




AUXILIARY TABLES 

TO FACILITATE T H E  CALCULATIONS 

S U R V E Y  OF I N D I A .  

21303 
TRIRD EDITION. 

RETISED .kXD E I T E X D E D  UNDER THE DIRECTIOX OF 

1,IEUT.-COLOSEL H. R. THUILLIER, R.E.9 
SCRTEIOR GEXERAL OF INDIA 

Dy J 
C O L O 3 E L  C. T. R A I G ,  R.E., 

DEPUTY SURVEYOR GKNERIL IN CHARGE OF THE Tl1IGO?U'OMETRICAL BRANCII 

OF THE SURVEY OF INDIA. 

Ililcqta EBu11: 

PIlISTRn AT TAR OFFICE OF TIIE TRIOON031ETnlCAL DRAXCII, BVRTEY OF IXDIA. 

Percm Two R u ~ r s s .  





P R E F A C E .  

Thirty-six years have elapsed since the publicntion of the first edition of tlre 

~ u x i ' l i a r ~  Tables of this Department, w l ~ i c l ~  was issued in 1851 under the title "Tables 
" to  facilitate the computations of a trigonometrical survey and the projection of maps 
a for India. Computed and arranged by Babu Radlranath Sikdhnr, Clrief Computer in tlie 

Surveyor General's Office." This edition contained but seventeeu tables, two of which 

consisted of symbols, formula: nnd constants. I n  1868 this was "rcvised and extended 

"under the direction of Lieut.-Colonel J. T. Walker, R.E., F.R.S., &c., Superintendent 
"of the Great Trigonometrical Survey of Iudia, by J. B. N. Hennessey, Esq., F.R.A.S., 
" Deputy Superintendent 1st  Grade, Great Trigonometrical Survey, i n  clrarge Computing 

Office," and issued as a second edition under the title of " Auxiliary Tables t o  facilitate 
" the calculations of the Survey Department of India." Tlris edition contained twenty-six 

tables wliicl~ were also, like those of the first edition, confined to the requirements of a 
trigonometrical survey and tlre projection of maps. Since 1868, however, ten other tables 

were from time to time added, which were generally numbered i n  continuation of the 
twenty-six as tlrcy were brought out, and now that  the 1868 edition has beell exlrausked 
a new issue is irnperatirely called for, which of necessity requires a new arrangement 
of the old tables, grouping those together which relate t o  the same subjects; so 
that  it  has been impossible t o  retain the old familiar numbering by wliich many a 
table was popularly designated in tlie department. The present issue is moreover 
somewhat e~rlarged in scope and includes tables that  will be useful to  geographical 
explorers and save them the trouble of carrying other and perhaps cumberso~ne com- 
pilations, while a t  the same time i t  includes some new tables witlri~i tlre old scope 

mhich will also be found useful. The range of latitude-where i t  is the nrgument-has 
been somewhat enlarged, and now estcuds i n  all cases from the equator to  40°, except 
in  Tables XXIX, XXX and XXXVI to X L I  inclusive in  which it  extends to  4G0. 

This cdition contains sirtx-three tables of which the following numbers were t o  
be found iu the p r e v i o ~ ~ s  editions n-it11 the less extended range of latitude :-I, 11, 111, 
V to XIV, X S I V  to XXX, XXXII,  XXXII I ,  X X S V  to XL and S L I X  to L I .  Four  
concise tables, XLV to XLVII I ,  occuliying but one opening now take the place of the  
more volumirious table of Milt  equivalent^ in Feet and Links. 

A set of four Star  Chnrts containirig all the stars of the  first, second and tlrird 
mngnitudes, originally publislied by Gcneral Walker in 1873 for the use of gcograpl~ical 
explorers, Ires beeu reduced to a suitable scale and inserted in  this edition. 

For  the assistance of the ordinnry computer tlre Tables are preceded by the  
usual explanations regarding their use, nlrd these are now supplemented by additional 
explanations in  smaller type, shewing Irow the tables tl~emselvee or the forn~ulre on  
which they are based liave bcen obtained : with these the ordinary computer need Lave 
no concern. 



PREFACE. 

To assist officers employed beyoud the Frontier in reducing the astronomical 
observutions thnt may require to  be taken, a few examples of such calculntio~ls are added 
i n  all Appendix. 

The preparation and printing of these Tables have been accomplished under 
the s u p e r i ~ ~ t e l ~ d e ~ l c e  of Mr. W. H. Cole, M.A., Deputy Supel-intendent in cl~arge of 
thc Con~puting aud Printing Offices, but my acknowledgments are also d ~ i e  to  311.. 
J. Eccles, MA., Assistant Superintendent, for the prepnration of the expla~~at ions and 
appendix and for the trouble he has taken to make them ns complete as possible. 

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

Deputy Surweyor General, 
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SYMBOLS AND FORMULB. 

a = Equatorial radiue of the earth. 

b = Polar radius JJ > I  

= Geodetic latitude. 

a - b  
c = Compression or ellipticity = -. 

a 

e = Eccentricity = - {".. b9)'. 

v = Normal to the meridian at terminated by the minor axis 

p = Radius of curvature to the meridian at  X 

p,  = Radius of curvature of an oblique section at  an azimuth of A in latitude A 

CONSTANTS EMPLOYED I N  THE CALCULATION OF THE TABLES. 

EVEREST'S CONSTANTS, 1ST SET. 

See Account of the Measurement of an Arc of the Meridinn between Iheparalleis 
of 18' 3' and 2k0 7', A.D. 1830, page 115. 

a = 20922931.80 feet . . . . . . . . .  log a = 7.820 6225 395 

b = 20853374.58 ,, . . . . . . . .  log b = 7.319 1763 4.1-3 
1 . . .  e = 0~00332~~19014 = - 

3U0.8 ' ' ' 
log c = 8.621 7196 767 

e9 = 0.00663784607 . . . . . . . . .  loge9 = 5822 0271 770 

(1 - e4) = 0.99386215393 . . . . . . .  log (1 - e2) = 1,997 107G 098 



AUXILIARY TABLES 

TO FACILITATE THE CALCULATIONS 

OF THE 

SURVEY OF INDIA. 

-~~ ~ 

EXPLhNATION OF THE TABLES. 

TABLE I.-ATomals terminated by the Minor Axis, and their Logarithms. 

Thc Normnls are given for every 10' of latitude between the parallels of 
0' and 40° to  t l ~ c  nearest tcntll of a foot, and their logarithms to nine places of 
decimnls. 

The lol-mula by aliicll tliey hure been computed, riz., 

follovs nt once fn,nl I . 1 1 ~  9inipln gcoinctrp of tho cllipre, n boing the semi-nxie major of the ellipse, e the 
ecccntririty and r t l ~ o  norninl at  u point whose lulitndo is A. 

The argument wit11 which to enter thc tnblc is the given latitude, and the 
corrcspondi~~g Nor~ual  nl~ls t  IIC found by interpolation either in the ordinary way or, 
where extreme accuracy is required, according to the method exhibited in the foot note 
oil the ncxt page. 

EXAMPLE.-To find the Normal a t  a point iu  latitude 9' 16' 25".7. 

lo. Approximately. 

I u  latitude go 10' . . . . . . Normal = 20924694.4 feet 

Thcreforc in  latitude 9" 15' 25".7 Normal = 20924729.2 feet 



10 EXPLANATION OF TABLES. 

2". Rigorously* 

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

and Fen) = )) )I I) 9 15 25.7 

where n = 6' 25".7 reduced to the decimal of 10' 

= a543 

the formuln in the  Note gives 

F(") = F + n a + n (n- 1) + n (n- 1) (n-2) + kc,, 
1. 2 1. 2. 3 

NoTB.-O~ Interpolation by DrJ'erencca of any order. 

(Seo Chaurenct's Astronomy Vol. I.) 

Let. it be rcqnirrd to determine intcrmedinto ~ n l n e s  of n function from tabulated values corresponding 
to equudistent \-nluvs of llrc variable on which they depend. 

Let T, T + *is. T 1 2 1 0 ,  T + 3 lo, kc., express equidistant, valrres of t l ~ e  variable, F, F( l ) ,  F ( l ) ,  
F ( 9 ,  kc.,  correoponding ~ a l u t - ~  I I ~  tlrc given function, and lot  tho differonccs of the ha t ,  second and following 
orders bu forrued us expressed in t l~u  following table :- 

Argomont. 

T  

T + tu 

T +  2 w  

T +  330 

T + 4 w  

T  + S P O  

T  + G P O  

Function. 

F 

F(I)  

B (9 

F(") 

F (9 
FP) 

le t  Diff. 

a 

a(') 

a(') 

n o )  

4th Diff. 

d 

a(') 

d(l) 

6th Diff. 

e 

6th Diff. 

4 

Thew rliffrrrnree lrrr found by errhtrnrting c,sc11 nuinbor horn thr  one below it  and tho proper nlgcb- 
raicnl signs nluut bc prufirtvl The d1ffr1.01lrf~0 of nlry order nr6 round from those of tho prcccding ordor in 
the same manner as thc tire1 differences are found from tho gircn functions. 

Tho even diffcrrnrrs (2nd. 4111, &c.,) fnll in tho some lincs as the argumonte and functions and the 
odd dilfrrenc~-a (181, 3111, &r ,) bclwcen tbcse lines. 

Kow, dcnotiog the v111uo of tho fi~nclion corresponding to a rnluo of tho argument T  + ns by F(n) 
wo hnrc by nlgebra 

in w11icI1 the roelrienta are ll~osc of the nth poacr of a binominl. If n bo taken sr~cceseively 0, 1, 2, 8, LC., 
HI* *11n11 ~IIIIRIII the function F, &(I), F(=), Fp), kc., and intermcd~ate rnluos are fount1 by wing freclivnal 
r o l ~ ~ i s  of n. 

Ths fnrmr~ln is rrsrrally npplird only to int~rpolnting between the fon~t ion from which we net out and 
the ncxt following one, in which CIMO n ia less thnn unity. 

To Rnd the proper mlno of n in c ~ c h  cseo let T + t bo the valoo of the argumont for which we +ah 
to interpolatu a valuc of Lhrr function : tlrcn 

t 
n t o - l  and n - -  

IU 

thal in, r is the vnluo of I mduccd to a fraction of the intcrral lo. 

E X A M P L B . - ~ ~ ~ ~ O S ~  that, inatend of being given for ercry horrr ns i t  is, the Moon's Right Asconsion 
hsd h e n  gircn m tho Nauticnl Aluiunac for every taolfth l~our  as foLIo~,a :- 
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where tlie l e t ,  2nd, and 3rd differences, a, b, c, are found from the following data given 
in the table : 

1st 2nd 3rd 
In latitude 9' 10' . . . Normal = 20924694.4 + 64.1 

11 9' 20' . . . ,, = 20924758.5 + 1.1 + 65.2 0 .0  
J I  Yo 30' . . . ,, = 20924823.7 + 1.1 + 66.3 
11 9' 4.0' . . . ,, = 20924890.0 

So that a = + 64.1, b = + 1.1, c = 0.0, 

therefore 
PC") = 20924694.4 + 34.81 - 0.14, 

Hence the Normal at a point ill latitude 9' 15' 25".7 is 20924729.1 feet. 

Rcqiurcd thc nfoon's Right Ascrneion on Mnj 28, nt 0. 

A 
188G, Mny 28, 0 

,, 29, 12 

,, 29, 0 

,, 29, 12 

,, 30, 0 

,, 30, 12 

dh 1 IIerc T = M~rg 28, N; I = 6h ; r l l  = 12*, .'. fi - a = - ; and if TC denoto thc coeficicnte of a, b, 
2 

c ,  d ,  e by A, A, C, D, B, \yo 11n~cr 

Th~~raforo 
D '8 Riglrt Aecension on MRJ 28, 1886, at Gb - W1) = 0 88 37.44 

D's R. A. 

h 5 

0 20 64.74 

0 44 24.72 

1 8 15.68 

1 32 32.37 

1 67 19.86 

2 22 42.27 

wl~icb i~ tllr rnlltc gircn in Illc Nou1i1-nl Almnnnc for lhnt 11011r.. 

1st Diff. 

m 8 

+ 23 29.98 

23 6O.M 

24 16.79 

24 47.48 

26 22.42 

2nd Diff. 

8 

+20.88 

25.93 

30.69 

34.94 

3rd Diff. 

8 

+ 6.05 
4.7G 

4.25 

4th Di5. 

8 

-0'29 

0.61 

6th Da. 

8 

-0.22 
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T A B L E  11.-Radii of Curvature to the Meridian, and their Logarithms. 

The Radii of Curvature are given i n  feet for every 10' of latitude between the 
parallels O0 and 40' to  the nearest tenth of a foot, and their logarithms to nine places 
of decimale. 

The formula by which they hare been computed, oiz., 

follows reT simply from that given for v on page 9, p being the Radius of Curvature to the meridian at a 
p i n t  wlioae latitude is A. 

The argument with which t o  enter the table is the  given latitude, and the 
correapoudir~g Radins of Curvature must be found by interpolation in exactly tlie same 
way that the normal is foulid from Table I. 

TABLE 111.-Logarithms of the Factor (p + v)2  codec 1" for computing the Spherical 
Sp2 v" 

Excess of a Triangle. 

The Sphelical Excess of a triangle ABC may be found wit11 all necessary 
accuracy fro111 ally one of the formulz 

cosec 1" en = a b sin C x 
2 (radius)' ; 

,/ - c9 sin A sin B cosec 1" e - x 
siu C 2 ( r a t l i u ~ ) ~  ; 

cosec 1" e" = 2 area of triangle x . 
2 ( r a d ~ u s ) ~ '  

where e" is the Spherical Excess in seconds. 

The factor 
cnsec 1" 

has been computed with a radius = P 
2 (radius)¶ p cos2 45 + v sillY 45 

- 2 v - the radius of curvature of an oblique section passing through the centre of the 
n + v' r n -  

spheroid nnd having all azimuth of 45O, where p is the radius of rurvnttlre of the meridian 
and v the normal terminated by the minor axis, for the mean latitr~de of the triangle, 

(p + v)% cosec 1" 
p and v being taken ill feet. Tlie factor thus becomes -- , and its loga- 

8 p2 v P  
ritl~rn is given in the table to  five places of decimals for e a c i  dcgree of latitude from 
OC to SO0. 

ESAMPLE.-FO~ a triangle of which the mean latitude is 24'28 :- 

log a in  feet = 4.97554 

= 4.98531 

log sin C = 1.97054 

Tabular log for lat. 2160.28 = i0.37407 

e" 
The Spherical Excess of each angle oE the triangle may be considered = -- 

3 
W ~ I C I I  tlie lengths of the sides do not exceed 100 miles. 
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TABLE 1V.-For determining the Spherical Exceaa in Secondary Operatione. 

This table* is intended to be used only in Secondary Operatiolrs where tlre 
Spl~erical Excess is not required with greater accuracy than the nearest teuth of a 
second, or in observations to distarlt snow peaks when the nearest s e c o ~ ~ d  of Sphericnl 
Excess is sufficieut. 

In  using the table the area of the triangle will be found with sufficient accuracy 
by measuring the base and pel.pendicular with a pair of compasses from a working 
chart aud takiug their lengths from a scale. 

Having obtained the area, enter the table with it as the argliment, and the Sphe- 
rical Excess will be foul~d in the column corresponding to the mean latitude of the 
triangle which need uot be know11 wit11 greater accuracy than the nearest 5'. 

EXAMPLE.-TO find the Spherical Excess of a triangle whose area is 645 square 
miles in mean latitude of 26'. 

For area of 500 square miles . .. Spherical Excess = GU.60 

For area of 545 square miles ... Spherical Excess = 7.20. 

Therefore 

Spherical Excevs of the triangle = 7".2. 

* The table is further useful in readily cslculnting with fair approximation the effect of neglecting 
spl~ericnl cxcees in a triangulation of some mugnitude. 

811p1)0@0 thnL a tr~nnpulntion of nn nwropo width of 5 miles proceedr, at any azin~ut l~,  for a distanre of 
200 miles, then the spher~cal ercoss npplicnblc 1s 13" of \rhich one half or s n j  7" may be apyhed to each flank. 

Tho eon~put~ations bcing made with plane nngles ail1 give erroneous mlnes of tho azimuth of tho termi- 

nal side. that obt~iocd from tbc ] fluuk bring too 1 by l~nlf lhr  rplrerical exreu (= 7'7, while 
the differeueo in lalitudes and long~ludes will depend on the direction in which the ecries rum. 

1st.-For n Meridionnl Sories. 

The latitudoa of tho two oxtremities of the torminal side will be insensibly affected. 

Tho longitude of the [ ~ , " ~ ~ ~ ~ n  j e=tremit,y r i l l  be ( t ~ O ~ ~ $ )  b y the eubtenae of a t  200 a 
miles, i.8. by 17+ foct or OU.19. 

Zd-For  a Longitudinal Beriea. 

The longitudes of the two ertremitios would be pwctically unaffected. 

The latitude of Lho ( ~ ~ 1 ~ ~ ~ ~ ~  ] extremity would be [ i::::) by tho ~ u b k m e  of f at OW 
miles, d.8. by 17) foot or 01'.17. 

3rd.-For a eerie0 in a direction whoso azimuth ia A. 

In  t,his cme, for moll oxlremit,y of t,ho terminal sido the subtenseof 17) feet will be divided up be- 
bwcel~ 1110 lalitudr and longitudo in tho proportion of siu A : COB A. 

It nlust nlso be nolrd that if tho lengthof the tcrminnl s ~ d e  were rompr~ted from the latitudes and 
loug~ludee, rt would be 35 foet ln dufuct of that glren by the tr~angular calculn~~ons. 
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TABLE V.-Reciprocals of Numbers to facilitate the Coinputation of Weights of 
Observed Angles. 

This table hns been prepared for use in the calculztion of 'weights of observed 
angles' n l~ich  are ewploycd in the reduction of geodetical figures by the 'method of 
least squares'. 

The table 118s been so constructed that each number in the second column is 
the recipl-ocal, to two places of decimals, of all quantities between the correspouding 
upper and lower numbers in tlie first column. 

Thus the reciprocal of 8 -000 being - 125 

J J  J J  7.407 ,, -135 

J J  J J 6.897 ,, -145 

any number between 8.000 and 7.407 has a reciprocal between .125 and .I35 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 facililating the Computation of Terrestrial Latitudes, 
Longitudes and Reverse Azirnuthe. 

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

The fomula on aluch the celculations aro based are duo to Puisennt and aro demonstrated in tho 
" Mcwurcment of the Neridional Arc of India, 1M7" by Colonel Ererest bnd also in Vol. I1 of the Accotrnl 
of the Operatiom of the f3. T. Survey of India. 

Suppose that A and B are two stations m d  that the latitude and longitude 
of A and the azimuth of B from A are given, together wit11 the distance at thc mean sca 
level between the two stations, and it is required to compute the latitude and longitude 
of B and the azimuth of A from B. 

We have given :- 

A = lntitude of A, 

L = longitude of A, 

A = azimuth of B from A measured from 9. by W. round tho horizon, 

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

L' = longitude of B, 

B = azimnth of A from B memured in the ssme way, 

If me put 

I t  will be seen that we require thc differences 

AX, At and AA. 
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each of which consists of foul. parts :- 

81 A, SO A, 63 A, 6 4  X, 

The forrnulm for AA,  AL aud A A  ne given in Vol. I1 of the Account of the Opwotiot~a 4c., pages l l G  to 
118, are as follo~ss :- 

--- I ' sin2A tan A cosec 1" 
1 . 2  p. v 

A A = in ecconds of arc 
---- ' el c o a l ~  sin2A coeec 1" 

4 p . v  1 - e 2  

f c sin A 

I - ; cosec 1" 

seconds 

1 c1 sin 2 A tnn A cosec - -  
1 . 2 v 2  cosA 

I Z (1 + 3 tana A) sin 2 A toe A cOOeo -- 
1 . 2 . 3  $ COB A 

1 2 2 sin3 A tonP A coeeo 
1 . 3  7 COB A 

- 2 sin A tan A cosoo 1" I 
+ + $ (1 + 2 h n 2 ~  + K) 8in2Acosecl"  

A A = in eeconds of arc 
2 6 - ;i (x + ton9 A ) 3  in 2 A COB A eoseo 1" 

2 

where p is t,he radios of currn.turo of tho meridian and v tho normal terminated by the minor axie, both at A, 
snd e the eccentricity oE the ellipso.' 

I n  theso formulm put, 

coscc 1" P =- Q - ' .  ~ - 2 . g e c ~ P ;  T =  ( 2 t d , \ + E )  EEE!2. 
P 

v '  B--. 
2 ~ '  P 2 '  

1 2 (1 - rP) _ sin A con A v 9 eq u = ($ + tan2A) sec9h coscc A I- -. VP 3ea ' p me'; 
(2 tau8 A + Y ,  

P 

6 - + Ian9 A 
1 1  - + - tan9 A 

1 
6 6 2 

- + tan= A 

sin A t  2 tan9 A sec A p cot A Y ; y = 
2 w-- 1 X =  6 P ten A sec A ' + A 7 ; z = 

- + tang A 
3 

- + tan9 A 
G 

The above valuos of AA, A L, and A A sro only the flmt thrce t a m  of infinite series in which each 
oE them may be expsndod. Tho magnit,udra of tho ucglectrd terms depend on c and A. Tn the operations of 
this 011wny o rtoonrgen about. 30 ruilcs in hilly tracts snd 11 milos in tbo plains : a very few of the eides of 
principal triangles exceed GO milos hut not ono is as great as 70 miles: tho latitude h mugen in the Table? 

from 0" to W. If thou a c  take c - 70 milon and A - 40" and compute the maximum values of the tcrms in 

(from the formiilm FLU given in Pol. 11, nge 119) wo find that they and tho azimr~ths on wllicli t,hey oocur a m  
M-folloas :-in AA, O"902.1 on ozimutft W 26'; in A L, W.0079 on azimuth S0S0';  in AA, 0".0087 on aLi- 
muth 24" 21', whioh me within the limits af innLrumcnlal enore. 
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The terms S1 X, kc., S1 L, &c., 6, A, kc., assume the forms :- 

which are the expressions ueed in the form for computation. I t  will be noticed that 
by this method tlie terms are found consecutively each from the precediug one. The 
proper signs to be given to the quantities will be found in Table VII. 

Each of the quantities P, Q is given in logarithms to 7 places of decimals 

I for every 10' of 
JJ ,, R, S, T J J  6 ,, ,, latitude from 

O0 to 40'. 
I, J, U,VJW, x,y,z J, 3 ,, ,, 

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

EXAMPLE.-TO find P for latitude 24O 8' 3".723 or 24' 8l.662 
- 

From the table, P for 24' 0' - - 3.9959792 

Tab. difference for 10' = - 94 
Therefore ,, 8'-062 = - 8.062 x 9.4 = - 76 

Therefore P for 24' 8' 3". 723 = 3.9959716 

The otber quantities must be treated ill a similar nay. 

To illustrate the use of this table we will now give examples of computations of 
latitude, longitude and reverse azimuth both of a principal and of a seco~ldary station. 

EXAMPLE 1.-Principal Triangulation. Given 

0 1 11 0 ' I/ 

Latitude of Bhaorksa = 21 8 3.728, of PQrdho = 24 16 17.867 

Btationa. 

Bhaor4sa H.S. . . . . . . 
PQrdho 11,s. . . . ... 

Handiaphro 11.9. . . . . . . 

Longitude ,, = 78 3 7.913, 1 )  = 77 48 40.557 

0 ,  W 

AzimuthoE Haudiapbroat Bl~aorha  = 178 18 53.888 

Bpherical Angles. 

0 8 11 

56 22 7,472 

69 8 3.472 

64 29 51.076 

To find the latitude and longitude of Handiapkro and the azimuths of BhaorBss 
and PBrdho at HandiapLro. 

Log Bides opposite Angles. 

Fret. 
4 -  9853089 

5 -0355039 

4.9755350 
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COXPUTATION OF LATITUDEB, LONQITUDES AND AZIMGTHS OF PBWCIPAL STATIONB. 

Stn. A, Bl~aorisa H.9. 8 tn .  B, Hnndispbro lT.8. 

,, = 2.b~ 8' 3,1.728 A - 1780 16' 53".888 

L = 78 3 7 .913 Log c = 5.0354039 

Stn. A ,  PJrdl~o H.8 .  8 tn .  B, ~ a n d i a ~ d r o  n.9. 
A = 24" 16' 17".867 A = 232" 39' 4i1'.353 

L = 77 48 40 .557 Log c = 4.9883089 

P 3.9959716 
COB A i.9998009 
c 5.0354039 

P 3'9959639 
cos A i.7~2~307 
c 4'9853089 

A =  24 8 3.728 
AA = + 17 58.404 
A' = 241 25 58'132 

A = 24 16 17'867 
A A = + 9 40.264 -- -- 

A1=24 25 58.131 

(8, A) 3.0311764 + 1074.4257 -- 
Q 1.9976898 
Sech 0.0397247 
Tan A 5.4813174 

(FI  A) 2.7611035 -- 
+ 580.0028 

.. 
Q 1.9975950 L = 77 48 40'557 
SecA 0'0401924 A L =  + 13 51'80; 
Tan A 0.1175821 L ' = F ~  2 32.364 

(8, L) 2'9194730 + 830'7551 - - 
Bill A 1.6139084 1 
(8, A) 2'5333814 + 341.4927 

It 
SiuA i.90041 A A =  + 5 42'992 

c 

(8,A) T.70061 - . 6301 

cot A i.8~212 

(6, L )  0'02095 + 1.0492 

T 0.15458 1 
-. 

(8, A) 0.17543 + 1.4077 

V 3.728 
C O ~ A  i.8~2 

(6, A )  8.786 - .0061 

U 6.870 
Sin A 7.900 
c 4.085 

-~ (8, - L) 5.540 + .0035 

1v 1.000 1 
-- 

+ '0028 (8, A)  8 . u o  -- - 
Y 1,762 
Tail A 0' 118 

(8, A) 2.320 - '0021 

Y 1.460 
l'nn A 0'118 I 
(8,L) z .878  - ' 0008 

X 0.153 1 
(8, A) 3'031 '0011 

1 Ijsduced Station 8, llnndisp,6m H.9. 

. 

L =  78 3 7.913 
AL= - 35.540 
L' = 78 2 32.364 

FixodRtntloo 
A. 

I'rirrllln U.8. 

Illti~t~rkpn ) 
H.B. ) 

M , , ~ , ~  

(8, L)  1.5498083 - 35.4667 

SinA 1,6115937 - 1 
(8, A )  1.1614020 - 14'6011 

LrtlLude. 

.,. 

... 

I3 8.38051 
Sin A 5.48112 
c 5,03540 

r + A = 358 15 53.8SY 
AA = - 14.619 

B = 358 15 3!).269 

Lougitudo. 

... 

... 

Azimuth. 

0 # ,, 
62 45 30.345 

'345 

... ... 

(8, A)  3.05843 - .OOll 

cot a 0'33835 1.61tXs 1 
(8, L) 5.91546 - '0823 -- 
T 0.15624 1 
(8, A) 1.07 170 - .llSO 

- 
V 3.728 I cot  A 1,519 

(4 A )  2.319 - .0208 

U (i.869 
Sin A 5 . 4 ~ 1  
c 5,035 

(8, L) 4.704 - - .0005 

w i.899 1 
.. .- - 

(8, A) 4.603 - - .- ,0004 

I x 1.762 
Tat1 A z.4~1 

-. -~ -. - 

(6, A )  3.847 - .OOOO 
- 

Y 1.486 - 
l'an A 2 ,481 

~. .- -- - 
(8, L)  g.764 
.. - --- + '0000 

7, 0.154 I - - - 

(8, A) 8.918 + .0000 

62 45 30,345 

Fired Stntiou 
A. 

D:ri.hsn 
Pnrdlro 11 Y. 

Mean 

1)cclorcd Stntiou 8, IIoudinphra 11,s. 
-- 

Lntittade. 
-- 

O I n  

24 26 68.132 

'131 

24 25 58.132 

l.ougit~tdc. 

o , , ,  

78 2 32364 

'364 

78 2 82.365 

Aeimttt,b. 
-- 

0 t ,I 

858 16 39.260 

.261, 
-- 

858 15 39-26!, 
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EXAMPLE 2.-Secondary Triangulation. Given :- 

0 1  N 0 ,  N 

Latitude of Shadau s. = 33 3 34.03, of I la l in i  s. = 32 7 22.66 

Longitude ,, ,, = 71 3 29.80, ,, ,, = 71 15 46-72 
0 1 11 

Azimuth of KingrMli h.s. at Shadau s. = 187 2 0 

,I ,) ,, MalSIni ,, = 126 54 15 

Log Sidee opposito ~ n ~ i k s .  

Feet. 
4.8399742 

4'8135035 

4' 8200939 

Stations. 

Shad~u E. ... ... 
Mnliui ,, ... ... 

Kingriili h.s. ... ... 

To find the latitude and longitude of Kingrifili h.s. and the azimuths of 
Shndau s. and MalAni s. at Kingrilili h.s. 

Angles. 

O , 11 

62 53 15  

56 52 30 

60 14 15  

COMPUTAT~ON O F  LATITUDES, LONGITUDEE A i i  AZIMUTHS OF SECOXDAIIY STATIONS. 

61n. A ,  Sl~adau s. 8tn. B, Kingriili 11.8. Stn. A ,  Molini s. Stn. B, King&~li 11.9. 

A = 32" 3' 3J".03 A = 187" 2' ON A = 32' 7' 22".66 A - 12G0 54' 15" 

L - 71 3 20 .80 Log c = 4.8135033 L = 71 15 44 .72 Log c = 4'8399742 

- 
P 2.0!)5.1.755 A =  32 3 3 4 . 0 3  P 3.9954712 A =  32 7 2 2 . 6 6  
Cos A r.9067196 AX = + 10 39.28 Cos A T.7784974 AA = + 6 50.64 

- - .- - - . - .- -. -- 
c 4'81350:35 A'= 82 14 13.31 c 4.8390742 A' = 32 14 18.30 -- 
(8, A) 2 '8058996 

- + 639.291 (L$ A) 2.6139428 + 411.096 - 

-- 
(6, L) 1 .0GCi'iOtc3 + 92.621 (6,L) 2.80H4273 - 
- - 

643.320 
..... 

Pill A i.7240301 ( 
. - . - -. . - - - - Sin X 1.7250978 1 -- 

(fi, A) 1~6016384 + 49.2 (8, A) 2.5341251 - 
- . . 

342.1 

It G.38002 * + A =  7 2 0 
SimA i'0tci95 A d =  + 49 - - . - - -- -. . - -- 
c 4,81950 B =  7 2 4 9  c 4 ' 8.3097 

(8, A) H.gi3i i  - '009 (8,A) i .65701 - -- .454 

Cot A 0.90877 
..... ................ c o t  A i 0.37112 . H ~ X O  1 

(6, L) 1.25270 + ,179 (8, L) 1.00373 - 
------ -801 
T 0.09301 1 -- -- -. . T 0.08258 1 

. 

(S2  A)  i . a % i i  + . 2  (8, A )  i.as6.71 - 1.0 

RESULTS OP T H E  FOREGOING COMPUTATION. 
Mean Latitude of Kingribli h.a. ... ... = 32°14'13"~31 

... ,, Lougitude of ,, )J . . .  = 71 6 2 -60 
- ,, Azimuth at Ki11gri4li h.s. of Shadau a. ... - 7 2 48 

J J  1 )  JI  , of Ma11i  ,, . = 306 48 33 
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TABLE VI1.-Directions for applying the Signs to the Terms of the Latitude, 
Longitude and Azimuth Formule. 

This table is t o  be used i n  conjunction with the preceding one and gives the 
proper signs to be applied to  the terms 6,a, kc., 6,L, &c., and 6,A, &c., in the com- 
putatious of Latitude, Longitude and Reverse Azimuths. 

TABLE VII1.-For Calculating Azimuths and Distances of Points of which the 
Latitudes and Longitudes nre known. 

When the latitudes and longitudes of two Stations A and B are known and 
we require the distance between them and the azimuth of each station at  the other, 
this table is to bc used for finding the quantities R', S', T', U', V', W', X', Y', Z' em- 
ployed in the forms for calculation. 

The formula! on which the calculations are baaed are those giren under Tablo VI, and the treatment is 
as follows :- 

Taking tho formulae for Ah, AL, and AA and remembering that 

6, A = - cos A coeec 1" 
P 

c sin A 
6, L = - - - cosec 1" 

v coa A 

we get by eliminating A from each t o m  in succeseion 

A A = in seconds of arc of Table VI, pogo 16. 
- V' a, A) 

- X'6,An1L2 J + 6,A 

A L  = in soconds of arc 
+ O' 6, ha 6, L 

I, 

+ 6,L 

+ sin A 8, L 

A 9  = in seconds of arc 
+ W' 8, h1 6, L 

(- 2' 6, L3 J 1: ::: 
allern R', 6', T', &c., havo tho following rnluce :- 

R' = -Y- sin 2 A sin 1"; 
4? 

8' - tan A sin 1" ; ! I ? ' = - -  ( 1 +  ~ t a n % ) C o s h s i o 1 " ;  

1 1 
X' = (2 - COB 2 A) sin' 1" ; y' = - A 1" ; 1 

3 Z' = - 12 sin A (8-con 2 A )  sin9 1". 

It. blii~s nppcnrs Illat 6, A and 6, L aro found by the first ynir of qnations, and then AA and A L  depend 
only on ~IIPSO and tho qoanlitios givun in tho (able ; and A A  only ncods in nddition sin A. 

A p i n  in 1110 rcvcnrcr proccss, if Ax nnd A L am givon, we hare tho Srd nnd 4th equatione for Gnding 6, A 
and 6, L and thou tho first pair of nquetions will give A and c ;  and A d  will be found os bofore. 
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The differences AA, A L  and A d  in the explana1.ion to Table VI may be computed as f o l l o ~ s  :- 

Non.-8oma elight abbreviation may be introduced into this calc~ilation by employing P from Table 
1 1 VI for -cosec 1" and tho co-log fro111 Table XXVII for ; sec A coaec 1". 
P 

Station A, Bhaor6ea E.8. Btation B, Handinpiro H.S. 

A - 5b" 8' 3".728 A = 17$ 15' 53".888 

L = 78 3 7 .913 Log c = 6.0354039 

I t  remnins ncrw to explain how, having given M and AL, we can obtain el A and 8, L ,  the quantities 
required for Bnding A, c nnd AA.  

We have 

. . . . . . . . .  AA - E l h -  R ' 6 1 L Z - V ' 8 1 A 2 - B ' 6 1 ~ 6 1 L ~ ,  (1) 

Ein A = 1.6115937 
8, L = 1.54!)8083 

6, A - 1.1614020= -145011 

T' = 8.49072 
A -3 .03118 
6, L - 1,54981 - 
6, A = 1.07171 = - ,1180 

W' =12-092 
6, A' = 6'062 
6, L = 1.550 - 
d3 A = 3,604 = - -0004 

- 
2' =12.272 
6, L a  = 4.649 - 
6, A = 8.921 = 'OOOO 

, 
ad = -146195 . . . . .  

- 

c = 5'0354039 
Cos A = 1.9998009 
1 - = 06815465 
P 

cosec l"=  5'3144251 
N 

6, A - 3-0311764- + 1079.4257 

R' = 7.95882 
I, L' = 39'9962 

6 2 A  - 3 .0584  - - .OOll 

V' - 8258 
6, A' = 6.062 - 
8jA - 2.318 - - '0208 

X' = E 7 1 8  
8 A - 3031 
8, u = 3,100 - 
A = 8,849 = 'ooo0 

" 
AA . . . . .  = +lo744038 

-17' 6s".JOYtl 

and the terms involving U', V', X', Y' are VET small compared with tbooe involring R', 8'; therefore, omitting 
the lsat two terms of A A  and putting AL for 6, L, we gel n~ s firs1 approximation 

c = 5.0354039 
Sin A = 2.4811183 
Sec A = 0'0397247 

- = 8.6791363 

cosec 1" - 6'3 14.4251 ,, 
4 L = 1.5498083 - -35'4657 

0' = 0.33548 
6,A = 3'03118 
1, L = 154981 

6, L = 2.91547 = - '0823 

- 
U' =11'091 
6 A - 6'062 
6 L = 1'550 - 
E3 L = $706 = - '0005 

- 
Y' -12.117 
6, La = 4649 - 
64 L = 8.766 = '0000 

AL . . . . .  = -35.5485 

Substitute thin for 1, A in (2) and we get 

allere we have put AL' for 81 LP  in the lnat term, w 'ch wc may safely do conmidoring the magnitude of Y'. b 
Rvtllrning now to (1) end putting dl b for 6, A in the third and fourth toma, we gel n Inore accurate 

rslue of dl A, nz., 

I n  the prertirol npplication of thrsc,fomnle it  will be suffirirnt to ilnr 6 plsrrm of dccimsla of lnga~ithms 
in the tenna invulring R , 8', T'. nlid 3 plncen ill tho tern# i n ~ o l v i n ~  U', I", W'. X', T', Z'. IIencr in t l ~ e  grrat 
majority of m e a  the rsll~cs of b1 h ant1 6, L. ohtainrrl from mjllntions (5) nnd (4) will he an nrrurnle na ran 
be dcmirrd : nnd t,his nrcurnry cnn he trstcd hv ronlparing 8 ,  A from (6)  wit11 6, ho ~asttd in ( I ) ,  ancl 8 ,  L from 
(4) with AL onlployed in (I), sud sl~ould the d8croncce be sensible another ayproxi~natioll can be made. 
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The method just described is applicable to principal trinngulat~ion where great nccnmcy in required. 
In tho case oE sacondarg triangulation and for topograplucal purposes wo mug neglect the last two Lerma in 
each of the equutions (1) and (2). 

