 
8'5j 
7.99 
7'37 

6.87 
6.34 
5-78 
5.20 

4.60 
3.98 
3'34 
2.69 

2.03 
" 1.36 

0.68 

1II" 

0 1  * 
19 12 36 
I9 12 1 0  

191124 
19 lo 22 

'19 9 3 
19 7 25 
19 5 31 
19 3 22 

19 o 56 
18 58 14 
IS 55 21 
18 j2 11 

18 47.42 
18 42 51 
18 37 42 
18 32 17 

18 26 37 
18 2048 
IS 14 51 
18 3 r r  

175038 
174441 
17 38 54 
17 33 17 

17 27 54 
17 22 47 
17 17 58 
17 13 30 

17 ro 23 
17 7 29 
17 4 52 
17 2 28 

17 o 19 
16 58 27 
'6 56 52 
16 55 32 

16 54 30 
16 53 46 
16 53 20 

Corroc. 
t,ior~ for 

inorlllcarL 
of 10" in 

N.P.D. 

,I 

+ 9.98 
9'9' 
9.81 
9'65 

9.46 
9'23 
8.96 
8'64 

8.29 
7'91 
7'49 
7'04 

6.39 
5'63 
4'95 
4'17 

3'36 
2'53 
I '67 
0.07 

- 1.80 
2.65 
3'4s 
4'28 

5'05 
5'78 
6.47 
7' 1 0  

7'55 
7'g6 
8.33 
8.68 

8.98 
9'25 
9.4s 

, 9-66 

9'81 
9'92 
9'98. 



TABLE LI1I.-Azimuth and Apparent Altitude of Po1sl.i~ computed with North' ' 
Polar Distance lo lo', and Mean lielrnction. 

IIonr 
Anzls 

br.lo~.e or 
rifler 

(:uln~inn- 
t ~ u n  

h 9 n  
0 15 
0 30 
0 45 
1 o  

1 1 5  
I 30 
1 45 
2 0  

2 I j  
2 3 0  
2 45 
3 0  

3 2 0  
3 4 0  

i 2 8  
q &  
5 ,  o 
5  2 0  

Elung. 

Elong.nl 

6  4 0  
7 0  
7  2 0  

7 4 0  

8 0  
8  2 0  

8  40 
y  0 

9 1 5  
9 3 0  
9 4 5  

l o  o  

10 I j 

1 0 3 ~ ;  
I'J 4 j  
I I O  

I I  ~j 
" 3 0  

, I 1  45 

Azimuth 

0 1 11 

o 4  59 
0 9  s6 
o  1 4  51 
o  19 42 

o  24 28 
0 2 9 7 '  
0 33  39 
0 3 8  I 

o  42 14  
o 46 16 
0 5 0 6  
0 53 42 

o  58 9.  
I 2 8  
1 5  39 
1 8 4 0  

I I I  9  
I 1 3  5 
I 1 4  27 
I I j 3 0  -- 
h m s  
5 5 8  7  
0  f ,I 

I 1 4  1 5  
I 11 46 
I l o  45 
I 8 1 1  

1 5 7  
1 1 33  
0 57 32 
0 5 3  5  

0 4 9 2 9  
0 4 5  40 
0 41 4 0  
o 37 29 

0 33 9  
0 2 8 4 1  
0 24 5 
o 19 a 3  

0 14 37 
0 9 47 
0 4  54 

~ \ ~ i ~ ~ t b  

O f  " 
0 4  5 j  
0 9 48 
0 14  38 
o  1 9  25 

0 2 4  7  
o  28 4 2  

0 33  10 

0 3 7 2 9  

0 4 1  39 
0 4 5 3 7  
0 49 24 
0 5 2 5 7  

@ 5 7 2 0  
1 1 1 7  
1 4  45 
I 7 4 4  

I I O  1 1  

I 1 2  6  
1 13 27 
I 1 4  3 0  -- 
h nt R 

5 58 1 8  -- 
o t * 

I 1 3  16 
1 1 1 4 9  
1 9  40 
1 7 1 8  

1 4 1 7  
I o  46 
o  j6 48 
o  52 24 

0 4 8 5 1  
0 4 5  5  
0 4 1 8  
o  37 I 

o 32 44 
0 2 8 1 9  
0 23 57 
0 1 9 9  

o 14 26 
0 9 3 9  
0 4  j0 

LATITUDE 

Correc. 
tion for 

111c.rcn1rllt 
OF 10" in 
N P.0. 

a " 

+ 0 . 7 2  
1 . 4 3  
2 ' 1 4  
2 ' 8 4  

3 - 5 2  
4 ' 1 9  
4 ' 8 4  
5 ' 4 7  

6 . 0 8  
6 . 6 5  
7 ' 2 0  
7 . 7 2  

8 . 3 5  
8 . 9 2  
9 ' 4 2  
9 ' 8 4  

1 0 . 1 9  
1 0 . 4 6  
1 0 ' 6 j  

. 10 '79  

s ' 
- 0 ' 2 7  

I 

+ 1 0 . 5 9  
1 0 . 3 7  
1 0 . 0 8  

9 ' 7 1  

9 - 2 6  
8 -  
8  
7 ' 5 4  

7 ' 0 3  
6  48 
'5.g1 
5;32 

4 . 7 0  
' 4 . 0 7  

: 
2 ' 0 7  
I 
0.61) 

I.ATITUDE 

Corroc- 
t,i011 I'or 

l l , , . l l l n ,  
ol' 1 0 "  in 

N . P . 0 .  

+ 0 . 7 1  
1 - 4 1  
2 . 1 1  

2 .80 

3 ' 4 7  
4 . 1 3  
4 ' 7 7  
5 ' 3 9  

5 ' 9 9  
6 . j 6  
7 ' 1 0  
7 . 6 1  

8 . 2 3  
8 . 7 9  
9 ' 2 9  
9 . 7 1  

10.05 
10.32 
1 0 ' 5 1  
1 0 . 6 j  

LI 

- 0 ' 2 4  

n 

+ I o ' q j  
1 0 ' 2 4  

9 ' 9 5  
9 ' 5 8  

9 ' ' s  
8 ' 6 4  
8 . 0 8  
7 '45  

6 . 9 4  
6 . 4 0  
5 ' 8 4  
5 . 2 5  

4 ' 6 j  
4 . 0 2  
3 ' 3 7  
2 ' 7 2  

r ' o j  
1 ' 3 7  
0 ' 6 9  

22" . 
*ppnycnt 
*ltitude 

0  1 " 

I Z  5  
2 3  I 1  39 
23 10 54 
23 9  52 

23 8  32 
2 3 6 5 4  
23 5  0 
23 2 4 8  

23 o  23 
2 2  57 43 
2 2  54 47 
2 2  51 40 

2 2  47 8 
2 2  42 17 
2 2 3 7  5  
2 2  31 40 

2 2  26 2 

2 2  2 0  1 1  

2 2  14 14  
2 2  2 4 0  

2 1  49 59 
2 1  4 4  z 
2 1  38 14 
2 1  32 37 

2 1  2; 16 
2 1  2 2  8  
2 1  17 19 
2 1  1 2  51 

2 1  9  44 
2 1  6 52 
2 1  4  1 2  

2 1  1 49 

zo 59 41 
2 0 5 7 4 9  
zo 5 0  I )  

2 0  54 54 

Z Q  53 52 
2 0 5 3  8 
2 0  52 4 0  

YOo 

*ppwent Altl,,ude 

0 1 "  

2 1  1 2  19 
2 1  1 1  53 
2 1  1 1  8  
2 1  l o  6  

2 1  8  46 
2 1  7  8  
2 1  5  14 
2 1  3 5  

2 1  o  39 
20 57 j7  
z o j j  2 
20 51 54 

2 0  47 23 
20 42 3 1  
2 0  37 2 2  

20 3 1  57 

20 26 1'7 
2 0  2 0  28 
20 14 31 
20 2 55 

1 9  50 1 7  
1 0 4 4 1 9  
19  38 3 2  
19  32 55 

19  27 31  
1 9  2 2  25 
1 9  17 37 
19 13 8  

19 10 2 

1 9 7 9  
19 4  31 
1 9  2 6  

I S  59  58 
18 58 6  
18 jh 31 
18 j 5  1 1  

,18 54 9  
14 j 3  25 
18 52 57 

Correc. 
tin11 f o r  

~ r l c r r l n e l l t  
of 10" i l l  1 1  

N.P.D. 
-- 

I 

+ 9 . 9 8  
, 9 . 9 1  

9 . 8 0  
9 ' 6 5  

9 . 4 6  
9 ' 2 3  

, 8.95 '  
8 . 6 4  

8 8 . ~ ~ '  
7 ' 9 0  
7 . 4 8  
7 ' 0 3  

6 -  38 
5 . 6 8  
4 ' 9 4  
4 .16  

3 ' 3 5 ,  
2 ' 5 1  
1 - 6 6  
0 . 0 8  

r 

- 1 - 8 2  
2 . 6 6  
3 ' 4 9  
4 ' 2 0  

5.06 
5 ' 7 9  
6.4;  
7 . 1 :  , 

7 ' 5 5  
7 ' 0 6  
8 . 3 4  
8 . 6 8  

8 . 9 8  
9 ' 2 5  
9 ' 4 8  . 9 ' 6.6 

, 9 . 8 1  
9 ' v 2  
9 ' g 8  

Col.rec- 
6ion for 

Incre111011t 
of IOU in 
N .1'. 1). 

, 
+ 9 . 9 8  

9 ' 9 I  
9 . 8 1  
9 . 6 5  

9 . 4 6  
9 ' 2 3  
8 ' 9 5  
8 . 6 4  

8 . 2 9  
7 ' 9 1  
7 ' 4 9  
7 ' 0 3  

6 . 3 8  
5 ' 6 9  
4 ' 9 4  
4 ' 1 7  

3 . 3 5  
2 ' 5 2  
1 ' 6 6  
0 ' 0 7  

- 1 . 8 1  
2 . 6 6  
3 ' 4 9  
4 . 2 9  

5 ' 0 6  
5 ' 7 9  
6 . 4 7  
7 ' 1 1  

7 ' 5 5  
7 . 9 6  
8 . 3 4  
8,611 

8 . 9 8  
9 ' 2 j  
9 . 4 8  
9 ' 6 6  

9 ' 8 1  
9 ' 9 2  
9 . 9 8  



TABLE LII1.-Azimuth and Apparent AltitocIc let Pohrir computed with Nbrtb 
l'olar I)ist,ance lo 10', and Mean ltofmction. 