W e  shall Lhen have . . . . . . . . . . . . . . .  6 , ~  = Ah + RIAL=, (6) 

I f  nrcesmrg we can further upproximate by using this ralue of b,L for AL in (6) and the new value of 8,  A 
in (7), but this will rnrcly be required. 

Hnring now obtained 6,A and 6,L KO find A and c from t.he formule :- 

I, A = - 4- cos A cosec I", 
P 

c sin d 6 , L =  - 
v COB A 

cosw 1 u . j  

c = - 6,A sec A f sin 1"; 

and finallj AA mill be found hs before. . 

The signs of 6 1 ~  and 1,L will define the quadrant in which A lies ; see Table TII. 

The quantities R', S', T' are given in logs t o  5 places and U', V', W', X', Y', Z' to 
3 places of decimals, t l ~ e  former for every 10' and the latter for every lo of latitude 
from 0' to 40". 

The method of computing will theu be as follows :- 

1st. Principal Triangulation :- 

Subtract the latitude and longitude of A from those of B, and me get AX 
and AL wit11 their proper signs. 

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

and find t l ~ e  quantity a from the formula 

a = 1 + S' SIX, + U' SIX,,' - Y' ALS; 

then 

SIL = AL - a, 

and 

S I X  = AX + R' S,La + V' 4 ~ , 2  + XI SIXa  8,LB. 

T%'ith these values of S I X  and 8,L find A, c and AA from the equations :- 

Elk cot A = Q sec X - 
6,L ' 

and 

AA = sin x S ,L + T* S ,X  S,L + W. S , X ~  S,L - Z' S,LS, J 
i n  rh ich  P and Q are obtained from Table VI. 

The ~ i g n s  of S,X  and 8,L will determine in which quadrant A lies according 
to Table VlI .  
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E ~ M P L E .  

Station A, Pirdho. Station B, Handiapiro. 

h = 24' 16' 17".867 h = 24' 25' 68".132 

L = 77 48 40 ,557 L = 78 2 32 -364 

To find A, c and B. 

Plus or mint18 ns the case maJ he. 

0 1 N 

Station A, A 24 16 17.867 

1, BI A 24 25 58'132 

B -A, Ax + 9 40,265 

Logarithms. Nut .  Nos.  
I 

A A *+ 580.265 
R 'T.96066 
AL9 6 ' 84005 - + .632 1.80071 

+ 580.897 4 A 4  

1'000000 
8' g.33727 

2,76410 - 
3.101 37 *+ '001263 
- 

U' 11.006 
4x0~ 5,528 - 

6.624 - + '000004 
Y' 12'122 
A D  5.840 - 

7.962 - '000001 
Q 0.0005494 + 1.001266 
A L  2 ' 9200225 
S,L=AL-u 2'9194731 

A A ++ 580.2G5 
R' 7.96066 
6, LJ G.8:3895 

ZZkrl + .6309 
V ' 6.258 
4Lg 5'525 - 

3.786 
-- + ,0061 

X' 12.719 
2.764 6,Ao 

6, LZ 5.839 -- 
3.322 *+ .OO21 

I,X + 680.9036 

f TLL term in + when 8,L ia -, and - a h c n  6,L is +. 

0 1 '1 

L 77 48 40.557 

L 78 2 32'364 

A L  + 13 61,807 

Logarithms. 
- 

$ec A 1 '9976950 
0.0401924 

$,A 2.7641041 - 
Co-log 6, L 3.0805269 - 
Cot A 1.8924184 

+A = 232' 39' 47". 233 

61A 2.7641041 
Co-logP 2~0010361 
Sec A 0.2171690 

c 4.9853092 

N u t .  Nos.  
4L 2 '9191731 
Sin A 1'6139084 I 

2'5.338815 ++ 341'4928 ---- 
T1 6'49185 

- 

61A 2,76410 
61L 2.91947 

0'17542 "+ 1.4977 
TV ' 12.996 
8,Aa 5.528 
81L 2.919 - 

3,413 * + a 0028 
Z' 12 275 
6,L3 8.759 -- 

3.033 $- .00ll 
.- 

A A + 342.9022 

0 I t, 

r + A = 52 30 47.233 
A A =  + 6 42.092 

B = 52 45 30.225 
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2nd. Secondary Triangulation :- 

In this case it is sufficient to take 

6,h = Ah + R' Ah2, 

with these fiud A and c as on page 21, aud then 

AA = 6,A + S,A, 

where 6,A = sin X 6,L, and 6,A = T' s1k 6,L. 

Station A, Shadau s. 
0 1 11 

A 32 3 34.03 

Station B, Kingrikli h.8. 

0 1 n  

X 32 14 13.31 

To fi~id A, c and B. 

Statiou A Shadau 0. 

,, B Kiugriili h s. 

0 1 n 

A, 32 3 34.03 
A, 32 14 13'31 
LA 71 329'80 
L,  71 5 2.60 

A, - A, = AX + 10 30'28 
L,  - LA= AL + 1 32.80 

R' 6.03069 ' " ( AL2 3-93510 1 ( R'AD 3.97419 
fi,A 

S,A 2.8056972 
Q i.9979206 

Sec A - 0'0718614 

A Co-log S,L 2.0332896 

Sum=CotA 0'9087686 

+A 187' 2' 0".2 

6,A 2'8056972 
Co-log P 2'0045245 

Sec A 0' 0032804 

Sum = c 4'8135021 

- 
Sin A 1'7249301 + 0'009 6,L 1,9667106 

AX + 639'28 
Sum = 6,A 1.6916407 

[ f i  Sum = 6,A + 639'299 
T' 6.56330 

S' 6.48029 6,A 2'80570 
8,A 2'80570 S,L 1'9GGil 

sf 6 , ~  3.28599 B .  Sum = 8, A 1.33571 
0 1 1 

49.2 
8,A + 0'2 

49.4 
n + d  7 2  0'2 

( B = n + A + A A  7 2 49.6 

SIL* 
' { 1 + 811$A 

+ 0'00193 
z z  1.00193 

,, ( 0 )  0.0008374 
A L ( h )  1 '9675E80 

( )  - ( )  ] 1'96GilOG = 8, L 
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TABLE 1X.-Comnpulation of Heights.-Reduction of Log. Distance ivr Feet between 
two Stations A and B to reduce to the Level of Station A. 

I n  the computation of the difference of height of two stations i t  is necessary to 
find the distance between them at the level of the station whose height is known. 

Thc sides of the triaugles are the distances a t  the level of the sea, and this table 
gives the corrections in tlie 7th place to be added to their logarithms so as to get the 
values at any required height. 

Tlle correclion ia dotermined ea follours :- 

Let c = length of side nt t,he sen level, 

c' = ,, at l~eight of station A, 

h  = hcight of A above sea lmel, 

R = radiua of earth, 

Therefore 

R + h  2 
log c' = log c + log -- , end R is taken eqltal to Lu, see pege 12 of explanation of Tnblo 111. R P + U  

Enrpm.-Let h  - 1000 feet in lntilude 20'. 

From Table I1 . . . . p = 20808279'7 . . . . . . log p - 7.318236178 

,, I . . . . u 3 20931059.7 . . . . . . log u - 7.320791216 

log 2 = 0.301029996 

log 2 p u = 14.96005739 
- 

p + u = 41739339.4 . . . . log p + v = 7.62064557 

R - 90869489'2 . . . . . . l ogR = 7.31951182 
- 

R + h = 20870480.a . . . log R + h  - 7.31953263 

no that tho correction to the 7th place of logs = 208.1 ne in tho tnblc. 

The tahle gives the correction for every thousand feet from one to ten, and for 
each degree of latitude from 0' to 4.0'. 

For other heights and latitudes the correction must be found by interpolation. 

EXAMPLE.-TO find the log distance in feet between A and B iu lat. 30' when 
the height of A is 6,679 feet above sea level. 

From the table the correction for 5,000 feet is 1039'6 

91 1) 9 1, 1.9 

Therefore the correction for 5,679 fect ia 1181 

Thus if the log distance between A and B at sea level = 4.9826066 
- 

Then the log dist~nce bctween A and B at level of A = 4,9827237 
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If  the difference oE hcigllt between A and B is less t h ~ n  5,000 feet, five-placc 
logarithms are sufficient. I n  this case the small table at  the foot of the page, which 
is the same for all latitudes, may be employed. 

EXAMPLE.-TO find the log distance in feet between A and B when the height 
of A is 4679 feet above sea level. 

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

J J J J  79 ,J O 
- 

Therefore the correction for 4,679 feet is 9 

Thus if the log distance between A and B a t  sea level = 4'67015 

Then the log distance between A and B a t  level of A = 8.67024 

TABLE X.-Compr~tation of Heights.-For converting Geodetic Distance in Miles illto 
Seco?zds of Co?tlaiszed Arc. 

In the comprltatiori of difference of I~eight it  is necessary for the calculation of 
terrestrial refraction to convert the distance 1)etaeen thc two s t a t i o ~ ~ s  into Secolrcl* of 
C o ~ r t a i ~ ~ e t l  Arc, a11d this table is to I)e used for tlre purpose when the distal~ce is given 
ilk miles. 

Seconda of Contained Arc are determined as follows :- 

Let c - the distance in milea, 

and c" = the correslionding contained nrc in seronda 1 

then c" = c x 5280 x - CoQPc In 
rod1118 in fcct' 

and the radius ia token = " 8  in Table 111, pago 12. 
F + "  

log 52800 = 4.5226339 

log conec 1" -. 5,314,4251 
-- - 

e l m  = 10.0370590 

log radius - 7.3195118, scc pnge 24. 
- -- 

log c" = 2.717Gli3 

Thcrrforr the conlnined arc or c" - 521".0 na in lllc table. 

The tnldr gives the Containrd Arc ill second3 for geodetic distnnccs ~ ~ a n g i n g  in 
length from 10 miles to !)O miles, for enclr degree of la t i t~idr  from 0" to 40°, atit1 also 
for two places of tlcci~nals OF a mile, the latter part of tlre table b e i ~ ~ g  i i idcpcnde~~t  of 
t11e latitude. 

EXAMPLE.-TO convcrt 4,2- 5R miles ill latitude 2 4 * O  into Seconds of Contained Arc. 

C 

From the upper table, 40 miles = 2086.7 

J J J J  J J  2 = 105.3 

,, lower ,, ..58 = 30.3 

Tllercfore tlic Contailicd Arc in  Scconds = 222 1 - 3 
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TABLE XI.-Computation of Heights.-For converting Geodetic Distance in Feet 
into Second8 of Contained Arc. 

This table is to be used instead of Table XI when the distance is given in feet. 

It is calculated ae follows :- 

Let c = distance in feet; 

then, from the lset table, we h e ~ e  for latitude 20' 

log c" - log c + 6.9949133 ; 

therefore 

1000 x 0.116 in tebulated. The quantity - 
The table is constructed for geodetic distances in feet reckoned from 1000 feet 

to 9000 feet for each degree of latitude from O0 to 40') but a sufficie~~t number of 
decimal places is given to admit of its being used for distances up to 500,000 feet. 

To find the Contained Arc proceed by the following rule :- 

RVLE.-Divide t l ~ e  number of feet in the geodetic distance by 100 and diminish 
the quotient by the quantity in the table corresponding to the number of feet reckoned 
by thousands and the result gives the number of Seconds of Contained Arc. 

EXAMPLE.-TO convert 224,822 feet in latitude 24' into Seco~~ds  of Contained h c .  

224,822 feet = 225,000 feet approximately. 
II 

For 200,000 feet the table gives - 23.9 

5,000 #I 1, 1, - 0.6  

Therefore for 225,000 ,, 1, 1, - 2 6 . 9  

224,822 divided by 100 = 2248.2 

Therefore the Contained Arc in Seconds = 2221.3 

TABLE XI1.-Computation of Heights.-Log. Secant of Obaerved Angle at Station 0. 

The formuls for computntion of Difference of Height and of Terrestrial Refmetion between two stations 
&re doduccd as folloae :-(see Accou~rt o f  the Operatrolw of  the Great Tmgonometrical Sumey of  India, Vol. 11). 

Let A and 8 he two stations at which reciprocal vertical obse~a t ions  have been 
taken, the height of A above see level being kuown it is required to find that of 8. 

Let H = the height of A in feet, 

H + h =  11 8 I, 

c = the distance between the normals of A and B at the level of the aea, 

c' = 
I1 I> I1 I 1  ,I of A, 

obtained with the aid of Table I X .  

Also let r = the chord of the arc d, 

B - the mesa radius of curvsture; 

then 
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Now 

Therefore 

or neglecting the third term which is inappreciable, 181, in principal triangulation on account of the smsll- 
noes of the aide, Znd, im high secondary points or distant snow p e a b  in comparison with the uncertainty in 
refraction ;- 

Let Dl and D, be the vertical angles, both assumed to be depretsions, which would be obsened a t  A end 
B if there wau no refraction and the heights of the sigllel and instrument were equal; 

then 

also let 

then 

But 

= sin i (h - Dl) 
cos D, 

3 C' sin & (D, - Dl) BBC DI. 

Let &, ib = the heights in feet of tile i~~strumente at A and B respectively, 

ga, 9b = J )  ,J siguale I J J I  

r,,, 7 6  = the refractious in the vertical angles at  A and B respectively, 
assumed to be the same and = r" 

Da , Db = the observed vertical angles at A and B respectively, both assunled 
to be depressions, 

8' = tho subtendod angle, that is the angle a t  A between the lino joining A and B and 
Lhe chord r ,  

h = c' sin 8' sec D, . 
D, - Db + v, + g !  

c' sin 1" ' 

D, = D, + ra + !'=A; 
c' am 1" 

therefore if we take r, - rb - r", we get 

and neglecting insignificant qunntities, 
8 h = c' sin 4 (Db - D,) sec Db + - ; 
2 

or if S is put for 4 (Db - D.) 

8 h = c' sill S sec Db + - . 
2 

It will he seen from the form~ila for h that the sec Db is required, and it is the 
logarithm of this which is given in Table XlI .  T l ~ e  log secant is rejectaueous if tile 
allglo is lese tlla~l 16' 26", while it is seldom greater thau 2v 7' : the table has accord- 
ingly been given witlliu these limits. 

To oalculate the refmetion, 

o" 3 the oontainod arc in soconde, 

c" = Dl + D,, 

- D, + Db + ar"- i" - - 9 a  + i b  - g b  
c' ein I" 

Put 

slid 

tlren r'' = t { C* - (Da + D*) ) f p*. 
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Tf either of the observed angles a t  A or B is an elevation - E, or  - Ea must 
be substituted for D, or Db. 

As the difference of height is only required to  the nearest foot, i t  will he sufficient 
to  take S to  the nearest 0.1 foot, while y need only be kept t o  the nearest 0.5 foot. 

TABLE XII1.-Computation o f  Heiclhls.-For oblninin.9 the Quanti ty /3" in the 
for~nula  for  jnding the Terrestrial  Hejraclion. 

The coefficient of refraction hetween the two s t a t i o ~ ~ s ,  a t  n l ~ i c h  reciprocal verticals 
have been observed, is usually deduced a t  the sarue time as the difference of Iieigllt, the 
former b e i ~ ~ g  required ill the calculation of l~eights of snrroiintling poit~ts from which re- 
c iproc~l  observations Lave not been talten. The table gives /3" where, as i n  the preceding 
table, 

y feet. cosec 1" ,, - yfeet ,  cosec 1" - = 19".53 'Y 
- 2 c' feet 2 x 5280 (distance i n  miles) distnnce ill miles ' 

The table is constructed for values of y up  to 12 feet and for all distances likely 
to  be required; where the limits of the ttlble are excecded, f l  must be calc~ilated by the 
above formula. 

To  obtnin p" enter the table with the value of 7 nnd look under i t  for the 
number of miles representing tbe d i s t a ~ ~ c e  between the stations, a ~ ~ d  take the corre- 
sponding value of /3" giveti in  tlre 111argin. h;is the same as r. 

The following form has been atlopted for tlie computatiou of differences of 
height a i d  of refraction :- 

EXAMPLE l.-A~~gIcs a t  A and B both observed; height of A al~ove sea level 
2790.0, and log distance A to B a t  same level 5.13535 in mean lat. 26'. 

s 1 
'2 AetronomicslDsten 

Btntion. 

(1) 

5 
Q 
u 

l t  

ot Obscwrtion. 

10 Ih, n. 

m a 

u .3 0 

6 C, 

d 
0 

(2) 
-.~. . 

Dcc. 3 A Blllt . . . . II.8. 

Obsorved 

Ferlicnl Anglea. 

(3) 
- 

0 I N 

2 65 

,, 21 12 69 B Lhli . . . . ,, 

I i 

8 = + (D  - D) or ) ( D  + E). 
R = (D + D) or ) ( D  - E). 

(4) 

0 I ,I 

4 

4 

D = 0 42 2 .3  8 = 

E = 0 22 30.2 

Men~nrerl Heighls in Fret. 

i I 

R = 

Computer1 IIeigl~te in Iicet. 
- -- - 

4' Plnl form 

(8) 

I 
Y 

-- 

(7) 

6 

y 

1nntr11- : 
merit : Sigllnl 

or g. 

Or ' I-- 
- 

( 5 )  (6) 
-- 

25.87 i, 6 . 3  j g a  2 .8  

i, 6.3 i g, 2.7 

I 

3 
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Then S = KT-? = o0 32' 16.ff3 [enter this in the blank space for S i n  col. 4;] 
,d 

D - F  R = ---2 = 0 9 46 [ > J J J J )  

2 
H. ,, ;I 

6 = - 0.1; y = + 5 [enter these in the blank spaces for S and y in  col. 7;] 

also from Table X, c" = 1349" [ ,, this ,, space for c" in col. 11.1 

Now enter the fo l lowi~~g form :- 

When only one angle has been ol)served the following form is employed :- 

E a a ~ r ~ r r  2.-Angle at  A ouly observed. 

r! . - 
2 
? 
14 

From Table X, cM = 5333" [enter this i n  the 11ln11k space for c".] 

Corm. for height of A  (Table I X )  = 0,0000G 
Angle at  B (Table XII )  sec = 0.00001 
8 sin = 3.07252 

Geodetic distance A to  B in  feet = 5.13535 

a = 3'10704 

, 
/3" (from TableXIII) = 4 

- - IL" . . . . . . . -- 686 
% . . , . . . =  G75 

- 
- r" . . . . . . . - 93 

Enter in col. 12. 

Angle a t  B being less than that at A, a = - 1282.2 
8 - =- .1 
2 

Enter in col 8 B - A  =- 1282.3 
which addcd to heigl~t of A gives thc quantity to bc 

entered in col 9. 

A X e n a i  T.S. 

B ML. Evcrest 

Tl~stcad of cmployii~g tlle foregoing method of finding S we mny use either 
Table XIV or Table XV. 

9.'' 
Coeff. of refraction = = .068 

Enter in col. 13. 

0 I ,I 

E=2217 S =  

Now = C" - D, - 21.". 
0 I * -  

Cn - - . . . . . 1 3 s . V e  
- I).  = . . . . . + 2  2 17 

-- 

3 41 10 
- 2 ,." 

-- - 2 X 076 x 6933" = - 18 60 
-- 

1 h = .  . . . 2G 
l ) b  - n. 

S =  - -  = 2 4r4 19 
2 

Enter S in tho b1ar1k space prondctl 
for  It. 

L 

6 I t  will bc rioticed that wo add 6 to  a instcad of - - . The reason of thie is that 
2 

as mc only ol)scrvc one angle, and that from R Ileigl~t 6 abovc A, we get the difference of 
hcigl~t I)ct,wrrn B nntl A too ~ n l e l l  by thin quautity and must therefore add it  to the 
resr~lt to obtain the true difference of height. 

Mcnn Iat. = 27' 

Height of A  = 237 fect 
l . ~ ,  
- = ,075 
C" 

a 
Correction for lleight of A - - 0.0(~000 
A ~ ~ g l e  at B ('rahle 911) src = 0.0007S 
s nil1 = 2.67921 iD Ucodetic distance A  to B in fcet = 5.77bti8 

i ---- - 

t; a = 4,45865 
-- 

Angle s t  B being greater than that nt A, a = + 28751 
6 = +  6 

-- 
B - A  = + 2875G 
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TABLE XIV.-Computalion of Heights.-To facilitate Priding the Subtended Angle 
when only one angle has been observed and the Distance between Stations A 
and B is given in Feet. 

The table is constructed for coe5cients of refraction ranging from .00 to .5, 
for distances from 100 feet to 400,000 feet, atid for latitude 20°, the mean between the 
limits generally adopted in these tables; by means of it the subtended angle can be 
found at once when the diatance is given in feet and the coe5cient of refraction is 
known. 

The table gives a quantity, which may be called K, and from i t  the subtended 
angle S is found by subtracting depressions or adding elevations. 

The quantity K in obtained ss  follows, using the notation in Table XI1 :- 

Db - Do 8 = --- 
2 '  

Now rU = k c", where k iu the coefficient of refraction; 

tlierefore 
1 - 2k 8=(-- 

2 Da. 

But c' - c cosec lU; 
2~' 

I herefore 8 = -- - . - + ' . c cosec lW - D~ 
2 2pv 

= K - D 
EXAMPLB.-To find K when c = 10000 feet and k = .08 

log - + ' cosee 1" = 3.9949133 from Table XI as on page 25. 
~ P W  

1 - 2 k  - - '42 . . . . log = I .6232493 
2 

Rat. No. - 41.5 . . . log - 1.6181626 
Therefore K = 42" aa in the table. 

EXAMPLE.-TO find S when the coefficient of refraction is -07, the distance 
in  77,756 feet and the obeerved depression is O0 14' 35". 

It is eu5cient to keep the distance to the nearest 100 feet. 
0 1 11 

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

,, 700 ,, . . . . . - ,I - 3 

therefore ,, 77,700 ,, . . . . . K = 0 6 31 

Therefore S = K - D = 0 9 4 

If the observed vertical angle be an elevation of 4' 17", then 

8 = K + E = o0 9' 43". 
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TABLE XV.-Computation of Heights.-To facilitate finding the Subtended Angle 
when only one angle has been observed and the Distance between Stations A and B 
i s  given in Log. Feet. 

This table is designed to meet both variation of refraction and change of 
latitude, and at the same time it is only necessary to know the log distance in feet 
betweeu A and B. The range for the coefficie~~t of refraction is from .03  to '20, while 
the latitude is giveu for every 5' from O0 to 40'. 

1 - 2k  
2 

+ cotiec 1" of the preceding The quantity given in the table is the co-logarithm of - . - 
~ P V  

tsble. 

Taking the eurmple on the last page, &., k = -08, and latitude 20°, we get 

- + cosec 1" = 3.6188, log 7 . - 
2 f ' v  

therefore - + cosec 1" = 2.3818, co-log - . - 
2 2 P v 

which is the quantity in the table corresponding to the given conditione. 

I f  any refractiou between those given in the tahle is to be used, it will be 
sufficient to interpolate by simple proportion between the next lower and the next 
higher. 

As before we have 

To find K :- 

RULE.-Subtract the quantity in the table from the log distance in feet and 
look out the result iu the 4-place logarithms. T l ~ e  natural number corresponding is 
K iu eecouds of arc. 

E X A M P L E . - G ~ V ~ ~  log c = 4.8907 and D = 0' 14' 35", to find S in lat. 20° 
with a coefficient of refractiou = -07 

Log c = 4.8907 

Tabular No. = 2.3716 

therefore 

Log K = 2.5191 

TABLE XV1.-Computation of Heights.-Correction fw Curvature and Refraction i n  
determining Heights with the Clinometer. 

This table gives the correction, for curvature of the earth and for refraction, 
to the difference of height found I)y multiplying the distance in feet by the tangent of the 
augle of depreeeion or elevation obtaiued from the clinometer. I t  has been calculated 
with a radiue equal to the radius of curvature to the meridian in latitude 20' and with 
coefficicnte of refraction 0.10, 0.07 and 0.05. The correction ie only required to the 



32 EXPLANATION OF TABLES. 

nearest foot, and the table is so arranged as to give this by inspection for any distance 
up to 48,000 feet. 

The correction is found thus :- 

Let the tangent a t  A meet the normal a t  B in B; then if B' ia vertically below B a t  a height equsl 
lo that of A 

(d ia t an~e)~  
the correction for curvature = B' B = - 

2 radius ' 

distance 
Again, the correction for reftaction = diahnce x k -, n-here k ie the coe5cient of refraction, 

r a d ~ i s  

therefore 
(distance)' f the total correction = - -- 

rnd~us 

E ~ A ~ L B . - G i v e n  k = .10 and the correction = 0.5, find the corresponding dietance; 

rndi~cs 
(distance)" -- 

.C1 

log radiue = 7'3182362 

log '8 = I.903OW 

log (~liatunce)~ = 1.4151462 

log distnnco = 3'7075731 ; 

therefore distance = 5100 feet. 

The argument with which to enter the tahle is the distance in feet. Thua 
suppose the d ~ s t a ~ ~ c e  was 20,000 feet ant1 the coefficieut oE ret'raction 0.10; then as 
20,000 lies between 19,732 and 21,028 the correctio~~ will lie between 7.5 aud 8.5, 
and will consequently be 8. 

Nofe -Tho correction from table is alwoya - when tho anglo obsorved in a t  B, and + wbon Lho angle 
oblerved is at A. 

When t l ~ c  angle obnervrd is s t  A, h and i - s are to br ~nterorl wit11 t.hrir pmprr nians. 
Whon tho angle observed is mt 6, h and i - s are to be entcrcd with their aigne changod. 

Pamtn Cone Rock. 

Ditto 

A - .Or75 

13,230 
. . -- 

- 1,025 

+ 3 

4 - 

- 1,026 

2,OG3 

1,037 

Pnrnta H.S. ~ a m t a ~ .  yo.P. ( I )  Fired Statioi~ A - Hill temple. 

(2) DetlucedStationB i Rampur a Tiri a 
8 + .096 

10,900 
- - - 

- 1 , 0 4 6  

- 2 

+ 4 

- l,Ol,,i 

1,96 1 
- - - 

917 

(3) Rexcling at - 
(4) Distance feet - 

(5) h = ( 3 )  x (4) - 
(6) Correction 

(7) i - s - 

(8) Difference of ht. - 
(9) Height of A - 

~- ~ 

(10) Height of B - 

Ditto 

B + -0375 

10,100 

- 379 

- 2 

+ 4 

- 377 

1,295 

918 

918 

A - .I15 

9,950 
- 

- 1 , l 4 + k  

- +  2 

- 4 

- 1,146 

2,181 

1,035 

(11) Mean Height - 1,036 
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TABLE XVI1.-Conaputation of Heights.-Natural Tangent8 to  6 places of Decimals. 

The table gives tlie t.angents of angles for each minute from 0' to  16') and is 
intended to aid iu  the calculation of heights when a clinometer is not available. 

TABLE XVII1.-Compulation of Heights.-For dlermining Diferences of Height with 
the Barometer.-LOOMI~. 

The formullron wllich this tablc depends m investigated in work8 on Hydrostatics (nee Besent's Eydfo- 
Mechanics, page 123) is as follow8 :- 

Let H = height of barometer in inchee a t  lower station, 

T = temperature of barometer in degrees Fah. at lower station, 

t =  I J air JJ lower ,, 
t' = 1) J l  J J  upper 11 

h = mean latitude. 

L e t s  = height in feet of lower station above eea levol, 

I = differonce botweon tho heights of tho two stations, 

p = the modulue of tho common ~ystem of logarithms, 

0 = tho d8orenco of cxpaneion between mcmurp and brnsa for lo Fall., 

then 

t + t l - 6 4 %  
x ( 1  + x (1 + 0-00265 con 2 A) 

x + 62261 
x b+Zmais +&I#  

taking the mean radius of the earth = 20888629 feet. 

Tho coefficient of cxpnnsion of mercury for lo Fah. = ~0001; 

01  ,, b m e  scalo ,, - .00001M; 

therefore if we tako the difference, mi., .0000896 for 0, the Arst line becomes 

Tho formule then strnds nn given by Loomis. 

P ~ r t  I of tho tahle gives (.he vnliln in feot of tho expression 60168.6 log lI for heights of the barometer 
fmm 11 to 81 inchon, only that each valuo hss been decrenned by 27541.6 feet, which do08 not change the 
d8crenoo. 

60168.6 log H - 60168.6 log H'. 

r n r t  11 R ~ V M I  (he ~ o m c t i o n  - 2.8409 (T - T3 dopcndin~ on the difference of tempemturee of the 
b~rometora at tho two ststione. Thin corrertlon 10 to be omittod if aneroid barometers are employed 

Part 111 givcs Ihe correction due lo tho Lerm 0.00266 cos 2A. 

Part IV  ,, I + 62261 
1,  ,I 

ioSss6zC' 

Part V ,, B 
, I  i6Zi' 
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The method of using the table is as follows :- 

From Pnrt I take out the two numbers corresponding to the heights of the 
barometers at the upper and lower stations. 

To their difference apply the correction in Part I1 corresponding to the value of 
T - T', the diffcre~~ce of readingof the two attached thermometers, u ~ ~ l e s s  the barometers 
are aneroids, when this correction is not required. This gives a first s.pproximate 

diffcrence of height; denote this by a and apply the correction -?- x (t + t' - 64") 
900 

for the temperature of the air :  this gives a second approximation b.  

Enter Part I11 with the two arguments, b and the latitude; 

,, I V  ,, argumentb; 

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

The sum of the three corrections thus obtained when applied to b give the required 
difference of height. 

inches 
Dehra (Lower Station) H = 27.563, T = 7g0.0 Fah., t = 79O.6 Fah., 

Mussooree (Upper Statiou) II' = 23.408, T' = 70 - 1  ,, , t' = 65 - 1  ,, , 
Mean latitude = 30°. 

Part I gives for H . . . . . . . . .  25396.1 feet 

Difference = 4268.9 ,, 
. . . .  P a r t I I g i v e s f o r T - T ' = 8 0 . 9  - 2 0 . 9  ,; 

1st Approximation . . . . .  a = 4238.0 ,, 

2nd Approximation . . . . .  b = 4628.9 ,, 
feet 

Part I11 gives for b = 4629 and lat. 30" . . + 6 . 1  ,, 

Therefore the height of Mussooree above Dehra = 4648.6 ,, 

TABLE XIX.-Computation of Heights.-For determining D i f i r e n c e ~  of Height 
with the Barometer.-BAILY, 

The formulo on which this table depenb is the name an that given in the lsat tsble, but in a modiaed 
form. 
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The constants employed by Baily are in some cases different from tlione of Loomis: he takes the 
coefficient of COB 2 A as .002695 instead of .00365, and the mean radius of the earth aa 20898240 feet. 

Assuming e to be 4000 feet, and taking an npproumate value of I, the expreesion 
x + 2p 1 2s 

60158.6 f 1 + + I- , from vhich the fol~nula in the preceding table is derived, becomes equal to 

60345.51. So that the formuls is, if we leave out the exp~nuion of the thermometer scale, 

x = 60345.51 1 + - x (1 + 0.002695 con 2 A) t t+:L;641 

The quantity A in Part I is the logaritllm of 60345.51 { 1 + --- + iL; 641 I 

I,  B 1, 11 ,, of 1 + .0001 (T - T'), 

c ,, 111 ,, of 1 + .002~95 COB a A. 

The method of using the table is as follows :- 

From Part I 1  take out the quantity B correspouding to the difference T - T' 
of the attached thcrmomcters (if a~leroid barometers are employed B is zero), add it 
to log H', m d  subtract the sum from log H. This gives a quautity D. 

To the logarithm of D add the quantity A from Part I corresponding to the sum 
t + t' of the detached t l~ermomete~.~,  and tile quantity C from Pnrt I11 corresponding 
to the latitude. The natural number of the resulting logarithm will be the required 
difference bf height iu feet. 

incl~re 
Del~ra (Lower Station) H = 27.563, T = 79O.0 Fah., t =7g0-6 Fah., 

Mussooree (Upper Station) H' = 23.408, T' = 70 - 1  ,, , t1=65 .1 ,, 
Mean latitude = SO0. 

Part I1 gives for T - 1" = 8'-9 . . . B = 0.00039 

log H' = 1.36936 

Sum = 1.36975 

log 11 = 1.44033 

L! = difference = 0.07058 

log D = 2.84868 

Pnrt I givcs for t + t' = 14J0.7 . . . A = 4.81704 

I )  111 ,, lat. = 30' . . . . C = 0.00058 

Sum = 3.66720 

Therefore the hcight ol Mussooree above Dehra = 4647.3 feet. 
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TABLE XX.-Computation of Heights.-Local Corrections for Comparison with the 
Barometer a t  S i in l a . -Bor~~~u .  

The obserrations from whicl~ this table has been constructed were made at the 
Simla Magnetic Ol~servatory, height above sea level about 7100 feet, during the years 
1843-43-95, and the table is to be considered as applicable to observations taken on 
mountait~s in tlre neiglibouring provinces. 

The corrections furnished by this table were obtained as follows :-The means, 
m,, m,, kc., were found for the three years for each hour of the day in each pnrticular 
month, and also the mean M of all the readings taken during the three yefrs : the differ- 
ences, M - m,! &c., give the corrections exhibited in the table for the several hours of 
the correspoud~ng months. 

The numbers in the last column were obtained by taking the mean of all the 
readings registered at the corresponding hours during the first halves of these three 
yenrs and also during the second halves. The mean of the numbers in this column is 
23.185 inclres which was the yearly mean reading a t  the Simla Magnetic Observatory. 
This quantity car] also be arrived at by applying to any of the readings in the last 
column the mean of the corrections in the same horizontal line. 

I n  using the table the observed reading of the barometer must first be reduced 
to 32' Fah., and the tabular correction for the month and hour of reading applied; 
the refililt will be the mean yearly reading at the place of observation which may be 
used in conjunction with the mean yearly reading at Simla, viz., 23.185 inclres, to find 
the difference of height. 

EXAMPLE.-A reading of the barometer taken at the top of the Dukanee Hill, 
above Chadwick's Burlgalow, in the month of May 1846 at 2h 30m P.M., corrected for 
capillarity and temperature, was found to be 22.657 inches; what is the reading 
corrected for mean variation according to Table XX. 

Observation of the barometer . . . . . . = 22.657 inches 

Correction from table for May at 2b 2gm P.M. = + '032 ,, 
Reading corrected for variation from the mean = 22.689 ,, 

TABLE XX1.-Computation of Height#.-For determining Heights with the Boiling 
Point Thermometer.-BOILEAU. 

Tlio l ~ e i ~ l ~ t e  of the bnromrt~r rorrrepnnrl~n~ to d~ffcrent hoillnp points are dcrired from tho re~ul ts  of 
Regnni~lt's Ezlwnmentn (rep T)t.~cl~nnel'a "Naturd Phdusophy," e~gh th  echt~on, p g e s  375-5) by conversion 
from French into Engllsl~ un~ts. 

The approximste lleighta in the third column of Part I map be obtained by snbtnrcting the feet of Tsblo 
XVIlI from 'Li541.6 fvet., whlch is the vnlue in that table corresponding to the reading of the barometer a t  
the sea level, ~ I Z ,  20'921 inches. 

The mult,ipliers in Part I1 are foilnd, on the supposition that, dry nir expands 0.00208333 of its volume 
for I *  Fnh., from tlie formula-mult.iplicr = 1 + (to - 32') x 0.00208333, where to is tho mean temperatilw 
of the etratl~m of air pasaed through. Now tho t,emperetme of the n u  decreeaes lo Fnh. for ovey  331 feet 

h emended; so that if T is the tempemtaw at s height A, tho tempereture a t  the eea level in T + -, and the 
331 

h 
mean temperatwe = T + noerly. 

660 

The method of using the table is aa follows :- 

Enter Part I with thc given boiling poirrt ns argument and take out the npproxi- 
mate I~eight. 

Dividc it hy 660 ant1 add the reuult to the air temperature. This gives themenn 
temperature of the stratum of air passed tlrrough. 
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Enter  Part  I1 with the mean temperature as argument, and the  corresponding 
quantity wl~eli multiplied by the approximate height will give the required height above 
the sea level. 

E x A ~ T P L E . - T ~ ~  boiling point of water a t  Dehra is 208'. 14 Fnh. when the tem- 
perature of the air is 78O.6 Fah. To find the height of Dehra above the sea level. 

Part  I gives for 208'. 14 . . . approximate height = 2023 feet ; 

therefore . , . mean temperature = 78O.5 + [2gf]0]0= 8 1 O . 6 .  

Par t  I1 gives for 81°.6 . . . multiplier = 1.103; 

therefore height of Dehra above sea level = 1.103 x 2023 feet = 2231 feet. 

TABLE XXI1.-Atmosphe~~ical Refractions. 

This table gives the mean re f rac t io~~s  of celestial objects for altitudes ranging 
from 0' to 8g0, when the height of the barometer is 30 inches alld the air temperature is 
50' Fah. 

The table (as staled in tho Nautical Almannc for 1826) is con~puted upon principlee explained bp 
Dr. Youug, iu the "Philosophical Traneactions" for 1819, from the formula :- 

where r is the refraction oxpreased in circular measure, a is Lho sine of the altitude, and a the cosine. 

I n  addition to  this, the third, fourth and fifth columns of the table sllpply the  
requisite data for c o m p u t i ~ ~ g  the refraction for any altitude and for other readings of 
the barometer and thermometer. The refraction and differences which correspoud most 
nearly to the apparent altitude are to  be employcd. 

If r' is the refraction corresponding to a height h of tho barometer and an air temperatwo t ;  then 

h .  30 ,J : r = -  -. 
l + E t a  1 + 6 0 E 1  

therofore h 
r l = v - { 1 + ~ ( 5 0 - t )  30 ] ; 

where E = coefficient of expansion of air = -0021 nearly for lo Fah. 

This forn~ula is accurate, for all practical pnrpoacs, for altitudes down to within a few degrees of zero. 

EXA~~PLE.-TO find the refrnction for an altitude 13'43' wit11 the barometer a t  
29.85 inches and the tcmperature of the air 45' Ftrh. 

f IP 

The table gives for altitude 13'40'; . . . . . . . refraction = 3 55.6 

r 3' of altitude = - 0".29 x 3 = - 0.87 

,, correction for - .15 in. of barometer = - 7 .80 x0.15 = - 1.18 1 
I- b0 of tcmperature = + 0 -482 x 5 = + 2-41 

Total correction = + 0.36 

Therefore the required refractiou = 3 55-66 

TABLE XXII1.-Parallax of the Sun. 

This table givcs the parallax of the sun for different months of the yew a t  
altitudes increasil~g hy 5' from O0 to 00'. The values of the parnllax for altitudes other 
than those given iu the table may be found from inspection by simple interpolation. 

Tllc quantibioe (livon in the flmt line of Lhe tablr aro tho nnglca e~~btondod by tho equatorinl radius of 
the earth at Lho sun; mud BE Lho suu'e dintance is conetautly changing, this quantity is groalost when the nun 
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in nearest, bhat ie in Jnnuary, and least mhen the sun is furthest away, t h ~ t  is in July. The rntio of theee two 
1 1 1 qr~nnlit,ios is 1 + - : 1 - ?, since the eccentricity of the eartll'e orbit = -- nearly. 

60 60 60 

The ralues girrn in the first line are the "horizontal parallaxes" f o ~ .  the partioular mouths, and for 
otl~er nltitudea the !)nrnlloxes have been found by ~uultipljing the quantities in the Gret line by the cosines of 
t l ~ e  corri-spondiug alt~tudes. 

TABLE SX1V.-Conzputation o f  Circumpolar Aza'mrcths.-To Facilitate the Calculation 
of tlie C o ~ ~ r e c l i o n s ~ f o r  Instrun~ental Errors of Collimation, It~clination and Devia- 
tion-to the Observed Times of Transit. 

T l ~ e  use of the table mill be seen a t  once from tlre formula: for the correctione. 

Let  a,  b, c be the corrections i n  seconds of arc for deviation, inclination, and 
collininlion respectively. 

Then the correction t o  the observed time of transit in seconds of time 

- - a s i n  Z.D. + b cos Z.D. + c 
15 sin N . Y T L ) . '  

The table gives the values of the sine and cosine of the star's zenith distance 

for each degree from O0 t o  90°, and the  value of the factor 
1 

15 sin N.P.D. for  N. or S. 

declinations of stars for each degree from 0' to  45' 

Tlre three quantities in the nnmerntor of the nl~ove expressior~ ought t o  be kept 
to the first plncc of decimals, while tlie resulting correction must be obtaiued t o  two 
places of clecimals. 

The rules for the signs of the corresponding corrections are as follows :- 

with t11e star nbovc the pole, 

when F. L. rends highest with circles reading frnm left t o  right 
COl l imnt ion  + { and the transit is ohsrrvcd wit11 the h c c  to the cnst. 

lncliriation + when west pivot of telcscope is Irighest. 

+ for nortlr stars when the reading of the nximrith circle is too 
Deviation {- ,, south , ] higlr with eirclcs reading from left to right. 

TADIJE XXV.-Comptclalion of Ciraimpolar A=imwths.-To Facilitate the 
Compulalion of 6A or the Reducfion lo E1011,qnlion. 

Let  A = the nzimi~th of the stnr a t  maximrrm clongutiou, 

P = tlie correspotrding hour angle in arc, 
6 P  = the interval in time from maximum elongation nt a given moment, 
6 h  = the corresponding chnnge in nzimuth ; 

tllcn Sr\ is forlncl ill seconds of  a w  (see Accownl o f  the Ol~erations t ~ f  the Great Trigono- 
mt*i~. ical  Snrvry oJ India, Vol. JI, pages 145-7) from the f'orn~ulrr :- 

2 ~ i n '  4 8P coser 1' tan A coq' N.P.D SA = --- - - - -  - - 
1 - : ! s 1 n ~ . P . U  sir12 f 61'+ c o t P s 1 n 6 F '  

The ui,on of the last trrnl of tlic dcnorninrrtor is + or - accomling as the etar is 
below or nhove its ~iositioll of mnninrum elorigntion. 

Part I of tllr tniilr givcn the valnes ill natrrral n~rmhern of 2 sinPN.P.D.siri"8SP 
for every minute o f  tinrc of 6P from On' to  30m ant1 for every rlegr-ee of arc of the ~tnr 's  
N.P.D. from 0' to lo0. Fhter  the table with 6P in rnir~r~ten O F  time nnd carry tlre cye 
along the line until the q~iant i tp  corresponding to the N.P.1). of the stnr is reacbhetl. 'I'he 
vnriation either for N.P.D. or for 8P is so alo\r that tlrc q~inntity call rcntlily bc tnkcn out 
by impection. Subtract it from unity and enter the result in thc form for computation. 
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Part  I1 contains values of the term cotP si116P in natural numbers between t h e  
limits P = 82' and 1' = 90' and for values of SP from 0"' to 30'11. The differe~~ces for 
eacl~ millute of time and for each 1 0  minutes of arc :Ire so ncarly constant that the  
columu for l l U  ma be tillten as giving the former, and tllc horizo~rtal line correspoud- Y . .  
ing to P = 89' 60 as g l v ~ ~ r g  the latter. 

To use Part  TI of . the table, enter with P to the nearest 10' and carry the eye 
along the correspontli~~g l~orizontal 1i11e l111til the column heitdcd wit11 the integral part 
of SP ill miul~tes of timc is re:~cl~ed. I~rterpolate for minutcs and ducimals of a minute 
of P in  arc, u s i ~ ~ g  t l ~ e  q u a ~ ~ t i t y  in the last line but one as t l ~ e  common difference. Next 
ndd the prodnet bctacen tlre decimals oE 6P in miuutes and the quantity iu the column 
for 1111 corrcspoudi~~g to the value of P. 

EXAJIPLE.-To find the value of cotP sinGP, when P = 87' 42' 1G" or 87' 42l.3 
and 6P = 15"'.72. 

For P = 8 i 0  40') the column for 151U gives . . . . . .00266 

Common cliffcre~~ce for 10' = - .0@019 

t11ercEore difference for 2'.3 . . . = - .00019 x .23  = - 4 

>I P = 87' 4.2' - 3  gives . . . . . . . . . . -00262 

Common differc~~ce for lm . = + .00018 

J l  d i f f e r e n ~ e f o r 0 ~ ~ . 7 2  . . . = + . 0 0 0 1 8 x . 7 2 = +  13 

Therefore the required result = -00275 

Part 111 contnins thc lognri t l~n~ic values of 2 sin2@P coscc 1'' for every second 
of time of 6 P from On' t o  3Un1, i~nd  is to be used ill c o n ~ p ~ ~ t i n g  the ~ ~ u m e r a t o r  of the 
exprcss io~~ for 6A, 6 P  for tlre purpose being Iic1)t to  two places of deci~r~als  of seconds. 

Tables XXIV and XXV have beeu col~structed to facilitate the calculation 
i~~volved  in clctermiuing the m r r i d i a ~ ~  from circi~mpolar star observatiot~s. T l ~ e  method, 
which is described Ilelow, is a rigorous one ant1 is o111y to I)e cmployetl in t l ~ c  principal 
opcr:~tious or thc Survcy of India. It is  not to be adopted except where great accu- 
racy is required. 

Ol,scrvations are made between some fixed mark or station, wllich is called the 
referring nlarli, and a circumpolar star near its elo~rgation. As the position of the 
star nt r a c l ~  ol~scrvation has to  I)e referrcd to  its position at  elongation t l ~ c  time must 
he ccrrcfnlly noted, nud it  is necessary tl~erefore to cmplog IL c l ~ r o ~ ~ o m e t e r  of which the 
error zund rntc are known. Thcse may be determined ill scveral mays, but the us11a1 
~ ~ ~ e t l ~ o d ,  \vl~cn the statiou at  whicl~ t l ~ c  ol,serv:~tions are niadc nl~pc~,tnins to trianpula. 
tion, i n  to place t l ~ c  telcsrope of the theodolite ill tile plane of thc meri t l ia~~ as give11 I I ~  
the tl~iangulation, :III~I to observe the transits of suitable stars every lligl~t t l~ rongl~out  
thc tiluc occupied by the observations for azimuth. 

When c o n ~ m c n c i ~ ~ g  work the first tiling to Ilc done is to  levcl the instrument 
with cxtrcnic care. As the tranrit axis level does not sho~v crrors of levcbl in  the I~orly 
of' thc instr~rmcnt, the reacliugs of a levcl fisotl ncar t l ~ c  base of tlre pillars of tlle in- 
s t r u m c ~ ~ t  parnllrl to tire transit nsis arc neccssarg. I\ ' i t l~ t l ~ i s  lcvel any residual errors 
wlrich niay cniot prior to  and at  the concl~lsiolr of the ohscrv:rtio~~s, 111.c to  Ile cnrcfully 
nottctl ill the f o ~ l r  ~wsi t io~ls  o f  thc vertical cirrlc Facing N., S., E., a11r1 W., both cllds of 
the levcl being read nnd cl~tcred irl the ficld book. 

'I'he i n a t r ~ ~ m e n t  s l ~ o ~ i l d  now 1)c oct to the adopted meridian and thc transit 
axis tested for inc1in:rtion with the trnr~sit a x i ~  Icvcl, the two cnds of the lcvol being 
rc:rtl wit11 its cross-lrvcl hot11 east a11t1 wcst, the pos i t io~~ of t l ~ c  face of' tlrc i ~ ~ s t r ~ ~ n l c u t ,  
JS. or W . ,  I ~ r i i ~ g  nlso notctl, M t,his 1)oaitio11 r n ~ ~ s t  Iw rnnintai~lrd m11c11 o l ~ a c r v i n ~  the 
t i ~ n c  star. 'I'hcsc rcndings are req11it.cd ror f i ~ ~ t l i ~ ~ g  the corrections t o  tlrc times of 
transit oE t l ~ c  time ntnrs due to  t l ~ c  tli.slcvcln~rnt of thc t ~ x ~ ~ s i t  axis, 1)ut the operation 
R I I O I I I ~  be rcpcatcd a t  t,lle el111 oE thc ol)rc.rvntior~s ns a tcat of the stal~ility of the  
i ~ ~ a t r ~ ~ n ~ c n t .  Lr.vr31 rratlir~gs 011 ollc fncc are not to bc cor1111inetl wit11 t l~ose OII  t l ~ e  
opposite face for tlie detcrmiuntion of the correction to the time star. The time stars 
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should for convenience be taken from the Nautical Almanac and ought to be near the 
equator. One time star each night is all that is absolutely necessary, as the rate of the 
chronometer for 24 hours is what is wanted, but it is preferable to have two in case of 
accidellts. I t  is not material wl~ether they are ohserveti before or after the azimuth 
observations, but it is safer to commeuce with the time star lest clouds interfere with 
its observatio~i afterwards. I n  setting for the star it should be remembered that 

zenitll distance = latitude T declination; 

the sign being - for north stars and + for south stars. 

The time stars being chosen, let us suppose, to precede the azimuth observations, 
the telescope should be hroilgllt ro~ind, say, t'rom left to right to intersect the referring 
mark and the readings of all the microscopes take11 and recorded in the field book. I t  
sl~ould then be moved on ill the same direction till placed in the adopted meridian, wllel~ 
the first time star should be tral~sited and the readings of the microscopes again taken 
and entered. The method of reduciug these observations will be explained hereafter. 

To enable the observer to find the circumpolar star to which observations are to 
be taken it is necessary to compute its horary angle P, its altitude, and its azimuth A, 
all at elongation, by the formula :- 

1. log cos P = log tan N.P.D. + log tan X, 
2. log sin A = log sin N.P.D. + log sec A, 

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

where h i s  the latitude of the place. The true altitude thus found must be corrected 
for refraction by addi~lg the proper quantity given in Table XXII. 

The horary angle reduced to time will, when added to  the star's right ascension, 
give the sidereal time of western elongation and when subtracted it will give the time 
of eastern elongation; from these the chronometer times of elongation may be found. 
It is convenient to know the different apparent altitudes of the star during the ohserva- 
tious, and for this purpose the change in altitude from elongation may be found with 
su5cient approximation by the formula :- 

Increment in altitude for 1 minute of time for no of polar distance 

A small table showing the apparent altitude and zenith distance at intervals of say 5 
minutes before and alter elongation may with advantage bc constructed and placed 
couveniently for reference, as follows :- 

Bradley 4 0 G f o r  1st January 1887, Latitude 30' N., Longitude 75' E. of Gh: 

At E. Elongation 

Apl'R'ent Zenith 
Dintance 

0 I N 

GO 32 18 
25 7 
17 6G 
10 46 
3 33 

69 SG 22 
49 11 
42 0 
84 49 
27 37 
20 20 
13 16 
6 4 

Cluonometer Time 

h m a  
7 27 40 

32 40 
37 40 
42 40 
47 40 
52 40 
67 40 

8 2 40 
7 40 

12 40 
17 40 
22 40 
27 40 

Apparent Altibnde 

0 1 11 

29 27 42 
34 63 
42 4 
49 15 
60 27 

30 3 38 
10 49 
18 0 
25 11 
a2 23 
an as 
46 45 
63 66 



EXPLANATION OF TABLES. 41 

About 20 or 30 minutes before elongation the ohscrver intersects the refkrrirrg 
mark, m o v i ~ ~ g  the telescope from the side oppositc t l ~ e  star, and registers the reading. 
H e  the11 raises the telescope to the required altit~lde aud moves the instrumcut to mithin 
halE a minute oE the star's azimuthal reading, when he clamps the instrnmcnt and em- 
ploys the tangent screw to bring it into such a l )osi t io~~ that tlre star, after thc Ial~se 
of a few seco~lds, may transit the wire, and directs the assistaut to  c o ~ ~ n t  the beats of 
the chro~~ometer  aloud, so that when the star appears hisected on the wire tlie observer 
may be able to call out the exact second, which is recordcd with the h o w  and r ~ ~ i n u t e .  
The level on the body of the instrument is theu read atrd recorded autl also the micros- 
cope readings of the horizontal limb. The ol~server uext unclarnps and overshoots thc 
star and then with a reverse m o t i o ~ ~  he again observes first the star and then the mark : 
this gives a pair of observations on one f'acc. A similar pair is then talicn on the other 
face beginning with the referring mark. Four pairs of ol)servatio~ls :we generally taken, 
and they should be so timed that two are before a d  two after clor~gation. 

I n  circumpolar star observations two different systems may be adopted. First, 
one star may be observed at  I)oth elangatio~ls, or secondly, two stars may be sclected, 
of approximately equal polar d i s ta~~ce ,  but diff'eriug 1)y about 12 l~ours  i t 1  right asccn- 
sion, aud the oile observed at  its e a s t e r ~ ~  and the other at  its westeru clougatiou. The 
advantage of the first method is that ilny errors whicl~ may exist iu the tal~ulatetl place 
of the star do not affect the result; but or1 the o t l ~ e r  hautl the ol~servatious must be 
conducted near sun-rise and sun-set, when 110th star and referril~g mark may he 
difficult to  see. The second metl~od has the advantage t l ~ a t  the stars call he chosen so 
as to be ol~served at lligllt when small stars arc easily visible, 1)nt the results of tlle 
observations are burdened by the errors in  the stars' places, so that the first method is 
the preEerahle of the two. 

When the second metl~od is adopted, care sl~ould he taken to select stars of which 
the north polar dist:~nces are ucarly rqnal, : u ~ d  it  is ad\.isnhle that their times of clonga- 
tion should d~ffer  by allout 4,5 rnil~ntes so as to  allow of the o1)srrvations to one &tar he i~ lg  
conlpleted before tl~ose to the other are 11egu11. IYlleu they are s in~ul taneo~~s ly  st 
elougi~tion 110th may be observed in t l ~ e  same round o l  angles with the referring mark, 
hut this should not he attempted by any but a rapid and experienced ohserver. 

If the selected stars are not in  the Xautical Almanac, their mran placen must be  
computetl for the first clay of t l ~ e  year either fro111 a catalogue or from Table LIV, 
by the formula :- 

Mean Itight Ascer~sion on 1st Jan11a1.y (1887 + y) = Mean Right Ascension on 

lht Ja1111a1.y 1887 + 

mherc p = anu1ka1 precessioi~ in It.ig11t Ascension, 

p = annr~sl  proper motion I 1 

s = secular variation 1 )  

nit11 a similar formula for North Polar 1)istnncc. 

Tllc fol lowi~~g is a s p e c i m e ~ ~  of the observations as entered in the field book :- 

Observnliotls for Azimitlh to  Polaris a t  i ts FlGstcrn Elongation, taken at Asu H.S. o r ~  
the 181/1 Febr.uary 1880, w i t h  11ai.1.0~'~ 24-inell Tl~eodolile No. 2. 

Ipoco of Vt-rtical l lc~dingn of Lrrel on Dodg of Tnetnlment ( In  = lN.103) 
Circle. nt. ro~~r~l~rl~rcmcnl. 
East '. . . . . East end 78.6,  Wcbst cncl iG.5, 
Solltll . . . . . South ,, 73.0 ,  North ,, 77'.5, 
W e ~ t  . . . . . West ,, 73.0. $last ,, 77.6, 
North . . . . . Nortlr ,, 74.0, South ,, 76.5. 
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Face of Vertical Transit l x i e  Level (ld = 0".875) 
Crone Level. 

Circle. a t  commencement. 

East . . . East end 56.0, West  end 52.5, 
East . . . { West . . . West ,, 89.0, Bast ,, 70.0. 

Here follow level readings similar t o  those at  the commencemeut bnt in the 
reverse order. 

Level on 

Fnce Micrometer Readings body of 
ChyOno- I "S t r~ .  

Object and Angle nlcter 
Zero 

A I B l C l D l E l  Mean 

I 

Referring Mark Lamp 

y Geminorurn . . . 

Siriua . . . . . 

Referrillg Mark La111p 

Referring Mark . . 
Polaris . . . . . 
Polaris . . . . . 
Referring Mark . . 

Referring Mark . . 
Polaris . . . . . R 

Foluna . . . . .i9'12' 

P d f e r h g  Ynrk . . 

In these observations 11 drnotcr thnt the face of the instrument is to  the left and 
R that  it  is to the right of the observer, n l ~ i l e  250° 12' and 79' 12' arc the zero-scttiugs 
of the instrument wllicll remain the same for one night hut are challged on succc~aive 
n i g h  iu accordance with the aystcm o f  zero-eettings adopted in observing l~orizol~tal  
anglcs. 

Referring Mnrk . . 
l'olnris . . . . . 
Polnria . . . . . 
Referring Mnrk . . 

Reforring Mnrk . . 
Polnris . . . . . 
Pnlarie . . . . . 
Referring Mnrk . . 

The reduction of the obaervntions now remains. Tlle corrections to the timcs of 
transit of the time atara for collimation, inclination and deviation must first be obtained. 

I 
( 2 8 0 ~ 4 7 . 2 ' ~ 0 ~ 0 7 2 ~ ~ ' ~ ~ 1  72.828045 4.34 

5 19.81113944.40 71612.0 77.0i8.5 

I 
5 25-88(443942'14 7 1827'0 78'077.0 

The collimntion correction is found from the  observations of the referring mark 
taken rlnring the azimuth ol)aervations, by comparing the readings on faces right al~tl lcrt 
i n  which the iuvtrumcut has been moved in the samc direction ; t1lI.I~ a reading o l  referring 
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mark, l~efore intersection of the circnmpoli~r star, on face left will be compared with 
a similtu. rcading on face riRllt. Pollowit~g this method in the eaaml~le given, nre get 
the n u ~ ~ r b e r s  10M.3, 10N.7, 10f/.5 and 9".0. I l ~ ~ I l ' t h e  meal1 of t l~ese is 5".O, so that  the 

1 
correction for colli~nation ill  seconds of time is - 5 ------- , the  sign being 15 siu N.P.D. 
determined by the rule given in Table XSIV.  

T l ~ c  readings of t l ~ e  t r a ~ ~ s i t  axis level are W. 91.5 ,  E. 126.0, and the difference 
dividcd by the numl)cr of readi~~gs,  or 8.6 d lv i~ io l~s ,  multiplied by the val~ie  of one 
d~vision of tlle scale, vir., ON.8T5, gives 7".6. l'lie correct~onfor inclil~ation ib therefore 

1 
- 7 . 5  cos Z D. x -13-s inN:P~D~ seconds of time, the sign being determilred by the 

rule in  Table XXIV. 

To ol~tain the deviation correction apply the anglc between thc  referring mark 
and the transit star to the azinluth of the rel 'erri~~g mark, t o  deduce the azin~uth a t  
which tllc star \rrns tr:~nsited. 'I'l~c dill'erence l)ctwee!l this and lXOOgives t l ~ e  l~orixontal 
deviation of the iustru~ueut  in arc I!!, or W. of the meridian, and when multiplied by 

sit1 Z. 1). 
- we l ~ a r c  the correction to the transit in  seconds of time. The sign of 
15 S ~ L L  N.P.1). 
tlre corrcctioil is deterlninecl by the rule in '1'al)le XXIV. For the example given, the 
; ~ x i n i ~ ~ t h  of t l ~ e  rcfcrril~g 111ar1i ib 223" 10' 25N*33;  llence t l ~ e  horizontal deviation for 7 
(ferninorurn is 8". 97 E. aud for Sirirts is 2". 21 E. 

Thc srlm of the t l~ ree  corrections gives the total correction to be applied t o  t h e  
star's transit aud for y Gcminorum it is - 1"O and for  Sirius - Os.8 .  

The chronometer times of transits of the stars as noted were 6h 30" 17l .5  nnd 
6" 39'" 2l3.S so that the corrected tinics were (i" 30"' 168.5 and Ci"33yn' 20a-7. 'I'lte right 
a s c e l ~ s i o ~ ~ s  of the stars were (ill 30It1 4.Y3.3 and G-99" 5 P . 8 ,  theitfore t l ~ e  error of 
t l ~ c  cl~ronon~eter  :IS dcdrlcetl from t l ~ c  two time stars was 3 3 . 0  slow. The observations 
of thc next night furnis l~ the rate of the chronometer. 

Now proceeding to the calcnlntion of the azimuth: the right ascension and north 
polar distance of the circurnl,olar star or stars 11:lve to  be ded~lced rigclrously for the times 
of clonpntioi~. Tl~csc e l e n ~ e ~ ~ t s  arc tirst fo iu~d  for the times of the upper loc:d transit ou  
t l ~ c  first ~ I I I ~  1:1st nights of obs~rvatioii, aild t l ~ e  rest of the process is 11y i ~ ~ t r r p ~ l a t i o n .  A 
list of circl~rnl~olar star3 I'or t l ~ c  cpocl~ 1st Jan1111ry 1887 IS given in a. srrbscq~~eut t a l~ le  : 
the st,nr constants if not av:~ilnl,le from a rcrent catalogue should be con~puted as re- 
quired I)y tlre formul;e given in that table as they vary rapidly for stars llear the pole. 

T l ~ e  horary augle Y s l ~ d  azi~nnth a t  elongation A of thc circumpolar star, are 
foul~rl for the first tlny from the formula, previously givcn. Iustend of con~l) l l t i i~g t l~ese 
for e:tch tlny t l ~ c i r  changes are found corresponding to the daily cha116.e in  N.P.D. from 
the formula :- 

cl)ange in hour angle = - sece N.P.D. tan X cosec P x cl~ange in N.P.D., 

,, azimuth = + cos N.P.D. scc X sec A x change in N.P.D., 

whence follow the N.P.D., aziluuth and sidereal time a t  elongation on the dates of 
obscrvatio~l. 

'I'ho rccordcd times of ohserving thc stnr arc now corrected for  the error of the 
clironon~c~t,cr an11 for t l ~ c  rate of thc chronomctcr for t l ~ e  il~tcrval clal~sed from the time 
star's t .ra~~sit.  'I'llc rorrcc:tcd times b?ing sul>tractcd from the s i t lere~~l  time of elonga- 
ti1,11 givr: tllc intclqval in time betweru each 01)servation and elongation, alrd tlre 
rliffrrc~~c-err h c t s c c ~ ~  the azinlrltll ol: tho star : ~ t  these t i~ncs  and at  elongat,ion are Eout~d 
by t l ~ c  S ~ ~ r l n ~ ~ l a  io Tahlc XXV, the sevcl,al terms being follnd by nlealls of that tahle. 
Tl~t: ol)scr~etl allale bctwecn the star and the r e f ~ : r r i n ~  mrrlc is corrected up I,y this 
t ~ ~ ~ ~ ~ n t i t y  i t ~ ~ d  t l ~ e  cor rc~ tcd  angle applicd to  the neimlitl~ of the star a t  elongatiot~, the 
r r s ~ ~ l t  I)ring thc angle betwecu the rcfcrring mark and the north poiut. 'l'lle mean of 
thcvc results is taken for cach zero on each face. 
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There is still one further correction to be applied rlne to  the dislevelment of the 
body of the iastroment. To obtain this, talce the level readings for each star reading and 
add the mean of all the east readings on face left to  the mean of all the east r e a d i ~ ~ g s  on 
face right, d o i ~ ~ g  the samc for the west readings. A quarter of the difference reduced 
to seconds of xc and multiplied by the tangent of the star's apparent altitude at  t l ~ e  
time of e lo~~gnt ion  will give the correction to the dcduced angle between the referring 
mark and the north point, due t o  dislevelment. The sign of this correction is found by 
the following rule :- 

I f  the sum of the east end readings is greater than that  of the west, the sign 
will be + when the referring mnrk is to  the east of north, aud - when the  referring 
marlc is to  the west of north, the reverse holding when the west end rcadings are the 
greater. 

The correction will have the same sign for a11 observations of the  same group 
whether OII face right or face left and whether the instrument reads from left t o  right 
or from right t o  left. I t  must be determined separately for each star and should be 
applied to  the zero rncans of face left aurl face right. If the referring mnrk is not in  
thc horizon a further correction to the a ~ ~ g l e ,  which is geuerally insigr~ifical~t, is neces- 
sary, w i t . ,  a qr1nrte1- of the differe~~ce of the level readings multiplied I)y the tangent of 
the altitude ot' the mark. The sign of this correction is always opposite to  that  of the 
former one. 

The dislevelment in  divisions of the level scale obtained as nbove is 0 . 3  and this 
maltiplietl l)y 1". 103 x tan Alt. gives ON.17 : the sign is - because the west end read- 
ings are greatest rnd the mark E. of north. 

Applying the corrections the angle between the referring mnrk and the north 
point is obtained For the d~fferent zeros ; the mean9 are t l ~ e n  taken out by eastern a r ~ d  
western e l o r ~ g a t i o ~ ~ ,  and finally the gencral mean deduced. lBOO + this angle gives the 
azimuth of the referring mark. 

TABLE XXV1.-Linear V a h e  in Feet of one Second of Arc and itr Logarithm, 
measured along the Meridirrn. 

!lie lormula on xhich this table in bnscd ~ n n y  be deduced us follows :- 
I 

Let sl = the length in feet of the nrc botwccn lnts A and A + - -  
2 '  

1 
$3 = t ,, A and A - ;-; 2 

thcroforo if a, - t,he length in feel of an arc of l", 

dr Xow - -  
a (1 - 9) 

d~ ' (1 --.'Ti.'T)# where p in the radius of c u w a t ~ u e  to tho meridinn in Int. A ; 

f l 8  
tl~rrefnro -dAi = 3 e1 p con 2 A, neglecting terms in e'; 

I I  8 ,  - ,c I sin 1" + t p P sin' 1" r? cos 2 A + &c. 

The rnlue of tl~ia neeond term when A = 0' in .000 000 000 002 la  fret; or .OI) feet for en  arc of 1' 

Bo th.1 for cslculnting Lhe leo@li of nu arc of 1" we may IIRC 1110 formule :- 

mn = p 1 ain I". 
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The table is computed for e v e q  5' of latitude from O0 t o  40°, and ie t o  be used 
i n  conjunction with the two succeeding tables i n  computing rectangular co-ordinates, 
as is explained on page 47. 

TABLE XXVI1.-Linear Value in Feet of one Second of Arc and its Logarithm, 
measured along Pa~allels  of Latitude. 

The formule on which the table is baaed is deduced aa follows :- 

Let ap = the length in feet of arc of p" in a parallel of latitude where radiue is f. 

then 

But 

therefore 

Op = - 
180 x* 3600' 

r = Y C O B A ;  

sp 3 .00000 48481 36811 Y COB Ap". 

The table is computed for parallels of latitude 5' apart between the  latitudes 
O0 and 40°, and is to  be used in conjunction with the preceding and succeeding table i n  
computing rectangular co-ordinates, as is explaiued on page 47. 

TABLE XXVII1.-Arc-veraines of Spheroidal Arcs of Parallel lo in length. 

If 0 and P are two points on the surface of the earth, and if the parallel through 
P cuts the meridian through 0 in  p : and if a great circle through P be drawn perpen- 
dicular to this meridian cutting it  in N, then p N is called the Arc-versine of the arc Pp. 

We mn find this quantity as follows :-Equations (1) and (2) on pnge 20 give the expressions for the 
differcncee of Intit~lde and longitutlc of two points If wo e~nploy them for finding the pooition of P referred 
to N we shall have, see page 19, sinco tho azimuth of P  a t  N is 270°, 

6, A - - con A coeec 1" - 0, 
P 

so that 

Now if 8, L is taken aa lo, we have 

Y' 6, Ls = 0",04 in lnt,it.ude 20'. 

So that if we tako AL = 6,L wo commit an error of W.04 or 4 feot in lo. 

Now P p  = AL and P  N = 8,L, 

tl~erefore P  p  may bc omployerl in plnce of P  N ; 

end AA - p N = arc-vcreine of P p .  

Thnreloro wr have Arc-verrioo of P p  = - R' A Z ~ ,  

where R' is that for the lntilude of N wl~ich is pract.ically tllo same as for P. 

The tahle gives the arc-vrrsinc in  seconds ~ n r l  in  feet for a q  arc of lo a t  every 
6' of Irtitlldt? from 0' to 40'. I t  also gives for tlte Ramc latitndes the logarithm of the 
number of seconrla in the arc-vrrsit~c of an arc of 1", aud i t  is thin lnst logarithm 
which is to I)? ~ ~ s r r l  in conj~lnct io~l  with the two preceding tables i n  computing rect- 
angular co-ordinates, aa is explained below. 

Tal~leq X X W ,  XXVII and XXVIII h ~ v r  hecn prepared to enable eurveyors 
whom operations are based on rccta~,gl~lar  co-ordinate* to  convert the latitudes and 
l o n ~ i t ~ ~ d e s  of the Trigonomctrical Snrvey Stations, which fall within rallge of their 
operationa, into rcctnng~~lar  co-orclir~ntes, slid thus obtain dnta for correcting the errors 
of their operations by simple proportion. 
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The operations of the Revenue Survey are based on rectangular co-ordinates 
computed 011 the supposition that the earth is a plane, a ~ l d  this assumpti011 introduces 
errors which are insensil)le in small areas, and insignificant when compared with the 
ordinary errors of measurement. 

Suppose 0, P,  Q are three stations O F  the Trigonometrical Survey whose lati- 
tudes and lo~~gi tudes  are k~lomn, and we want 
the co-ordinates of P and Q wit11 respect to 
0 wllicl~ are respectively perpendicular and 
parallel to the meridian a t  0. 

ng. r 
Dram the parallels 0 o, Pp, Q q, cnt- 

t ing the meridian through 0 in 0, p, q, and 
draw P N and Q S perpendicular t o  the meri- 
dian through 0. 

Then the co-ordinates of P and Q are:- 

X = P N ,  X = Q S ,  
and 

Y = O N ,  Y = O S .  

As esplailled on the preceding page, the 
X co-ordilrates P N and Q S may be consi- 
dered equal to the arcs P p  aud Q q. 

Also O N = p N + O p ,  

and 0 S = S g - Op., I 
0 S being negative because S falls south of 0. q. t .  I 

Therefore X = the difference of lonpi- 
tude converted into feet by Table YYVII, and 

the difference o 
the arc-versiae 

The + sign being used when the poiut is north of 0, 

and the - J )  11 I ,  south of 0; 

ill the latter caRe Y mill be + or  - according as the arc-versine is greater o r  less than 
the difference of latitude. 

W e  have thus the following rules :- 

RULE ~. -TO find the perpendicular co-ordinate X in feet. 

Find the difference of l o n ~ i t u d c  between the point and the origin in seconds; take 
its logarithm and add the Iogzil.ithm from Table XXVII  correspo~~ding to the latitude 
of the point. This will give tlle logarithru of X in feet. 

X will be + or - according as the longitude of the point is greater o r  less 
than that of the origin. 

RULE 11.-To find the arc-versine in seconda. 

To  twice the l o g ~ r i t h m  of the difference of longitl~de in seconds add the log- 
arithm from Tahle XXVlII  corresponding to the latitude of the point. This will give 
the logarithm of the arc-versine in seconds. 
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RULE 111.-To find the  meridional co-ordinate Y in feet. 

Find Y in  seconds from the equation, 

Y seconds = arc-versine + latitude of point - latitude of origin, 

and note its sign. To the logaritlrm of Y in secorrds add the logaritlrm in Table XXVI 
correspondiug to a latitude = latitude of origiu + 4 Y. 'L'hrs will give the logarithm 
of Y in feet; the sign of Y in feet will be the same as that of Y in seconds. 

EXAMPLE :- 

Let  the latitude of the origin be 20' 15' 3OK62, the longitude 72' 16' 13".73 

J) 1)  ,, point Q ,, 20  15 26 -50, ,, 71 20  1 0  -25  

To find the rectangular co-ordinates of Q. 

Difference of longitude = 50' 3".48 = 3003'"48 . . log = 3.4776247 

From Table X X V I I  corresponding to latitude of Q log = 1.9786412 

Therefore X = - 285,934 feet . . . . . log = 5.4562659 

Twice logarithm of difference of longitude . . . . = 6.9552 

From Table XXVII I  log c~rrespondiug to latitude of Q = 7.8987 

Therefore arc-versine = 7".14 . . . . . log = 0.8539 

Latitude of origin + f Y" = 20' 15' 32".13. From Table XXVI,  log = 2.0038236 

Therefore Y = + 305 feet . . . . . log = 2.4838305 

Tahles XXVI, XXVII  and X X V I I I  map also he employed, with all the accuracy 
desirable for most practical purposes, for dcterminirig the latitude and longitude of a 
Revenue S~rrvey Station wlrose rectangular co-ortlinates have been corrected for errors 
of measurement anti made corrsisteut w-ith the corresponding co-ordinates of the Trigo- 
nomctrical Survey Stations in  the districts ~rnder survey. The latitude and longitude 
of the origin must of course be kliomn, and the give11 rectaugular co-ordiuates must 
be perpendicular aud parallel to  the meridian of the origin. 

The method of proceeding will be as follows :- 

RULE I.-Divide the given value of Y in feet by 100 to obtain an approximate 
value of Y in secouds (see Tztl~le XXVl)  : find tlrr approximate middle latitude = lati- 
tude of origin + 4 Y and with i t  etrter 'ral)le X S V l  and take orit the corresponding 
logarithm : snhtract tllis from tlre logarithm of Y in feet, and the  result will be the 
logarithm of Y in seconds of arc. 

R.UI,E 11.-Find the logaritlrm of X in feet to  4 places of decimals; subtract 
from it the logarithm in Tnllle XXVII  corrcsl~onding to a latitude = latitude of the  
origin Y in arc;  mrlltiplp this by 2 and itdd the logarithm in Table X X V I I I  cor- 
reol~oudillg to the same latitude: the result wi l l  be the logarithm of the arc-versine 
i r ~  seconds. 