1Ior1r 
A ~ ~ g l o  

bol 'o~, t .  or 
llft~,.l .  

Cull1lir1a- 
' L ~ O I I  

' h 712 

0 1 5  
0 3 0  
Cl 45 
1 0  

I 15  
1 30 
1 45 
2 0  

2 15 
2 3 0  
2 45 
3 0 

3  2 0  
3 4 0 '  
4  0 

8 4  2 0  

4  40 
5  0 
5  20 

Eloug. 

Nlong,nt 

6  40 
7  o 
7  20 

7 4 0  

8 0  
8 2 0  
8  4 0  

9  0 

g  r j  
9 3 0  
9 4 5  

l o o  

1 0  15  
1 0 3 0  
r o  . ( j  
I 9 

1 1  15 
1 1 3 ' )  
1 1  4 j  

- 
Corrsc- 
l i o 1 1  lor 

I I I I ! ~ I . I I I ~ I I ~  
01 10" 111 

N.l1.l),  
- _  

I 

f 9 . 9 8  
9 . 9 1  
9 ' 8 s  
9 ' 6 5  

9 . 4 6  
9 ' 2 3  
Y ' y j  
8 . 6 4  

8 . 2 9  
7 ' 9 0  
7 ' 4 8  
7 ' 0 2  

6 . 3 7  
5 ' 6 7  
4 ' 9 3  
4 . 1 5  

3 ' 3 4  
2 '50  
1.65 
0 . 0 9  

- I 

2 ' 6 7  
3 ' 5 0  
4 . 3 0  

5 ' 0 7  
5 .80  
6 ' 4 8  
7 ' 1 2  

7 ' 5 6  
7 ' 9 7  
8 '3 .1  
8 ' 6 8  

8 . 9 0  
9 2  
9 . 4 3  
9 . 6 7  

9 ' 8 1  
9 ' 9 2  
9 ' 9 3  

Ari111ut11 

O I " 

0 5 3  
. 0 1 0  6  

0 '5  5  
0 2 0 1  

o 24 51 
0 2') 34 
0 34 1 0  

0 3 8 3 7  

' 0 4 2  j 4  
0 46 59 
0 j o  52 
0 5 C 3 2  

0 59 3  
1 3  6  
1 6 4 0  
I 9  4 3  

I 1 2  14 
1 1 4 1 1  

- I 1 5  3 j  
I 16 3 8  

-.- 

h ~ I L  8 

5  57 55 -- 
0 1 * 

I 15 20 

I 13 50 
1 I 1 47 
1 9 "  

1 6 4  
I 2 2 7  
o 58 2 2  

0 5 3 5 0  

o  50 1 1  

0 4 0 1 0  
0 4 2 1 5  
0 3 8  I 

0 33  3' 
0 2 1 )  5  
o zq 25 
o 1 9  40 

O 14 49 
o o j 5  

' o 4  58 

Azinlvlh 

o I ,I 

0 5 9  
o 10 16 
0 15 2 1  
o  2 0 ~ 2 1  

o z j  17  
C 3 0  5  
0 34 46 
0 39 17 

0 43 39 
0 47 48 
0 51 314 

o 55 28 

1 0 3  
I 4 1 0  
1 7  47 
1 1 0 j j  

1 1 3 2 6  
I l j  2 j  
I 1 6  50 
1 1 7 5 3  - -- 
IL .m a 

5  57 43 

0 I * 

I 16 34 
I I j 2 

l I Z 5 h  
1 10 17  

1 7  7  
I 3  26 
o 50 1 7  
0 5 4 4 1  

o 5 0  58 
0 17  3  
0 . 1 2  j j  

o  38  37 

0 34 9  
C21)32  
o  2 4  .IS 
o  19 58 

o l j  3  
o 10 4  
0 5  3  

LATITUUU 

Corroc- 
Lioii ~ O I .  

I I I C ~ O I I I O I I ~  I ,,,, i l l  

N.l'.D. 
- 1  

I 

- I -0 '73  
1 . 4 6  
2 . 1 7  
2 .88  

3 - 5 8  
4 ' 2 6  
4 ' 9 2  
5 ' 5 6  

6 . 1 8  
6 ' 7 6  
7 ' 3 2  
7 ' 8 4  

8 . 4 8  
9 . 2 6  
9 ' j 7  

10.00 

I O ' 3 j  
10 .02  
10.81 
r o . 9 j  

8 

- 0 . 3 0  

+ 1 0 e 7 5  
1 0 ' 5 2  
1 0 ' 2 2  

9 ' 8 5  

9 ' 4 0  
8 . 8 8  
8 . 2 9  
7 . 6 4  

7 .12  
6 ' 5 7 -  
5 ' 0 9  
5':9 

4 .77  
4 ' 1 2  
3 ' 4 6  
2 ' 7 9  

? ' I 0  

1 ' 4 0  

0 .70  

I,ATITL~I)II 
-.- 

Corrao. 
I , ~ O I I  lor 

I I I I  
o l  10" in 

N . P . D .  
. 

I 

t 0 . 7 4  
1 . 4 8  
2 . 2 1  

2 '94  

3 ' 6 5  
4 ' 3 4  
5 . 0 1  
5 . 6 6  

6 . 2 9  
6 . 8 8  
7 ' 4 5  
7'9; 

8 . 6 3  
9 . 2 2  
9 ' 7 3  

1 0 ' 1 7  

1 0 . 5 3  
1 0 . 8 0  
1 0 ' 9 9  
I 

R 

- 0 ' 3 3  
I 

+ I O . ~ ) Z  

1 o . 0 g  
10 .38  
10 '00 

9 ' 5 4  
q.01 
8 . 4 2  
7 . 7 0  

7 ' 2 3  
6 . 0 7  
6 . 0 8  
5 ' 4 7  

4 ' 8 1  
4 ' 1 8  
3 ' 5 1  
2 . 8 3  

. 2 ' 1 3  

1 . 4 2  

0 . 7 1  

gU" 

- -- 
E I ,I 

2 7 1 1 4 3  
27 1 1  17 
27 10 31 
27 9  29 

27 8  7  
27 6 32 
27 4  36 
27 2 26 

27 o o 
26 57 1 8  
26 54 23 
26 51 15 

z6 46-43 
26 4 1  50 
26 36 4 0  
3 6 3 1 1 4  

2 6 2 j 3 j  
26 19 4 5  
26 13 46 
2 6 2 2 0  

a5 49 30 
z j  43 3 j  
2 5 3 7 4 7  
25 32 1 0  

25 26 46 
25 2 1  41 
25 1 6  51 

24' 

1 

A~?l'rollL 

- 

o l n  

2 j 1 1 5 3  
z j  1 1  27 
25 10  42 
25 9  40 

25 8  2 0  

Z j  6  42 
25 4  48 
Z j  2 3 6  

25 o 1 1  

2 4 5 7 2 0  
2 4  54 35 
24 51 z j  

24946 54 
24 42 2 

2 4  30 53 
24 3 1  27 

24 25 48 
2 4  19 5 s  
24 13 j 9  
24 2 29 

23 49 43 
23 43 48 
23 37 50 
2 3  3 2  2 3  

23 27 0 
23 2 1  52 
23 17 5 
23 1 2  35 

23 9 3 0  
23 0 38 
23 3  58 
23 1 34 

zz 59 27 
2 2  57 35 
2 2  gj 50 
2 2 5 4 3 9  

2 2  5 3  37 
2 2  52 53 
2 2  j 2  2 j  

- 

Oorroc- 
I , ~ < I I I  f#,r 

i r ~ r r u ~ ~ ~ t , ~ ~ t  
of 10" I I I  

N. 1'. I ). 

+ 9 . 0 8  
9 ' 9 '  
9 . 8 0  
9 .65  

9 - 4 6  
9 . 2 2  
8 . 9 5  
8 . 0 3  

8 - 2 8  
7 .90  
7 ' 4 7  
7 ' 0 2  

6.37 
5 .67  
4 ' 9 2  
4 ' 1 4  

3 ' 3 3  
2.. 50 
1 . 6 4  
0' 10 

- 1 . 8 3  
2 . 6 8  
3 ' 5 l  
4 ' 3 1  

5  ' 0 7  
5 .80  
6 . 4 0  

2 j  1 2  23 

25 9  18 
25 6  zq 
25 3 46 
25 I 2 2  

24 59 15 
2 4  5: 2 1  

'4 55 45 
24 j 4  27 

2 4  53 25 
2 4  52 4 1  

2 4  52 13 

7 ' 1 2  

7 ' 5 6  
7 ' 0 7  
8 ' 3 4  
8 . 6 8  

8 . 9 9  
9 '2;  

9 , 0 7  9 . 4 8  

9''' 
9 . 0 2  
9  ' O R  



'TABLE Z1IZ.-Azimuth and Apparent Altitude of Polaris compuletl wit1 N&s' 
Polar Distance lo LO', and Mean Relraction. 

1To11r 
A l ~ ~ l e  

brfore or  
nftcr 

Culmlnn- 
t13u 

h ill 

0 x 5  
o  30 
0 45 
I 0 

"5 
1 3 0  
I 45 
2 0  

2 1 5  
2 3 0  
2 45 
3 o 

3 2 0  
3 4 0  
4 Q s  
4  20 . 
4  40 
5  o  
5  zo 

Elong 

Elon,~.at  

6  40 
7  o 
7 20 

7 4 0  

8 0  
8 2 0  
8 4 0  
9 0 

9 1 5  
9 3 0  
9 4 5  

10 o  

l o 1 5  
1 0 3 e  
1045  
11 o 

11 15 
11 30 

'11 45 

Azimuth 

0 1 1  

o 5 2 1  
o  10 41 
0 1 5 5 7  
0 2 1  10 

o 26 17 
o 31 17 
o  36 8  
0 4 0 5 0  

o  45 2 1  

0 4 9 4 0  
0 53 46 
0 57 38 

I 2 24. 
r  6 4 0  
I ro 25 
1 13 37 

1 16 16 
r 18 19 
1 1 9 4 6  
I 2 0  50 -- 
h ar, r 
5  5+ '8 -- 
1 1 11 

r 19 26 
I 17 50 
1 1 5 3 9  
I 1 2  54 

1 9 3 5  
I 5  46 
I I 27 
o  56 41 

o 52 50 
0 48 45 
0 4 4 2 9  
o 40 r 

0 3 5 2 3  
0 3 0 3 6  
0 2 5 4 2  
0 2 0 4 1  

0 1s 35 
o  10 26 
0 5 1 4  

30" . 
~~~~~~t 

0 1 11 

3 1 1 1 2 6  
31 1 1  0 
31 10 14 
31 9  I 2  

31 7  50 
31 6  1 2  

31 4  J 9  
31 2 7  

30 59 41 
30 56 59 
30 54 3  
3 0 5 0 5 5  

30 46 2 2  

3 0 4 1 3 0  
30 36 ao 
30 3 0  53 

30 25 13 
30 19 23 
3 0 1 3 2 6  
30 2 6 

29 49 7  
29 43 1 2  

2 9 3 7 2 4  
29 31 47 

29 Z C  25 
29 2 1  17 
29 16 30 
zy 1 2  2 

29 8  56 
29 6  3  
2Y 3 25 
29 I I 

28 58 53 
28 57 1 

28 55 25 
2 s  54 7  

28 53 5  
28 52 2 1  

2 s  51 53 

LATITUDE 

Correc- 
tlon for 

Increlnol~t 
oE 10" ln 

N.P.D. 

# 

+ 0 ' 7 7  
1 '54  
2 .31  
3.06 

, 3 '80  
4.52 
5 '22  
5 '89  

6 - 5 4  
7 -16  
7 '75  
8 .30  

8 .98  
9 '49  

10 .12  
10 '57  

10.94 
11 .22  
11.42 

.11.55 . 
a 

- 0.39 
* 

+1r .32  
11'09 
10.76 
10.36 

9 ' 8 8  
9 ' 3 3  
8  71 
8.03 

7 ' 4 8  
6 .90  
'6 2.9 
5;66 

, 5.00 
4 ' 3 3  
3 63 
2.92 

2 .20  
1 .47  
0 .74  

Arimuth 

= ' " 

o  5 1 5  
o  10 a8 
0 15 38 
0 2 0 4 4  

0 25 4 j  
0 3 0 3 9  
0 35 25 
0 4 0 1  

0 4 4 2 7  
0 4 8 4 1  
0 52 4 2  

o 56 30 

I ~ I O  

1 5 2 1  
1 9 2  
I 1 2  11  

r 1 4  46 
r 16 47 
I 18 13 
1 x 9 1 7  -- 
h m  a 

j 5 7 3 1  -- 
O I *  

I 17 56 
I 16 2 2  

r 1 4  13 
11131  

1 8 1 7  
1 4 3 3  
I 0 x 9  
0 5 5 3 8  

0 5 1 5 1  
0 4 7 5 1  
0 4 3 3 9  
0 3 9 1 7  

0 3 4 4 4  
0 3 9  3  
o z j 1 4  
o r 0 1 9  

o  ~j 18 
o  l o  1 4  

0 5  8  

Correcj , 
Llon for 

I n c r e ~ ~ ~ ~ ~ ~ t  
of 1(1" ~n 4 

N PI) 

# 

+ 9 ' 9 8  
, 9.91 

9.80 
9 ' 6 5  

9.46 
9 ' 22  
8.95' 
S.63 

8 . 2 9  
7 ' 89  
7 ' 47  
7 ' 01  

6 .36  
* 2 ' 6 5  

i . 9 1  
4 ' I 3  

3 '32 
2.48' 

* 1.62 
0.12, 

. 
- 1.85 

2.70 

3 '52  
4 '32  

5  '09  
5 .81  
6 .49  
7 . 3  * 

7 .57 '  
7 ' 9 s  
8 . 3 5  
8 .69  

8 .99  
9 .26  
9 '  49 

, 9.57 

, 9.81 
9 9 2  , 

9 '98  

28' 

f~~~~~~~~ 

0 I d 

2 9 1 1 3 4  
29 1 1  8  
29 10 2 2  

29 9  2 0  

29 7  58 
29 6 20 

29 4 2 7  
29  "7 

28 59 51 
2 Q  57 9  
28 54 13 
28 j I  4  

28 46 32 
28 4 1  40 
z8 36 29 
28 31 3  

28 25 23 
28 19 34 
28 13 36 
28 2 1 2  

27 49 18 
27 43 23 
27 37 3j 
2 7 3 1 5 7  

27 26 36 
2 7 2 1 2 8  
27 16 4 1  
27 1 2  I I  

27 9  5  
27 6 1 4  
27 3  36 
27 r 1 2  

26 59 2 
26 57 10 

26 55 34 
26 54 16 

.?6 53 15 
26 52 31 
26 52 3  

LATITUDR 

Correc- 
boll for 

I l r c ~ c ~ n r n t  
ot 10" ln 

N.P.1). 

I 

+ 0 ' 7 6  
1 .51  
2.26 
2 ' 9 9  

3 '72 
4 ' 42  
5 ' "  
5 ' 7 7  

6 .41  
7 .02  
7 ' 59  
8 .13  
s 

8 .80  
9 ' 39  
9 .92  

10.36 

10.72 
1 1 ' 0 0  

11 .19  
1 1 ' 3 3  

a 
- 0 . 3 5  

* 
I 

10.89 
10.56 
10.17 

I 

9.70 
9 ' 16  
8 .56  
7 .89  

7 '35 
6 7 8  
6 . r J  
5 ' 56  

4 .91  
4.25 
3.57 
2 .87  

2.16 
1 ' 45  
0 . 7 3  

Correc- 
~ I O I I  For 

Inrrenlent 
oi 1 ~ "  ~n 

N.P.D. 

" 

+ 9 ' 9 8  
9 .91  
9 8 0  
9 . 6 j  

9 -46  
9 ' 22  
8 .95  
8 . 6 3  

8 ' 2 8  
7.89 
7 ' 47  
7 '02 

6 .36  
5 '66  
4.92 
4 ' 1 4  

3 -32  
2 .49  
1 .63  
0.11 

- 1 .84  - 
2.69 
3 '52  
4 .31  

5 0 8  
5 .81  
6 . 4 9  
7 - 1 2  

7 ' 56  
7 ' 97  
8 .35  
8  69 

8 . 9 9  
9 ' 2 j  
9 .43  
9 6 7  

9 '81  
9.92 
9 ' 9 s  



' TABLE LII1.-Azimuth and Appa,rent Altitude of Polaris computed with North 
Polar Distance lo lo', and Mean ltefraction. 

, 

. 

JIoor 
Angle 

bcfore or 
n l tw 

tion 

1 1 ,  

0 15  
o 30 
O 45 
I 0 

I I ~  
I 39 
I 45 
2 2, 

' 21:: 

2 30 
2 45 
3 0  

3 2 0  
3 4  
4  o 
4  2 0  

4 4 0  
5  O 
j .2o 

E ~ o u ~ .  

0 . 1  

6 40 
7  0 

7 2 0  

7  40 

8  o 
8 2 0  
8 4 0  
9 0  

9 1 5  
9  30 
9  45 

10 o  

10 15 
1 0 3 0  
1 0 4 j  

. I I  o 

1 1  15  
r r y j  
I C j j '  - 

Azimutl~ 

O f  " 

O 5  28 
o  10 55 
o  16 19 
0 2 1 3 8  

0 2 6 5 2  
o 3 i  58 
0 36 56 
0 41 44 

0 4 6 2 1  
0 50 46 
0 5 1  57 
0 5 8 5 4  

1 3 4 5  
1 8 7  
I 1 1  56 
1'1 j 1 3  

I 17  54 
-9 j 9  
I 2 1  28 
1 2 2 3 3  -- 
h 918 s 

5 5 7  5  -- 
0 I ' I  

I 2 1  5 
1 19  28 
1 17  14 
"4 24 

I $1 2 

1 7 8  
1 2 4 3  
O 5 7 j I  

0 5 3 5 5  
0 40 45 
0 45 23 
0 4 0 5 0  

o 3c  6 
0 3 1 1 3  
0 2 6 1 3  
o  2 1  6 

0 15 54 
0 1 0 3 8  
o 5 2 0  

LATITUDE 

Corrcc- 
Lior~ For 

I n c ~ . e ~ , ~ u n t  
of 10" ill 

N.P.1). 

I 

+ 0 .79  
1 - 5 8  
~ ' 3 ~  
3 ' 1 3  

3 - 5 8  
4 . 6 2  ' 
5 - 3 1  
6 ' 0 3  

6 . 6 9  
., 7 . 3 3  

7 ' 9 3  
8 . 4 9  

9 - 1 8  
,g .So 

1 0 . 3 4  
. 10 .80  

1 1 . 1 8  
1 1 . 4 6  
1 1 . 6 6  
1 1 . 8 0  

8 

- 0 . 4 2  

I 

+ 1 1 . j 6  
11 .31  
10.98 
I O ' j 7  

1 0 . 0 8  
9 . j ~  
8 . 8 9  
8 . 1 9  

7 ' 6 3  
7 ' 0 4  
6 ' 4 2  
5 ' 7 7  

5' ,10 
4 ' 4 1  
3 ' 7 0  

2 .25  
1 .50  
0 ' 7 j  

~ ~ i ~ ~ ~ , t ~ ,  

0 I !I 

o 5  36 
o  1 1  lo 

o  16 42 
0 2 2  g  

0 27 3 0  
0 32 44 
9 37 49 
0 42 44 

o 47 27 
o 51 jS 
0 5 6 1 5  
I o 1 8  

I 5  16 
r 9 4 3  
I 1 3  36 
1 1 6 5 8  

; 19 43 
1 2 1  51 
1 2 3 2 1  
I 2 4  26 
-- 

11 n~ s 

j 56 51 -- 
0 1 " 

I 2 2  57 
I 2 1  16 
I 1s 58 
I 16 5  

1 1 2 3 7  
I S $3 
I 4  7  
o jg  8  

0 55 6 
o 50 5 1  

o  46 23 
o  4 1  4 1  

o  36 54 
o 31 55 
o 26 48 
o  2 1  3.) 

o  16 r5.' 
o 10 s z  
0 s 2 7  

04' 

A~lln'."t 

0 1 * 

3 j  1 1  1 3  
3 j  10 47 
3 j  10 1 

35 8  57 

35 7  37 
35 5  59 
35 4  5  
35 I j 3  

34 59 27 
34 56 45 
3 4 5 3 4 7  
3 4 5 6 4 0  

34-46 6  
3 4 4 1 1 4  
34 36 2 

3 4 3 0 3 7  

34 2 4  55 
34 19 5  
3 4 1 3 8  
34 1 5 5  

33 48 49 
33 .!? 53 
33 37 0 
33 31 3 0  

3 3 2 6  6 
33 2 '  0 

33 16 1 3  
33 1 1  45 

33 8  39 
33 j 47 
33 3 9 
33 0 46 

32 58 38 
32 56 46 
32 5 j  10 
32 53 52. 

32 5 2  50 
32 52 6 
32 51 38 

LATITUI)B 

Corrcc- 
!.ion for 