RULE 111.-To find the latitude of the poiut. 
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The required latitude = latitude of origin + Y in arc - arc-versine, where Y 
has the same eign in arc as it has in feet. 

RULE 1V.-To find the longitude of the point. 

From the lognritllrn of X in feet subtract the logarithm in Table XXVII corres- 
ponding to the latitude just found. This will give the logarithm of the difference of 
longitude in seconds. This differeuce must be added to the longitude of the origin if 
X is + and subtracted when X is -. 

ESAMPLE.-T~~ rectangular co-ordiuatee of a point P are 

X = + 217,482 feet; Y = + 189,919 feet: 

and the latitude of origin = 20' 15' 30"-62; longitude = 72' 10' 13".73. 

To find the latitude and longitude of P. 

Y in feet = 189,919 . . . . . . . . . .  log = 5.2785684 

therefore Y in arc = 1,899 seconds approximately, = 31' 39", 

corresponding log 
>J latitude of origin + $ Y = 20' 31' 20") =2.0038367 

in Table XXVI 

. . . .  JJ Y ina rc  = + 31'22".49= 1882".49 log = 3.2747317 

. . . . . . . . . . .  X in feet = 217,482 log = 5.3374 

Latitude of origin + Y in arc = 20' 47') from Table XXVII log = 1.9772 

Difference = 3.3602 
2 

6.7204 

From Table XXVIII corresponding to latitude 20' 47', log = 7.9079 

therefore arc-versine = 4".25 . . . . . . . .  log = 0.6283 

Latitude of P = 20' 15' 30".62 + 31' 22".49 - 4".25 = 20' 46' 48"*86. 

. . . . . . . . .  X in feet = 217,482 log = 5 -3374233 

Table XXVII corresponding to latitude 20' 46' 48"-86 . . log = 1.9773663 

X in arc = + 38' 12".22 = + 2292".22 . . log = 3.3602570 

Therefore longitude of P = 72' 10' 13".73 + 38' 12''.22 = 720 48' 2sV.g5. 

TABLE XX1X.-Linear Va'oltie in  Mile8 of a Degree of Arc meamred along the 
Meridian. 

Thin table is computed from tlie name formi~la se Tnble XXVI, the unit being chenged from feet to 
miles. The tom p 1 sin 1" givcs tho rcnult correct to 4 places of decimals ol  8 mile. 

The argument in t l ~ i ~  table is the mean latitude of the extremities of the given 
arc. Thue the meridional distauce between the parallels of 74" and 84' is G8.7159 
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miles and may be reckoned ns the length of a degree at the latitude of 8". The table 
is constructed for mean latitudes ranging from 0' to 46O. 

E~A~IPLE.-Required the meridioual distance between the parallels of 8' 5' and 
8' 38'. 

- The mean latitude - 5' + 80 38' = 80.358. . . . . . . . . .  2 
Miles . . . . . . . .  The table gives the leugth of degree a t  8' = 68.7159 

. . . . . . . . .  Difference for 1' = + .0035 

. . . . . . . . . . . .  Length of a degree a t  8O.358 = (38.7172 

Therefore distance between the parallels of 8' 6' and 8' 38' 

= 33 x 68.7172 miles = 37.7945 miles. 
60 

TABLE XXX.-Linear Vabde in  nfiles of a Degree of Arc measured along 
Parallels of Latitude. 

This table ie computed by the Dame formula a8 Table XXVIT, the unit being changed horn feot to miles. 

The argument in this table is the latitude of the p~rallel  on which the length is 
required. Thus the distance on the parnllel of 28' between two meridians lo apart is 
61 1109 miles. The table is colistructed for parallels of latitude 1' apart from latitude 
O0 to latitude 4'6'. 

E x , \ ~ ~ ~ ~ . - R e q u i r e d  the distance between the meridians 78' 24' and 78' 53' on 
the parallel of 28' 41' = 28O.683. 

If Fen) = value in miles of lo on the parallel of 28'-683 

F =  JJ JI JJ 28' 
-- 

then Fen) = F + n a + n n - 1  b + kc. (see note to Table I.) 
1.2 

where a = -683, and a and b are the 1st and 2ud differences given by the table. 

Miles 
The table gives . . . . . . . . . . . . .  F = 61.1109 

JJ a =  - '5734; therefore . n a =  -.3916 
-- 

b = - '0185 n n - l b  
1) JJ 1.2 

= + -0020 
therefore 

Therefore the distance between meridians 78' 24' and 78' 53' on the parallel of 
28'. 683 

29 - - 60 x 60.7213 miles = 29.3486 miles. 

TABIJE XXXT.-Graticules o f  maps.-Sides and Diagonah of Squares of Qth 
of a Degrcc of Latilude and Longitude, on the Scale of 1 Inch to f a mile. 
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T A B L E  XXXI1.-Graticules of maps.-Sides and Diagonals of Bquares of 4th 
of a Degree of Latitude and Longitude, on the Scale of 1 Inch to 1 mile. 

T A B L E  XXXII1.-Gratimles of maps.-Sides and Diagonals of Squares of 4 of 
a Degree of Latitude and Longitude, on the Scale of 1 Inch to 4 miles. 

T A B L E  XXX1V.-Graticules of maps.-Sides and Diagonals of S p a r e s  of 4 of 
1 

a Degree of Latitude and Longitude, on the Scale of the Atlas of India or - 
255561 

of Nature. 

T A B L E  XXXV.-Graticzlles of maps.-Sides and Diagonals of Squares of 1 
Degree of Latitude and Longitude, on the Scale of 1 Inch to 8 miles. 

T A B L E  XXXV1.-Graticzcles of maps.-Sides and Diagonals of Squares of 2 
Degrees of Latitude and Longitude, on the Scale of 1 Inch to 12 miles. 

T A B L E  XXXVI1.-Graticules of maps.-Sides and Diagonals o f  Squares of 2 
Degiees of Latitude and Longitude, on the Scale of 1 Inch to  16 miles. 

TABLE XXXVII1.-Graticules of maps.-Sides and Diagonclls of Squares of 2 
Degrees of Latitude and Longitude, on the Scale of 1 Inch to 24 miles. 

T A B L E  XXX1X.-Graticules of maps.-Sides and Diagonals of Squares of 2 
Degrees of Latitude and Longitude, on the Scale of 1 Inch to 32 miles. 

T A B L E  XL.-Gratioiles of maps.-Sides and Diagonals of Squares of 2 
Degrees of Latitude and Longitude, on the Scale of 1 Inch to 48 miles. 

T A B L E  XL1.-Graticlales of maps.-Sides and Diagonals o f  Squares of 2 
Degrees of Latitude and Longitude, on the Scale of 1 Inch to 96 miles. 

Tables X X X I  to X X X V  are computed for latitudes ranging from 0' to 40°, and 
Tables X X X V I  to XLI for latitudes ranging from 0' to 46°. 

Thc qlmntities ,+on in tlic tables are :--m = Q R or P S ,  the meridionnl distance between the panrllele 
there slntrrl, n = P Q nnd p = S R,  tliu lenflhs of thc corresponding portions of llieso pnrnllelr, nnd q =, S Q 
or R P llio tlineonnl of tlie squnrp : m is obtnined from Table XXIX, and n nnd p from Table XXX by elmplc 
proporbon, wlule q may be deterrnincd na follows :- 

nnd q' = "83 + pa + Z m p c o s P ,  

since angle R = 180' - 8nglo P; 

thcreForo q0 = my + n p ,  

nnd q - +/-mi- + tap.  

These tnhles are for nsc in constructing the graticules of maps on the different 
scales mentioncd. Sllpposc that a grutic~ile has to bc drawn comprising 
4O of lntittlde and 4' of longiturle bctween the latitudes X" and XO + 4O, Fig. 3. 

on any pnrticular scale. Select the corresponding tahle and construct 
with pent accumcy, on a piece of tracing paper, r quadrilateral figure 8 
P Q R S whose sides P Q = n and S R = p shall he the length of 
a deprec of parallcl in latitudes XO ant1 X0 $ lo reapectivcly, and whose 
sides P S and Q R each = m shall be the mcrirliond diatance hetweeu 
those parallels. Construct also a similar quadrilateral for parallels 
X0 + 3' and X0 + 4O. 

P El 0 
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ATLAS SHEETS.-With reference to  Table XXXIV i t  may not be out of place 
to  give the fo l lowi~~g additional information extracted from a memorandum on the subject 
by Colonel J. T. Walker, written in  1872 and published as a n  appendix to  Markham's 
" Indian Surveys." 

Draw a line H C down the middle of the paper to  represent the central meridian 
and cut off parts C c, c 0, 0 h, and h H 
each to represent a degree in the cor- 
responding latitude on the give11 scale. Fig. 4. 

Place the first quadrilateral with Q R on 

After explaining the difficulty he experienced in obtaining reliable information 
owing to the circumstarice that the puhlist~er of the Atlas of India, Mr. John \ITalker, 
who had lately died, "had been in the hahit of constructing the ~~roject ions and com- 
piling the materials of the Atlas Sheets mitli his own hands," Colonel Walker goes on  t o  
say that :- 

The projection "is one of the numerous modifications of the conical development; 
it  represents the parallels of lntitude by couce~~t r ic  arcs, but thc meridians by arcs con- 
cave to  tho ceutral meridian, and not I)y straight lines as in  the true co~rical development. 
A cone is assumed to roll over the splleroid tnugentially to  an adoptetl central pnrallel 
of l a t i t ~ ~ d e ,  the distance from the vertex of the cone to this parallel ( = normal x cot 
la t i t~~t le)  is the rndius of projection of tlie parallel, and mny bc considered as thc funda- 
r n e ~ ~ t n l  radius of the pro.jrct~on; for the rndii of all other parallels are determined 11y 
nddiu:: to or sltbtractiiig from it the distances between those parallels and the central 
pnrallcl. The anglc subtcntled at  the rertcx of the cone by a longitudinal arc of lo i n  
length is called the "anglc of the projcctio~~" for the parallel of latitude to which the 
arc :lppcrtaius; as this auglc varies with tlio latitude, its value is computed for each 
parallel. 

B * B I * I * B 

H 

e 

C c and prick through the point P thus F G H I K 

"The clen~euts of thc figure oE tlie earth which are employed are not stated, hut 
tllerc can he no do~lh t  thnt tlloy must have been those determined by Colonel Lambton 
from his measurements on the Grcat Indian Arc, nnd are given i n  Vo111me xiii of the  
"Asiatic Rcsearchea". * * * The longitudinal degrees of the projection are all 
but identical with Colo~rcl Lambton's, and the differences between the radii of projcc- 
tion practicnlly correspond with his nleridionrl dcgrees in every case, excepting between 
3 3 O  and 34') wl~era there is a considerable error, mhicll, however, has been allowed for 

and E K, mill be scusibly equal to  the A B c D E 
central meridian C H, aud the diagonals 
A H, C F,  C K, E H, mill be sensibly 
equal to each other. 

giving the point B : similarly placing the 
second quadrilateral on H IL olltain the 
point G.  Join B G and cut off B 6 = 
C c , a n d G g =  H h .  With B B  and G g  
as hascs for start,ing proceed as before and 

f 
determine the poiuts A and F and the line 
A F which will be one of the outside me- 
ridians. A similar process on the other 
side of H C mill give the points D, E, I ,  K. 
Join the points A,  B ; B, C ; C ,  D ; D, E, 
&c., and F, G ;  G, H ;  H, I ;  I ,  K,&c.,aud 
we get the parallels of latitude which cut 
each of the meridians a t  the same angle 
different for each parallel. W e  have now 
only to divide the lines f a ,  g b ,  &c., into a 
parts equal to h 0 and 0 c and unite the 

. 

points of iutersection and the graticule is 
complete. The practical check on the 
process is thnt if i t  has been constr:lcted 
accurately, the meridians A F ,  B G,  D I, 

9 

6 

h 

c 

I 

0 

d 
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i n  the practical construction of the projection, and has not very materially influenced 
the  accuracy of this portion of the Atlas. 

" \\'it11 these elements of projectio~l, the rectangular co-ordinates of the points of 
intersection of the principal meridians with the principal parallels were computed with 
reference to  an adopted central meridi;~n, and the points of its intersection by the 
parallels. Putting 0 for the "ar~gle of projection" for lo of lollgitude on any given 
parallel, and r for tlie corresponding radius of projection, then the co-ordinates of the 
extremity of an arc of n degrees on that pnmllel, as referred t o  the central meridian 
and the point a t  which i t  is intersected by the parallel, will be 

r sine no, and r versine n6, 

the former perpendicular and the latter parallel t o  the given meridian, 

"The meridinn which has been adopted as the central meridian or  axis of the pro- 
jection is TGO 30' east of Qreenwich. * * What  parallel was adopted as the central 
parallel is nowhere stated, and the data hy whicl~ it  might be ascertni~red are incomplete, 
but the values of the radii of projectiou clearly ehew that  i t  must lie betweeu 24' and 
2S0, and most probably is 28" 30'. 

"The sheets of the Atlas are rectangular, their dimensions as taken between the 
marginal lines on the copper plates being 38 hy 24.4 inches, representing a distance of 
13-k,830 fathoms lengthways, on the perpendicular to  the central meridian, and a 
distance equivalent to  the length of a meridional arc of lo 28' breadthways. 

"The sheets are situated unsymmetrically with reference t o  the cerltral meridian, 
for it  passes over the central sheets a t  a distance correspor~ding to 37,100 fathoms from 
the west, and 97,760 fathoms from the east margin. This is exceedingly inconvenient, 
entailing sepnrate computations for the projection of the sheets east and vest of the 
central meridian, which would have been avoided if a symmetrical arrangement had 
been adoptcd. 

" Tile origin of co-ordinates is a t  the intersection of the parallel of 5' with the 
central meridian; but each of the points nt successive intervals of lo 26' on thc central 
meritlinn, from latitude 5' upwards, may he said to  be origins of co-ordinates, and 
employcd as such i n  the calculations for the co~*responding belts of sheets, right and 
left. * * * * * K * 9 

" There can be little douht-though i t  is nowhere stated ill words on the Atlae 
sheets-that the scale of the Atlas must originally have been intended to be that of 

1 inch t o  4 miles, or the 2- 
253440 t h  part of nature:  for this, the entire length of the 

fathom scale, from 0 to  60,000 should be 17.045 English inches, but on comparing it 
with a standard yard hy Troughton and Simms, it  was found to be only 16.904 inches; 

1 the  scale of the Atlas is therefore 'the -------th part of nature or somewhat less than 
255561 . - - - - > - 

1 inch t o  4 miles, as has hitherto been supposed. The value of the meridional degree 
on Mr. Walker's scale is taken nt 60,500 fathoms, nnd the actllal lerigth of this degree 
on the scale is equal to 17.055 inches of Troughton anrl Simms' stantlard yard, or very 
nearly what the length of the fathom arnle shollld have hecn. On tlie otllcr Iland, the 
fatllom scale has been prolonged to a point bcyond the 60,000 fathom division, at a 
dista~lce from the zero of that scale which is almoet exactly equal to  what the length 
of the meridional degree el~onld have hrcn. Hence i t  Rccms probalde that the lengthe 
of the scales were lair1 off with all desirable accuracy in the first instance, but by some 
mistake the fathom scale length was mistaken for that of the meridional degree and 
sub-divided accordingly, and vice vcrrd. I n  consequence of this error the dimension8 
of the copper plates, which should have been 38.31 by 24.65 inches withiu the border 
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lines are only 38.00 by 24-95 inches. The error necessitates a reduction in scale 
of all geographical materials which are drawn O I I  the quarter-i~rch scale, before they 
can be correctly ii~serted on the copper plates, but otherwise it is of little impor- 
tance". 

T A B L E  XLI1.-Rectangula~, Co-ordinates in Chains of the Corners of 4th Degree 
Squares, referred to the centre of the Degree as  origin. 

This table gives the rectangular co-ordinates i n  clrains of the  corners of Qth 
degree squares referred to the centre of the degree as origin for latitudes ranging 
from O0 to 4,0°. 

I t  is computed according to the prit~ciples laid down in T a l h  XXVI, XXVII, 
and XXVIII, and is for the use of Revenue Surveyors and others a l ~ o s e  operations 
are based on rectangular co-ordinates referred to  the centre of a square degree ns 
origin, but mhicl~ are intended for public~ti011 ill maps based on spherical co-ordinates. 
The points of whicl~ the rectangular co-ordiuates are given in the table arc the tor- 
uers of 7' 30" squares. 

T A B L E  XLII1.-Convergency between Meridians 1 Mile apart measured on 
Parallels of Latilude. 

The formula from wbioh thin table has been conetrncted may be deduced ae follows :- 

Let P and Q be two points 1 mile apart on tho pnrnllrl or l a t i t ~ ~ d e  A"; draw tangents a t  the points 
P and Q to tho meridians through P and Q ; theso tangents will meet. a t  a point T on Ihe polar axis of the 
earth. 

Then the convergency = the angle P T Q = A L sin A 

ton A tan A 
or = P Q coeec 1" - - = 6280 coeec 1" - 

aherc  A L is the difference of longitude between P and Q and v is the normal lo the meridian in latitude A. 

EXAMPLE.-TO find tho convergency of two pointa I mile apart in l a t i~ude  17' 40') 

log 6280 = 3.72263 

log coeec 1" = 5.31443 
- 

log ton A - 1.50311 

1 
log - - 8.67924 from Table I - 

Nnt,. No. - 16.57 . . . . log = 1.21941 

tbereforo the convergenry = 16".6 as given in the tnble. 

The tablc is construct~d for every 5' of lntitude from 0' to  40°, and enables 
Revenue Surveyors autl others w l ~ o  employ rcc tnng~~lar  co-ordinates, to refer observed 
azirnlltlls or a ~ l m u t l ~ s  obtail~ed through t r i a~~gl~ ln t ion  to their tneridiau of origin. 

RULE.-Br~tcr the table with the latitude of tho point nt which the convergency 
is manteil, R I I ~  ul~iltiply the qr~antity so ol)t~~it~c.d by the nnmber of miles in the per- 
pentlic~~lar co-ortli~~ate of the point : the rcsr~lt will I)c the convergency reqnircd, and 
will be additive to the observed azimuth if west OF the origin, subtractive if east. 

EXAMPLE.-In latitude 30'23' let the length of the co-ordinate perpendicular to 
the meridian of origin be 15.67 miles, 

Tlten the convergency = 16 - 67 x 30". 5 = 4.77". 9 = 7' 57". 9. 
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TABLE XL1V.-Lengths of Circular Arc$. 

This table gives, to 7 places of decimals in terms of radius unity, the lengtlls 
of arcs of a circle subte~~diug augles at  the centre ranging from 0".01 to 180°. 
The tabular numbers are also of course the circular measures of the corresponding 
ailgles. 

RULE 1.-TO find tlre length of the arc which subtends a givkn angle at  the 
centre of a circle of given radius. Find the tabular number correspo~lding to the given 
angle and multiply i t  by the radius. 

To find the length of an arc of 57' 17' 44'"8 with a radius of I00 feet. 

Tabular No. for 57' is 0.9948377 

Therefore the length of the arc = 100 feet. 

RULE 11.-To find the degrees, &c., subtended by a given arc at the centre of 
a circle of given radius. Divide the arc by the radius; from the result subtract 
the next lower tabular number; from the difference the next lower and so on till no 
subtrahend remains ; and opposite the several numbers subtracted will be the degrees, 
minutes, &c. 

EXAMPLE.--TO find the angle subtended by an arc of 13.6578 feet in a circle 
whose radius is 100 feet. 

arc - radius = 1365780 

The table gives for . . . . 7' - a1221730 

1) 9 )  . . . . "-25 - 12 

Therefore the required angle = 7' 49' 3lU.25. 0 

TABLE XLV.-For converting Feel into Milea. 

The table gives the equivalent in miles of any number of feet from I to 99999, 
a~ ld  by simply altering the decimal pointa i t  can be used for any larger number. 

EXAMPLE.-To find the number of milee in 35,798 feet. 
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The table gives 35,000 feet = 6.6288 miles 

J J  ,, 790 ,, = 0.1496 ,, 
J 1 J l  8 ,, = 0.0015 ,, 

35,798 ,, = 6.7799 ,, 

TABLE XLV1.-For converting Miles into Feet. 

The table gives the equivalent in feet of any number of miles from 0.01 to 99-99, 
and by alteriug the decimal place it can be used for any number of miles. 

EXAMPLE.-TO convert 6.7799 miles into feet. 

The table gives 6 miles = 31680 feet, 

>J  ,, -7700 ,, = 4065.6 ,I 

- 
J J  J J  .0099 ,, - 52.3 ,, 

Therefore 6.7799 ,, = 35798 ,, 

TABLE XLVI1.-For converting Links inlo Feet. 

The table gives the value in feet of any number of links between 0 and 99,999 
and may be used for auy other number by altering the decimal place. 

EXAMPLE.-TO find the number of feet in 77210.52 linka. 

Tlre table gives 77000 links = 50820 feet, 

JI 9 ,  210 ,, = 138.6 ,, 
- 

JJ  J J  ~ 5 2  ,, - '34 J, 

77210.52 ,, = 60958.94 ,, Therefore 

TABLE XLVII1.-For converting Feel into Links. 

The tnble gives the vnlue in links of any number of feet hetween 0 and 99,999 
aud may be used for nny other uumber by altering the decirual places. 

EXAMPLE.-TO find the numher of linlts in 50958.94 feet. 

The table gives 50,000 feet = 75757.6 links, 

1) ,, 950 ,, = 1439.4 ,, 
1, ,I  

- 8 , ,  12.1 ,, 
I I  11 -94 ,, = 1.42 ,, 

Therefore 60958.94 ,, = 77210.52 ,, 

TABLE XL1X.-Gauss'r Sttm and Difference Logarithms. 

This table contains (3aussJs Logarithms adapted from Shortrede's Muthe- 
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nlatical Tables, and Galbraith aud HaughtonJs Manual, and by means of it the 
lngnrithms of the sum and difference of two numbers may be immediately derived from 
the logarithms of the numbers themselves. T l ~ e  table consists of three parts headed 
respectively A, B and C, the construction of which is as follows :- 

A = log m 

B = log (I  + :))for successive values of m from I-001 to ICIOO, 

C = log (1 + m) 

Hence it follows that C = A ' +  B. 

Rrst ,  let it be required to find the logaritl~m of (a + b) when logo and logb 
a are given, a being > b. Put  m = - ; then q 

b 

log m = log a - log b = A in table, 

RULE.-Subtrnct the lesser logarithm from the greater; wit11 the difference 
enter part A and find the corresponding 1111mber in part 13, which must he added to the 
greater logarithm; or enter part A a ~ l d  find the correspo~~ding number in part C, 
which must be added to the lesser logarithm. Either process will give the logaritl~m 
of (a + b). 

E X A M P L E . - F ~ I I ~  the logaritl~m of the sum of the numbers whose logaritlrms 
are 0.36 173 and 0.23045. 

log a = 0.36 1 73 

log b = 0.23045 

log a - log b = 0,13128 = .4, 

corresponding value in B = 0.hQ33 

log a = 0.36178 

log (a + b) = 0.60206 - 
or correspondi~~g valne in C = 0.37161 

log b = 0.23045 

log (a + b) = 0.60206 

Next, let i t  be required to find log (a - b) with the same rlats. There will bc: 

two caaes, one in which Q will be > 2 or log a - log b > 0.30103, the other in wlricl~ h 
a 
h 

will be < 2 or log a - log b < 0.30103, a I~eing > b in both cases. 

a a I n  the 1st caae let - = 1 + m, then a - b = 
6 1 1 + m- 
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loga - logb = log( 1 + m ) = C ill table, 

log(a - b] = logo - log( 1 + i) = loga - B in table. 

RULE.-When loga - logb is > 0.30103, with the difference enter part C, 
and find the corresponding number in part B, which must be s~~btracted from the 
greater logarithm to find log(a - 6 ) .  

1 a 
I n  the 211d case let '- = 1 + --, then a - b = - b  n~ 1 + nh 

loga - logb = log 1 + - = B iu table ( 3 
log(a - b) = loga - log(1 + n,) = loga - C in table. 

RULE.-When loga - logb is < 0.30103, with the differeuce enter part B, 
and find the correspo~~ding number in part C, ml~ich must be subtracted from the 
greater logarithm to find log(a - b). 

EXA~IPLE 1.-Find the logarithm of the differeuce of the numbers whose log- 
arithms are 3.44134 aud 1.21352. 

loga = 3.41134 

logb = 1.21362 

loga - logb = 2'22782 

Next lower number in C = 2.22261 . . . corresponding value in B = 0.00261 

Remainder = 

Tabular difference in C = 521 x 6 } . . . . subt,ct - -  = 
994 

3 

I J ,, ill B = 6 
R = 0.00258 

log(a - b) = loga - B = 3.43876 - 
EXAMPLE 2.-Find the logarithm of the differerlce of the numbers whose log- 

arithms are 0.25042 and 0,08395. 

loga = 0.25042 

logb = 0.08395 
- 

loga - log6 = 0.16647 

Next lower number i r ~  B = 0.16633 . . . correspondi~lg value in C = 0.49733 

Remainder = 

Tnh~llnr difference in B = . . . . ~uhtrac t  - -  1 4 x 6 8  - 
82 - 30 

I )  ,, in C = 
= 0.49703 
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Gauss's Tables give logarithmically the correlations of the following functions :- 

Thus if the log of tan" is given, enter part A of the table therewith as an srgu- 
ment ; the corresponding number in part B will be the log of cosec20, and in part C the 
log of sec". 

Ex.in1~1,~.-Given log tan2@ = 0.47712, part A ;  then from part B log cosec98 
= 0.12-h9.k, alid from part C log sec20 = 0.60206. 

When the index of the given logarithm is negative enter part A with the corres- 
ponding negative logarithm, then thc logarithm of the f i~nctiol~ B will be found in part 
C, and the logarithm of the functioti C mill be found in part B. Co~iversely when the 
logarithm of B or C is only to be found in part C or B the corresponding logarithm 
of the function A will be negative. 

E~. i>lp~~.-Given log tnn20 = 2.04324 = - 1.95676, part A; then from part C 
log cosec20 = 1.96153, and from part U log sec28 = 0.00477. 

Again loga being given let i t  be required to find log(1 + a). 

RULE 1.-When a is greater than 1, i .e . ,  logs positive, enter part A with the 
given log, the corresponding number iu C will be log(1 + a). 

RULE 2.-When a is less than 1, i .e . ,  loga negative, enter part A with the nega- 
tive log of a, the corresponding number in B will be log(1 + a). 

1. Given logo = 2.62562 

Ncxt lower number in A = 2.62000 . . . corre~ponding value in C = 2.62104 

Di fferencc = 6627 rnn . . nrro 
DOX X YYD . . , d = 561 

Tabular dserence in C = 908 1000 
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2. Given loga = 2.62562 

Then the negative log of a = 1.37438 

Nest lower number in A = 1.37400 , . . corresponding value in B = 0.01798 

Difference - - 
3 8 x 4  - . . . subtract -- - 2 

Tabular difference in B = 100 

log(1 + a) = B = 0.01796 

Lastly, logo being given let it  be required to find log(a - 1) or log(1 - a). 

RULE 1.-If loga is > 0.30103, i.e., a > 2, enter part C with it, tlie corree- 
ponding uumber in A will be log(a - 1). 

RULE 2.-If loga is < 0.30103 but > 0, i .e.,  a < 2 but > 1, enter part B with 
it, the correspo~ldit~g numbcr in A mill be the negative log of (a - 1). 

RULE 3.-If loga be ncgative, i.c., a < 1, with the ncgative log of a enter part B 
or C autl take the correspoudillg number in C or B; this will be the negative log of 
(1 - a). 

1. Given loga = 2.G25G2 

Nest lorrer number in C = 2.62104 . . . corresponding value in A = 2.62000 

Difference 
458 x 1000 - 469 

Tabular difference in C = 998 998 

2. Given loga = 0.03981 

Ncxt higher number in B = 0,03987 . . . corresponding value in A = 1.01700 

Difference - - 
6 }  . . . add G x l O O  - - 

8 
75 

Tnbular difference in B = 8 

therefore negative log of (a - 1) = 1.0 1775 

tllerefore log(a - 1) = A = 2.98225 
- 

3. Given loga = 1.62562 

Then the negative log of a = 0.37438 

Nest loner number in C = 0.37433 . . . corresponding value in B = 0.23833 

Difference - - 
Tabular difference in B = 5 x 4 2  - 

6 8 
4 

)) ,, in C = 

therefore 

therefore 

negative log of (1 - a) = B = 0.23829 
- 

log(1 - a) = 1.76171 
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T A B L E  L.-Common Logarithms to 4 places of Decimals. 

This table gives the logarithms to 4 places of decimals of all numbers between 
100 and 1000, arranged in one opening. 

T A B L E  L1.-Common Logarithms to 5 places of Decimals. 

This table gives the logarithms to 5 places of decimals of all numbers between 
1000 and 10000, ant1 is inteuded especially to aid the calculations of the Revenue 
Branch of this Survey. 

TABLE LI1.-Logarithmic Sines and Cosines to 5 places of Decimals. 

This table gives the logarithmic sines and cosines of angles differing by I' be- 
tween OOand 90°, and is intended especially to aid in the traverse calculations of the 
Revenue Brauch of this Survey. 

TABLE LII1.-Azimuth and Apparent Altitude of Polaris computed with 
North Polar Distance lo 17 and Mean Refraction. 

This table, which was originally published in an abbreviated form in the United 
States Coast Survep Report for 1870, is inteuded for field use to aid in placiug the meridian 
instrument ap1)roximately in the plane of the meridian. The table is coustructed for a 
Nortll Polar Distance of Polaris l o  17', but as corrections for every 10" of Pi. P. D. are 
given, it can be used for the correct North Polar Distance as giveu hy the Nautical 
Almanac. The time being ktlown, all that is necessary is to intersect the star and read 
the horizontal circle, theu the azimuth can be obtained by inspection from the table. 
The table is constr~rctetl to suit latitudes differing. by 2 O  between 0' and 40' and for 
hour angles from Oh to 12h. The table farther gives the hour angle at elongation with 
its correction for an increment of 10" in N. P. D. 

Tho formulm by which the altit,ude and azimuth and the changes in them due to change in N.P.D. (A) 
have been computed are as followrr :- 

Let 1 = hour angle a t  any time except elongation, 

A = latitude, 

6 = the declination, 

( = the zenith dietance, 

9 = tho parallactic angle, 

A = the azimuth, 

sin + ( = n seo N and ein A = couec (sin A sin l ;  

d (elt.) - - con p d A and d A = *Q d A ; 
sin 

. cos A sin A s,n 9 = - 
eln A ' 

From the nhove the trim zenith distnnre hne hocn computod and tha mean refraction, from Table I of 
Cheuvenet's Astronomy, Vol. 11, hnn bocn applied to obtain tho apparent altitude. 

The formulm at elongation, P being the hour anglc, are :- 

sin (alt.) - sin A seu A ; sin A = sin A sac A;  and oos P - tan A tsn A I 

the apparent ~I t i tude being found ss before. 
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The chsngen in the preceding elemerita for o clrange in A are :- 

d P - - tnn A cosec P sec2 A d A ;  

d (alt.) = - d P sin A; 

d A = d A sec (alt.). 

The table may be used for two purposes. First, Given the altitude and hour 
angle, the latitude mny be obtained by a series of i~~terpolatiolrs.  T l ~ e  resrllts only 
differ by a few secor~tls from those nrrived at  1)y the rnethotl given in the Nautical 
Almanac, hut the cornputatio~r is rather Ial~orioils ttnd cannot be recommended. Second, 
Given the latitude and hour angle, t o  fiud the aziluuth. 

On Nov. 9th 1886, in  latitude 27' 47' 26" an observation was taken t o  Polaris 
a t  21h 4" 54" determine the azimuth. 

h m  s 
On Nov. 9th 1886, the Right Ascension of Polaris = 25 18 25 

Sidereal time of observatioll = 21 4 54 

Hour angle = 4 13  31 

The North Polar Distance of Polaris = lo 17' 37": correcting the tabular 
quantities Eor 37" of N. P. D., we get :- 

0 ,  N h m s  0 I H  

I n  latitude 26 0 0 a t  4 0 0 Azimuth = 1 15 12 

1, I, ,I 4  20 0 ,I = 1 1s 3B 

therefore ,, 26 0 0 , , 4 1 3 3 1  ,, = 1 17 31 

and I, 28 0 0 ,, )I = 1 18 67 

whence ,, 27 47 26 ,, I I = 1 18 48 

so that the required azimuth of Polaris = 1 18 48. 

I t  is evident tlrat the aritl~metic in this cornpl~tntion wol~ld hnve been much 
sirnplifictl if Polaris had bce~r observed a t  one of tire hour ang1c.s mentioned in the 
t a l~ le ;  b ~ r t  as this may not be convenient a t  a11 times, an example of the most general 
type ha8 beeu cl~osen. 

TABLE LIV.-Elements of Circumpolar Stars  for lat January 1887. 

Tile tnhle contains a list of GO circumpolar stars down, to  the 7th magnitude 
sitlratcd within 9' of thc Pole a11d arrtinged in order of tlreir right asce~~sions. The mean 
right nscer~sio~ls a l ~ d  decli~lntio~~rr arc given to 2 places of decirnnls of a second, except 
thoae OF the N:~utical Alrnnnnc stars : tlrc npp:ircnt plnces of the latter can he tnken out  at 
olrce from the almanac. The mean right nscensions and declinations, and the anrlurl 
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precessions in right ~scens ion  and declination have been computed by the rigorous for- 
mulae given in ' Chauvenet's Astronomy ', while the secular variations havc becn obtained 
from the formulae given in the Greenmich 12-year Catalogue 1836-47. The third 
differences have been obtained by bringing up the right ascensions and declioations to 
1887, using only first and second differences ; then subtracting the results from the value 
obtnii~ed by the rigorous formnls  and dividing the result by one-sixth of the cube of the 
number of pears from the Epoch of the Catalogue so that  what are denoted 3rd differ- 
enccs really inch~ilc the rcmainder of the series. 111 most cases the 9-year Catalogue 
wa3 used, bnt a few stars which are not there given mere obtained from the other recent 
Cireenwich Catalogues or from the 2nd liadcliffe Catalogue for 1860. The proper motion 
was taken from t l ~ c  correspondi~~g Catalogne when given there, a i d  w11en not i t  is left 

#a d'S 
blank. The unit i n  the columns headed - and - is the sixth place of decimals or 

dl" dlY 
thc quantities are in  milliontlis of a second. 

The formulae for finding the  mean place of a star on the 1st  January of the 
pear (1887 + y) are :- 

where a and 6 are the mean Right A s c e n s i o ~ ~  and Decli~lation on 1st  January 1887, 

ns a ~ i d  da and are the annual prccessio~~s i n  Right Ascension and Decl i~~at ion,  
dt- at 

dJa $28 
and - - ,, secnlnr varintions 

The apparent place for Greenwich mean midnight will be found ns usual by 
applying to the menu place on tlrc 1st January of the ycar of observation the 
corrections :- 

in right ascension . . Ee + Ff + Gg + 1111 + L + 1 - 300 + y x fraction of year, 

,, declination . . . . Ee' + Ff' + Gg' + IIh' + L + I' - 360 + x ,, ,, ; 

wlicre p and Rre the respective proper motions in  right nacenaion and declination ; T, 
k', kc., arc hirp's Day-Numl~crn, ni~d e, e l , , f ,  f ' ,  kc. ,  arc t l ~ e  star constants. If there 18 

a Catalogue wl~osc lSl~ocl~ is ncnr the year oE 01)scrvation thc star c o ~ ~ s t n n t s  may be used 
from it, but if not, as the conatauts change very considerably for stars near the pole, 
t l~ey  ought t o  be co~npnterl from the follo~ving formuloe :- 

Let  w = mean obliquity of thc ecliptic (Crom Nautical Almannc), 

rn = 4GW'0871 + 0".000284,9 y, 

n = 20f'.0532 - OV.00008C3 y, 

n' = tlic mean R.X. in time on 1st Jnnnary of ycar 1887 -t y, 

A = ,, N.P.D. 9 1  ) I  ~1 7 

thcn 
1 

e = + - cos a' coaec A +- 1.2, 1; 

1 f = + sin a' cosec A + 1.2, 
15 
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tn n 
g = + - + - sin a' cot A + 25, 15 15 

1 
h = + - cos a' cot A + 1'2, 

15 

1 = 2 1 0 - 2 5  x e - 2 5  x f - 1 . 2  x g - 2 5  x h, 

e' = - tan o sin A + sin a' cos A + 1'2, 

f'  = - cos a' cos A + 1.2, 

g' = - 71 cos a' + 25, 

h' = + sin a' + 1.2, 

1' = 210 - 25 x e' - 25 x f' - 1.2 x g' - 25 x h'. 

9 Sin9 4 t TABLE LV.-Value.q of z7-;,- for the Redicclion of Circum-meridian Observations 
J t n  1 

for Latitude. 