~~~~~~~~~~t 
of 10" in 

N.1'.1). 

+ 0 . 8 1  
1 .62  
2 '42  
3 . 2 1  

3 ' 9 8  
4 ' 7 4  
5 ' 4 7  
6 . 1 8  

6 . 8 6  
7 ' 5 1  
8 . 1 2  
8 . 7 0  

9 .41  
1 0 . 0 4  

1 0 ' j 9  
1 1 . 0 6  

4 4  
1 1 ' 7 3  
1 1 . 9 3  
1 2 ' 0 7  

8 

- 0 ' 4 j  

+ 1 1 . 8 2  
1 l ' j 7  
1 1 . 2 3  
1 0 . 8 1  

10 .30  
9 ' 7 3  
9 . 0 8  
8 ' 3 7  

7 ' 7 9  
7 ' 1 0  
6 . 5 5  
5 . 8 9  

5 . 2 1  
4.5" 
3 . 7 8  
3 ' 0 4  

2 ' 2 9  
1 ' 5 3  
0 ' 7 7  

Cnrrcc- 
tion for 

I ~ l r r r ~ n n ~ ~ t  
of 10" in 

N.P.1). 

I, 

+ 9 . 9 8  
9 . 9 1  
9 . 8 0  
9 . 6 5  

9 ' 4 5  
9 . 2 2  
8 ' 9 4  
8 . 6 3  

8 . 2 7  
7 ' 8 8  
7 . 4 6  
7 . 0 0  

6 ' 3 5  
5 . 6 4  

. 4 . 9 0  
4 ' 1 1  

' 3'3O 
2 .46  
I ' 6 0  
0 ' 1 4  

- 1 . 8 7  
2 . 7 1  
3 ' 5 4  
4 ' 3 4  

5 .10  
5 . 8 3  
6 . 5 1  
7 ' 1 4  

7 ' 5 A  
7 ' 9 8  
8 . 3 6  
8 . 6 9  

8 . 9 9  
, 9 ' 2 6  

9 . 4 8  
9 ' 6 7  

9 . 8 1  
9 ' g 2  
9  'y8 

39" 

~~~~~~~ 
O I N  

33 I I  19 
33 10 53 
3 3  10 7  
33 9  5 

33  7  43 
33  6  5 
33 4 11 

33  1 59 

32 59 34 
32 j6  52 
32 53 56 
3 2 j 0 4 6  

,32 46 1 4  
. 32 41 2 1  

32 36 1 1  

32 3 0  43  

32 25 4  
32 19  14  
32 13 16 
32 2 0  

31 48 58 
31 43 2 

31 37 14  
31 j I  39 

31 26 ~j 
31 2 1  10 

31 16 2 0  

j r  11  54 

31 8 4 6  
31 5 54 
31 3 1 7  
31 0 53 

3 0  58 45 
3 0 5 6 5 3  
30 5 5  17 
3" 53 59 

30 52 57 
3 0 5 2 1 3  
3 0  51 4 j  

a 
Corrrc. 
tion lor 

~ ~ ~ ~ ~ , . ~ , ~ ~ ~ t  
of 10" in 

N.lJ.D. 

n 

+ 9 . 9 8  
9 . 9 1  
9 ' 8 0  
9 ' 6 5  

9 ' 4 6  
9 ' 2 2  
8 . 9 4  
8 ' 6 3  

8 . 2 7  
7 . 8 9  
7 .46  
7 . 0 0  

6 . 3 5  
5 ' 6 5  
4 - 9 0  
4.12 

3 .31  
2 ' 4 7  
1 .61  
0.13 

- 1.86 
2 ' 7 1  
3 . 5 3  
4 ' 3 3  

5 . 0 9  
5.82 
6 . j o  
7 . 1 3  

7 ' 5 7  
7 . ~ 8  
8 . 3 5  
8 . 6 9  

8 . 9 9  
9 ' 2 6  
9 - 4 8  
9 ' 6 7  

9 . 8 1  
9 - 9 2  
9 ' 9 8  



TABLE LII1.-Azimnth and Apparent Altitude of Polaris computed with North 
Polar Distance lo lo', and Mean Refraction. 

Correc- 
lion Tor 

Incrr~nlent Appnrent 

10,, i l l  A l t ~ t u d o  

rrour 
411gle  

11eIo1.o or 
nttrr 

C l ~ l ~ n i n e -  
troll 

h m  
0 15 
o 30 
0 45 
I 0 

I 15 
1 30 
1 4 5  
z o 

2 15 
2 30 
2 45 
3 0  

3 20 
34c 
4 0 
4 20 

4 40 
j 0 
j 20 

Elong. 

Elong.at 

6 40 
7 0  
720 
740 

8 o 
8 20 
8 40 
9 0  

915 
93" 
945 

1 0  0. 

1015 
10 30 
10 jj 
I 1  0 

1 1 1 5  
1 1  30 
1 1  15 

Corroc- 
tion for 

Increment 
O F  10" In 
N.P.D. 

N 

+ 0.86 
1.71 
2.56 
3'39 

4'21 
5'00 
5 '75 
6.53 

7-24 
7'93 
8.57 
9.18 

. 9'92 
10.j9 
11.17 
11.66 

12.05 
12.36 
12.56 
12.70 

S - 0'52 
# 

+ 12-43 
12'16 
11.79 
11.35 

10.82 
10'21 

9'53 
8.78 

8-17 
7'54 
6.87 
6.18, 

5'46 
4'7'2 
3'96 
3.19 

2'49 
I .61 
0.80 

~ ~ i ~ ~ ~ b  

' I *  

0 5 45 
o t t  28 
o 17 8 
0 22 43 

o 28 13 
0 33 34 
0 3s 47 
o 43 50 

I 

048 40 
o 53 18 
0 57 42 
1 1 5 0  

I 6 55 
11x29 

,I1529 
I 18 5j 

1 2 1  43 
I 23 54 
I 2 5  25 
I 26 32 -- 
h na s 
5 j6 37 
0 I $1 

1 24 59 
123x5 
12054 
11756 

I 14 23 
I 10 17 
1 5 40 
1 0 3 3  

05625 
0 5 2  4 
04729 
0 42 43 

03746 
- 0  32 40 
o 27 26 
0 2 2  5 

0x638 
o 1 1  8 
0 5 3j 

Apporent 
Altitudu 

7 

Correc- 
tion for 

Increment 
of 10" in 
N.P.D. 

I 

+ 9'98 
9'9' 
9.80 
9'65 

9'45 
9'21 
.8.94 
8'62 

3.26 
7'87 
7'45 
6'99 

6'33 
5 963 
4.88 
4'09 

3.28 
2.44 
1.58 
0' 16 

- 1-89 
9'73 
3' 56 
4'35 

5.12 
5'84 
6.52 
7'15 

7'59 
7'99 
8.36 
8.70 

9.00 
9.26 
9'49 
9.67. . 
9.81 
9.91 
9.98 - 

b 

* 

* 

' 

, I 

* 

I I 

t 

' 

* 



TABLE 'LII1.-Azimuth and Apparent Altitude of Polaris computed with North 
Polar Distance 1' lo', and Mean Refraction. 

TTor~r 
A n ~ l e  

before or 
nftcr 

C~lllllilla- 
tion 

-- 
h m  
0 15 
030 
0 45 
1 0  

115 
3 0  
I 45 
z o 

2 15 
239 
2 45 
3 0  

3 20 
340. 
4 0 
4 20 

4 40 
5 0 
5 20 

Elong. 

Elong. at 

640 
7 0 
7 20 
7 40 

8 o 
820 
840 
9 0  

9 1 5  
930 
945 
10 0 :  

1015 
ro 30 
1 0  45 
1 1  o 

1 1  15 
11 30 
1 1  45 

1 

: 

Azimuth 

O ' *  

0 6 5 
0 1 2  8 
0 18 S 
0 2 4 3  

02952 
03532 
0 41 3 
o 46 23 

o 51 30 
05624 
1 1 2  

1 5 2 4  

I 1047 
1 I5 36 
11949 
I23 25 

I 26 22 
1 28 39 
I30 I j  
I 31 23 -- 
h m  s 
5 j6 5 -- 
0 1 ' I  

12943 
127 j2 
I 25 22 
I 22 13 

I 18 28 
1 1 4 8  
I 914 
'35' 

05929 
05453 
'050 4 
045 z 

,03949 
o 34 26 

, 0 28 55 
02316 

, 01732 
o 1 1  44 
o 5 53 

Correc- 
tion for 

~ ~ ~ c r c ~ l l e n t  
of 10" in . N.P.D. 

+ 9.98 
9'91 
9.80 
9.65 

9'45 
9.21 
8'93 
8.62 

8.26 
7'87 
7'44 
6.98 

6.32 
5'62 
4'57 
4.08 

3'27. 
2'43 
"57 
0.17 

-1.90 
2'75 
3'57 
4'37 

5'13 
5'85 
6'53 
7"s 

7'59 
8.00 
8'37 
8'70 

9.00 
9'26 
9'49 
9'67 

.9'81 
' 9.92 
9.98 

LATITUDE 

Correc- 
tion for 

I a c r r l l ~ c l ~ t  
oE 10" in 
N.P.D. 

11 

+ 0.88 
1'76 
2-64 
3'49 

4'34 
5.16 
5'96 
6.73 

7.46 
8.17 
8.83 
9'46 

10.22 

IO.91 
11'50 
12'00 

12.41 
12.72 
12'93 
13'06 

s 
- 0.56 

11 

+12.78 
12'50 

12.12 

11.66 

11.11 
10.49 
9'78 
9'01 

8'39 
7'74 
7'0j 
6.34 

5'60 
4.84 
4.06 
3'27 

2'46 
1'65 
0'83 

40' 

~ T ~ ~ ~ , "  

0 1 '1 

41 10 57 
41 10 31 
41 9 45 
41 8 41 

41 7 21 
41 5 41 
41 3 47 
41 135 

40 59 7 
40 56 25 
40 53 29 
40 50 19 

40 45 46 
404052 
403540 
40 30 14 

40 24 3i 
40 18 43 
40 12 43 
40 I 4j 

394826 
39 42 30 
39 36 42 
39 31 7 

39 25 45 
392039 
39 15 51 
39 I I  23 

39 8 18 
39 5 26 
39 2 50 
39 o 26 

38 58 18 
38 56 26 
j S  j4 52 
38 53 32 

38 52 32 
38 51 48 
38 51 20 





( 166 ) 