This table is intendcd to be employed in the computation of latitude from 
circum-meridiiin observations of the sun or a star. The formula for fillding the latitude 
is as lollo~vs :- 

I f  x = the true latitude, 

t = the true meridian zenith distance, 

to = a n  observed cx-meridian zenith distance corrected for refraction, and i n  
the case of the swu or a planet also for semi-diameter and parallax, 

6 = the declillation of the sun or star, 

A,, -- 8 + to = an approximate value of A, 

t = the hour angle ; 

cos X, cos S t = & T Am where A = -. - 
sing 4 t 

t l ~ c n  and ?n = 2 
sill go 9111 1" ' 

tllc? ncgative sign being used when the s tar  is above tlie pole and the positive one when 
the stnr is below it, 

and x = S + c .  

I n  thc ahove form111a t should he lcss litan 20 niinlrtcs and 5 greater than 100, and 
conaequcntly the t n l h  is only co~lstructcd to  give 911 for all valucs of the hour angle 
from O q o  20"'. Tlic logarithms of the scveral quantities mg, should they be required, 
will be fonutl in Tablc XXV. 

In  practice a niirul~cr of observations (ray ten) sl~onld be tnkcn, and it  is better 
t h n t  sonle slrorlltl l)r on onc side aird sonlc on tlre othcr sitle of the meridinn, but it  is 
not ncccasarg to  rctl~ice ench of these separately: the above fornlnla is sufficiently 
acclirnte if c, rcplbesent the niean of tlw zenitli distances corrected as above describcd 

2 sin? t and 111 tllc lneaii of tlic quantities - 
sin 1" - corresponding t o  thc respective hour angles 

oF ol~scrvntion. I n  case of the Sun 6 is the dccliuation corresponding to the  mean of 
tllc times of observatio~i. 
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EXAMPLE.-Circum-meridian Observations for Latitude to X Sagittarii, (South), 
a t  Camp Kilki, August 3, 1886. 

TABLE LV1.-Factors for Bessel's Probable Error Formule. 

Circle Rendinge Chrono- 

Fece moter t m 

A Melln Times 

h m  a 
= 182056 
- -- 47 

transit = 18 20 9 

0 1 11 

The formnlre for finding the probal~le error of a single observation of a group, 
or of the mcan of the group, are given in " Airy's Theory of Errors of Observations, 
1875" article 60, as follows :- 

L 
R 

0.6745 p.e. of a single observation = ~ --- :. Jn-1- 1 Jsum oE squares of apparent errors. 

30 27 10 

59 26 40 

- - 77 0.6745 - .-.:.-= - 
-- 

p.e. of the mean ~ S U ~ I I  of squares oE apparent errors. 
n (n- 1)  

0 1 ,I 

Meanof altitudes =30 31 31 

Refrnction = 1 19 

30 30 12 

L . . . .  =592948 

0.67145 0.6745 
The table gives the values of the two factors -- - and - -----for v~ lues  of 

JT- I J L ( n  - 1) 

n from 2 to 100 inclusive. 

27 40 

26 20 

A, = 34 0 56 . . log cos = 1.91849 

Mean m = 62.1 . . . . . . . . . log = 1.79309 

Am = 54" . . . log = 1'73183 
[ = 6 - Ant = 69' 28' 54" 

8 . .  . . = - 2 5 2 8 5 2  

A =  3 4 0 2  
A 

T A B L E  LVI1.-Quadrilaternl Surfaces of 16' in Lalitude and in Longitude 
on the Terrestriul Ellipsoid. 

Thin table gives the areas in square miles, to 3 places of decimals, of squares of 
15' side between the latitudes 0" and 40". 

27 25 

26 30 

27 36 

29 4 

7 27 
8 55 

109 

156 

& = 69 39 48 . . log cosec = 0.06169 
- 

8 = -25 28 52 . . log cos = 1'95556 
- 
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The table u computed from the formula :- 
pv COB A 

Area = --5 r (eireulor measure of = (g)' pv cos A sin2 1". 
( 5 t t I O )  

For purposes of interpolation each nrea given in the table must be considererl as 
corresponding to its middle latitude a ~ ~ d  the interpolat io~~ carried 011, as iu the foot- rote 
to Table I, for the middle lutitude of the space required. 

I f  the area of a 5' space is required, the areas in the t a l~ le  mnst first be divided 
by 9 and tl~eri considered as the 5' spaces correspoudilrg to  the middle latitudes, aud the 
interpolation carried on as before. 

More generally, if the area of an n' space is required, multiply the 15' areas by 
n9 -- 
225 

and interpolate as before. 

TABLE LVII1.-Semi-ditonul and Semi-nocturnal Arcs, 8horving the time of the  rising 
and setting of the Srcn, nloott, or Equaturiul Stars. 

The table, abridged from that in  " Hints to Travellers," gives half the time 
that a ce1esti;~l body c o ~ ~ t i ~ ~ u e s  al~ove or below tlie t~orizol~ w l ~ r n  the latitude and declina- 
tion are of the same or of contrary nanles : it i~ffo~.cls the n ~ e a l ~ a  of computing the rising 
and setting of tlie sun, moon a ~ ~ d  equatorial stars, and tlie length of the day a l ~ d  night. 
No allowance is made for reFraction w111cli in extrenle cases will cruse all error of 3". 
For convenience a table of the dates corresponding to sun's declination is added. 

To find the time of the sun's rising 01- setting. Enter the table with nrguments 
latitude a ~ ~ d  drcl i~~at ion.  'I'her~ the tabular 11ur11ber is the apparent tirue of the sun'n 
setting or ribing according as the argliments are oF the same or contrary Ilumes, and this 
subtracted from 12 hours will be the apparent time of 1.ihi11g in the former case or set- 
ting in the latter. Twice tlre time of rising or setting mill give the length of thc night 
or day. 

EXAMPLE.-TO fil~d the apparent time of sunrise and sunset and the length of the 
day arid ~ ~ i g h t  in Int. 32' N., decl i~~at ion 1 8 O  N. 

h m 
For arguments, lat. 32O, declination 18' . . . tabular number = 6 47 

h in 
Tl~erefore the time of s r i ~ ~ s e t  = 6 47 . . . I ~ c n g t h  of the day = 13 34 

And ,, sunrise = 5 13  . . . ,, ,, uigllt = 10 26 

To find thc tirnc of a star's rising and sctting. Find thc right nscensioris of the 
sun and star fro111 tlic Nautical A l m a ~ ~ a c  ant1 sr11)tract the former from the latter 
increased by 24 hours iE neccssary. The difference is the r~pproximstc time of ' t l~e  stnr's 
passing the meritlian. Enter the table wit11 al.gamcuts latitude autl decl i~~at ion,  the 
tabular number is half the time the star is above or hclow tllc I~orizolr according as the 
latitude and decli~~ntion are of tlic name or diffel.e~~t names, r~nd in the latter case it  must 
be sul)trncterl from 12 hours to  get half thc time of continuance above the horizon ; 
suhtrnct or add half the time al)ove the horizon from star's meridiau passage and the  
result will be the time of the star's risillg or setting. 

EXAMPLE.-At what apparent time does 6 Ophiuchi rise and set on May 1st 1887 
in let. 30' N. ? 

h m 
Star's ltight Ascension on 1st May 1887 . . . . = 16 8 
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Arguments, lat. 30' N., declination 3' 24' S. 

rh m 

Tab~llar  number = 6" Bm, sul)tl-act fro111 12 hours . = 6 52 

. . . . . . . . . .  Time of star's rising = 7 4.3 P.M. 

J I  .. setting . . . . . . . . . .  = 19 27 ,, or  = 7 27 A.M. 

TABLE LIX.-Corrections for reducing Apparent to Mean Solar Time. 

Tllese corrections mast 11e applied to  the apparent time with the signs given it1 
the ta l~le  to  reduce to  mean tirne. IF greater accurilcy is reqrlirerl tlie Nautical Almannc 
must I)e i~sed where t l ~ e  qlln~itities will bc fou~ld  nuder tlie Iiendi~ig "Equation of 
Timc," on pagc 1 of each moutli. 

TABLE LX.-Showing Links to be szilt~.acted porn each Choirc, in rcn ascendivg or 
rlrscradrtzy line, in order lo ?.educe i t  lo the Horizonla1 Measure. 

T l ~ i s  tnhlr gives the number of links to he snhtracted from each chain on differ- 
ent ascents or d e s c e ~ ~ t s  fro111 1' to  30°so as to  reduce it  to the horizontal. 

T11o I~oriz mtnl space pnsesd over in ascending 1 cllnin on a slope of 0 degrees ie 100 cosB linko, so lllnt 
tho 11um11ers give11 in t l la  tubles are the va1uc.s correeponding to 100 rurein B for di5crent valoes of B fro111 
lo to 30°. 

Thus if the slope be lZO, 

Tnbrllnr expression = 100 rersin 12" = 100 X '021862 - '219. 

EXAMPLE.-'1'0 f i ~ ~ d  the I~orizo~ital measure corresponding to a distance of 2 
cl~ains 56 links O I I  au incliue of 3" 20'. 

therefore the nurnhcr of links to  be s ~ ~ l ~ t r a c t e d  = 2.56 x .173 = -44, 

aud the horizontal distance = 2 c la i~rs  55.66  links. 

T A B L E  LX1.-For the Conversion of Versts and Kilotnetres into Miles 
and rice versa. 

This table gires the vnl~ies, t o  4, places of decimals of miles, of distnnces from 
1 to  10 vcrsts and I'rom 1 to 1 0  kilometre3 : nrltl it givra vnlncs o f  distances from 1 to 10 
nliles i l l  verstn ant1 ki lo~~letres  : i t  a l ~ o  gives the accurate value in kilometres of 1 mile 
and the value in feet of 1 verst. 

TIIDLE LXI1.-For the conversion of French into English Measures. 

TABLE LXII1.-For the conversion of English inlo French Measures. 





APPENDIX. 

Q (1). Alternative Formulc~ for Computing Difirences of Latitude, Longilttde 
and Azimuth in Secondary Diangulation, and for the Reverse Process. 

Let A and B be two points on the earth's surface, and let  X, L he the latitude 
and longitude of A and A the azimuth of B at  A, and X + AX, L + A L and T + A + A A  
be the corresponding quantities for 8, and c = the distance AB.  

Let 0 be the middle point of A B, and let its lstitude and longitude be A and 1 respertivrlp, and t l ~ a  
azimuth of A at 0 be a aud of B a t  0 be r + a, and let A e  A, Cc., AAA, kc., represent the differcncea of Inti- 
tude, b e . ,  between 0 and B and A. 

Then the Eornlulre on page 16 girea :- 

1 c' 3 r1 ra 
A ~ A  aia 1" = - k c o s a -  -- 8in2 a tan A - - -- I - cosl a sin 2A 

3 c C ' 
sin' a tan A - - - - A ~ A  sin 1" = + 2- COO R - - - 

2 4 p v  
- el corn2 a #in 2A 

PP 

1 Z - - -- 8f vl eina a con a (1 + 8 tans A) ; 

therefore AA sin 1" - -' con a - A$ niu' a con m (1 + 3 tan1 A). 
P 

BimilarlJ A L  1" = ?sjn-t + 1 -+ + a tnnl A 
A 2C { A 

. sin 2. con 4 - 2 sinS 4 . - 
cos A 

A A sin 1" = nin 4 tan A + - - tan A : :f (i + t a n * ~ ) s i n 2 a c o s a  

1 .  - s1n3 4 tan A (1 + e tan1 A) j . 
N o w r + o + A e m - A + A A ,  

therefore r + a I d + A d - l  f i p ( 1 + 9 t . n s A + -  $10::) sin 2 a c o r e  I*. 
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Now the maximum value of the last term for a distance of 60 miles and A  = 46' is between 8 and 9"; 

tlrerefore 
A A  - COB a = cos ( A + ) + sin 

A A  
( A  + T )  * .00004, 

= COB (A + y )  very ma*; 

and -  in a - sin ( A  + y )  very nearly. 

Also A = A - A A A =  ( A  + y )  + c sina a tan A cosec 
8 PV 

nnd the maximum value of the second term in about 6"; 

tl~erefore and con A  = con ( A  + y )  nearly. 

Consequently leaving out the terms containing third powers of c which are small we get :- 

A A = - C con ( A  + ATA) cosec 1'' 
P I 

A A  
sin ( A  + 

a z =  - 5  
A  A 

cosec 1" 
" ~ 0 8 ( h +  T )  I 

The terms in 19 are :- 

I n A A  . . . --- I ' sina B con B (2 + s tana $1 cosec lY. 
24 p vP ' 

and the grenteot values of these for a clistanca of 60 milen in latitude 40' are:- 

I n  A  A . . . OU.OS on an azimuth 64' 4a'. 

,, A L  . . . 0".03 ,, ma, 

,, A A  . . . 0".07 ,, 90". 

We have therefore with all requieite amount of accuracy for secondary triangu- 
lation and anow peaks, the three formulae :- 

cosec 1" . . . . . . . . 
P (1)  
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Tn the preceding formulle 
C O S ~ C  1" cosec 1" 

log - = co-log (Tab. XXVI), and log = co-log (Tab. XXVII )  
P v COS ( A  -I- y)  
The Reverse Process follows a t  once ; for since A, A A, L, A L, p and v are given 

we have :- 

tan (A + y)  = v.  cos ( A  + y) . A - L .  
P A A '  

or log tan (A + y)  = log (Tab. XXVII)  - log (Tab. XXVI) + log A L - log A A 

A A  
This givee A + - : c follows from equation ( I )  and A A from equation (3)) so 

2 
that A and c are determined. 

The Forward Process, vir., Giveu c and A t o  find A A, A L and A A, is effected 
by approximati011 as follows :- 

AA 
Approximate d u e s  of - and fi are first obtained f m m  the formulp 2 2  

C C 
- sin A and - cos A or from a t r ~ v e r s e  indicator, t o  which has been added scales of 
2 2 

C 
latitude and longitude, by laying off the distance along the give11 azimuth. Putting 

A A  
these in  equation (1) - is obtai~led approximately. is now introduced into 

2 a 
equation ( I )  and a new value of A obtniued, by the aid of which a new value of A L 
is obtained from ( z ) ,  and then from (3) A A is found, which hns always the same sign 
as A L. The process may be continued, but as a general rule this will suffice. 

EXA~IPLE 1.-Given the latitude aud longitude of station A, and the azimuth 
and distance of station B ; to  fin? the latitude and longitude of station B and the back 
azimuth of station A. 

Given data a t  Station A 
X=24'8'3"*72; L=78'3'7".91; A=178'15'66".09; 

log c = 5 0364059. c = 108494 feet. 
A A  - A L = + 642" = + 9' 2") and -;-- = - 16" approximately. 

2 

r log = 1.2041 

7-5 I - { log sin ( A  + k2A) = 1.6141 
0 

A A 
log- = 0.8182 . . . A A -- - 

2 --7" 

log c = 6 .(I364049 log c = 5 -0354049 
co-log (Tab. XXVI) = 3.9959631 co-log (Tab. XXVII)  = 2.0337969 

log co8 (A + = 999005 I log sin ( A  + y)  = 2.4815213 

e 
F log A A  = 3.031 1686 log A L = 1.5507291 

A A  = + 1074".41 A L = - 35".54 
= 17' 54".41 

therefore latitude of B = 24'25' 58" 13, and longitude of B = 78' 2' 32".37. 
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Again r log A L = 1 -55072 

h 
m log sin ( X  + k2A) = 1.61411 

and the azimuth of A at B = 358' 15'40f'.47. 

EXAMPLE 2.-Given the latitude and longitude of stations A and BJ to find the 
distance between them und their mutual azimuths. 

Given data 
0 1  n 0 1  N 

Station A, Lat. = 24 8 3 -72  Long. = 78 3 7 - 9 1  

AL log = 1.24969 
2 

log sin (A + y) = 1.61411 

log = 0.86380 . . . A A  -- 
2 2 

= - 7".31 

log (Tab. XXVII j = 1 e9662079 logAX = 3-0311700 

co-log ( ,, XXVI) = 3.9969632 log (Tab.XXV1) = 2.0040368 

log A L = 1.5507174 log see 

co-log A A = 4.9688300 log c = 5.0364063 

Therefore azimuth of B at A = 178" 15' 65" 

and azimuth of A at B = 358 16 41. 
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Q (2). Methods of determining Time, Latitude and Azimuth from Astronomical 
Observulions. 

The following methods for determini~lg Time, Latitude and Azimuth by antro- 
nomical observation are those in  most g e ~ ~ e r a l  use among explorers and surveyors 
engaged in Trans-frontier work, and are here given t o  obviate the necessity of consult- 
ing larger works. Tlre methods for determirlit~g Longilude are purposely omitted, as the 
results mill in general not be foulid more accurate thau those derived from dead reckoning. 

I.-To $nd the Time. 

1st Method. By a single altitude of a star or of the stin when the latitude is 
known. 

The altitude should be observed with a sextant, o r  with a theodolite on both faces, 
and the time noted by a clock or  watch. For greater precision observe several altitudes 
in  quick succession, noting the time of each, aud take the mean of the altitudes as cor- 
resporlding to the mean of the times. Correct the observed altitude for i~lstrumental 
errors, refraction and also, iu case of the sun or a planet, for semi-diameter aud parallax. 

Then if = the resulting zenith distance, 

y = the co-latitude, 

a = the north polar distance, 

t = the hour angle, 

1' = clock time corresponding t o  t;; 

sin 4 r = 4 (C + A - Y) sin 4-(C + y - A),  
sin y sin A 

If a = the right ascension of the star o r  planet for the approximate time 
t of observation, then the sidereal time of ohservation = a + 76, the upper or lower sign 

being used according as the star is west or east of the meridian; and the error of tlie 

clock on sidereal time is T - a + - . If the clock employed gives mean time, the ( - 1 3  
sidereal time nt mean noon must be subtracted from the sidereal time of o l ~ s e r v a t i o ~ ~  
alld the result converted to menu time; the difference from tlle clock time is the clock 
error. 

t 
I f  the sun be ohserved, then the apparent time = - if on the west side, or 15 - - 

(12 h n .  - :6) if on the east side of the meridian. To this must Le applied the egua- 
- - 

tion of time to obtain the true mean time oE obcrvation. The differeuce from t l ~ e  
clock timc is now the clock error. 

Tlre hody ol~served shorild not have lean than 10" of nltitude and should be 
as near the prime vertical as possible. 

E x ~ r r ~ ~ e . - T h c  xrnith distance of /3 Orionis (west of the me~idian)  observed a t  
Dehm, i l l  lat,. 30' 19' 2!)" N. nnd long. SU0G' E., on 9th April 1883, wl~cn corrected for 
refraction was fo1111d to be 67' 0' 2", and the clock time of ol~servatiotr was 7-53" 5'.6. 
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A = 98 20 25 . . . . . ,  7'9953825 

2 s = { + r + A = 2 2 6  0 68 Sum 1 -9314827 

s = f (C + A  + y )  = 112 30 29 Ar. compt. 0.0685173 

. . . . . .  s - A = f (4' + y  - A) = 14 10 4 1.3887443 

Sum = Log sina 4 1 1.3586522 

Log sin 4 1 1.6793261 

0 1 11 

f t in arc 28 32 51.2 

b m  s * 1 in time + 3 48 22.8 

Star's Right Ascension. . . . . . . . . . . . . . .  6 9 0.7 

True Local Sidereal Time of Observation . . . . . . . .  8 57 23.5 

,, . . . . . . . . . .  1 J at Mean Noon 1 10 43.3 

Sidereal Interval from Mean Noon . . . . . . . . . .  7 46 40.2 

Corresponding Mean Interval, i.e., True Mean Time of Observation 7 45 23.7 

Clock Time of Observation . . . . . . . . . . . . .  7 53 5.5 

Clock error + 7 41 -8 

2nd Method. By equal altitudes of a stor or the sun. 

If TI, T, be the times marked by a cloclt when R star has the same altitude before 
and after crossing the meridian, then T = 4 (TI -t- T,) will be the clock time of its 
meridian trausit, and the error of the 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 1 = the elapsed time between the observations, 0 = the small horary decreas~ 

* If the eun has been obse~~ml,  the remainder of the calculation will bo ae followa :- 

t in time . . . . . . . .  - 
Equation of time . . . . .  - 
True Mcen Time of Ohemstion = 

Clock time. . . . . . . .  = 
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of polar distance: if the polar distance is iucreasirlg 6 nill  be negative. The equation 
of time having beell applied the clock error ou mean noon is.known. 

For equal altitudes oE the sun beEore and after midnight, i.e., on the afternoon 
of one day and the morning of the ~lext ,  tan h changes s ig~i  and t l ~ e  clock time oE 

apparent midnight is T + 

The most favourable condition of observat io~~ will I)e when tlie ol~ject  is observed 
nearly east or west of the meridian, but the altitude should not be less than 10'. 

The advantage of this method is that any error of graduation of t l ~ e  sextfint or 
theodolite will have no effect; arid the disatlva~itage is that eome hours must elapse 
between tlie two observatious, as tlie star should not be near t h e  meridian. 

11.-To $ad the Time and the Latitude sinnctlaneously. 

1st Method. By simullaneous al l ibdes  of two known stars. 

When there is only one observer he may plmceed'as followe :-Take the altitude of 
the first star, S,, the11 the altitude of the  second star, S,, and again the altitude of S,, 
notiug the corresponding times. During the few minutes that this will occupy the 
changes of altitude may be supposal uniform, and therefore the altitude of S, corre- 
epolldiug to the instant of the observed altitude of S, can be found. 

Let I; and c, be the trne zenith distances of the two stare, 

A, and A, ,, north polar ,, 1) 

d ,, difference of right ascension; 

and put tau x = tan A, cos 4 

coe A, coa (A, - x) Kls r/ = J 
C09  t 

4 = d i l l  4 (A, + A, .. - y) sill 6 - (A2 -- + y - - i l l )  
sin !j (A, + A, + y) siu 4 (Al + y - A,)' 

then cos A, cos (r, - 8) sill h = --, 
cos 8 

where tall 0 = tan A, cos u ;  

oin rl sin 16 and ein (hour angle = t )  = -. 
cos A 

The vnll~es of the quantities y nnd z may be t~buIntc(1 for certain pairs of 
stars and much labour savcd. 

The most fnvourn1)le conditiol~ of ol~servation nill 11c wlicn t l ~ e  verticals of the 
tno I~odics are olr the same side ot' the mt>ritlinu a11t1 eqr~ally inclined to the prime 
vertical, the diEerence of the azimuths being Ilcnr 90' if possible. 
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EXAMPLE.-T~~ altitudes of a Persei and f i  Orionie observed at Dehra on the 
11th April 1887, were found to be respectively 29O 41' 51" and 28' 11' 50" both stars 
being west of the meridian, and the clock time of observation wae 8h 2gm 338.5. 

a Persei fi  Orionis 
o r "  o I n  

Observed altitude . . . . . 29 41 51 28 11 60 

Refraction . . . . . . . - 1 28 - 1 34 

True altitude . . . . . . 29 40 23 28 10 16 

,, zenith distance . . = 5, = 60 19 37 c2 = 61 49 44 

h m  r h m  r 
Right Aecension . . . . . . 3 16 14.3 5 9 5.8 

Noi-th Polar distance = A, = 40° 32' 34" A% = 98" 20' 15" 

h m  r 
Difference of Right Ascension . . . . . . = d = 1 52 51.5 

1, 1 )  . . . . . in arc = 28' 12' 53" 

Log tan A, = 1,9321554 Log cos A, = 1.8807684 

,, coe d = T -9450656 ,, cos (A, - x )  = 1.6810162 

,, tan x = 1 *8772210 ,, eec x = 0.0976896 

x = 37' 0' 24" 1, COB Y = 1.6594741 

0 1 11 

n = 100 51 30 Log cosec 0.0078401 s = 92 29 46 Logcosec0~000-1,123 

- A, = 60 18 56 ,, sin 1.9389028 r - l;, = 32 10 9 ,, sin 1.7262550 

- !/ = 38 1 1 8  ,, ,, 1.7805668 a - y  = 2 9 3 9 3 5  ,, ,, 1.6944717 
- - 

SIIIII = Log tanP 4 t = 1.0930223 Sum = Log tan" w = 1.71 35265 

,, tan 4 2 = 0.54.66112 ,, tan 4 w = I .EGG7628 



APPENDIX. 77 

Log tan A, 1.9321554 

,, c o s u  1.3572359 

,, tau 6 1.2893913 

Log sin cl 1.9389620 

,, siu u 1.9884461 

,, secX 0.0638591 

0 11" 1' 6" Sum = Log sin t I .Y912572 

el - e 49 18 31 t in arc  78' 32' 31" 

Log cos (c, - 6) 1.8142372 1 in  time 

Log cos A, 1.8807684 R. A. of a Persei 3 16 14.3 

,, sec e 0.0080805 S. T. of observation 8 30 24.4 

Sum = Log sin )l 1.7030861 Clock time of observation 8 29 33.5 

h 30' 18' 56" Error  of clock - 0 50.9 

2nd Method. By two observations of the altitude of a star and the elapsed time. 

This is the same problem as the last:  the elapsed sidereal time reduced t o  arc  
will give d. 

Here 
d 

sin = sin A sin - 
2' 

d cot z = cos A tan - ; 
2 

and the remainder of the eolution will be as before. 

The same solution will evidently apply to  two altitudes of the sun and the 
elapsed time, provided this elapsed timc be rcckor~ed iu sidereal hours. The north polar 
distance of the sun may be considered constaut. 

1II.-To j n d  the Latitude by Observation. 

1st Method. By cwmrn-meridian altitudes of o star o r  the sun. 

If a number of altitr~des be talren when the star or sun is very near the meridian, 
either all on one aide, or better still some on one side of the meridian and some on the 
other;  and if t;,, c9, &c., be the zenitl~ distances corrected for  refraction-or for  re- 
fraction, parallax and semi-dinmeter in case of the sun-and if t , ,  t , ,  &c., be the hour 

t 2 aina- - angles at  the times of observation, and m,, m9, &c., the values of 2, (see Table LV), -- 
s i r~  1" 

then if 5;, he the mean of el, h ,  &c., m the mean of na,, m,, &c., 6 the declination for 
tlre ruenn of the times, and A,, = 6 + &, the true meridian zenith distance is given by 
the expression 

cos X cog S c =  5 6 -  A.m, whereA=--0- 
c o  

and the latitude = 6 2 5. 
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I f  the star is below the  pole, C= C,, + A.m, reckoning the hour angle from the 
lower transit. The intervals t,, kc., should be in sidereal time for stars and in apparent 
time for the sun, and they should i n  n o  case exceed 20 minutes, nor should the zenith 
dietance be less than 10'. 

For a n  example see pnge 64. 

2nd Method. By altitude of thepole star out of the meridian. 

Adopting the notation employed in the Preface t o  the Nautical Almanac. 

If I = the latitude, 

a = the t rue altitude of the star, 

p = the apparent polar distance, 

h = S - a;  S being t h e  aideral time of observation and a the right ascension 
of the s tar ;  

then 1 = a - p cosh + f sin 1" ( p  sin h)s  tana.  

The Nautical Almanac, pages 477-9, gives tables t o  facilitate the computation 
as follows :- 

Table I givea p cosh, o r  the jirst correction. 

,, I1 ,, 4 sin 1" ( p  sin h)9 tana, 01. the second correction on the assumption 
that p = 78' 0" and a = 19' 15'. 

Table 111, which depends on the differelice between the t rue and assnmed 
values of p and a, contains the third cowection increaser1 by 1' t o  render the quantities 
additive, and this accoar~ts for the 1' mllicl~ is si~btrnctetl from the "corrected altitude" 
in the example given in tlre erplanatio~i of tlre Nautical Almauac. 

For  an example see the Nautical Almanac. 

IV.-To find the Azimuth by Observation. 

1st Method. Given the time and the Intilude. The azimuth can he ol)tair~ed 
from Polaris a t  once hy means of Table L I I I ;  the metl~od of proceeding will be found 
in the erpla~intion of that table. 

2nd Method. Gi19en the latitude and at80 the lime app,pl.orimately. Observe the 
angle betweon the referring mark and a circumpolar star a t  elollgatiol~. 

The time of elongation of the star, ita azimuth and the ~ l t i t a d e  for setting the 
telescope may ell he follnd from farmrllte 1, 2 and 3 OII page 4.0. The nzimr~tll of the 
mark from nodh  will he the angle hetween star and mark + the azimuth of the star 
a t  elongation according as the ntar is between the mark and the pole or otherwise. 

3rd Method. Given the time nnd the latitude approximntely. Observe the 
angles M I  and M, between the referring mark and two circumpolar stars a t  their respec- 
tive elongations, selecting stara whicl~ are rienrlp in ol)poaitio~i or rrenrly io  conjubction 
and will attain their maximum elongations nearly at  tlre same time. 

Le t  their azimuths from the north be A, and A,, 

11 declinatiolrs be 6, and S,, 

then M, f M I  = A, + A,, 
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and tan 4 (A1 - A,) = tan 4 (A, + A,) tan 4 (6, + 6,) t an  4 (6, - 6,), 

or tan f (A, + A,) = tan 4 (A1 - As) cot 4 (61 + 6,) cot f (63 - 81). 

T l ~ e  azimuth of the R. M. from north will be found by applying A, to  MI or 
A, to M,. 

EXA~~PLE.-Observations for Azimuth were made a t  Dehra New Observatory on 
the 4th June 1887, to  6 Ursse M i ~ ~ o r i s  a t  Eastern Elongation and Cephei 51 (Hev.) a t  
Western Elongation. The observed angles were :- 

0 r I/ 

6 U r s s  Milloris = M, = 3 56 53 
Between Referring Mark and 

Cephei 51 (Hev.) = M, = 3 11 46 

Sum = M, + Mp = A, + Ap = 7 8 39 

f (A, + -4,) = 3 34 20  . . . Log tan 2.7953791 

f (6, - 6,) = 0 18 19 . . . ,, 3.7265767 

Sum = Log tau f (A, - A,) = 3.7906776 

f (A, + A,) = 3 34 20  

Azimutl~ of R,  hf. from north = M,  - A, = 0 1 19 

4th Method. Given the l a t i k i e  and time. Observe the angle between the 
referring mark and a circ~~mpolar  star near elongation. 

I f  1 be the hour al~gle at  e longat io~~,  and d t the interval before o r  after elongation, 

n11d 8 A the correspondiag difference in azimuth, 

d t then tau 8 A = - 2 sins - . sec X.cot6.cosect npproximately; 
2 

d t sinB - - o r 8 A U =  - 2  2 . sec A. cot 8 .  cosec I. 
-. 
sin 1" 

The log. of the first part is given in Table XXV, Part 111. 

EXAMPI.E.-From observntions taken n t  Knnjamalni, latitude 1l0 86' 56") longi- 
tltdc 7A0 G', on 27th Noveml~cr IH(i9, to S Ursie Minoris near Western Elongation, the  
mglc between the referring mark and etar wns 138' 20' 6a0, the eidereal time of obser- 
vation being 234 53- 52'. 5. 
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The declination 8 = 86" 86' 35" 

First to  obtain d l ,  the time from elongation, employ formula 1 on page 40 
which changing symbols may be written, 

log cos t = log tan X + log cot 8 

Log tan X = T -3129248 

,, cot 8 = 2.7726199 

,, coa t = 2.0855447 

t in arc = 89' 18' 8" 

A m  r 
t in time = 5 57 12.5 

Star's Right Ascension at elongation . . 18 14 4.6 

Sidereal time J J  . . 0 11 17.1 

d l  Log 2 ain9 - coaec 1" = 2.77450 
2 

,, aec X . . . . . 0.00899 

,, cot 8 . . . . . 2.77262 

,, cosec 1 . . . . 0.00003 

S u m = L o g 8 A  . . .1-55614 

6 A . . . - 36" 

Angle between R. M. and star . . = 138" 20' 58" 

Corrected angle )J . . = 138 20 22 

Azimuth of atar at elongation . . = 3 27 41 

I) Mark from north . . = 141 48 3 

5th Method. Given the Iatilude. Observe the angle between the referring 
mark and the star and the star's altitude simultaneously, which is done by getting the 
star on the intersection of the cross wires of the theodolite. The star should not he 
a t  a high altitude : it  should be near the prime vertical and rather on the side towards 
the apparent pole than on the other aide. 

Then if C = zenith diatance of the atar, 

A = north polar diatsnce ,, 
A = the azimuth J J  

7 = co-latitude, 

then tan - = ain 4 (A + 7 - 5 )  sin b (A + - 7 ) .  
2 

-- -- 
sin 4 (A + 7 + C) ein k (7 + C-A) 
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EXUPLE.-From observations for Azimuth made on a Canis Majoris East of 
Meridian at  Dehra Ddn New Solar Photo-Observatory, on the 26th January 1887, 
the zenith distance corrected for refraction was found to be 68" 11' 26" and the angle 
between the referring mark and star to be 36" 14' 9", the mark being south of the star. 

o r n  

Zenith Distance = t = 68 11 26 

North Polar Distance = A  = 106 33 69 

Sum = 2 s = 234 25 56 

s = 117 12 68 Log cosec 0.0509577 

4 (c  + y - - A )  = $ - A =  10 38 59 ,, ,, 0.7332880 

4 ( A +  c -  y )  = a - y  = 57 32 27 , I 109262262 

A 
Sum = Log tan2 - 2 0.5884201 

A 
Log tan - -  2 0.2942101 

A126 8 48 

Angle, R. hi. and star . . . . . . . 35 14 9 

Azimuth of Mark from north . . . . . 161 22 57 

6th Method. Given the time and latitude. Observe the angle between tlre rc- 
fclnring mnrk and any star. Tlle best result will be got wlien the star is near the pole. 

Then if t = the hour angle of tlie star, 

A = north polar distance ,, 
A = nzirnuth of )J 

y = the co-lrtitude ; 

tall 4 = tan A cos t, 

sin (y - 4) cot I cot A = - -  - 
sin b--' 

An example does not appear neceseary. 

NOTE.-In all these cases, as the zenith distances m ~ t s t  be corrected for refl-action, 
bnronletric and tl~crmometric readings sllould be taken. 
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Q (3). Formule frequently employed i n  Calculations. 

Solaction of Oblique Angled Spherical Triangles. 

Given the three sides, a, b, c. 

cos ( a  + 6 )  cos b cos c 
1. COB A = where tan 6 = sin b sin c c a '  sin a 

2. sin 4 A = sin ( s  - b) sin (s  - c) , + A = sin sin (8 - a) . 'd s i u b s i n c  sin b sin c 

tan 4 A = (' - b ) b ! f x ,  where r = 4 (a  + b + c). 
siu s sill ( s  - a) 

Given two sides and the contained angle, a, b, C. 

1. cos c = cos a cos b + ein a sin b cos C 

- cos n cos ( b - - ' ) ,  where tan 6 = tan a cos C. 
c o s e  

A + B -  cos 4 (a - - - A - B sin 4 ( a  - b) 2. tau - - 2 1 .  cot 4 c ; tan - = cot kc. 
2 cos +-(a + b)  2 s i n + ( a + b )  

Given two sides und an angle opposite one of them, a, b, A. 

Let  tat1 6 = tan b cos A, 

cos 6 ros n e1 = 
COB b I 

There are two triangles fulfilling the given conditions, except that values o f  c 
greater than 180" or negative must be neglected. 

The  other parts can be found by one o f  the formulae, 2, o f  the first group. 

Given the tlrree angles, A, B ,  C .  

cos B cos C sin (A + 6 )  cot fl = 1. cos a = -:----- 
sln B 8111 C sin 6 ' sin A ' 

2, sin 4 a = cos ( 9  - R) cos fS zc . 
-- ) 

ein B sin C 

COS S cos (9 - A) tan 4 a = c s - - - -  w l m e  s = 4 ( A  + B + c). - B)  cos (9 - C )  ' 

Given two angles and the side aqacent, A, l3, c .  

I ,  cosC  = -cos  A c o s B  + s i n  A s i n  B cor c. 

3 A sin (' - ', where cot 6 = cos c tan A. 
ein B 
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a - b - sin t (A - B) 
C. ( * -  t a n t c ;  tan---- - 2. tan Zb = -- 

2 cos f (A + B)'  2 sin 4 (A +-) ' 

Given two angles and a side opposite one of them, A, B, a .  

Let cot 0 = tan B cos a ,  

and 
sin 0 cos A rin @ = J 

cos B 

theu c = e + e '  
There will be two triangles fulfilling the required conditio~~s, except that values 

oE C greater than 180" or negative must be ueglected. 

The three angles being known, the other parts can be found by one of the 
formulae, 2, of the fourth group 

Solution of Right Altgled Sphericul Triangles. 

Arrange the five parts a, 90' - B, 90' - c, 90' - A and b in a circle leaving out 
the right angle C ; consider any one of them as a middle part, then all the formu12 follow 
from Napier's two rules :- 

1. The sine of the middle part = The product of the tangents of the adjacent parts. 

2. ,, ,I - - 
,I cosiues ,, opposite ,, 

Solution of Oblique Angled Plane Triangles. 