TABLE L1V.-Elements of Circumpolar Stars for 1st January 1910. 
a 

* See Kn..:icrl Almnunc. 

dr 

Ir 

Jnn. 1, 
% 1910 1910 

c '2 
C 0 

t 

7~ m s S S S 0 ' "  

46 Groom. 2006 8 . 0  13 3  6 .92  - 8.076 + 5 ' 5 1 5  - 464 ... SS 7  58 .93  -19 ,291  - 0 . 3 1 1  + 28 ... 
47 Groom. 1917 6 . 3  1 3  11 3 6 ' 5 3  + 0 ' 4 9 4  + 0 . 1 2 9 -  2 ... ... 
48 Groom. 2007 7 ' 0  13 18 1 4 ' 4 7  - 2 .234  + 0.843 - 2; 
49 Piaz Y I I I . 2 6 3 , 6 . 3  13 ... ... 
50 Groom. 2072 6 . 8  1 3  

51 Grooh. 221C 6 . 8  1 4  ... ... 
52 Groom. 2106  j . 8  14  

64 13 8 . C .  5140 

55 

5 i  

59 
60 

61 
62 
62 

63 Groom. 2213  
7 '  I 

(Groorn. 2233) 
LnlnrldeF.2G90 

5 G c U n s . n l r ~ .  
6 Uns. MIN. 

5b12h Urs. blin. 
Bradley 2-1.12 
Lalau'del~!'.3178 

LnlnndeP.3177 
Lnl&ndeF.3154 
A U I I ~ .  JIIN. 

7 . 5  
I j 5  j 9  " 

6 . 8  

4 . i i 1 8  
5 . 9  
6 . 2  
7 . 0  

6 .  j 
b . 9  
6 . 6  

15 ... 

ti4 LnlaudeF.8BG8 
6d cephei 2 4  

I 
6 6  Groom. 3212 

m r  
1 1  

U~*:\co~lis 
68 1~1tInn~lcF.?Gl6.7 
( 1  t i  C I  

70' 13.A.C. 7501 

6 . 3  
Var. 

6 . 7  
5 . 6  
6 . 2  
5 . 7  
7 . 4  

7 . 5  
8 . 0  
5 . 4  
6 . 5  

71 
i 2  

15 35 19:03 

4 . 4 1 6 5 j  9 "  
I 1 8  B 

I S  4 4 .82  
1 8  36 3 ' 9 3  
I S  44 36 .11  

19 2 3 3 ' 6 j  
19 3  3 7 ' 5 4  
19 10 58 * 

... 84  

(Groom. 3548) 

Rrndley 2035 
Groom. :47O!) 

l 9  26 4 2 . 7 9  
19  49  j 1 . 7 1  

2 0  1 2  36 .90  
z o  33  55 .56  
20 38  8 . 4 0  
20 49  9 .  jq 
2 1  1 7 3 8  " 

2 2  I 2 9 - 4 7  
2 2  I 3 6 . 5 3  
2 2  2 0  36 .12  72 I3rndlCy 2993 

741 13rnoley 2997 
i51 Uri~dley 3035 

I 
'i(i1 13rndlcy 3058 
7 i  I3.A.C. 8213 

(B1.ntl. 31-ES) 
r x ,  I<lsntlley 3137 I 
79, i3r:~dlcy 3194 

320;! 

... 
- 3'794 

. . . .  

... 
-22.386 
- 7 '851  
-18 .939  

- 8 .745  
- 6 . 3 6 2  

... 

... 1 7 5 2 . 1 5 - 1 4 . 1 3 ; - 0 . 6 6 0  

- 7.482 
- j 6 . 1 1 9  

- 8 .353  
- 3 . 6 2 0  
- j ' 7 2 1  
- 4 .143  
. . . .  

- 1 .903  
- 1 .900  
- 4 . 3 2 0  

4 .494  

+ 15  

4 . 8  0 .14 ;  

j .0  0 . 3 9 8  

- 0 .242  

- 0 . 3 3 7  
... 

f 0 '179  
-t 0 .325  
+ 0 . 2 1 5  

+ 0.400 

... 

... 
- 0.142 
- 0 ' 2 3 2  
.. 1 . 2 9 4  

- 0 . 4 9 4  
- 0 ' 3 0 s  

... 

... 

- 0 . 5 5 0  
- 2 j . 8 0 1  

- 1 . 0 7 j  
- 0 . 4 0 1  

- 0.76; 
- 0. j 4 1  

... 

- 0.441 
- 0 .438  
- 1 . 3 5 4  
- 1 . 4 3 8  

... 
s s . . . .  

... 

f 2 .719  
+ 2 .652  
4 2 .987  

5 . 6  

6 . 3  
8 . 0  
7 . 0  

- 3 

... 

... 
+ 144 
+ S  
+ 78  

+ 8  
+ 3  

... 

22 27 46 * 
23 52 12 .90  
2 3  59 1 2 . 7 8  
23 58 3 . 9 2  

+ 2 

+ 292 

- 7  
- 3  

- 5 

- 9  
..a 

+ 4  
+ 1 4  
+ 5  

... 

... 

... 

... 
+ o ' o 6 9 6 6  
+0.022'83 

... 

... 

... 

... 

4 0 3 4 ' 8 9  

51 52 '52  
86 48 40 * 

41 23 '99 
1 2  1 8 ' 9 3  

82 28 1 9 ' 2 0  

+ o ' o o 6 8 2  

4-0'06083 
... 

+ 0 ' 0 2 ~ 8 2  
+0.02286 
-0.01; 

... 

. 

... 
t o ' o c g Y 1  

... 

87 34 47 * 
81 4  1 6 . 8 3  

3 2 1 1  1 2  * 
86 36 j I *; 

59 4 4 - 0 2  
6  37 '09 

86 3 j  2 7 ' 9 7 , +  

83 47 5 . 8 7  
52 14  31 '99  
89 o  zz + 

+ 1 9 . 0 6 1  

+ 
... 

+ 2 0 ' 0 3 4  
+20'042 
+ 2 0 ' 0 4 j  

d j  17 21 .16  
88 51 8 . 4 9  

84  24 29.54 
6  54 '74 - 

- 
... 

+ O ' O I ~ Y Z  
... 

S3 18 5 2 ' 7 0  
1 1  5 j . 3 7  

8 6 3 9 5 8  " 

SZ 26 1 2 . 8 3  
82 26 17.47 

39 19.82 
46 10.75 

... 
-11.831 

... 

... 
+ o ' 3 j j  
+ 3 ' 1 4 2  

3.877 

+ 5.404 
+ 5 .494  

... 

- 0 ' 0 1 4  

1 9 ' 2 4 9 - 0 ' 0 2 5  
... 

+0'0cj 
0'000 

-0 '005  

- 8  
- 8  
- 45 
- 49 

+ 7.40: 
+ Y . 2 4 6  

+ 1 0 ' 9 6 3  
+ 1 2 . 4 7 4  

-0 '071  
-0 '064  
+ 0 ' 0 j 3 8 5  
+ 0 . 0 2 5 8 j  

+ 1 ~ ~ 7 6 0 - 0 ~ 6 j o  
+ 1 3 ' 4 8 ~ - 0 ' ~ 5 ~  

... 

+ 1 7 ' 4 2 5  
f 1 7 . 4 3 0  
+18 '19o  
+ 1 8 . 2 0 3  

- 0 . 4 4 ~  

... 

... 
-3 .264 
- 1 . 1 3 2  
- 2 ' 7 0 9  

. 1 '229  
- 0 ' 8 9 3  

... 

- I 

- 1 

-, 1 - 
- 

-1 '016  
-7.261 

- 1 . 0 2 2  

- 0 ' 4 1 s  

t 0 . 0 4  

-I-3'01 
. . . . . .  

0.00 
1 - 0 ' 0 3  
1 - 0 ' 0 1  

... 

-0 '147  
-0 '143  
-0 .270  
- 0 . 2 8 ~  

+ 6  

- 3  
- \ 4  
- 26 

- g  
-,, 5  

... 
. . . . . .  
. . . . . .  

+ O . O I  

-0.03 
... 
... 
... 

. . . . . .  
- 10 

-488 

- I; 

- 5 

... 

... 

... 
- 0 . 0 1  

... - 1 1  

- 7  

- 4  
- 3 
- 10 
- 1 1  

. . . . . .  
+ 0 ' 0 3  

- 0 ' 0 3  
+ O ' O I  

+ 0 ' 0 4  
+ o S c 1  



( 166 1 * 
2 Sin" t 

TABLE LV.-Values of -s;,- for tpe Reduction of Circum-meridian Observat?on8 
for Latitude. 

J 

' 

a 

, 

. 

Hour Aagles i n  Tlnie 

1 am 
126 
126 
1 2 ;  

127 
128 

128 
129 
129 
1.30 

1.30 

1.31 
1.31 
132 
133 
133 

1.34 
1.34 
135 
1.35 
136 

1.36 
1.37 
137 
1.38 
139 

139 
140 
140 
141 
141 

142 
142 
14.3 
14.1 
144 

14 j  
14,; 
146 
146 
147 

14; 
148 
149 
149 
150 

. 

0 
1 

3 
4 

5 
6 
7 
8 
9 

10 
11 
12 
13  
14 

' 5  
16 
17 
18 
19 

20 
21.  
X, 
23 
24 

25 
26 
27 
28 
23 

3 0  
31 
32 
33 
33 

35 
36 
37 
38 
39 

40 
41 
42 
43 
44 

I 6m 

, 71 
7 1  
71 
72 
72 

73 
73 
73 
54 

5-4 

75 
75 
75 
76 
76 

77 
77 
78 
78 
78 

79 
79 
80 
80 
80 

81 
81  a 

82 
82 
83 

8.3 
83 
84 
84 
85 

85 
86 
86 
86 
8; 

87 
88 
88 
Rg 
89 

1 7- 
96 
97 
97 
98 
98 

99 
99 
99 

1 0 0  

100 

101 

101  

1 0 2  

102 
103 

10.3 
104 
104 
105 
l o j  
106 
106 
107 
10; 
108 

108 
108 
109 
109 
1 1 0  

1 1 0  

1 1 1  

1 1 1  

1 1 2  

1 8 2  

"3 
113 
114 
114 
115 

115 
116 
116 
1 1 7  
1 1 ;  

/ g" 

159 
160 
160 
161 
161 

162 
163 
163 
164 
164 

165 
166 
166 
167 
167 
168 
169 
169 
1 7 0  

170 

171 
172 
1 7 2  

173 
173 

174 
1;s 
175 
176 
177 

157 
178 
178 
1 7 0  
180 

180 
181 
182 
I R Z  
18.3 

18.3 
184 
1 8 j  
185 
186 

1 10- 

196 
197 
198 
198 
199 
230 
200  

2 0 1  

2 0 2  

202 

203 
204 
204 
205 
106 

206 
20; 
208 
208 
209 
2 1 0  

210  

1 1 1  

2 1 2  

212 

213 
214 
21.1 
21,; 
216 

216 
217  
218 
2 9  

219 
2 2 0  

221  

2 2 1  

2 2 2  

123 

223 
124 
az j  
225 
226 

.?I 
32 
32 
32 
32 

3.3 
33 
33 
4 
34 

4 
3.1 
35 
35 
.3j 

35 
36 
36 
36 
37 

'37 
37 
37 
38 
38 

.in 
39 
.39 
39 
39 

40 
40 
40 
41 
41 

41 
42 
42 
42 
42 

43 
43 
43 
44 
44 

0 

0 

0 

0 

o 

0 

0 

0 

o 
0 

0 

0 

0 

0 

0 

0 

0 

o 
0 

o 

0 

0 

o 
0 

'0 

o 
.o 
0 

o 
o 

o 
I. 
I 

I 

1 

I 
I 
1 

r 
I 

I 

I 

I 

I 
I 

5- 

49 
49 
jo  
50 
50 

51 
51 
51 
52 

52 
5.3 
5.3 
53 
54 

54 
54 
5; 
55 
j5 

56 
56 
57 
57 
57  

58 
58 
58 
9 
59 

59 
60 
60 
60 
61 

61 
62 
62 
62 
6.3 

6.7 
6.3 
64 
64 
b j  

8 
8 
8 
8 
8 

9 
9 
9 
9 
9 

9 
9 

10 

10 

1 0  

10 

10 

10 

1 0  

11 

11 . 1 1  

1 1  

11 

11 

11 

u 
1 2  

1 2  

12  

1 2  

1 2  

13 
1.3 
13 

1.1 
1.3 
1.3 

1 4  
1.1 

14 
14 
14 
14 
15 

2 

2 

2 
2 

a 

2 

2 
a 
.3 
.3 

. 
3 
3 
3 
3 

3 
.Z 
3 
.f 
3 

3 
4 
4 
4 
4 

4 
4 
4 
4 
4 

4 
5 
5 
5 
5 

5 
5 
5 
5 
5 

6 
6 
6 

18 
18 
18 
18 
18 

9 
19  
19 
19 
19 
20 
2 0  

20 

20 

2 1  

2 1  

2 1  

2 1  
2 1  

2 2  

2 2  
2 2  

2 2  

2 2  

23 

23 
23 
2.3 

ZJ  
24 

24 
24 
z j  
25 
z j  

2; 

25 
16 
26 
26 

26 
2 7  

27 
2 7  

2; 

1 i i m 1  

2.38 
2.38 
239 
240 
240 

241 
242 
243 
243 
244 

245 
246 
246 
247 
248 

248 
a49 
250 
251 
2 j 1  

252 
253 
254".zoo 
25.1 
~ j j  

2j6 
257 
257 
258 
259 
260 
260 
261 
262 
263 

26.3 
2f,4 
265 
266 
266 

267 
268 
269 
~6~ 
Z;O 

l a - /  

28.3 
28.3 
284 
285 
286 

287 
287 
288 
289 
290 

291 
e291 
292 
29.3 
294 

295 
295 
296 
297 
298 

299 
299 

'301 
302 

30.3 
~o.3 
304 
305 
306 

307 
go8 
308 
309 
310 

311 
312 
312 
31.3 
314 

315 
216 
317 
.31g 
318 

l a m (  

3.32 
33.3 
.Z.Z.Z 
334 
335 

6.36 
337 
.338 
339 
339 

340 
341 
3-12 
34.1 
344 

345 
343 
346. 
347 
348 

3.19 
350 
3~ 
332 
352 

.753 
354 
355 
356 
357 

.3j8 
359 
. z 6 0 ' 4 1 j  
360 
361 

362 
363 
564 
,365 
366 

367 
~6f3 
368 
3 6 1 ~  
370 

15- I 16- I 17- I iw I 19- 14-n/ 

385 
386 
p87 
387 
388 

389 
.390 
391 
393 
393 

394 
395 
396 
397 
398 

399 
400 
400 
401 
402 

403 
$04 
405 
406 
407 

4-30 
409 
410 
411 
412 

41.3 
414 

416 
416 

417 
418 
419 
420 
421 

422 
423 
424 
425 
426 

442 
443 
444 
445 
446 

447 
448 
449 
450 
451 

452 
452 
453 
454 
455 

456 
457 
458 
459 
460, 

461 
462 
463 
464 

502 
504 
505 
506 
507 

508 
509 
510 
511 
512 

513 
514 
515 
516. 
517 

518 
519 
jzo 
521 
523 

524 
525 
526 
527 

567 
568 
569 
571 
572 

573 
-574 
575 
576 
577 

578 
579 
581 
6 5 2  
58.3 

,584 
585 
586 
587 
589 

590 
591 
y ) ~  
59.3 

465! j28 594 

595 
596 
598 
599 
600 

466 
468 
469 
470 
471 

6.36' 
637 
638 
639 
64) 

642 
643 
6.44 
645 
646 

648 
649 
6 9  
651 
652 

6~ 
655 
656 
657 
658 
660 
661 
662 
663 

' 529 
5.30 
5.11 
532 
53.3 

108 
q lo  
711 
f l a  
713 

715 
;16 
717. 
738 
720 

7 2 1  
722 
72.3 
725 
726 

727 
528 
7.30 
731 
732 

733 
735 
7.36 
7.37 

664 
6661, 
667 
668 
669 
650 

472 
47.3 
474 
475 
476 

477 
478 
479 
480 
481 

482 
4R3 
4 8 9 - 5 4 7  
485 
486 

7.39 

740 
741 
742 
744 
745 

672 
673 '74f  
674, 
675 
676 

678, 
6i9 
680. 

68.7 

684 
685 
686 
687 
689 

,746 

749 
750 
751 

753 
754 
755 
756 
758 

759 
760 
762 
763 
764 

5.34 
.i35 
537 
538 
539 

540 
,541 
542 
54.3 
544 

545 
546 

,548 
j j o  

601 
602 
603 
604 
666 

605 
608 
609 
680 
611 

61.3 
614 
615 
616 
617 
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TABLE LV1.-Factors for Bsssel's Probable Error Formuls. 

C 

n 

2 
3 
4 
5 

6 
7 
8. 
9 
10 

11 
12 

' 13 . 
14 
15 

16 
17 
18 
19 
20 

2: 
22 - 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
30 
do 

41 
42 
43 
44 
45 

46 
4-7 
48 
49 

- 60 

- 
0 6745 

2B-3 

0.674 5 
'4769 
'3894 
' 3372 

0.3016 
'2754 
'2549 
'2385 
'2248 

0.2133 
' 203 4 
''947 
'1871 
' I 803 

0' 1742 
'16SG 
' 1636 
' I  jyo 
lj47 

0.1 jog .' 1.47: 
' r -143" 

I 406 
''377 

o' 1349 
'1323 
. I 298 
' 1271 
'1253 

0'1231 
'1211 

-1192 
'1174 
'1157 

0'1 140 
'1124 ' 
I log 
' 1094 
. I 080 

0.1066 
' 1oj3 
' 1041 
' 1029, 
'1017 

o.roog 
'0994 
b0984 
'0974 - 
'0()04 

0.13755 
--- - 

Ji(a--IT, 

0.4769 
'2754 
' 1947 
' I 508 

0'1~31 
.lo41 
'0901 
'0795 
'0711 

0.0643 
'0587 
'0540 
'0 joo 
'0465 

0.0435 
'0409 
.0386 
'0365 
'0346 

0'0329 
'0314 
.0300 
'0287 
.a275 

0,0265 
'02 j 5  
'02.4 j 
'0237 
.0229 

0'0221 

'02 14 
.ozoS 
'0201 

.or 96 

0.0190 
.OI 8 j 
.or So 
'0175 
'0171 

o or67 
'0163 
'01 j9 
'0155 
.OI j2 

0.0148 
'01 4 j 
'0142 
'01 39 
.or 36 

n 

51 
52 
53 
51 
5 5 

56 
57 
58 
59 
60 

6 1 
62 
63 
64 
65 

G6 
67 
68 
69 
70 

71 
12 
73 
74 
15 ' 

76 
77 
7 Y 
79 
80 

81 
82 
83 
84 
83 

86 
87 
88 
89 
90 

91 
03 
93 
94 
95 

96 
97 
98 
09 
100 

0 6745 

d n  

O.0954 
'0944 

. '0935 
.0926 
.og I 8 

o .agog 
'0901 
'0893 
'0886 
'0878 

0.0871 
.0864 
'08 j7 
'0850 
'0843 

0.0837 
'0830 
'0824 
'0818 
'0812 

0.0806 