Given the three sides, a, 6, c. 

A b) (9  - c) , where s = 4 (a + 6 + c). 

Given two sides and the angle contained, a ,  b, C .  

1. 

Let a tang # = - 
b 

then 
2. 

Let 

sin 6 = sin 2 # cos 4 C, 

c = 6 secB cos 9. 

tan x = !- sin C 
b 

sin C sin r tan A = --- 
Sill (C - x) 

a sin C and c can be forrnd from tlle formula, c = -:-----. 
8111 A 

Given the auglea and a aide, A,  R, C, a. 
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Given two sides and an angle opposite one of them, a, b, A. 

b a sin C 
siu B = - s i n A ;  a n d c  = - 

a sin A ' 

I f  h > o there are two triangles fulfilling the required conditions. 

Reduction of the reading of a Mercurial Barometer to any temperuture. 

Let  h = observed height of the Barometer, 

1 = temperature of the Attached Thermometer, 

T = temperature to which the observed height is t o  be reduced, 

m = expansion, in  volume, of mercury 

1 = linear expansion of scale, 

8 = normal temperature of standard scale (generally = 62' Fah.) 

then the reduction to the required temperature will be 

m ( t - 2 " )  - l ( t - 6 )  - h .  
l + n ( t - T )  ' 

For  rcduction t o  the freezing point if the  temperature is given iu degrees Fah. 
7' = 32'. 

Q (4). Certain Numerical Quantities frequently required. 

nase of Napierian Logaritllms . . . . . . . . = c = 2.718 2818 285. 

5Iodulus of the common Logarithms. . . . . . = log o = 0,434 2944 819. 

Ratio of the circumference of a circle t o  its diameter.  = T = 3.191 6936 536. 

log -rr = 0.497 1498 727. 

Arc of a circle eqnal in length to  the radiua . . . . . . = 57' 17' 4JW*8. 

Bin 1" = 0.0000048481 . . . . . . . . . log sir1 1" = 8685 5748 668. 

log cosec 1" = 5.314 4251 332. 

Weigl~ t  of a litre of dry air (har. = 760 millimetres, thcr. = O°C) = 1.293 grammea. 

I I cubic foot of water = 436247,424 grnius . . . =62.32 lbs. avoir. 

J~ength  of the seconds pel~dulum in  latitude of Greenwich . . =39'1393 inches. 

Acceleration produced I)y gravity ) 9  19 = 32.1 90784 ft. per sec. 

Vo-efficient of expansion of air in volume per 1' Fahrenheit = 0.0020361. 

)I 11 mercury in  volumc 91 = 0~0001001. 

,, of linear expansion of brass 1, = 0~0000104. 

)I # I  I )  iron I )  = 0~0000065. 

13 I)  I I glass I I = 0,00000&4. 

Velocity of light = 186000 miles per accond. 

,, sound in air a t  82' Fnhrenheit = 1090 feet per second. 



THE MORSE ALPIIABET. 

As employed in Army Signalling. 

The system adopted in tlre army and navy is called the flashing system, and Ilas 
for its elements a l o ~ g  and a s l~or t  flash, representing n dash (-) nnd R dot (-). 
Every requisite signal is formed of a combination of thcsc syml)ols with pauses of 
proper duration. A dash occupies the space of three dots. The pause between t l ~ e  
symbols composing a letter or otlrer sigu equals a (lot; that between the letters of a 
word a daslr. 

All messages are spelt oiit by means of tlte Morse alphahet. No ahbl.eriations 
are used, except such as are cornnron in o r d ~ ~ r e r y  writing, or may be specially authorised. 

Miscellanroztr Signs. 

Station sign - - - - Rcpent - - - - - - 
H,igl~t - - -  - Cipher - - - - - - - - 
Conlmn - - - - - - FIIII stop - - - - - - 

Preparntive or Erasure - - - - - - - - - etc. 

stop------- etc. 

(Icneral answer - - - - - - etc. 



8G TlIE MORSE ALPHABET. 

T l ~ e  station sips followed by a letter is the distingnisl~ir~g signnl of thc station 
t o  which that letter has I~een assigned. This is used a t  the b e g i ~ ~ n i l ~ g  of every message 
as a call sigual, arrd at  tlre end to show that the message is fiuiuhed. 

The rejleat s i g ) ~  is used after receiving r message t o  show mllat words require re- 
petition. The ~ri~mericnl order of such words is indicated I)y the letters a. 11. c. . . . . . . k 
Instend of the figures I .  2. 3. . . . . . . 0. Thus " repeat" b k  means repeat the 20tll 
word of the message. 

The cipher .vi.qn is rised when tlre whole or part of a message is to  be transmitted 
in cipher. I t  should precede R I I ~  follow the portiol~ in cipher. 

Tlre p r ~ p a r n l i v e  is used when conirnu~ricating with two or more stfIti0IIs in sight 
to  call their attention. I t  is also used to call the attelltion of an ul~known statiotr. 
'ro nrkuon-ledge this sign, the ~ . e c e i v i ~ ~ g  station should give, instead of the "general 
answer", its ow11 d i s t i n g u i d ~ i ~ ~ g  letter (~vitlrout the prefix P.!, aud repeat this till the 
next signal is begun. 

Tlris sign is also the erasicre, a ~ ~ d  is used to erase a word that  has beerr wrongly 
eent. I t  slrould in this case be acliuonledged I)y the erasnise. 

The slop denotes t l ~ e  end of n message that has been preceded by no distinguish- 
ing signal. 

The getrerrrl answer is the acknowledgment of a signal received. 

Evcry word must be repented till answered I~efore tlre next word is sent. 
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STAR CHABT 
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PLATE No. 111. STAR CHART 
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TABLES.  
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TABLE 1.-Normals terminated by the Minor Axis, and their Logarithme. 
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TABLE I.-Normals terminated by the Minor Axis, and their Logarithme. 
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TABLE 11.-Rrtdii of Curvature to the Meridian, and their Logarithms. 
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TABLE 11.-Radii of Curvature to the Meridian, and their Logarithms. 

D 8 .  

+ 

Logthme. of 
the ltadii of 
Curvature. 

7'318 
8120,90 
8230.19 109'29 

Radii of 
C u ~ a t u r e  

in feet. 

208 

35891.6 

Diff. 

+ 

D 8 .  

+ 

524.4 

Logthms. of 
the Radii of 
Curvature. 

7.318 

2361,78 

Latitudo. 

0 I 

30 0 

36416.0 
36942. I 

DiE. 

+ 

Latitude. 

' 
20 o :::;: 526.1 ~ 4 4 2 ~ 9 7  

2524,73 

Radii of 
Curreturo 

in fcot. 

208 

08279.7 
l o  
20 

2607,04 
z689,gr 
2773,32 

2857,29 
2l)41,80 
jozh,Rg 
3112,45 
31g8,s8 
3fljt24 

&7:2.43 
.who, 16 
3 . 5 4 8 , ~ ~  
3 6 3 ~ ~ 1 7  
1726,46 
;816,27 

3')06.59 
.f9r)i,41 
4088~75 
4r80'59 
4 ~ 7 2 ~ 9 3  
43h5377 

4459,10 
455r,93 
4647-24 
j;jz.o.$ 
48.3i,.32 
4935,08 

S029..3l 
5 126,oz 
;22,3,19 
~.3zo,Rq 
5418.94 
55 173.50 

5616,52 
j;lh.oo 
5815~92 
5916,28 
6011~09 
6118,3+ 

6220,03 
0,322.15 
fi424.69 
6527,66 
66j1,oh 
6734,H; 

389" 
391'7 

10 
zo 

82'61 30 3j470.0 527 ' 9  8 . ~ 9 ~ 8 8  

82187 40 .77999.6 529'6 8560,26 110'38 
83141 50 38531.0 53I.4 8 6 7 1 , ~  110'74 

84'51 

::::: 
86,11 
86,66 

394:4 
397 
399'7 

402'3 
405'0 
407'6 

: 
415.3 

::::: 
422'9 

430'4 

43l.9 

:$:: 
442.6 
445.0 

447'4 
449'8 
452'1 

: 
459'1 

::::: 
: 
ti::: 
474'8 
4ii:0 

. 
486'4 
4R5 '5  

487:6 
4 8 9 8  
491 '7  
493'9 
495'8 
497'9 

08668.8 
09060.5 

3~ 
40 
50 

21 o 
10 

20 

30 
40 
50 

22 o 
10 
2 0  

30 
40 
50 

23 o 
lo  
20 

30 
40 
50 

24 o 
lo  
20 
30 
40 
50 

26 0 

lo 
20 

30 
40 
50 

26 o 
10 

2 0  

30 
qo 
50 

27 o 
lo 
2 0  

30 
40 
50 

88'24 
88'77 

2;;: 
9°'32 
90'82 

;:::: 
92,34 
92,84 

939.33 

94'Ro 
9543 
951i6 

$':: 
9i '17 
97365 
98'10 
98156 

991°2 
9948 
993g2 

i~:;;: 
10"25 

101169 
1 0 2 , 1 2  

102'54 
l02,97 
' O f v J 0  
103s81 

09454.9 
09852.0 
10251.7 

10654.0 
lIOj9.0 
11466.6 
i 
12289'5 
"704'8 

13122.6 
1.7543" 
13966.0 
14,391.4 
14819'4 
15249.8 

15682.7 
16118.0 
16555'8 
16996.0 
17438.6 
17883.6 

1s.3jr.o 
18;Ro.B 
192.32.9 
19687.4 
20144'1 
2060j.z 

21064.6 
21528'2 
21994.1 
22462'3 
229.32.6 
2.3405'2 

2jRRo.o 
24.357.0 
248.36.1 
25317'4 
25Roo.H 
i62R6..? 

26773.9 
2726.3.7 
27755.4 
z R z ~ ~ . . ,  
2874s' 1 

29143.0 

29 .7273,3'3 ::::: 7472,97 $ ;  

32 0 

10 

20 

30 
40 
50 

33 o 
lo  
20 
3O 
40 
50 

34 o 
10 
7.0 

30 
40 
50 

35 0 
10 

20 

30 
40 
50 

36 o 
lo  

40 
50 

37 o 
ro 
2 0  

30 
40 
50 

38 o 
10 
20 

30 
40 
50 

39 o 
10 

20 
30 
40 
o 
60 

10 jj206'fl 75R0v01 
s15.3 

20 g.iR11.1 f6Ri,43 
30 34.319.a 7795.23 l 7  

40 .34R48.2 : joo.7,41 

- 
208 7 ' . 7 l R  206 I 

10794' 

::;;:: 

42196.6 
42841.0 
43.386'9 
43934.3 
44483.2 
45033'7 

45585.6 
46139.0 
46693.8 
47250'0 
47807'6 
48366.6 

48927.0 
49488.7 
50051'7 
50616.1 
51181.7 
j 1 ~ 4 8 . 6  

,2.?16'7 
52~86 .  I 

53456.7 
54028.5 
54601.5 
551i5.6 

55750.8 
56327.2 
5(,904.6 

5i4R3" 58062 '7  

58643'3 

59215.0 
59807.6 
60391.2 
6og;s'R 
61501.,3 
6214j.8 

62735.1 
6.7326'3 
6.3912.4 
64502.3 
6500.3. 1 
65684.6 

66276.9 
(~6870.0 
6746.3.8 
( I A O S R . ~  
68653.6 
6 
69846' I 

7'319 

50 35.7f19'0 S12.6 801 ~ . q f  10R'56 
60 35R91.6 

5 4 2 8  

2 :  
5 4 i ' 4  
548'9 
550.5 

551'9 
553'4 
S54'8 

: 
559.O 

$::: 
563.0 
564.4 
s65 '6  
~ ~ ~ ' 9  

568'1 
. 
5 7 0 ' ~  
571'8 
5i3" 
574'1 

575'2 
5i6'4 
577'4 
5iR.5 
579.6 
580'6 

5R1'7 
582'6 

:%:: 
5R5 '5  
586.5 

$::.: 
iR9. 

59"5 

592'3 

: 
594.6 
595'a 

$ 2  

9455172 :::::: 

40Ro,30 
4103,26 
4326,38 

449.66 
457,3,10 
4696,h9 
4820,43 
.$9jJ,30 
5068.32 
~11)2,4f 

9569,14 
9682,89 
9i96195 

orq1,oo 
o256,28 
0371,86 
0487974 

3 ;  
0837,oB 
09547O9 
l0i1.37 

122196 

1 2 ~ ' 1 2  

""" 
:::::; 
" 3 ~ ~ 7  
"'to' 
Ia4l'5 

:::::: 
I I.,,.@ 
114~68 

114'99 
115'28 

:::;$: 
116,16 
'1~345 

116,i3 
l17,01 

117,28 

1306, ;~ 
1424,8o 

1543.13 
1661,;a 
I iRovS5 
1899~63 
zo18,95 
2138,50 

22~R,zg 
2378'31 
2498)55 

2~60,58 

t9R1,6R 
1102.99 
.3224,49 
3.746,20 
340R109 3590,'7 

11R'07 

:::::: 
I I ~ , g , 3  
119'08 
"9'32 

120324 
120,46 
1=0,63 
I"O'~ 

121'10 

121931 

121'50 

: :::;: 
~zr,oR 

122,27 



v)' C080C 1" TABLE 111.-Logarithms of the Factor @ + p, for computing the 
Spherical Excess of a Triangle. 

TABLE 1V.-For determining the Spherical Excess in Secondary 
Operations. 

Latitude. 

0 

0 

1 

2 

3 

4 

6 

6 

7 
8 

9 

10 

Lognrithms. 

- 
10'37505 

505 

604 

503 

501 

500 

498 

496 

494 

49 1 

d r e o  of Trinnglo in 
Bquore Yilee. 

6 
I0 
15 
20 
80 
40 
60 
60 
70 
80 
90 
100 
200 
800 
400 
600 

600 
700 
800 
900 

loo0 

487 I 21 1 ::: I 32 

Latitude. 

0 

11 

18 

13 

14 

16 

16 

17 

18 

19 

20 

Mean Latitude of Triangle. 

Logarithme. 

- 
10'37484 

480 

476 

47' 

466 

46 1 

455 

450 

444 

40' 

I 

0.07 

'13 
'20 

'16 

'39 
'5.3 
.66 

'79 
'92 
1.05 
1.18 
1'31 
1.63 

3'95 
5.16 
6'58 

7'89 
9'31 
lo'ga 
11'84 

1.3'15 

0" 
- 

, 
0.07 

'13 
'20 

.a6 

'40 
'53 
-66 

'79 
'93 
1.06 
1.19 

1 - j l  

1.64 

3.97 
5.2~ 
6.61 

7.9.3 
9'26 
10.58 
11.90 
13.31 

Latitude. 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

36' 
--- 

" 
0.07 

'13 
'lo 
'16 

'39 
'53 
-66 

'79 
'92 
1-05 
1.18 
1-32 
1.63 

5-95 
5.17 
6'58 

7'90 
9.21 

10.53 
11'85 

13.17 

6' 
-- 

0.07 

'13 
'30 

.a6 

.40 
'53 
-66 

'79 
'93 
1.06 
1.19 
1.33 
2.64 

3.97 
5.19 
6.61 

7.93 
9'16 
10.50 
11.90 
13.21 

Logarithms. 

- 
'0.37414 

417 

409 

402 

394 

386 

37 7 

369 

360 

Lstitudo. 

33 

34 

36 

36 

37 

88 

39 

40 

- 
Logarithms. 

- 
'0'37333 

324 

315 

305 

'95 
a86 

276 
266 

10" 

0.07 

'13 
'10 

.16 

'40 
'53 
-66 

'79 
'93 
1.06 
1 9  

1 '  

1.64 

3'97 
5.19 
6.61 

7.93 
9.15 
10.57 
11.90 
13.11 

16" 
- 

Y 

0-07 

'13 
'10 

-36 

'40 
'53 
-66 

'79 
'93 
1'06 
9 
1.32 
a.64 

3.96 
5 
6.61 

7.93 
9.25 
10.57 
11.89 
13.31 

20" 

0.07 

1 3  
'30 

.a6 

'40 
'53 
.66 

'79 
'92 
1.06 
1.19 

I 

1'64 

3'96 
5.18 
6.60 

7.93 
9.34 
10.56 
11.88 
13.10 

25" 
-- 

0.07 
'13 
'20 

.26 

'40 
'53 
~ 6 6  

'79 
'91 
1.06 
1.19 
l 

6 4  

3.96 
5-38 
6.60 

7.9' 
9.23 
10.55 
11.87 

13.19 

30' 

N 

0.07 
'13 
'30 

.a6 

'40 
'53 
.66 

'79 
'92 
1.05 
1.19 
1'32 
1.64 

3.95 
7 
6.59 
7.91 
9.23 
10'54 
11.86 
13.18 



( 7 )  