.0800 
'0795 
'0789 
.0784 

0'0779 
'0774 
'0769 
'0764 
'0759 

0.0754 
'0749 
'0745 
'0740 
'0736 

0 0732 
'0727 
'0723 
'0719 
'O7 I5 

0.071 r 
'ojc7 
'0703 
'0699 
.069b 

0.0692 
,0688 
,068 j 
'0681 
'0678 

' : 

0.6745 

/i(a--l) 
- -- 

0'0134 
'0131 
,0128 
'or 26 
'0124 

0'0122 

'01 19 
'or 17 
'or r 5 
'0113 

0.0111 

'01 10 

.or08 
-0106 
'or05 

0.0103 
'0101 

'0100 

'0098 
, '0097 

0.0096 
'0094 
'0093 
'0092 
,009 I 

0,0089 
.0088 
'0087 
'0086 
.008s 

0'0084 
'0083 
'oo8z 
'008 I 
'0080 

0.0079 
.0078 
'0077 
.0076 
'007 j 

0.0075 
'0074 
'0073 
.oo7a 
'0071 

0.0071 
'0070 
.ooCp 
'0068 
'0068 - 
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TABLE LVI1.-Quadrilateral Surfaces of. 15' in Latitude and in Longitude on the 

Terrestrial Ellipsoid. 

Lalitude 

0 ,  0 1 

0 0 to  0 15 
015 ,, 0 3 0  
0 30 ,, 0 45 
0 45 ,, 1 0 

1 0 ,, 115 
1 15 ,, 1 30 
1 30 ,, 1 45 
1 45 ,, 2 0 

2 0 ,, 2 15 
2 15 ,, 2 30 
2 30 ,, 2 45 
2 4.5 ,, 3 0 

a 0 ,, 3 15 
3 15 ,, 3 30 
3 30 ,, 3 45 
3 45 ,, 4 0 

4 0 ,, 415 
415 ,, 4 3 0  
4 30 ,, 4 45 
445 ,, 5 0 

.6' 0 ,, 5 15' 
6'15 ,, 5 30 
5 30. ,, 5 45 
5 45 ,, 6 0 

6 0 ,, 6 15 
6 15. ,, 6 30 
6 30 ,, G 45 
645 ,, 7 0 
7 0 ,, 7 15 
715 ,, 730 
7 30 ;, 7 45 
7 45 ,, 8 0 

8 0 ,, 8 15 
8 15 ,, 8 30 
8 30 ,, 8 45 
8 45 ,, 9 0 

9 0 ,, 9 16 
916 ,, 9 3 0  
9 30 ,, 9 45 
9 46 ,, 10 0 

10 0 ,, I0 16 
10 16 ,, 10 30 
10 30 ,, 10 45 
1045 ,, 11 o 
I1 0 ,, 11 IS 
11 16 ,, 11 30 
11 30 ,, 11 45 
11 45 ,, 12 0 

12 0 ,, 12 15 
12 15 ,, 13 30 
12 30 ,, 12 45 
1245 ,, 13 0 

13 0 ,, 13 15 
13 15 ,, 13 30 
13 30 ,, ,13 45 
13 45 ,, 14 0 

Latitude 

0 ,  0 ,  

i4 0 to  14 15 
14 15 ,, 14 30 
1430 ,, 1445 
14 45 ,, 15 0 

15 0 ,, 1G 15 
15 15 ,, 16 30 
15 30 ,, 15 45 
15 45 ,, 16 0 

1G 0 ,, 16 15 
16 15 ,, 16 30 
1630 ,, 1645 
16 45 ,, 17 0 

17 0 ,, 17 15 
17 15 ,, 17 30 
17 30 ,, 17 45 
1745 ,, 18 0 

18 0 ,, 18 15 
18 15 ,, 18 30 
18 30 ,, 18 45 
1845 ,, 19 0 

19 0 ,, 19 15 
19 15 ,, 19 30 
19 30 ,, 19 45 
19 45 ,, 20 0 

20 0. ,, 20 15 
20 15 ,, 20 30 
20 30 ,, 20 45 
20 45 ,, 21 0 

21 0 ,, 21 15 
21 15 ,, 21 30 
21 30 ,, 21 
21 45 ,, 22 0 

22 0 ,, 22 15 
23 15 ,, 22 30 
22 30 ,, 22 45 
22 45 ,, 23 0 

23 0 ,, 23 15 
23 15 ,, 23 30 
23 30 ,, 23 45 
23 45 ,, 24 0 

2-6 0 ,, 24 16 
24 15 ,, 24 30 
24 30 ,, 24 45 
24 45 ,, 25 o 
25 0 ,, 25 15 
23 15 ,, 25 30 
23 30 ,, 25 45 
25 45 ,, 2G 0 

26 0 ,, 2G 15 
21; 15 ,, 26 30 
26 30 ,, 26 45 
26 45 ,, 27 0 

L 

Aren 
in Squnre 

Miles 

296.973 
296.967 
296,957 
296 .940  
~ ~ 6 . 9 1 8  
296.891 
296.857 
2 9 6 . 8 1 9  

2 9 6 , ; i j  
206.725 
~ 9 6 , 6 7 1  
206.610 

296 .544  
296.472 
296.396 
296.313 

296.225 
296,132 
296.0.32 
29j .928  
295,818 
z ~ , ; . ; o z  
29j .582  
295'4j5  

295.323 
29j.18.6 
29j .043  
294'894 

294'741 
294.581 
294 .417  
294.247 

294.0; I 

293.890 
293' 703 
293'51 1 

293. j1 .3  
29.3.110 
292.902 
292'688 

292.469 
2 9 1 . 2 4 ~  
2 9 2 . 0 1 4  
~ ~ 1 . 7 ; ~  

z91..;37 
291 ' 2 9 1  
291.0.39 
2 9 0 ~ 7 8 2  

2 9 0 . 5 1 9  
290.2,;1 
2R9.977 
289.6g9 

289'414 
z f l g ' t z j  
2R8.829 
283 , j29  

' 

' 

' 

, 

" 

Lntilitde 

0 I 0 I 

27 0 to 27 15 
27 15 ,, C7 30 
27 30 ,, 27 45 
27 45 ,, 28 0 

28 0 ,, 2815 
28 15 ,, 28 30 
28 30 ,, 28 45 
25 45 ,, 29 0 

29 0 ,, 29 15 
29 16 ,, 29 30 
29 30 ,, 29 45 
29 46 ,, 30 0 

30 0 ,, 3015 
30 13 ,, 30 30 
30 30 ,, 30 45 
30 45 ,, 31 0 

31 0 3115 
31 15 ,, 3 1  30 , 
31 30 ,, 31 45 
3145 ,, :12 0 

' 32 0 ,, '32 15 
3215',, 3230 
32 80 ,, 32 45 . 
33 45 ,y 33 0 i 

33 0 ,, 3315 
33 15 ,, 33 30 
33 30 ,, 33 45 
33 45 ,, 3A 0 

34 0 ,, 34 15 
34 15 ,, 34 30 
34 30 :., 31 45 
34 45 ,, 35 0 

35 0 ,, 35 15 
35 15 ,, 35 30 
35 30 ,, 35 45 
36 45 ,, 36 0 

36 0 ,, 36 15 
36 16 ,, 36 30 
36 30 ,, 30 46 
36 45. ,, 37 0 

37 0 ,, 37 16 "' 
37 15 ,, 37 30 
37 30 ,, 37 45 
3745 ,, a8 o 
38 0 ,, 38 15 
38 15 ,, 38 30 
38 30 ,, 38 4.5 
38.45 ,, 39 0 

39 0 ,, 39 15 
39 l$ ,, 39 30 
39 30 ,, 39 46 , 

3(3*,45 ,, 40 O+ 

- . 

Aren 
in S q ~ ~ n r e  

Miles 

288'223 
zR;")12 
287.595 
287 ' 273 
zR6.946 
2 8 6 . 6  I j 
286.275 
28j.9.32 

295,583 
2 8 j . 2 2 9  
284.869 
284'joq 

284'13j 
283.750 
28.3'379 
282.992 

~ 8 2 . 6 0 1  
281'205 
~ R I  . 8oz  
28 1 396 

zRo.gR.3 
280.566 
280'142 
Zi9 .714  
279'281 
278.842 
278'398 
277'949 

277'494 
277'03j 
zib. , i;o 
276' l o o  

275.625 
275'144 
274 ,659  
27 4 '  168 

273'672 
2 i3 '171  
272,665 
272'153  

271.6.37 
~ 7 1 . 1 1 6  
2 jo.581) 
270'057 
269.520 
zf18.r)jR 
208'4.31 
267.878 

267.321 
266.759 
266.192 
265.619 

Area 
in Sqlture 

Miles 

265.042 
264.459 
263.872 
2 6 3 . ~ 7 ~  
262.682 
262.0;9 
2 6 1 ' 4 ; ~  
260.860 

2 6 0 . ~ 4 1  
259.620 
258.993 
358 .561  

257'723 
257,081 
2.6'4.35 
255'78.3 
255 .126  
254.465 
25.1'798 
25.3'127 

25zm'45l 
2.,r '770 

' 25 I , 084  
z j o . 3 9 4  

249'699 
248.999 
248 .294  
X17'584 
246.870 
246 .151  
245'427 
244.699 

24.1'.96; 
2 ~ 3 . ~ ~ 8  
242.485 
241'738 
240.986 
240'2.30 
Z , Z ~ ' ~ ( ] R  
2.38'703 

2.31'93.1 
2.37'15R 
2 3 6 . ~ 7 8  
2 ~ j ' s o 4  
2.34'806 
234.013 
2.33 ' 2 1s 

232'41.3 
2.31.606 
2,3O'i95 
229.980 
229.160 

. - • I .  

L 
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# 

TABLE LVIII.-Serni-din~na.1naI and Semi-noctlxrnnl Arcs, showin? the time of the 
rising and setr,ing of tlie Sun, 310011, or Equttorial Stars. 

- 
DFCLINITION o 

--- 3 

- 

1 
2 
3 
4 
5 

6 
7 
8 
9 

,I0 
11 
13 
13 
1 1  
15 

16 
17 
18 
I9 
20 

21  
22 

1 2 3  
24 
2; 

26 
27 
28 
I ! )  

, 30 
31 
3 2  
33 
34 
35  

36 
37 . 
:IS 
39 
40 

h n t  

6 0 6 1  
, 6 0 6 1  

6  0 

6  o 
6  o  

6  o 

- 6 - ' 0  
6  o 
6  o 
6  o  
6 o  

6  o 
6 0  
6 0  
6 0  

( 6 0  
L 9 
6  o  

h m  

6 0 0 0 6 1  
6 0 0 0 6 1 6 1  

6  1  
6  I 

6  r  

G I 

6  2 
6  2 
6  z  
6  2  
6  2  

6  2  
6  a 
6 . 3  
6 . 3  
6 . 3  

6  g  
1 .3 

.-O u 
E! 
. - - 
Y 

B 
d 

= : $  
rl 

- 

h , m  

6 1  
6 1  

6 2  
6  2 

6  2 

6  .3 

6  3  
6  3  
6  4  
6  4  
6  

G 5 
6 5  

g d  
6 ' 6  

G 6  
6  6  

v , >  u > E U $ ~ " a ~ 2 ; K * z 8 ; 2  - 
i = = L =  

4 
- g - ~ 6 i - ~ : , ; ~ r ; m - ~ ~  

01 EU 3 

3 .. = 2 :  
r/J 

- 
I 

- . . > ,  . . .  

6  o r 6  3 
6  o 6 4  
6  o  6  4  

6 0 1 6 4  

6  
6  7  
6  7 
6 8  
6  8  
6 9  
6  9  
6  

0 1  
i. 

3 
z . U 

d 

j 
6 0  
G a 
6  o 
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TABLE LIX-Corrections for reducing Apparent to  Nean Solar Time. -, 



TABLE LX.-Shoving Links to be subtracted from each Chain, in an 
ascending or descending line, in order to reduce it to the Horizontal Measure. 

TABLE LX1.-For the Conversion of Feet into Miles. 

Deg. 

26 

27 

28 

19 

30 

2 

Niles 
0.0038 
0227 
0417 
0606 
0795 
09Sj - 1174 
1364 
?j53 
1742 

-- 
'0004 - 

Link# 

10.12 

10.90 

11-71 

12.54 

13'40 

3 4 
-- 
iUiles N i l e s  
o.ooj7 0.0076 
0246 026j 
0436 04jj 
0625 0644 
0814 0833 
1004 1023 
I193 1212 

1383 1402 

1572 159l 
1761 17So 

-- -. . -. - 

,0006 .oooS 



TABLE LSI1.-For tlr e conversion of lliles into Feet. *I 



TABLE LSII1.-For the conversion of Links into Feet. 



TSBLE LS1V.-For tlie conversion of Feet into Links. 

n I I 
7 
m I Tens 1 2 

Links 
... 
151'5 

303 '0 

454'5 

606.1 

757.6 

909" 

1060.6 

1112'1 

1363.6 

- 
c: m a: 

3,  E 5 
rl 

Links 
15'3 

166'7 

318.2 

469.7 

621.2 

772'7 

924'2 

1075.8 

1227'3 

, 1378.8 

Links 
30' 3 

181 .8 

333'3 

484'8 

636.4 

. 797'9 

939'4 

1090.9 

1242'4 

'393'9 

7 2 

3 

Linkr 
45'5 

'97 '0 

348'5 

500.0 

651'5 

803.0 

954'5 

1106.1 

12 57.6 

1409.1 

1 1 1 6  
3 

------- 

Links Links Links L i h h  Links 
60.6 / 7 5 8  1 90.9 1 1061 1 121.z 

6 8 

L i n k s .  
10606.1 

25757'6 

40909.1 

56060.6 

71212-1 

86363'6 

IOI 515.2 

1 1 6 6 6 6  

1 8 1 8  

146fl9.7 

9 

Links 
. . . 

15151.5 

30303.0 

45451'5 

60606.1 

75757.6 

90909. 1 

106060'6 

121212.1 

136363'6 

Links 
9090.9 

24242'4 

39393.9 

54545'5 

6516~5.0 

84848.5 

rooooo.o 

I 

I 

145454.5 

Li~rks  
3030'3 

18181.8 

33333.3 

48484.8 

63636.4 

78787'9 

93939'4 

124242.4 

137578'8,139393'9 

Links 
151j.2 

16666.7 

31813.2 

46969'; 

62121.2 

77272'7 

92424.2 

107j7j.S 

122727.3 

Links 
6060.6 

zrzIz'I 

36363.6 

jIjIj.2 

66666.7 

81818.z 

96969'7 

112121.2 

1 2 ~ 2 ~ 2 ' ~  

142424.2 

Links 
12121.2 

27272'7 

42424.2 

57575'8 

72727.3 

87878.8 

103030.3 

8 1 8 8  . 
I 

6 

- G  

s 9  

-- 

Links 
136.4 

287'9 

439'4 

590'9 

742'4 

893'9 

1945.5 

1197.0 

1348'5 

1500.0 
-- 

. . 13.6 

Links 
4545.5 

19697.0 

3484S.j 

50000'0 

65151.5 

80303'0 

95454'5 

109090.9110606.1 

I ~ ~ ~ ~ ~ . G  

140909'1 

Links 
ij7j.8 

22727'3 

37578.8 

53030'3 

68181.8 

83333'3 

98484'8 

I 

I 

143939.4 

3 
G 

b 
1 

2 

3 

4 

5 

- @  

7 

8 

9 

, u n i  

Links 
13636.4 

28787.9 

43639.4 

59090'9 

74242.4 . 
89393'9 

104945'5 

6 0  

I 

148484'8.1p-30'0 

0 . 
1 

2 

3 

$ 
5 

G 

7 

8 

9 



TABLE LXV.-For the conversion gf Versts and Kilometres into Miles 
and vice versb. . . 

TABLE LXV1.-For the conversion 

Measure oE Length 

1 
1 Millimotre = .039370432 Inches or a b o ~ t ~ i u c h .  

I Verats 

1 

2 

3 

4 

5 

6 

7 - 

8 

9 

10  

1 Centitnetre= '39370432, ,, 
1 Decimetre = 3'9370432 'u 

1 Mctre = 39.370432~ ,, or 3'2809 ft.nenrly 

1 Kilometre = 39370'432 ,, or 1093.6 yds. ,, 

1 Mile = 1.6093296 Kilometres. 
s 

1 Verst = 3500 Feet, 

Miles 

0.6629 

1'3258 

I .9886 

2'6j15 

3'3144 

3'9773 

4 ' 6402 

5 ' 3030 

5'9659 

6.6288 

Kilometres 

1 

2 

3 

4 

5 

t 

7 

8 

9 

10 

Measure of 

The Litrc used for liquids = 1 cubic dc 

* Lee " Comperieon of bke Stenderde of Lengths," by CI 

Miles 

0.6214 

1'2428 

1.8641 

2.4855 

3' 1069 

3'7283 

4.3496 

4.9710 

5'5924 

6.2138 

f French into English Measures. 

Mca~urc of Weight or Mass 

1 Milligramme = '01 5432349 Grains. 

~ i l o t u e k e s  

I '6093 

3.2187 

4,8280 

6.4373 

8.0466 

9.6560 . 
11.2653 

12.8746 

14'4840 

16'0933 

Miles 

1 ' 

2 

3 

4 

5 

G 

7 

8 

9 

10 

1 Centigrnmme = * r 5432349 ,, 
1 Decigramme, = I ' j432349 ,, 

Vcrate 

1.5086' 

3'0171 

4'5257 

6.0343 

7'5429 

9'0514 

10.5600 

I 2.0686 

13.5771 

15'0857 

1Gramme =15'432349 ,, 
1 Kilogramme = 15432'349 ,, 

or 2.20462 I 25 Ibg. Avoir. 

olumo. 

,metre = 1.76 I 68 Imperinl pints. 

taio A, B. ~ ~ b r k o ,  B.E., 1866, page 280. 



TABLE LXVI1.-For the conversion of Enzlish into French Measures. 

1 Inch = 2 ' 5399772 Centimetres. 

1 Foot = 30'4797264 ,, 

1 Mile = I .6093296 Kilometres. 

B Menanre of WeigIlt or Mass 

1 Grdn = '064799 Qrammes. 

1 a z . A v o i r . = 2 S . $ 4 9 5 4  ,, 
1 Ib. ,, = 453.j9265 9 ,  

1 Ton = 1016.05 Kilogmmmes. 

Bleomre of Volume. 

t 

1 Piut = *56764oo Litres. 

1 Gallon = 4 ' 5 4 1 1 ~  9 )  @ 

4 

1 Bushel = 36,32896 t t  
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