TABLE V.-Reciprocals of Numbers to facilitate the Computation of 
Weights of Observed Angles. 

~~~b~~~~ 

1.241 

I .a17 

~ ' a ~ a  

r'1g8 

1 183 

1.170 

1'156 

1'143 

I .  130 

1.117 

1'105 

1 '093 

1.081 

I -070 

I .058 

1'047 

I '036 

I '026 

1'015 

1.005 

0'995 

Reci~ro- 
cab .  

0.81 

.8a 

'83 

' 84 

'85 

-86 

'87 

'88 

'89 

' 90 

'9' 

'9' 

' 93 

' 94 

'95 

96 

'97 

98 

' 99 

1'00 

v A -bore. 

a ,469 

2'410 

2'353 

2'299 

2'247 

a.198 

2'151 

2'105 

2.062 

2 ' 020 

I '980 

1'942 

1 '905 

1.869 

'8.35 

I ,802 

1'770 

'739 

I ' 709 

1.681 

'653 

H ~ c ~ P ~ o -  
cale. 

0.21 

- za 
' 2.3 

' 54 

' 25 

26 

' 17 

a 28 

' 29 

'30 

'31 

'32 

'33 

'34 

'35 

'36 

'37 

' 38 

'39 

' 40 

Nubore, 

4'878 

4'651 

4'444 

4'255 

4'082 

3'922 

3'774 

3'636 

3.509 

3'390 

3'279 

3'175 

S'077 

2'985 

2. 899 

a.817 

1 ' 740 

2.667 

2'597 

"5.32 

1'469 

Numbers. 

zoo'ooo 

66.667 

40 ' 000 

28.571 

22'222 

18.181 

'5'385 

13 '3.13 

11'765 

10.526 

9'524 

8.696 

8.000 

7'407 

6'897 

6,452 

6.061 

5'714 

5'4O5 

5'128 

4'878 

'~IE~O' 
-- 

0.41 

'42 

'43 

'44 

'45 

.46 

'47 

.48 

'49 

' 50 

'51 

'52 

'53 

'54 

'55 

.56 

'57 

*58 

' 59 

'60 

Reci~ro-  
cele. 

0'01 

-02 

' 03 

' 04 

' 05 

a 06 

'07 

' 08 

'09 

'10 

I I 

.la 

"3 

' 84 

"5 

'16 

1 7  

'18 

'19 

' 10 

N -born. 

1.653 

1.616 

I .6w 

1'575 

1.550 

1.517 

1'504 

1'481 

I .460 

1'439 

I '418 

''399 

I '3i9 

1.361 

1'342 

1'325 

1'307 

1'290 

I"f4 

1.258 

1.~41 

Reci~ro-  
csls. 

0.61 

-62 

' 63 

' 64 

'65 

.66 

.67 

.68 

'69 

-70 

'71 

-71 

' 73 

* 74 

'75 

.76 

'77 

'78 

'79 

'80 



( 8  1 

TABLE V1.-Logarithms for facilitating the Computation of 

Latitude. 

0 I 

0 o 
10 
20 

30 
40 
50 

1 o 
10 

ao 
3 0 
40 
50 

2 0 
10 
20 

30 
40 
50 

3 o 
10 

20 

30 
40 
50 

4 0 

10 
10 

30 
40 
50 

5 o 
10 

20 

3 0 
40 
50 

6 o 
10 

DO 

30 
40 
50 

7 o 
10 
20 

30 
40 
50 

- 

8 

0.~981q 
814 

::: 
817 
818 

0.29820 
81.3 
826 
829 
83a 
836 

0.~98~1 

P 

- 
3.9966950 

6949 
6948 
6947 
6 9 ~  
6941 

3.99669.37 
69.32 
6926 
6920 
691.3 
6905 - 

3.9966897 
6888 
6878 
6868 
6856 
68+4 

- 
3.9966831 

6818 
6804 
6789 
6773 
6757 - 

3'9966739 
6722 
6703 
6684 
6664 
6643 

y-996662r 
6590 
65j6 
655.3 
6528 
6503 - 

3'9966477 
645 1 
6424 
6396 
6307 
6.338 

- 
3.9966308 

6277 
6245 
621.3 

Diff. 

+ 

' 

5 

'p 

Idni te  
2.23814 
1.93712 
76105 
63614 
53927 

1.46014 
39325 
3.3532 
1842.3 
23856 
1biz5 

1.15956 

Diff. 

+ 

, 
: " 

3 
4 

5 

7 

8 7 
8 

9 
lo 

lo 
I 1  

:: 
I3 
I.y 
l3  
l4 

I4 

:g, 
16 
I 7  

'9 
I9  
I9 

20 
2 1  

~ 8 .  

- 
- 

Idnit' 
30102 
ljb07 
"49' 
9687 

$$; 
5793 
51°9 
4567 
4131 

37% 

845 4 1~490 

D 

- 
I 
I 

3 

; 
9 

:: 
" 
la 

'3 

I4 

:g 
16 

" 
'7 
I9 

i: " 
:: 
'5 
'5 

26 
26 

'7 

'9 
l9 

30 
3' 

A2 

B . 3 ~ r ~ 6  
'5 
'5 
'5 
I4 
14 

c 3 ~ ~ ~ ~ 3  
8.3 
1.7 
1 2  
12 

868 

0'29874 
8R1 
88R 
896 
9O-i 
912 

o.zgg21 
930 
94O 
950 
960 
97' 

0.39982 
9 3  

0'3000,; 
017 

oagoo;j 
069 
08.1 
098 
I 1 2  

127 

1 0  

2 0  

30 

R 

- 
8.38124 

6180 

Q 

- 
1.9971076 

1076 
'Oil 
1078 
1080 
1082 

7.9971085 
1088 
1092 
1096 
1101 

1106 

T . 9 9 7 ~ ~ ~  
1117 
11.24 
1131 
"39 
1147 

-- I 9971155 
1164 
1174 
1 1 8 ~  
1194 
1205 

T.9g7~zr6 
I 228 
1241 
12.54 
1267 
1281 

- 1.9971295 
l J l 0  

1.315 
1341 
'3.57 
1374 - 

1'9971,391 
1409 
1427 
1446 
1465 
1484 

1.99;~so4 
1.525 

0 

0 

I 
o 

I 
O 

40 
50 

9 o 
10 
20 

30 
40 
50 
60 

7 9 9 7 1 i ~ 2  
1Ro0 
1ff.34 
1861 
1889 
1917 
I945 

DS. 

- 

3.' 16 
16 

7 

8 
8 

10 

:; 
i: 
1, 

12 
12 

1.3 

I3 
I4 

l4 

IS 
I4 

I6 

26 
a7 

z: 

O 

0.30143 16 

602;s ",' 

209 
I 7  58419 

Hy(, 

5968 
5930 - 

.3.gg65Rgz 
58.52 
5812 
5771 
57.30 
5688 
5646 

l.4 0 

00890 16'9 

0.98423 2467 
96090 :;.I.; 
93879 alol 
9'777 2001 
89775 
87863 '9" 

0.860.34 
84281 17'* 

82600 

226 

o e , 3 0 2 ~  
262 
281 
.300 
.?I9 
3.39 

0.30359 
7 9  
40° 
421 

37 
3B 

40 
4' 
40 
42 
42 
4a 

8-38124 
24 
24 

2: 
24 

8.38124 
23 
'3 
a.3 
23 
a.3 

c38123 
2J 

2.3 
za 
22 
2 2 

- 
8..?81zz 

22 

22 
21 
21 
11 

8.38121 

ao 
20 

20 
20 

g..38119 
'9 
19 
I R 
18 
18 - 

8.38118 

:; 
'7 

77927 

o'jhjpj 
i50uo 
7.3728 
71418 

i4;; 
0.68725 
67566 
664-39 
65.341 
64276 
6.3237 

: 
O 
0 

0 

0 

z 
O 

I 
O 
O 

0 

O 
O 

; 
O 

O 

0 

I5O0 

1448 
I399 
Ids' 

12.31 

I I S 9  

::; 
1066 

I9 
I9 

:: 
20 

,, 
21 

0.62224 

44.1 ,, 

5752.3 

0.5664R 87.5 

54955 
541.16 
53.335 
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0'5riffA 
51030 
,502',.3 
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4RRf11 
48106 
47484 
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753 

;;; 
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::: 
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TABLE V1.-Logarithms for facilitating the Computation of 

Latitude. 

0 I 

P Q 

- 
1'997'945 

Diff. 

- 

D 8 .  

+ 
1 0  

20 

30 
40 
50 

1 0  
20 

30 
40 
50 

- 
12 o 3.9965080 2: 10 5029 

20 

30 4924 
40 4870 54 
50 4816 j4 

10 

20 

30 

R 

c.38111 
I I 
1 0  

10 

09 
09 

i.38108 
08 
07 
07 
06 
06 

40 
50 

14 0 

10 
20 

3O 
40 
50 

16 0 

1 0  
20 

30 
40 
50 

16 0 
10 
20 

3O 
40 
50 

17 0 

10 
10 

30 
40 
50 

18 o 
10 
to 
30 
40 
50 

19 o 
10 

20 

30 
40 
5O 
60 

8 

0.30487 
5 10 

D S .  

- 

O 

O 

A 
O 

O 

2004 
20.34 
2064 
2095 

7.9972126 
2157 
2190 
2222 

22.55 
2289 

;'997,3~30 

3879 
3929 
3980 
4030 
4oR I 

30 
30 
"I 

31 
31 
33 
.32 
33 
34 

3860.3 524 

0.3 :$ '9 j8oR; 516 

- 
3.9964419 

4.759 
4299 
4 ~ 3 ~  
4177 
4115 

- 
3.9964053 

3989 
3g25 
3R6 I 
ii96 
3730 - 

3.9963664 
3.597 
35'9 
.7461 
3.191 
3.323 

- 
3.996.325l 

11Rz 
;110 

i039 
2966 
2893 - 

~.9~62819 
2;45 
2670 

8.58 
8,)~ 
9.3R 
979 

0'32021 
062 

D S .  

----- 

2:7 

0.3 

8: 
6, 
61 
6' 
62 

62 
64 
b4 
fj4 

22 
66 

gg 
68 
fj9 
69 

3; 
f a  

7' 
73 
73 

i: :; 
50 

5 1  

605 24 44260 

2,392 
2427 
2462 
2499 

7'99j2535 
25i2 
2610 
2647 
2686 
2724 

T'9972764 
2803 
284.3 
2884 
2925 
2966 

- 
1.9973008 

3050 
309 2 

3'35 
~ 1 7 9  
.I223 - 

6 
3312 
3357 
3402 
3448 
3494 

927 

40 
40 
41 

42 
41 

i . 3 ~ ~ i ~  
77 

T 

0.47484 
46815 

0.30630 
655 
680 
706 
532 
759 

35 
35 
37 

i; 
3R 
37 
39 
3R 

40 
39 
40 
41 

:: 
42 

6: 
43 

2 
:: 
45 
45 
46 
46 

: 
0 

8-38&.7 

; 
so 
So 
79 

2519 
2.442 

- 
3.9962.365 

2 1 ~ 7  
2209 
21.70 
a050 
I9fo 
1890 

147 

Diff. 

- 
669 

'9 

26400 
2600~ 
25729 
25400 

0.250ih 
24756 I 

; 77 

ii 
78 
79 
(lo 
80 

0.322'17 
312 
366 
41 1 
457 
5O.1 
549 

:: 
26 
Z7 

8.38102 
0 2  

o I 
00 

00 

g'38099 

8.380~~ 
g8 
97 
97 

342 
.'." 
""3 
'Iz9 

3Y 

::: 

75 
74 
7 3 

43 
45 

44; 
46 

, 
I 

0.43649 
430.50 
42460 
41881 
*I311 
4075' 

37580 

61 I 
599 

570 
5fjo 

I 
0 

1 

0.23217 
22922 
226.~0 
22.141 
,2057 
21776 
11498 

8.38095 
94 
94 
93 
92 
92 

8 0  
yo 
9O 

2 
88 

.700 
205 
20' 

::: 
IR1 

278 

07 7 

27r 

305 

: 
0 

I 
I 
o 

o 
1 

I 
O 

0.31140 
172 
205 
2.38 33 

34 

3' 

ii 

515 

0'31551 
gRR 
626 
663 
7OI 
740 

0.31779 
818 

324RR 
32066 f : ( l  

0 . ~ 4 2 4 ~  
3.3794 
3.1 3 5 2 
,32917 

37 

$ 
39 

39 

:: 

455 

2; 
435 

0'2927.3 
zRRg6 
28525 
2RlsR 
27597 
27540 

0.27089 
26742 

IR2 
.'17 

$5 
"" 
357 

35' 
347 
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Terrestrial Latitudes, Longitudes, and Reverse Azimuths. 

Z 

O'47l 
466 
459 
453 
446 
440 

D8. 

- 

- 
6 

6 
6 

Y 

-- 

- 
2'759 

1 7 2  186 
799 
R 1 2  

824 

DS. 

- 
6 

6 

- 6 - 6 11 0 3.543 c ' 9 ~ ~  7.651 0'043 2'8.37 0.434 6 
10 548 2 976 6.57 O.37 6 l Z  

4~~ 6 
20 554 972 662 0.31 412 6 5 
30 559 967 668 025 87.3 :: 416 
40 56.3 96.3 67.3 0 2 0  R R s  411 2 
50 568 959 6;8 014 896 

" 
405 

6 

50 373 - 
13 0 3.599 4, 6.933 j lo  60.3 9.30 71 7 

20 607 927 359 
30 611 924 726 964 1 . 0 0 2  354 
40 615 j 921 730 959 0 ' 2  349 i 
50 618 918 734 954 0 

9 345 

90.3 758 929 - 
16 o 3.642 6.900 .: 

10 645 
zo 64R 3 a 

30 651 894 
40 654 802 777 
SO 657 By0 780 905 1 2 7  294 3 

- 
16 o 3.659 6 . ~ 8 ~  : ; . 7 ~ j  

3 Ya9ol y . 1 3 ~  0.290 
lo  662 HR6 787 897 143 287 34 20 665 .: R R g  790 894 1.5' . 28.3 t 
30 667 88.3 79.3 8l)o :ti Q 2i9 
40 670 RRa 796 

X 

- 

0'080 
074 
067 
oh[ 
O55 
O49 

Diff 

+ 
13 
l4  

:! 
I 2  

50 673 
a 

D 

- 

W 

- 

- 

880 

D 8 .  

- 
+ 

10 0 
10 

l o  
A0 
40 
50 

Latitado. 

0 I 

887 ' ::1 

DS. 

+ 
3.509 5.011 1.615 

005 621 6 gf -000 5 627 
s27 

538 985 645 

V 

- 

Boo 

U 

--- 

- 

- 
17 o 3.675 .: 

l o  677 
2 0  679 
30 681 a 

6 . ~ ~ ~  
R77 
R76 
R75 
R74 
87.1 

6 . ~ ~ ~  
R 7 1  
870 
809 
868 
R67 

6 . ~ 6 ~  
866 
860 

R64 
R64 

88.3 

50 

18 o 
10 

10 

." 
40 
50 

19 0 

10 

10 

9 0 
40 
50 
60 

I 

I 

a 

I 

I ' 

O 

O 

- 
3.687 

689 
691 
69.3 
605 
697 

- 
3'6gR 

700 
702 
7O.3 
r05 
706 
7oR 

' 

a 

1 

- 1.80.3 
Ro6 
R O ~  
812 
815 
817 

- 1.820 
8 .1  
R26 
828 
R.31 
8.34 

- 1.836 
8.19 
841 
844 
H46 
84R 
851 

.3 

3 
3 
3 

3 
.t 

' 

: ' 

;.RRO 

876 
~7.3 
860 
866 
863 

T'R60 
856 
85.3 
850 
847 
84.1 

;.841 
8.3R 
8.35 
R.32 
819 
U17 
814 

3 

3 

3 

j 

- 
1.181 

I R ~  
196 
203 
210 
217 

z 
231 
2.38 
24s 
25 1 

258 

7 . ~ 6 ~  
2 j l  
277 
184 
290 
296 
3or 

7 

7 
7 

7 

0.269 
265 
,02 
258 
255 
252 

0.249 
a45 
24; 
2.19 
216 
2.13 

0.2.10 
2 2 7  
zaq 
1 2 1  

919 
'16 
113 

.3 

3 

3 
.1 

3 

3 

3 

3 
3 

3 
3 
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TABLE TI.-Logarithms for facilitating the Computation of 

Latitude. 

0 I 

20 0 

10 

D8. 

+ 
54 

B 

-- 

- 
8.38073 

20 

30 
40 
50 

21 o 
10 

10 

30 
40 
50 

22 o 
10 
2 0  

3O 
40 
50 

23 0 

10 

20 

30 
40 
50 

24 0 

10 

10 

30 
40 
50 

25 o 
10 

20 

3O 
40 
50 

26 0 

I 0  

20 

3" 
40 
50 

27 0 

10 
a0 

A0 
40 
50 

28 0 
10 

10 

.3 0 
40 
50 

29 0 

1 0  
a 0  

30 
40 
50 
60 

Q 

- 
1.9974450 

P 

- 
3.9961890 

73 

DiiT. 

- 
n2 

DifF. 

- 
0 
I 

IRoe 

1727 
1644 
1561 
1478 - 

3.9961394 
1310 
1224 
"39 
105.3 
0966 

- 
3.9960879 

0791 
0703 
0614 
0525 
0435 - 

3.9960345 
0254 
016.3 

- 00j1 
3.9959978 

9886 
- 
3.9959792 

96?s 
9604 

0 

0.32549 
81 
83 
R3 
83 

2 
86 
85 
86 
'7 

:i 
88 
R9 
89 

;y 
9' 
92 

93: 

94 

4504 596 

461.3 
4668 
4724 

1.9974;~o 
48.36 
4b.3 
4950 
5@'7 
5065 - 

1.9975123 
5182 
I 

a; 

25 490 IIOR O  
24 559 :: 8093.3 

147 
2.3 629 10788 145 

10 

1.33 74 

643 
690 
7.38 
787 

0.32836 
885 
9.35 
985 

0.33035 
d16 

0.331.38 
189 
242 
294 
348 
40 1 

0.33455 
510 
565 
620 
676 
732 

DS. 

+ 
47 

55 
56 

$ 
57 

:i 
58 

:; 
59 

65 
64 

8.38063 
6 2 
62 
61 
60 
59 

- 
.3.9959221 

91" 

21225 

O 

96 
97 

:: 
:; 
49 
49 

5' 
51  
53 
" 

zi 
54 
55 

56 

l73 

T 

0'21498 

53O0 

DS. 

- 

- 

5419 

7.rj975479 
5.54' 
5601 

55 
54 
53 

g.38052 

96 I 

9028 97 

20954 
2068; 
20424 
20163 

0.19906 
1965.3 
19402 
19154 
18910 
18669 

0.184.30 
18195 
1;962 
17732 
17.506 
17281 

0.17060 
168~1 
16625 
16412 
16201 
15993 

t y  
(jl 

I 

0.54020 
078 

0'341.38 
197 

.?I8 
380 
4.4 1 

0'3450.3 &: 
692 

0.348R5 

88.32 
8734 - 

3'99586.35 
85.35 
84.45 
8.3.35 
82.34 
81.3.3 - 

3.99580.31 
7919 
7827 
7/24 
;620 
7516 

- 
3.9957411 

73d 
710.3 
7097 
6991 
6885 

- 
3.9956778 

667 1 
6564 
6456 

:;; 

'57 
'53 
251 

248 
244 
241 

'39 
'35 
233 
230 
lZ6 

225 

219 

i:.: 
208 

g8 

1g 
:: 
;:: 

'02 

Io3 

''4 
''4 

::: 
:: 
I& 
lo6 

:: 

950 12.319 
0'35016 66 '21.5; 

OR 2 

116 

0'3~284 0'11531 
3S2 

(j9 
11373 

l S 2  

421 1 ~ 1 2 n  
'5' 

60 

2 
b0 
62 
6, 

62 66 
63 

64 

65 

48 

i.38047 

61.30 

5662 " 

6100 h4 
6164 64 

y.9976619 66 

44 
4.3 
4 1 

g'38041 
40 
39 
dB 
3 7 
36 

8.380~~ 
34 
33 
3l 
3 1 
30 

- B.jR019 

695~ 

0 2  

7090 
7 1 5 ~  
2 2  

i296 
7365 

7'wf7435 

14990 
14796 

0.14605 
14416 
'Ja29 
IJ045 
1.386.3 
1368.3 

O'1.35°5 
13.3.30 
1.3156 
12q84 
1~815 
11648 

0.12482 

: 
: 
I 
I 

, , 

68 
69 
'9 
" 
i0 

Ig4 

IR 9  
187 
184 
laz 
,go 

l7R 

: 5: 
I;2 

169 
167 
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16.3 

1R 

27 7574 

771.5 
77R6 

7 
7928 
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Roil 
8144 
8116 
81Rg 

7' 

i :  
7' 
f2 
7' 
7' 
73 
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Terrestrial Latitudes, Longitudes, and Reverse Azimuths. 

Di5. 

- 

3 

Diff. 

+ 

66 

Y 

--- 
- 
I .302 
308 
314 
320 
326 
331 

- 

Z 

0.113 
a10 
208 
a05 
201 
7.00 

Dis .  

+ 

3 

X 

- 
1.824 
821 
818 
816 
A13 
810 

: 
, 
I 

O 
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I 

O 
O 

O 

0 

: 
00 

- , 
o 

: 

O 

I 

I 
I 

: 

21 0 

10 
20 
30 
40 
50 

22 o 
10 

a0 
30 
40 
50 

23 0 

ro 
ao 
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40 
50 

24 o 
10 
20 

30 
40 
50 

25 0 
10 

a0 
30 
40 
50 

26 o 
10 
10 

3O 
40 
50 

27 o 
ro 
10 
30 
40 
50 

28 o 
10 

,o 
.3 0 
40 
50 

29 0 

I 0  

10 
3O 
40 
so 
60 

6 
6 . ~ 6 ~  7.864 r.808 1.338 0'197 

a 

866 863 80.5 343 6 '95 
86.3 868 802 349 6 'g2 
863 870 Boo 

a 
355 

863 872 
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O 
874 366 

6 . ~ 6 ~  + A ;.a76 1 ' 793 1.371 0-182 
- a - 

864 878 790 j 376 180 
a 

864 880 788 
865 o 882 
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78 1 171 
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408 5 889 7i6 ::$ 8.1 

868 892 418 162 
869 : 894 769 41.3 160 : 

D 8 .  

- 

.3'715 
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71 7 
718 
7'9 
720 - 

3.721 
722 
722 
723 
724 
724 - 

5.725 
726 
726 
727 
727 
2 - 

3.728 
728 
728 
729 
729 
7 29 - 

3.729 
T29 
729 
719 
729 
729 - 

3.729 
729 
719 
la9 
7'9 
728 - 
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728 
727 
fr7 
7'7 
726 - 

3.726 

::: 
724 
7'4 
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7" 
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720 

7'9 
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6.870 
'37 1 
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87.3 
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:i" 881 
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~ . R R , ~  
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86.3 
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8.58 
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8 
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I 
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, 
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- 
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- 
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; 

I 

a 

2 
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' 
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I 
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4 

44 
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5 
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914 
9.6 
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F7z9 
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2 
a 

a 

a 

a 

a 
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115 
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I12 
1 1 1  

log 
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0-105 
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1- 
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Og 7 

a 
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.3 

a 

1 

, 

, 
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I 
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1.432 
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- 
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474 
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- 
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25 
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- I ,936 
9.37 
9.38 
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509 - 
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I 

: 

5 
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4 
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0.12.3 
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a 
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a 
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5 

I 
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: 
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TABLE V1.-Logarithms for facilitating the Computation of 
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I 
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I 
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I 

I 

I 
I 

Diff. 
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+ 

i3 
73 
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74 
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75 
76 
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75 
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i6 

76 
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77 

Q 
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1.99782R9 
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84.35 
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8656 

T.9978730 
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go28 
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948.3 
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50 
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so 
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10 
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50 
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50 
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l3 
I 1  
10 
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O8 
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"4 
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8.37999 
- O0 
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97 
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9O 
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0'36133 
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50 3.99499'5 Ia3 2426 

1 0  
a0 
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so 
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- 
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74 

76 
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- 
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::: 
::: 
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::: 
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::: 
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'I7 

0.38047 
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220 

307 
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48.3 

0.38572 
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9.34 
0.39025 
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211 

- - 
3.9953414 

3297 
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2945 
2827 

- 
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1.352 
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- 
3'9951993 
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87 

8, 

'9 
90 
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9' 
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93 

7.998057~ 
0650 
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'I9 
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99 
97 
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9" 
94 

93 

;: 
89 

87 

86 
85 

T 

0.09821 
09690 
09560 
09431 
09304 
09179 

0.36584 77 
661 77 

738 816 

~ 8 .  

- 
'3' 
'3' 

::: 
0.090j5 
08y.32 
08811 
oH692 
08574 
08457 

0.08.342 
oR~28 
08115 
08004 
07894 
07786 

0.07618 
07572 
07468 
07.364 
07261 
07161 

894 
973 

0.37053 
1.33 
2 1 3 
294 
376 
458 

0.37540 
62.3 
707 
79 1 
876 
961 

I 127 73 , 
I207 80 

79 
79 
79 
79 
80 
79 

80 
R~ 

IZ4 

:i: 
"9 

'I7 

"5 

l l J  "' 
:$ 

:$, 

::: 
lo' 

:; 
80 

Ro 

gz 

8.3798a 
I 

- 
I 

8.37974 I 
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Terrestrial Latitudes, Longitudes, and Reverse Azimuths. 

Y 

------- 

- 
1'58.3 

587 
590 
594 
598 
601 

7 . 6 0 ~  
608 
612 
615 
619 
622 

7 . 6 ~ ~  

:: 
6.35 
6.39 
642 - 

1.645 
649 
651 
655 
658 
661 

7.665 
668 
671 
674 
7 
680 

7 . 6 ~ ~ 3  

D~ff .  

+ 

: 
1 

: 
o 

: 

; , 
1 

I 

O 

W 

- 
1'942 

9 
944 
945 
946 
947 - 

1'947 
948 
949 
950 

1.952 
- 

953 
954 
955 

1'957 
958 
958 
959 
960 
960 

Tm961 
962 
962 
96.3 
96.3 
964 

;.965 
10 670 o ~ o  

I 965 648 I 686 06.3 : O 

2 0  6;s 01.3 966 647 689 062 
30 673 016 966 645 I 692 061 : 
40 671 019 967 644 69.5 060 
50 669 02.3 967 642 698 059 

O 

10 

40 659 , 
50 657 - 

2 - 37 5 5'04; ;'971 6 I 
- 
9 0.054 

10 65.3 , 050 971 6.31 7la 053 : 
lo ('51 , 054 972 629 : 725 052 , O 

30 649 057 973 628 728 051 
40 647 061 97.3 626 7.31 051 ; 

oh5 974 625 7.34 050 

10 640 ) , 0 7 2  9i5 621 i39 
2 0  6.18 , 076 f 975 620 742 048 

049 , 
30 6.36 ORO 975 619 
4O 6.33 084 976 618 I 

745 :: 047 

0.98 976 
748 046 

50 6.31 616 75 1 046 a 

Diff. 

+ 

j 

Latitude. 

0 ,  

30 o 
10 

2 0  

30 
40 
50 

31 o 
10 

20 

30 
40 
50 

32 o 
10 
ao 
do 
40 
50 

33 o 
10 

20 

3O 
40 
50 

34 0 

10 
zo 
30 
40 
50 

35 o 

39 o 
10 

ro 
3O 
40 
So 
60 

X 

- 
1.697 

695 
69.3 
692 
690 
688 

T.687 

2 
682 
680 
679 

F.677 
676 
674 
672 

22; 
1.668 

666 
665 
663 
66 r 
660 

y.693 
657 
656 
654 
65.3 
651 

;.650 

U 

I---- 

- 
6.926 

928 
9.30 
932 
935 
93 7 - 

6.939 
942 
944 
947 
949 
952 

- 
6.954 

957 
960 
ghz 
965 
9b8 

- 
6.971 

97.3 
976 
979 
982 
985 

6.988 
- 

99' 
994 

- 907 
5.000 

00.3 
- 
5.006 

Diff. 

- 

f 
a 

, 
a 

a 

; 
a 

, 

Diff. 

+ 

: 
2 

a 

.2 

" 

: 
3 

V 

I 

- 
3.718 

717 
7'6 
7'5 
114 
713 

- 
3 . 7 1 ~  

711 
710 
708 
7 0 7  
706 

- 
3.70; 

704 
702 
701 
700 
698 - 

3'697 
696 
694 
69.3 
691 
690 - 

.3.6R8 
6Rj 
6R5 
(lR.3 
682 
6Ro 

- 
3.6;R 

i 
I 

Z I Diff. 
I 

1 

# 

- 
3.628 

626 
624 
611 
619 
h16 
614 

DiB. 

- 
I , , 
1 

I , 
I 

, 
1 

I , 
I 
I 

1 

I 

2 
I 

I 

f 
a 

a 

0'097 
096 
094 
093 
091 
09 1 

0.089 
088 
087 
086 

- 
, 
; 
, 

: 
: 

: 
a 

' 

080 
079 
078 
077 

0.076 
075 
074 
073 
071 
071 

0.070 

069 
068 

065 

?or), J ;.9,7 1 ;.615 
095 f 977 

O 
61.3 

099 977 612 O 

10.3 g;R 610 

606 

: 
' 
I 

: 
I 

I 

i 
I 

0 . ~ 6 4  

1 

' 

a 

- 1'75.3 
756 
759 
761 
764 
767 
7 7 0  

0.045 
044 
044 
043 
'4' 
041 
041 

: 
I , 
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TABLE VI1.-Directions for applying the Signs to the Terms of the 
Latitude, Longitude and Azimuth Formulse. 

Tome of the Formule. 

8, A 

8, L 

8, a 

6, A 

82 J5 

8, A 

83 A 

83 

83 A 

8, A 

8, L 

84 

, 

O0 to 9O0 

- 

- 

- 

- 

+ 
+ 

- 

- 

- 

+ 
+ 
+ 

Magnitude of the 

90" to 180' 

- 

+ 
- 

- 

- 

- 

- 

- 

- 

- 

- 

+ 
+ 

given h i m u t h  A. 

180" to 270' 

+ 
+ 
+ 

- 

+ 
+ 

- 

+ 
+ 

- 

- 

- 

270" to 360' 

- 

+ 
+ 

- 

- 

- 

- 

+ 
+ 

+ 
- 

- 



TABLE VII1.-For calculating Azimuths and Distances of Points of 
which the Latitudes and Longitudes are known. 



TABLE VII1.-For calculating Azimuth and Distances of Points of 
which the Latitudes and Longitudes are known. 

16 o ;.~Iojo 4'7 6.1~0~0 :;; ::5 6.3109~ 
g.48158 '3' 

10 81511 40' 14515 31448 48290 I3l 
10 818.37 ;$ 14986 tLi 43510 ,, PO I 

31797 
349 48413 I33 

30 82228 15452 43610 30 95008 I 48556 '33 

40 82614 43711 40 95241 32489 48690 386 15914 
dh2 2'33 

:;;t 50 82996 50 95472 382 1637.3 459 43813 
lo' 131 32833 344 48816 

17 o ; . ~ . ~ ~ ~ a  3i6 b.1682~ 454 X.43916 ''-3 24 o ;.95700 h.33~74 6e4896a 'a6 ::A 10 83744 ;$5 17277 
450 44019 lo 95926 33.5 14 49098 136 

20 84111 lij~j 447 44123 ::: 20 96149 :f: 33852 49236 
I.'' 

.qo 84474 d6" 1816; 443 44229 30 g6369 34188 49374 336 :;g8 40 848,]2 35R 18606 44335 40 CJ6587 34523 439 335 49512 
50 85186 jS4 19041 435 ''7 50 9680~ 34856 333 49652 

140 

18 o 355.15 ::! Z.1947J $: (;.44549 
1°7 25 o 

z.3518~ ::: 6.49792 I4O 
lo 8-880 '9902 6 8  l o  10 gj225 355'7 49931 
10 U ~ Z Z I  341 10327 425 44767 20 97432 ::& 35R45 5007i 

141 

30 86558 .'j7 2649 422 44878 ::: 30 97638 36171 50216 14' 

40 RhRy1 J3,' 21168 'I9 
44989 1 1 2  40 978~0 ::: 36496 503.59 ::: 325 

50 87220 45101 50 98041 36810 3'9 21584 416 324 5050.3 

1 9  o 78;544 3'4 1.219~6 4" 6.45213 26 o 7 . 9 8 ~ ~ ~  '9' ij'37142 jZ2 6.50647 Ibl 
10 8;8hg, 32' zajog 409 45,327 'I4 10 98434 195 37462 320 5079' 14' 

lo 88182 .'Ii 12812 407 45441 ::d ao 98627 
19.1 37;Ha 320 50938 

146 

30 88496 45557 30 98818 .38099 "I* 
23215 ''3 "I1 ::: 51084 ::; 40 8880; 309 a3616 401 

45673 40 99007 ::g 38416 S"3' 
50 89111 45789 50 99'93 38731 306 1~014 398 315 51378 147 

20 0 7.89414 t:; K.a440r) 
395 6.4s907 ::: 27 o 5.c)9.177 :g8: 6.39044 

3'3 6.51527 ::; 1 0  89713 14801 39a 46025 10 99559 39.157 
295 33;; 5 1 6 7 ~  149 10 25190 $; 46145 

20 99738 :$ 39668 30 ;zZl2" 2v77 40165 ::: 30 - 999l6 39977 5l97.5 ::: 51825 
309 

40 90;8~/ :!! 15362 4638; 40 6.00091 '75 40186 .log 52116 
So 90~73 281 ~ ~ 3 4 4  46507 50 00264 qogg3 rJ 52178 17.' 

21 91155 2672.3 28 o 004.35 40899 51430 
379 46619 

"' 17' I s a  

--- -- .- 

+ - + - + 
14 11'96.3 11.701 
16 
16 

130 ;; 662 
669 ' 

829 113 
18 - 

21 

700 
077 I5 240 I5 

709 
" 

147 

2G 
27 

31' 20 

88 086 

Diff. 

+ 

275 
272 

~2 

256 

247 

h t .  

0 I 

2 1  0 
10 
zo 
30 
40 
50 

22 o 
10 

20 
30 
4O 
50 

R' 

F.9111~ 
91433 
9~7bi 
91g80 
92249 
92515 - 

7.92777 
93037 
9.3193 
9.3547 
9.3798 
94045 

Diff. 

+ 
536 
530 

j14 

:;; 
494 
J" 

484 

8' 

- 
6.26713 
27100 
27.175 
21847 
28117 
28584 

Lnt. 

0 ,  

14 o 
to 
20 
30 
40 
50 

15 o 
10 

20 

30 
40 
50 

DitT. 

+ 

471 
465 
lS9 

zi 

423 
417 
412 

R' 

i.!s78s 
,6256 
76721 
77180 
776.32 
78078 

i.;ft518 
78953 
79.181 
79804 
80221 
80633 

6' 
---- 

- 
6.0;962 
08498 
09028 
09551 
10071 
log85 

I O  

11sgh 
12094 
12-88 
13i76 
1i560 

Y 

- 
6.42204 
4zagz 
42380 
42469 
42559 
41650 

2 
428.35 
42929 
4.3024 
43119 
43216 

Diff. 
---- 

+ 

377 
375 
372 
370 
367 

366 

D 8 .  
- 

:: 
91 

92 

ii 
97 

T' 

- 
6-46619 
46753 
46876 
47001 
47127 
47253 

- 
a.289501 363 

29313 
agti74j 361 
30033 1 ::; 

2 

Us. 

"4 

::: 
126 
lZ6 

6.47380 
47508 
47636 
47765 
47895 
48016 

9390 
30745 

::: 
I3O 

'3' 355 



TABLE VII1.-For calculating Azimuths and Distances of Points of 
which the Latitudes and Longitudes are known. 

Diff. 

+ 

273 

::: 
271 

:as 
268 
267 

8' 

- 
6.512~7 
5 1530 
5180.3 
52074 
s2345 
52616 

~.52886 
53'55 
5424 
53692 
53960 
51227 

Diff. 
- 

+ 

::: 
::: 
::: 
I S  

:$ 

R' 

~ 0 5 2 6 7  
05.368 
05466 
0556.3 
05~59 
05752 

6.0~844 
05935 
06.2~ 
06110 
06196 
06280 

T 
--- 

- 
6.58.319 
58493 
58669 
58844 
59020 
5919; 

z.59,374 

T' 

- 
6.52430 
5258.3 
52736 
52890 
5304.5 
53201 

6.53156 
53513 
6 0  
5.4828 
53987 
54146 

30 o 
10 

ro 
30 
40 
50 

31 0 
ro 
20 

30 
40 
50 

32 0 
10 

20 

30 
40 
50 

33 o 
10 
20 
30 
40 
50 

34 0 

Lat. 

28 
29 
30 
3 1 

32 
33 
3 J 
85 

3fi 
37 
38 
30 
40 

Lat. 

0 I 

34 0 
10 

ao 
30 
4O 
50 

36 o 
1 0  

20 
30 
40 
50 

Diff. 

+ 

9' 

;: 
93 

;: 
:i 
84 

DiE. 

+ 
If4 
176 

176 
177 

177 

Diff. 

+ 

iz: 
300 

:$ 

:;; 
S~02322 
02466 
02608 
0 ~ 7 4 ~  
02887 
0.1023 

i.0.3~~8 
0.3290 
03421 
0i550 
o;ij7 
03802 

6.03926 
04047 
04167 
04285 
04401 
04516 

z-0~628 
04739 
04848 
04955 
05061 
05165 
05267 

U' 
-- 
- 
11.156 

173 
191 
ad - 

11.227 
245 
264 

- 
11'301 

322 
341 
36.3 
384 

- 
6.4404 0 6  ::: 36 0 i.06.362 
44776 54466 ,fir 10 06442 

291 14\5061 54627 162 zo 06521 79 
140 

45.357 
290 

54i89 3O 06598 55'9I 60995 
" 

45647 2g8 54950 40 06674 76 55556 ::: 61178 
136 

45935 55114 50 06i4.9 55820 61361 
164 74 IA3 

I"s i.46222 z ::: 37 o Z.06~20 
46509 55*41 10 06891 
46794 ::: 55606 16j 

20 06960 
IZ9 47oi9 55771 z ~ 4  ,(,h 3" 0i028 
''7 45363 559.37 166 40 07094 

47646 ZR3 56103 50 07'59 57397 62473 
282 - - ::4 'r.47928 ,,, 6.56270 38 o 6.07212 ::; gf z.576s9 ::: 6.62660 ::; 

48210 2 ~ 0  564.37 lo 0728.1 57920 628481 1 ~ 8  (j0 56606 ::! 20 07.34.3 48490 ,go . 58180 ::: 6.3036 ::: 487io 56774 30 oi4or 58441 6.3125 :;! 49049 :;; 56944 
40 07458 58701 6.3415 57 

'I5 49.328 57113 50 0751.3 55 58960 259 6.3604 "9 

::: 6.49606 :3; 6.57284 
'7' 39 o K . 0 7 ~ 6 ~  54 6.59220 ::; 6.63795 :;: 49883 10 07619 

276 57455 ::: 52 59479 
258 

6.3986 
'09 50159 5i627 20 07670 59737 64178 19' ::$ 504.34 57799 z75 ::: 30 07719 

49 59996 259 64.370 19' 

50709 5i971 40 07766 47 60254 64562 :;J ::: 509R4 58145 50 07Hra 46 60511 257 64756 
51257 58319 40 o 07857 45 60769 258 64950 

8' 
----. 

a40899 
4120.1 
41508 
41810 
42112 
4aq12 

6.42711 

43009 
4.306 
43602 
4j897 
44191 

Diff. 

+ 

:; 
'7 

I9 19 

" 

DB. 

167 
164 

::: 
:$ 
IS4 

149 

Lat. 

0 I 

28 o 
lo 
ro 
30 
40 
50 

29 o 
lo 
10 

30 
40 
50 

59730 
59909 
60089 
60269 

E' 

6.00435 
0060.3 
00770 
00934 
01097 

OI"7 

6.01~1~ 
0'57' 
01725 
01877 
02027 
02176 

:!: 

Y' 

- 
11'137 

105 
292 
318 

:,.342 
366 
3R9 
41 1 

z'431 
453 
473 
4 
510 

V' 

- 
8'3or 

;II 
321 
319 

~ 3 ~ 7  
3 *4 
351 
35 7 

f.362 
367 
37 1 
374 
377 

Din. 

+ 
IR 

:: 
:: 
:: 
,, 
I R  

Di5. 
--- 

+ 

DiE. W' DB. F I Din XI I 
- + - 
m'75a 11.086 ra.351 

760 109 :: 3;'' ;; 
i69 ; 778 

+ - 3 8 9 1  z3 407 

I R 

804 459 16 
813 148 l3 4;s 

G.flal E.270 " ' 16 11'491 
I6 

8.30 { 194 
" 

507 
8.38 316 " 522 '5 

846 340 :: 537 :: 
855 363 551 



TABLE 1X.-Computation of Heights.-Reduction of Log. Distance in 
Feet between two Stations A and B to reduce to the Level of Station A. 

Correction to the 7th place of decimals. 

Latitude. 

0 
1 
a 
9 
4 

6 
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 
3 1 
32 
33 
34 

35 
3G 
37 
3.9 
a9 
40 

for any latlludo between O0 end 40°. 

/ I 4 6 0 1  lo 1 1  1 1 5  1 1 7  1 1 9  1 . 1  

loo0 

ao8.3 
3 
3 
3 
3 

208'3 
a 
a 
a 
a 

zo8.a 
2 
a 
a 
a 

zo8.a 
a 
I 
I 
I 

208.1 
I 
I 
I 
o 

ao8.o 
o 
o 
o 

207'9 

207.9 

9 
9 
8 

207.8 
R 
8 
7 
7 
7 

Height in 

6000 

1o~r.3 
3 
3 
3 
3 

1041'3 
a 
z 
2 
I 

1041'1 
I 
o 
o 

1040'9 

1040.9 
8 
7 
6 
6 

1040.5 
4 
4 
3 
a 

1040.1 
o 

1039'9 
8 
7 

1039.6 
5 
4 
3 
a 

1039.0 
1038.9 

8 
7 
6 
5 

the 6th 

9000 

---- 

624.8 
8 
8 
8 
8 

624'8 
7 
7 
7 
7 

624.7 
4 6 9  

6 
6 
5 

624'5 
5 
4 
4 
3 

624'3 
1 
a 
P 
I 

624.0 
o 

613'9 
9 

9 8 7  

623.8 
9 8 7 6  

6 
6 
5 

623.4 
3 
3 
a 

2000 

416.5 
5 
5 
5 
5 

416.5 
5 
5 
S 
5 

416.4 

4 
4 
4 

416'3 
3 
3 
3 
a 

416.2 
2 
I 
I 
I 

416.0 
o 

415") 
9 

415'8 

7 
7 
7 

415.2 

5 
5 
4 
4 

Feet of 

6000 

1249.6 
6 
6 
5 
5 

1249'5 
5 
5 
4 
4 

1a49'.1 
3 
a 
I 
I 

1249.0 
1248.9 

9 
8 
7 

1aqR.6 
5 
4 
3 
a 

1a48.1 
o 

1zj7.R 
7 
6 

1247.5 
4 
a 
I 
0 

1~46'8 
7 
6 
4 
8 
1 

place 

4000 

833.0 
o 
o 
o 
o 

833'0 
0 

o 
832.9 

9 

832'9 

8 
8 
7 

83a.7 
6 
6 
5 
5 

832'4 
3 
3 
a 
I 

83a.1 
o 

831.9 
8 

831'7 

5 
4 
3 

8.31.a 
I 
o 

830.9 

Gtation A. 

7000 

_ _ _  

1457 ': 
8 
8 
8 

1457.8 
7 
7 
6 
6 

1457.5 
5 
4 
3 
3 

1457" 
I 
o 

1456.9 
8 

1456'7 
6 
5 
4 
2 

1456.1 
o 

1455.8 
7 
6 

1455.4 
3 
I 
o 

1454'8 

1454.6 
5 
3 
a 
o 

1453.8 

of docimals 

I 
Correction to 

eO00 

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 

1664.8 
7 
6 
4 
3 

1664'1 
o 

1663 8 
6 
5 

1663.3 
I 
o 

1663.13 
6 

1662.5 
3 
I 

1661.9 
7 
5 

9000 

1874.4 
4 
3 
3 
3 

1874.3 
a 
a 
I 
I 

1874.0 
'873'9 

8 

i 
18fj.5 

4 
3 
a 
o 

1871'9 
8 
6 
5 
3 

1871.1 
o 

1871.8 
6 
4 

IR~I'.~ 
0 

1870.9 
7 
5 

1870'5 
o 

1869'8 
6 
4 
a 

loo00 

2082'6 
6 
6 
6 
6 

ao8a.5 
5 
4 
3 
3 

a d z - z  
I 
o 

1081.9 
8 

a081-7 
6 
4 
3 
I 

2081'0 
2080'8 

7 
5 
3 

ao80.1 
o 

2079'7 
6 
4 

ao79'2 
2078.9 

7 
5 
3 

ao7R.1 
2077.8 

6 
4 
I 

1076.9 



TABLE X.-Computation of Heights.-For converting Geodetic Distance 
in Miles into Seconds of Contained Arc. 

Latitude. 

0 
1 
2 
3 
4 

6 
6 
7 
8 
9 

10 
11 
13 
13 
14 

15 
16 
17 
18 
19 

20 
21 
23 
23 
24 

25 
26 
27 
28 
20 

30 
31 
32 
83 
31 

35 
36 
37 
38 
89 
40 

80 

I 

4178.1 
I 
0 

0 

4177'9 

4177.9 
8 
7 
5 
4 

4177.2 
I 

4176.9 
7 
4 

4176.2 
0 

4175'7 
4 
I 

4174.8 
5 
2 

4173'8 
5 

4173.1 
4172.7 

.? 
4171'9 

5 

4171'1 
4170.7 

3 
4169.8 

4 

4168'9 
5 
0 

4167.5 
1 

4166.6 

Milos. 
- 

- 0  
' 1  
'2  
' 3  
' 4  

' 6  
' 6  
.7 
'8 
' 0  

in Miles. 

GO 

3133'5 
5 
5 
5 
4 

3133'4 
3 
z 
I 
o 

31.32.9 
8 
6 
5 
3 

3152.2 
' o 

3131'8 
6 
3 

1 . 7 1 1  
31.30'9 

6 
4 
I 

3129.8 
5 
.? 
o 

.3128'7 

3128.3 
o 

3127'7 
4 
o 

3126.7 
4 
0 

3125.7 
3 

. ~ I Z J ' ~  

90 

4700.3 
.? 
3 
2 

2 

4;OO.I 
o 

4699'9 
7 
6 

4699.4 
2 
o 

4698'7 
5 

4698.2 
469i.9 

7 
.3 
o 

4696.7 
3 

1 4695.9 
6 
z 

4694.7 
.? 

4693'9 
4 
o 

4692'5 
o 

4691'5 
I 

4690.6 

4690.0 
4689'5 

0 

4688.5 
4687'9 

4 

.00 

5'9 
10.4 
15.6 
20.9 

26.1 
3 . 3  
.3("5 
41'7 
46'9 

70 

365s'8 
8 
8 
7 
7 

3655'6 
5 
4 
3 
a 

3655.1 
3654'0 

8 
6 
4 

3654.2 
o 

3653'7 
5 
2 

365.3'0 
3652'7 

4 
I 

3651'8 

3651'5 
1 

3650.8 
4 
I 

3649'7 
4 
o 

3648.6 
z 

3647.8 
4 
0 

3646.6 
z 

3645'8 

Geodetic 

40 

2089'0 
0 

0 
0 

0 

2088.9 
9 
8 
8 
7 

2088.6 
5 
4 
3 
I 

2088.1 
o 

2087.8 
7 
6 

2087.4 
z 
I 

2086.9 
7 

2086.6 
4 
a 
o 

2085 .8 

2085.6 
J 
I 

2084'9 
7 

2084.5 
z 
0 

2083.8 
5 
3 

30 

1566.8 
8 
8 
7 
7 

1566.7 
7 
6 
6 
5 

1566'5 
4 
3 
2 
z 

1566.1 
o 

1565.9 
8 
7 

1565.6 
4 
3 
2 
I 

1564'9 
8 
6 
5 
3 

1564'2 
o 

1563'8 
7 
s 

156.3.3 
z 
0 

1562.H 
6 
5 

10  

,I 

gaa.3 
3 
3 
2 
2 

522.2 
z 
2 
z 
I 

5za.z 
I 
I 
I 
I 

5zz.o 
o 
o 

521'9 
9 

521.9 
8 
8 
7 
7 

521'6 
6 
5 
5 
4 

521.4 
3 
3 
a 
1 

521.1 
I 
.O 

520.9 
9 
8 

'09 

4.7 
9.9 
15.1 
20.,3 
25.6 

30.8 
36.0 
41.2 
46.4 
51.6 

'01 

' 5  
5'7 
11.0 
16.1 
11.4 

16.6 
31.8 
37.0 
41'3 
47'5 

Distance 

60 
-------- 

2611.3 
3 
3 
2 
2 

2611.2 
I 
o 
o 

2610.9 

2610'8 
7 
5 
4 
3 

2610.1 
o 

2609.8 
6 
4 

2609.3 
I 

2608.9 
6 
4 

z608.a 
o 

2607.7 
5 
a 

2607.0 
2606.7 

4 
I 

2605'9 

2605.6 
3 
0 

2604.7 
4 
I 

20 

1oe(.5 
5 
5 
5 
5 

1044.5 
4 
4 
4 
3 

1044.3 
3 
2 
2 
I 

1044.1 
o 

1043.9 
9 
8 

1043.7 
6 
5 
5 
4 

1045.3 
1 

I 
o 

1042'9 

1ojz.8 
7 
6 
5 
3 

1042'2 
I 
0 

1041'9 
8 
6 

.02 

1'0 

6..3 
11.5 
16.7 
21'9 

a7.1 
3 
37'6 
42'8 
48'0 

.06 

2'6 
7.8 
1.30 
IN..? 
23'5 

28.7 
33.9 
39.1 
44.3 
49.6 

9 3  I .04 .OG 

I ,  

3.1 
8.3 
1.3.6 
18.8 
24.0 

19.1 
34.4 
39.6 
44.9 
50.1 

1.6 
6.8 
11.0 
I 
22'4 

17'6 
.31'9 
.38'1 
43'3 
48'5 

0 7  1 .O. 
-----pp-p 

, 
2'1 

7'3 
1a.5 
I 
23.0 

28.1 
33.4 
38.6 
43.8 
49'0 

3-7 
8.9 
14.1 
19.3 
a4.5 

29'7 
35.0 
40.2 
45.4 
50.6 

N 

4.a 
9.4 
14.6 
19.8 
15.0 

30.3 
35.5 
40.7 
45.9 
I 



T m L E  XI.-Computation of Heights.-For converting Geodetic Distance 
in Feet into Seconds of Contained Arc. 

TABLE XI1.-Computation of IIeights.-Log. Secant of Obscrved Angle 
at Station B. 

Lstitudo 

0 
1 
2 
3 
4 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

15 
16 

18 l7 
19 

20 
21 
22 
23 
24 

25 
26 
27 
28 
29 

30 
31 
32 
33 
34 

35 
3G 
97 
38 
33 
40 

Angle. 

O I Y  

o 16 a5 
o 18 32 
0 36 51 
0 43 37 
0 49 18 

0 54 41 
0 59 38 
I 3 61 
1 8 0  
1 1 '  54 

in Feet. 

6000 

-0.65 
65 
65 
65 
65 

66 
66 
66 
66 
66 

66 
6 7 
67 
6 7 
68 

68 
68 
69 
69 
69 

70 
70 
71 
7 1 
73 

7 2 

73 
73 
7 4 
75 

75 
76 
76 
7 7 
7 8 

7'3 
7 9 
80 
80 
8 I 
82 

1000 

-0'109 
109 
'09 
109 
'09 

3 "9 
109 
110 

1 1 0  

I 10 

I 1 1  

1 1  I 
11a 
112 

113 

11.3 
114 
114 
115 
I 16 

I 16 
1 1  7 
I 18 
119 
1 2 0  

121 

121 

122 

12.3 
124 

17.5 
I 26 
127 
I 28 
129 

1.30 
1 3 1 
1.33 
1.34 
'35 
136 

Log. Seeant. 

0'00000,S 
1,5 
'35 
3,s 
435 

5,5 
6,s 
7,s 
8,s 
9,s 

Goodotic Distance 

7000 

-0'76 
76 
7 6 
76 
76 

76 
7 7 
77 
77 
7 7 

78 
78 
78 
78 
79 

79 
80 
80 
81 
81 

8 a 
82 
83 
83 
84 

84 
8.5 
86 
86 
8 7 

88 
88 
89 
90 
91 

91 
93 
93 
94 
94 
95 

2000 

,t 

-0.118 
218 
a18 
21'3 
a18 

a19 
219 
219 
220 
221 

ZZI 
222 

a 23 
224 
225 

'26 
a 2'3 
229 
2.30 
13 I 

233 
234 
2.36 
238 
2 9  

141 
24.3 
245 
246 
248 

250 
25 2 
254 
25 7 
159 

26 I 
26.3 
265 
267 
270 
a71 

4 0 0 0 1  
~~~~~~ 

-0.435 
435 
435 
436 
436 

4.3 7 
4.38 
439 
440 
44 I 

443 
445 
446 
448 
450 

453 
455 
457 
460 
463 

466 
469 
472 
4i5 
479 

48 3 

4'36 
489 
493 
497 

501 
505 
509 
513 
5'7 

513 
526 
530 
535 
539 
544 

3000 

-0.~726 
326 
326 
327 
327 

328 
328 
3 29 
330 
33 1 

333 
3.3.3 
335 
3.36 
138 

339 
341 
34.3 
345 
34 7 

349 
352 
354 
356 
359 

362 
364 
~~7 
370 
3 73 

376 
.li9 
382 
3'3.5 
388 

39 1 
394 
. w R  
401 
404 
4& 

6000 

-0'544 
544 
544 
545 
545 

546 
547 
549 
550 
552 

554 
556 
558 
560 
563 

566 
569 
572 
575 
579 

586 
5 90 
594 
598 

60.3 
'307 
612 
616 
621 

626 
63 1 
6.36 
64 1 
647 

65 2 
6.57 
663 
668 
174 
680 

Log. Sccsnt. 

o.woro,g 
al,5 
*2,5 
33,s 
2423 

25s 
1'3s 
374 
l R , S  
19,s 

8000 --- 
" 

-0.81 
8 7 
87 
87 
87 

;3 
88 
88 
88 

89 
89 
89 
90 
90 

91 
91 
91 
92 
93 

93 
94 
94 

;g 
96 
97 
90 
99 
99 

I'M) 
1.01 

1.02 
1.03 
1.03 

1.04 
1.05 
1.06 
1.07 
1-08 
1.09 

Angle. 

0 I I ,  

1 45 37 
I 48 lo 
1 50 39 
1 53 s 
1 55 18 

1 57 47 
" = 5  
a a 19 
2 4 .la 
1 6 41 

Angle. I Log. Yecsnt. 

9 0 ~  

-0.~8 
98 
98 
98 
98 

98 
99 
99 
99 
99 

1.00 

1.00 
1.00 

1.01 
1.01 

1.01 
I '02 

1.03 
1.04 
1'04 

1.05 
1'05 
1.06 
1'07 
1.08 

I- O R  
1.09 
1.10 

1.11 
1.12 

1.13 
1'14 
1'14 
1.15 
1.16 

1.17 
1.18 
1.19 
r'zo 
1.11 
1.22 

0 , 8,  

1 15 35 
I 19 6 
I 11 28 
I 3s 43 
I 18 49 

I 31 so 
1 34 45 
1 37 35 
1 4 0  10 
1 43 0 

o'a0010,j 
11,s 
12,s 
1.3,s 
'495 

1 s ~  
16,s 
17,s 
18.5 
194 



TABLE XII1.-Computation of Heights.-For obtaining the Quantity 
p" in the formula for finding the Terrestrial Refraction. 
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TABLE X1V.-Computation of Heights.-To facilitate finding the Sub. 
tendod Angle when only one angle has been observed and the 
Distance between Stations A and B is given in Feet. 

TABLE XV.-Comput ation of Heights.-To facilitate finding the Sub- 
tended Angle whcn only ono angle has been observed and tho 
Distance between Stations A and B is given in Log. Feet. 

Con- 
tamed 

inFeet 
An 

3MNl 
40011 

Adopted Refraction expressed in Decimrls of Contained Arc. 

Adopted Rcfrnction expressed in Decimala of Contained Aro. 

0.03 

2'3.727 
3327 
3.327 
3318 
33.30 
3.7Jr 
3364 
33.q6 
.3.3J8 

0'06 

I , ,  

0 0  

0 1  

0 1  
0 2  

0 2  

0 3  
0 3  
0 3  
0 4  

0 4  
0 9  
013  
017 
0 2 2  

026 
030  
035 
039 

043  
1 2 7  
2 1 0  

254 
337 
421 
5 4 
548 
631  

715  
14.30 
21 45 

30 (XI() l o o o 30 
W V O O I O O  040 
50uLx' o o I 0 4 9  
Gc)(lnn 0 0 1 0 ~ 9  
7 ~ l _ l l l l o o l  9 
BVCNO o o  1 1 9  
9UCW0,oo 129  

I lOOnOO 0011 .79  
18 

0'08 

I ! ,  

0 0  

0 1  
0 1  

0 2  
0 2  

0 2  
0 3  
0 3  
0 4  

0 4  
0 8  
0 1 2  

017 
0 2 1  

025 
029 
03.3 
037 

042 
123  
2 5 
246 

328  
4 9  
451 
532 
614  

6 5 s  
1.7 50 
2043 

0.06 

2'3613 
3613 
3614 
361.5 
3616 

3618 
.z620 
3623 
3625 

Laf~tudc.. 

) o . z o ) o . i o  

0.05 

I , ,  

0 0  
0 1  
0 1  
0 2  

0 2  

0 3  
0 3  
0 4  
0 4  

0 4  
0 9  
01.3 
0'8 
0 2 2  

027 
0.71 
036  
040 

0 4 4  
120 
21.3 
2511 
342 
427 
511 
556 
640  

725 
1450 

1 2 2  14 

0'07 
- 

, R  

0 0  
0 1  
0 1  
0 2  

0 2  

0 . 7  
0 3  
0 . 3  
0 4  

0 4  
0 9  
013  
0 1 1  

0 2 1  

on6  
0.30 
034 
038 

04.3 
125 
2 8  
250 
3.73 
415 
458 
540 
62.1 

7 5 
14 10 

21  15 

0 '1  

I , ,  

0 0  

0 1  
0 1  
0 2  

0 2  

0 2  
0 2 l O J  
0 2 ' 0 3  

0 4  

0 4  
0 8  
O I I  

016  
0 2 0  

024 
028 
032 
036 

040 
119 
159  
2.38 

3 ' 8  
357 
4.37 
516 
556 

6.75 
1.3 I I 

1946 

0.5 0.4 I 

0 . m  

2.3920 
3920 
7 9  
,7922 
3913 
3915 
3927 
3929 
3932 

b 

0 '3  

I , ,  

0 0  

0 0  

0 1  
0 1  
0 1  

0 1  
0 1  
0 2  

0 2  

0 2  

0 4  
o 6 
o 8 
0 1 0  

0 1 2  

014  
0 1 6  
018  

010 
040  

0'09 

# C  

0 0  

0 1  

0 1  

0 2  

0 2  

0 2  

0 3  
0 3  
0 4  

0 4  
0 8  
o r 2  
016  
0 2 0  

024 
028 
032 
0.76 

041  
1 2 1  

z 2 

24.2 
323  

4 . 7  
444 
524 
6 5 

6 4 s  
1.330 
20 16 

1 1 ,  

1 0 0 0 0 0 0  
2 o u 0 0 O O  
3 0 0 0 0 0 0  
4 0 0 0 0 0 0  

5 0 0 o o 0 0  
6 0 0 0 0 O I  
1 0 0 0 0 0 1  
8 0 0 0 0 0 1  
9 0 0 0 0 0 1  

1 O O O O O O I  

0.05 

2.3515 
3516 
3516 
3517 
3519 
.3521 
. 
3515 
3517 

2'4027 
4027 
4028 
4029 
40.10 
4032 
40.34 
40.76 
4O.39 

0 
6 

10 
16 
20 
25 
80 
35 
40 

27 41 

0 ' 2  

-------- 
I , ,  

0 0  
0 1  

0 1  
0 1  
0 1  

0 2  

0 3  

0 3  
0 6  
o 9 
0 1 2  

015 
o r 8  
0 2 1  

024  
0 2 7  

0.70 
059 
129 

26 21 

, , I  

0 . M  

1',3420 
3420 
.7421 
. w 2 2  

3423 
3415 
3417 
3429 
34-32 

0.08 

2.3815 
3815 
3816 
3817 
3818 
3810 
3812 
381s 
3817 

-- 

a.s2;6 
5277 
5277 
~ 2 i U  
5280 
5281 
52R4 
5186 
528R 

28 20 29 o 2939 I - 1  27 I 

0'04 

, N  

0 0  

0 1  

0 1  
0 2  

0 2  

0 3  
0 3  
0 4  
0 4  

0 5  
0 9  
0 1 4  
018  

023  

027 
0.32 
036  
041 

045 
1 3 1  
216 
3 2 
347 
4.73 
518 
6 4 
649 

735 
15 9 
2244 

2 0 U ( 1 o o ' o z  
o o l o  3 
o o l o  4 

13 11 

0 . m  
ppp-pp- 

1 7 1  

.?it.? 
3714 
3715 
.3irh 
3718 
7 ;  
. i 7aa  
3725 

0'02 

I , ,  

0 0  

0 1  

0 1  
0 2  

0 2  

0 3  
0 3  
0 4  
0 4  

0 5  
0 9  
0 1 4  
0 1 9  
0 2 4  
0 2 8  
0 3 3  
038  
0 4 3  

0 4 7  
1.35 
2 2 2  

3 1 0  
3 5 7  
445  
5.32 
6 2 0  
7 7 

7 5 4  
15 49 
2.3 4.3 

0'03 

------- 
, ,, 
0 0  

0 1  
0 1  
0 2  

0 2  

0 3  
0 3  
0 4  
0 4  

0 5  
0 9  
0 1 4  
0 1 9  
02.7 
0 2 8  
03.3 
037 
042 

0 4 6  
1 3 3  
a 1 9  
3 6 
3 5 2  
4 3 9  
5 2 5  
6 1 2  
6 5 8  

745  
15 29 
23 14 

30 19 1946 

I 

1 3 9 ,  228 

31 38 30 58 

I 5 9  
2.8 
2.38 
258 

3 1 8  
0.3.j 
953 

0.01 

I , ,  

0 0  
0 1  

0 1  
0 2  

0 2  

0 3  
0 3  
0 4  
0 4  

0 5  
o l o  
015 
019  
o a q  
029  
0 3 4  
0 3 9  
044  

048  
137  
225 
3 1 4  
4 2 

451  
5.39 
627  
716 

8 4 
16 9 
14 1.7 

258 
321  
357 
42; 

456 
9 53 

1450 

0.00 

I , ,  

0 0  

0 1  
0 1  
0 1  

0 2  

0 3  
0 3  
0 4  
0 4  

0 5  
O I O  

0 1 5  
o z o  

025 
030  
0.35 
040 
044  

049 
139  
228 
3 1 8  
4 7 
457 
5 4 I  
635 
715 

8 1 4  
16 28 
2443 

32 17 32 5; 



TABLE XV1.-Computation of IIeights.-Correction for Curvature and 
Refraction in determining Heights with tho Clinometer. 

Adopted 

0.10 

Distsnce 
in fuet. 

6 100 
8 834 

11 404 
13 493 
15 300 
16 915 

18 388 
I9 752 
21 028 
22231 
23 371 

24 459 
25 500 
26 501 
27 465 
28 396 

29 '297 
30 172 
31 022 
31 R50 
32 656 

33 443 
3.1. 212 
3.1 D G t  
35 700 
36 422 

37 129 
37 ~ ' 2 3  
38 GO4 
39 174 
39 833 

40 480 
41 118 
41 746 
42 :iG'b 
4.2 971 

43 675 
41. l f i R  
4.1, i s 3  
45 330 
45 900 

46 464 
47 020 
47 570 
48 114 
48 651 

40 163 
49 709 
60 230 
60 745 
61 266 

Refraction expressed in Deoimela of 

Correction 
in feet. 

0.5 
1'5 
2'5 
3'5 
4'5 
5'5 

6.5 
7'5 
8 . 5  
9'5 
10.5 

11.5 
12,s 

1.3'5 
14'5 
'5'5 

16.5 
'7'5 
18.5 
'9'5 
20.5 

21'5 
22'5 
2.3'5 
24'5 
25'5 

26.5 
27.5 
28.5 
29.5 
30'5 

31'5 
32'5 
.?.1 ' 5 
34.5 
35'5 

36.5 
37.5 
38.5 
39'5 
40'5 

41'5 
42'5 
43'5 
44'5 
45'5 

46.5 
47'5 
48 . ,; 
49'5 
50'5 

0.07 

Distanco 
in feet. 

4 900 
8 487 

10 967 
12964 
15  700 
16 251 

17 667 
18 977 
20 203 
21 358 
22 4,64 

23 490 
21.500 
25 461 
26 387 
27 282 

28 148 
28 9H9 
29 flO5 
30 GO0 
31 375 

32 131 
32 870 
33 692 
3.1 300 
84 993 

35 672 
86 339 
36 994 
37 637 
38 270 

38 882 
39 505 
40 1U8 
40 702 
41 288 

41 865 
42 435 
42 997 
43 652 
44 100 

44641 
45 176 
45 704 
44; 226 
46 743 

47 253 
47 759 
48 260 
4H 75.b 
49 244 

Contained Arc. 

Correction 
in feet. 

0'5 
1'5 
"5 
3'5 
4'5 
5'5 

6.5 
7'5 
8.5 
9'5 
10.5 

11.5 
12.5 
13'5 
14'5 
15'5 

16.5 
17'5 
18.5 
19'5 
ao' 5 

11.5 
22'5 
2.3 ' 5 
24'5 
1.5'5 

26.5 
27.5 
28.5 
29'5 
30.5 

31'5 
62'5 
33'5 
34'5 
35'5 

36.5 
3;'s 
3R.5 
39'5 
40'5 

41 ' 5  
41'5 
4.3 ' 5 
44'5 
45'5 

40.5 
47'5 
J X ' S  
40'5 
50'5 

0.05 

Distance 
in feet. 

4 808 
8 328 

10 752 
12 723 
1 4  425 
15  948 

17 337 
18 623 
19 825 
20 959 
22 035 

23 060 
24 04'2 
24 985 
25 894 
26 772 

27 622 
28 417 
29 248 
30 028 
30 789 

31  531 
32 065 
32 964 
33 659 
34 339 

35 005 
85 660 
36 302 
36 934 
37 654 

38 166 
38 766 
39 358 
39 941 
40 616 

41 083 
41 642 
42 193 
42 738 
43 275 

a 806 
41.331 
41 849 
46 362 
46 860 

46 370 
46 866 
47 357 
47 n r3 
48 323 

Correction 
in feet. 
- 

0'5 
1'5 
2'5 
3.5 
4'5 
5'5 

6.5 
7.5 
8 . 5  
9'5 
10.5 

11'5 
11'5 
13'5 
14'5 
15'5 

16.5 
'7'5 
18'5 
19'5 
20.5 

21.5 
12.5 
23.5 
14'5 
25'5 

26.5 
17.5 
28.5 
29'5 
30'5 

31'5 
32'5 
33'5 
34'5 
35'5 

36.5 
37'5 
3'3.5 
39'5 
40'5 

41 '5 
42'5 
43'5 
44'5 
45'5 

46.5 
47'5 
48.5 
49'5 
50'5 





TABLE XVI1.-Computation of Heights.-Natural Tangents to 5 places 
of Decimals. 



TABLE XVII1.-Computation of Heights.-For determining Differences 
of IIcight with the Barometer.-LOOMIS. 

PART I. 

Argument :-The obaerved Height of the Barometer at eithor Station. 

Baro. 
in 

Inches 

11.0 
11.1 
11.2 
11.3 
11.4 
11.5 

11.6 
11.7 

Dam. 
in 

Inches 

21.0 
21.1 
21.2 
21.3 
21.4 
21.5 

21.6 
21.7 

Diff, 

162.8 
161.8 
160.8 
15R8 
158'8 

157 ' 9  
156'9 

Baro. 
In 

Inches 

16.0 
16.1 
16.2 
16.3 

:::: 
16.6 
16.7 

Feet 

1396.9 
1633.3 
1867.6 
2099.9 
2.330.1 
2558.3 

a784.5 
3008.7 

Feet 

23871.0 
23971.~3 
24071.2 
24170.7 
24269.8 
24368.6 

24467.0 
24565.1 

: ;  
27.0 

27'1 
27'2 
27.3 
27.4 
27.5 

27.6 
27.7 

Feet 

11186.3 
I 
11510.9 
116j1.7 
I 

11990.3 
12148.2 
1230j.1 

Diff. 

------ 

236'4 
234'3 
232 ' J  

230'2 2 2 8 , 2  

2 2 6 ' 2  

DB. 

I;':; 
~ ' 5  
99" 
g8" 

$1; 
6 6  
24760.0 
24857.0 

24953'6 
25049.8 
25145.7 
~ ~ z i 1 . 2  

25336.4 

25431.2 
2iS'Lj.7 

Bnm. 
in 

Inclres 

26'0 

;Z:; 
;;:: 
26.5 

2fi.6 
26.7 

Feet 

18291.0 
18415.1 
18538.7 
18661.6 
18j84.o 
18905.8 

19027.0 
19147.7 

11.8 
11.9 
12.0 

2 
13.2 
1 2 3  
12.4 
12.6 

12.6 
12.7 

97 
97 '0  

96.6 96.2 

95'9 
"" 
95'2  

94'8 
94'5 

114" 

D8. 

124.1 
123,6 

::::: 
1 2 1 ' 8  

121 '2  

::::: 

94'2 12.8 

16.8 
16.9 
17.0 

:::; 
:;:: 
17.5 

17.6 
17.7 

I 

3451.6 
36;o.a 

3887.0 
4102.0 
4 1 3  
4526.9 
4736.7 

4944.9 
5151.4 

1 2 f i 1 . 0  

12616.1 
1a77o.a 

12923.5 
13075.8 
IJZZ;'"~::~ 

1.3377'9 
13527.6 

136j6.5 
1.3824'5 

2 2 z ' 4  
"O'5 

::::: 
::::$ 
209'8 

208.2 
206.5 
205.0 

21.8 1 9 ~ 6 7 . 8  . 

17.8 5.356.4 

153:3 

149'7 

:f::z 
12.9 
13.0 

13.1 
13.2 
13.3 
13.4 
13.5 

13.6 
13.7 

I ;  
203.3 :fg:; 

22.1 
22.2 
32.3 
22.4 
22.5 

22.6 
22.7 

: 
18.1 
18.2 
18.3 
1 8 . 4  
18.5 

18.6 
1 

5.559'7 
5761.4 

5961.6 
6160.3 
6.357.5 
6553.2 
6747.5 

6040.3 
71.31'7 

:;:; 141 18.0 
14263.6 

14408.3 
14552.3 
14695.4 
148.37'8 
14979.4 
15120.3 
15260.3 

2 o I . 7  

198'7 
1 9 7 ' 2  
195'; 
194'3 
192'8 

: 

145'6 

144'7 
144'0 
143'1 
142'4 
141.6 

140'9 
l4O.O 

19506'4 

27.8 

19624.9 
'9742'9 
19860.3 
19q77.2 
~009.3.6 

20209.4 
~0324 .8  

Io9'5 
109' 1 

:::: 
"7.7 
1 0 7 ' 1  
106.8 

::::: 
105.6 
105'1 
104 'R 

: 
::':: 
lo2.6  

'0"8 

' O r 5  101 ' I 

l W ' 7  

14.1 
14.2 
14 '3  
l I ' 4  
14.5 

13.9 7 5 1 0 . ~  155.38.3 

25619.9 

23.0 

23.1 
23.3 
23.3 

: ;  
i::; 

::::: 
1 1 7 ' 4  
116'9 
116'4 

' I 5 "  

115'4 

14.0 7697.6 

21561.1 
2Y.9 
29.0 

ti:: 
20.3 

7881'6 
8068.2 
f lz j1 .5  
84.3.3.6 
8614.4 

20667.8 

zoj81.1 
20894.0 
zroo6.q 
11118.3 
21229'7 

::::::! 
19.0 

110 '0  

266.33.7 
26724.0 

2681.3'9 
2690.3 ' 5 
26772.8 
2 - o ~ l . 9  

14.6 

::::; 
1R.1'3 

: 
179.6 

: 
1 1 2 ' 4  

111.9 
111'4 

"0'9 
IlO.5 

90'3 

89.9 8.6 

89'3 
89.1 

8794.0 
17R.3  

'74" 

I T 3 ' <  

l 7  

::A,: 

:?:: 
::::I 
ln3" 

15676.2 

28.8 

RR ' i  
88.4 
~ 8 . ~  
87.8 
g7.6 

86.9 

~ 6 . ~  
R6.0 

8.5'6 
"" 

84 '7  
"" 

:::: 
19.3 

:::% 2;1jo.6 

29.6 1 272S9.O 

1 
28.2 
28.3 
28.4 
211.6 

28.6 
28.7 

10.6 
19.7 
19-8 
19.9 
20.0 

: 
20.3 
20.4 
20.5 

20'6 
20.7 

ZI.0 

137'9 

i::: 
23.9 
30.0 

0 1  
30.2 
30.3 

30.6 
30.7 

14.7 8g;z . j  
14.8 1 ,149, 

26543.2 

15813.,3 
*,). 8 

l6oRg.5 
6 
16354.8 

24.0 

2 3 4 ' 1  
274.14'9 
2j522'5 
27609.7 

27696.6 
27j8.3'3 
27869.7 
27955'7 
28041 .5  

28127'1 
, ~ 8 2 1 2 . 3  

14.9 
16.0 

15.1 
15.2 
15.3 
16.4 

;::: 

25807. I 

25900.3 
2~91J.3'1 
26085.6 
26177.7 
26269.6 

2h,zf,1.1 
2645'.3 

16488.5 
16631.4 
6 
16885'3 
17016.3 

17146.6 
I ;  

17405.j 
175.3.3'7 
17b61.4 

1;;88.6 
17915'1 
1Ho41.o 
18166.5 
8 0  

30.8 ' zRzq7.3 
30.9 1 zR.3Ha.o 
31.0 ztl466.4 

9.325.5 
950b. j  

9673.8 
9 8 4 h  

1 ~ 1 7 . 5  
1 0 1 8 j . j  

$1; 
;::: 
91 '9  

9 ' ' s  
91'2 

137 '1  
136.5 
1.35'7 

134'3 

16.5 1 10j56.8 

8 1 1 0 8  
15.9 1 11012.5 
16.0 11186..3 

133'7 
1 3 2 ' 9  

::::$ 
'J1" 

1.30'3 

::::: 
r 28 .4  
"7" 

1 2 6 ' 5  

::::: 
1 2 4 ' 7  

21.1 
zI,.2 
p.L.3 
?I..& 
24.5 

21779.7 

21888.4 
21M(j.6 
22104..3 
2 2 ~ 1 1 . 6  
22318.4 

24.6 
24.7 

: 
25.0 

25.1 
16.2 
25.9 
25.4 
26.5 

25.6 
25.7 
25.8 
25.9 
26.0 

22424.R 
225.30.8 
226.36.4 
22;41 .5  
22846.3 

22950.6 
2,3054.4 
2.3157.3 
z.3261.0 
23363.6 

234h5.9 
2,350j.7 
2,3669.2 
z.j;;0.,3 
2.38;l.o 



( 29 ) 

TABLE XVII1.-Computation of Heights.-(Continued). 

PART 11. 

Correction due to T-T', o r  the Difference of the  Temperaturos, in  degrees Fuhrenhcit, of the Barometers 
a t  Llie two Stations. 

Negative lohen the Temperature a t  the Upper Slalion is  the lower, and vice aersd. 

T-T' 
--- 

O 

66 67 
60 
69 
70 

71 
72 
73 
74  
75 

76 
77 
78 

T-T' 

a 

41 
42 
43 
44 

45 
46 
47 
48 
49 

50 
51 
52 

T-T' 

54 
55 
56 
67 

58 
59 
60 
61 
62 

63 
64 
G5 

Correction 

Feet 

156.8 15.45 

159.2 
161'5 
16.3'9 

166.2 
168.6 
150'9 
173'3 
175.6 

177'9 
180.3 
182.6 

Correction 

Feet 01)1.6 96'0 
g8,.3 

100.7 
103'0 

105.3 
107'7 
110.0 

112.4 
114.7 

117'0 
119.2 
I Z I . ,  

Correction 

Feet 

124.1 126'4 
128.7 
1.31.1 

133'4 

135'8 
1.38'1 
140'4 
142'8 
145'1 

147'5 
149.8 
152.2 

PART V. 

Correction due to tllo Hcight of tlre 
Laffer Stntiou. 

A1roa.q~ Positive. 

licigllt of Bnronlrter nt Lower Slntion. 

PART IV. 

Corrertion 
for 

nrcrcnse 
of Grarily 

0" a 
Vertical. 

dlton.qs 

PART 111. 

3 
Y .- - - 
4 
D 4 

E .- 
8 
& 
.q 

& 

Z 

- 
.? 
1 

Feot 

1000 
2000 
3 01)0 
4000 
6000 

6000  
7000  
8000  
9000 

10000 

Correction rloe to tho Cl~nnge of 
Grarity from the Lutitrlde of 46" 
to thc Latituclu of the Place of 
Obscrvntioll. 

Posilise froer Lnlitlidc 0' lo  45'; 
Negali t ,efro,n Loli lude 45' to 90°. 

- 
Latilude. 

-. . - -- - 

21000 55.6 52.3 42.6 27.8 9.7 o 7 3 6  .32.9 2 6 . 7  2 1 . 2  16.1 11.6 7.4 3.5 21000 22000 58.3 5 4 ' ~ , ~ . ( ' 7  29.1 1 0 . 1  o 7 R . 2  34.5 28.0 12.2 16.9 1 2 . 1  7.7 3.7 22 000 23000 60.9 5;..314f1.7 30.5 10.6 o 82.9 36.0 29.2 2.3.1 1 7 . 7  12.7 8 .1  3.8 23 000 240W 61.6 ; I ) . H ~ ~ R . ;  31.R 1 1 . 0  o R7.6 j7.h .~o .F ,  24.2 18.5 1.3.2 8.4 4.0 24000 25000 0k.z 33.1 11.5 0 92.5 30.1 31.8 25.2 19.1 1.3.8 8.8 4 .1  P ~ V ~ K ,  

o0 
90" 
- - - . 

Feot 

2'6 
5'3 
7.9 

10.6 
1.3'2 

15.9 
18'5 
2 1 . 2  

1.4'8 
26'5 

20° 
TOo 
- 
Fcet 

2.0 
4 .1  
6.1 
8.1 

10.1 

1 2 ' 2  

14.2 
16.2 
18.3 
zo . .~  

10" 
80' 
- 
Fcr t  

2.5 
5.0 
7.5 

10.0 

12.4 

14.9 
17.4 
19.9 
22.4 
24.9 

30° .LOo Pusit ire.  

60' I 60- I 24 in. 26 in.!lSin.  
- 
Foct 

1.3 
2.h 
4.0 
5..3 
6.6 

7'9 
9.3 

10.6 
11.9 
1.3.2 

- 
FrcL 

0.5 
0 .9  
1.4 
1.8 
2.3 

1.8 
3.2 
j . 7  
4 . 1  
4.6 

- 
Feet 

o 
o 
o 
o 
o 

o 
o 
o 
o 
o 

5'2 
7'9 

10.8 
13.7 

1 6 7  
19.9 
2.3.1 
26.4 
29.8 

3'1 
4'; 
6 .3  
7.8 

9 .4  
1 1 . 0  
12.5 
14.1 
15.7 

2'5 
.1'8 
5 ' 1  
6.4 

7.6 
8.9 

1 0 . 2  

11.4 

2 ' 0  

3 ' 0  
4 ' 0  
5.0 

6 .0  
7 . 1  
8 . 1  
9 .1  

1 2 . 7 ' 1 0 . 1  

1 ' 5  
z..3 
3 .1  
3.8 

4.6 
5.4 
6.2 
6 .9  
7.7 

1 ' 1  

1 '7 
z 'z  
2.8 

.3.j 
-3.0 
4.4 
5.0 
5.5 

0 ' 7  
1 . 1  

1 ' 4  
1.0 

2 . 1  

2.5 
2.8 
3 .2  
. 3 . j  

O ' J  

0.5 
0.7 
0.8 

1.0 

1 . 2  

1 .3  
1 . 5  
1 . 7  

2  VOW 
3000  
4000 
6 000 

6 0 0 0  
7000 
8000 
9000 

1 0 W  



TABLE X1X.-Computation of Heights.-For determining Di£€erencea 
of Height with the Barometer.-B~Y. 

i n  degrees Fahrenheit. 

t + t '  

109 
110 
111 
112 
113 

114 
115 
116 
117 
118 

110 
120 
1 2 1  
122 
123 

1 4  
125 
126 
127 
128 

128 
1:lO 
131 
132 
133 

104 
135 

in the 

t + t l  

73 
74 
75 
76 
77 

78 
79 
80 
81 
83 

83 
84 
85 
86 
87 

88 
89 
90 
91 
92 

93 
94 
95 
9fi 
97 

YR 
99 

100 
101 
102 

103 
104 
105 
106 
107 
108 

Thermometers. 

I.-Thermonleters 

A 

4 . 7 6 7 4 ~  
76791 
7fl841 
76891 
76940 

4'76990 
770.39 
77089 
771.38 
I 

4'77236 
7728j  
77335 
77384 
77433 

4.77482 
775.30 
775i9 
77628 
77677 

z ... I i t 7 4  
771123 
77871 
7;1)1g 

.-1968 
it3016 
78065 
7811.3 
78161 

4'28209 
,8257 
78.305 
78,353 
~RJOI 
78449 

Open Air 

A -- 

4'78497 
78544 
78502 
78640 
78687 

4'78535 
;U;Rz 
78830 
788;; 
78925 

8 
;go19 
79066 
79113 
;9160 

4.79207 
!9254 
,9.301 
8 
79395 

4'7944a 
79489 
79535 
79582 
79628 

4'79675 
79721 
79768 
79814 
79861 

4'zggo7 
19953 
79999 
8 0 0 j j  
8oog1 
80137 

t + t '  - 

37 
38 
39 
40 
41 

42 
43 
41 
45 
46 

47 
48 
49 
60 
61 

52 
63 
54 
55 
66 

57 
68 
59 
60 
61 

62 
63 
64 
65 
66 

67 
68 
69 
70 
71 
72 

11.-Attached 

P m  

T-T' 

0 
1 
a 
3 
4 

6 
6 
7 
0 
9 

10 
11 
12 
13 
14 

I S  
16 

18 l7 
19 

t 

1 
2 
3 
4 
6 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
%a 
23 
24 
25 

26 

28 " 
29 
30 

31 
32 
33 
3 4 
36 
36 

B 

0'00000 
OOOOJ 

00009 
0001.3 
00017 

o'oooza 
000 26 
ooo,qo 
000.35 
0-39 

0'000.$j 
00048 
ooo j I 
00056 
00061 

0'00065 
00069 
-74 
oooi8 
0008.1 

A 

4.81807 
81851 
81896 
81940 
81984 

4.82028 
8207a 
82116 
82160 
82204 

4'82248 
82291 
82.3.35 
82.179 
8242.3 

4'82466 
82510 
82553 
82597 
82640 

4'82684 
82727 
8 2 j j 0  
82814 
82857 

4'82900 
8294.7 

A 

4'80183 
80229 
80275 
80.321 
80.367 

4,80413 
80458 
8050) 
8 o s j o  
80jgs 

4.80641 
80686 
80731 
80777 
80822 

4.80867 
80913 
80958 
8 I 00.3 
81048 

4'81093 
811.38 
8118.q 
81228 
81273 

4'81.317 
R1.36a 

1 A 

4.74913 
74965 
75016 
;so68 
75120 

4'751;1 
75223 
75274 
75326 
75317 

4.75429 
75480 
7 
75582 
75633 

4'75684 
7.5735 
75586 
75R.37 
75888 

4'759.18 
759H9 
76040 
76090 
76141 

4.16101 
76241 
;hzqz 
76.142 
i6392 

4.76442 
76402 
7654a 
7 6  
76642 
76692 

PAUT 

T-T'; B 

82986 
8.3019 
8jo7a 

4'8.1115 
8.3158 
83201 
83244 
8.3287 
83330 

the Place. 

t + t f  

145 
146 
147 
148 
149 

150 
151 
152 
I53 
154 

155 
15fi 
157 
158 
159 

1fiO 
161 
IRJ 
1fi3 
16.b 

165 
1G6 
167 
168 
169 

170 
171 

20 
21 
22 
23 
24 

26 
26 
27 
28 
29 

30 
31 
32 
33 
34 

95 
36 
37 
38 
39 

I72  
173 
174 

175 
176 
177 
178 
179 
180 

111.-Lnt. of 

136 
137 
138 

139 
14" 
1 4 1  
142 
143 
144 

C 

0.001 17 
0011 5 
001 10 

00101 
o w 9 0  

0'00075 
00058 
00040 
ooozo 
ooooo - 

I ' 999Ro 
99960 
999Jn 
999*5 

- 9991° 

1.99?00 
91890 

99883 
99f3n5 

T - T J I  B 1 Lntitude 

0'00Ofli 
0009 I 
00096 
00 100 
ooroq 

0'00109 
00113 
00117 
OOIZ?. 

00126 

o'ool,3o 
001.15 
001.31) 
0014.1 
w14R 

0'00151 
001 56 
00161 
00165 
00169 

81407 
81451 
8 1 . 4 ~ 6  

4.81541 
81585 
81630 
81674 
81719 
81763 

I P A ~ T  

0 

0 
6 

10 
16 
20 

26 
a0 
36 
40 
46 

60 
66 
60 
66 
70 

76 
RO 
85 
00 

40 
41 
42 
43 
44 

45 
46 
47 
40 
49 

60 
61 
ha 
68 
6 4  

ti5 
66 
67 
68 
69 

0 ' 0 0 1 7 ~  
00178 
oo18z 
00187 
00191 

0 . 0 ~ 1 9 5  
00100 

00204 
00208 
002 11 

0'00217 
00121 
00225 
ooa.30 
OOl.34 

o.00~,18 
00243 
00247 
oozsr 
00156 



TABLE XX.-Computation of Heights.-Local Corrections for Compari- 
son with the Barometer at S irnla . -Bo~~~~lJ .  

Corrections to Readings of the Barometer at 32' Pnhrenheit, takeu at the Hours 

Mean 
J u o e  1 L n d ~ n g  

first column. 

April. 

Iuches 
-0.028 

0 1  7 
006 
000 

+ 001 - 005 

-0.017 
0.3 1 
047 
058 
06.3 
060 

-0.05.3 
04 2 
027 
016 
013 
01 I 

-0.017 
028 
0.38 
04 2 
04 1 
03 f 

October. 

Inclies 
-0.081 

074 
066 
060 
06 I 
06 7 

-0.076 
OI)I 

107 
117 
119 
11 1  

-0.099 
OR 5 
076 
07 1 
07 a 
074 

-0.0~2 
OR9 
og0 
098 
096 
090 

Mean Time. 

h . m .  
Midn. 0  29 

1 29 
2 29 
3 29 
4 29 
6 29 

6 29 
7 29 
8 29 
9 29 
10 29 
11 29 

Noon 0 29 
1 29 
2 29 
3 20 
4 29 
6 29 

6 29 
7 29 
8 29 
9 29 
10 29 
11 29 

Mean Time. 

h . m .  
Midn. 0 20 

1 29 
2 29 
3 29 
4 29 
6 29 

6 29 
7 29 
8 29 
9 20 
10 29 
11 29 

N o o n 0  20 
1 29 
2 29 
8 29 
4 29 
6 29 

6 2 9  
7 29 
8 20 
9 29 
10 29 
11 29 . 

Inches 
+O'IZI 

I 29 
I37 
'39 
137 
130 

+o'lao 
109 
099 
09 2 

089 
O90 

+oSo96 
104 
115 
1.15 
136 
'37 

+ o . 1 3 ~  
I 28 
120 

113 
1 1 1  

113 

Docember. 

Iuclics 
-0.057 

05 2 
047 
040 
03 3 
03 7 

- 0 . ~ ~ 8  
061 
OR 1 
098 
loa 
001 

-0.077 
00.3 
05.3 
049 
04 7 
048 

-o.05~ 
064 
079 
075 
074 
o6R 

February. 

Inchos 
-o'orz 

016 
005 + 004 
007 
006 

-0.004 
016 
01.3 
048 
056 
053 

-0.040 
025 
0 1 .3 
006 
004 
006 

-o'orr 
020 

027 
03 1 
03 1 
028 

Aiigust. 

Inclies 
+o'o87 

O9 7 
104 
109 
108 
103 

+o.og6 
oR5 
076 
o0R 
0% 

06 7 

+0'074 
.an 5 
097 
I 08 
" 4 
11s 

+ O . I O ~  
OOR 
087 
079 
076 
078 

May. 

Inches 
+0'042 

05 2 
059 
06.3 
058 
05 1 

+oeo38 
025 
014 
ooh 
00 2 

00.3 

+o'o~) 
019 
03 2 
045 
053 
056 

+0'05z 
044 
0.36 
0.3 1 
0.3 2 
038 

November. 

Inrlica 
-o.rol 

094 
08.5 
oRo 
07 7 
08.3 

-0.093 
109 
125 
1.36 
1-38 
117 

-0.111 

099 
091 
08 7 
08 5 
088 

-0.096 
10.7 
I OR 
I I I 
I 10 

1 04 

January. 

Inohcs 
-0'046 

043 
0.38 
028 
022 

025 
-0.029 

043 
06.3 
079 
083 
077 

-o.o$3 
04 5 
0.3 7 
0.3.3 
0.3 2 
0.34 

-0.041 
047 
0.i 2 
059 
O5 7 
0.54 

July. 

Inches 
+o'117 

125 
13.3 
1.39 
1.39 
1.33 

+O'IZ~ 
114 
I 06 
10 1  

09 7 
100 

+0.106 
115 
127 
138 
I47 
151 

+o'~u 
1.34 
115 
115 
1 1 0  

I 10 

at S~mla.  

Inchea 

13'177 
170 
161 
'54 
152 
158 

23.167 
180 
'95 
20 7 
21% 

Zo9 

13.198 
I 88 
176 
167 
162 
162 

23,168 
166 
184 
I 89 
189 
185 

Mean 
Randing 
at Suula. 

Inches 
13'190 
1R3 
1;6 
I 70 
'169 
175 

2.3.18) 
'198 
'211 
.a11 
.a24 
'118 

13 ' 207 
' 195 
1R4 
177 
'173 
'173 

a 3 1 ~ I  
,189 
'197 
' 101 

' aoa 
' 199 

indicated iu the 

Marcll. 

Inclles 
-0 021 

01 2 

000 

+ 010 

014 
007 

0.000 

- 015 
03 1 
044 
050 
050 

-0.040 
026 
014 
006 
00.7 
006 

-o'orl 
021 

030 
0.3 5 
035 
0.30 

Bepternber. 

Inclics 

+o'oo.~ 
009 
016 
020 

OIR 
01 I 

+o.oor - 01 1 

025 
03 4 
0.3 7 
0.3.3 

-0.025 
ola 

+ 00.7 
01 I 

014 
014 

+O.OIO 
00 I - 008 
01 l 

010 

00; 



TABLE XX1.-Computation of Heights.-For determining Heights with 
the Boiling Point Thermometer.-BOILEAU. 

I I 
- - 

PABT I.-Appmrimate to the 

Boiling 
Point 

O 

200'0 
9 
8 
7 
6 

6 
4 
3 
2 
1 

199'0 
9 
8 
7 
6 

6 
4 
9 
2 
1 

198.0 
9 
8 
7 
6 

6 
4 
3 
2 
1 

197.0 
9 
8 
7 
6 

6 
4 
3 
2 
1 

196.0 
9 
8 
7 
6 

5 
4 
3 
2 
1 

1 5 0  
9 
8 
7 
6 

6 
4 
8 
2 
1 

Boiling 

Approx. 
I Ie~ght  

Feet 

6354 
6408 
6462 
6516 
6570 
6624 
6678 
6732 
6786 
6840 

6895 
6949 
700.3 
7058 
7112 

7166 
7220 
7275 
7329 
7384 

7439 
7493 
7548 
7602 
7656 

77'0 
7765 
7820 
7874 
7929 

7984 
80.39 
809.1 
8148 
8203 
8zg8 
R.31.1 
8,168 
8423 
8478 

85.31 
8588 
8043 
8698 
875.3 
8808 
886.3 
Rg18 
897.3 
902') 

9084 
9140 
9195 
9250 
9305 

9.360 
9416 
9471 
9517 

corresponding 

Approx. 
Helgl~t 

----- 
Feet 

3151 
3204 
3257 
3310 
3363 

3415 
3468 
3521 
3574 
3627 

3680 
373.3 
3786 
.38.39 
3892 

3945 
3998 
4051 
4104 
4157 

4210 
426.3 
4/16 
4.369 
4423 

4476 
4529 
4581 
46.15 
4688 

4741 
4795 
4848 
4902 
4956 

5009 
50f1.3 
5II6 
5170 
5214 

5278 
5.3.32 
5.385 
54.38 
5492 

5.545 
5599 
5653 
5iO7 
5761 

581s 
5.969 
592.1 
,5976 
60.30 
6084 
61.38 
6192 

Observed 

Baro- 
meter 

Inches 

23.461 
413 
365 
317 
269 
2 2 1  

171 
124 
076 
028 

22'980 
933 
885 
8.38 
791 

744 
696 
649 
602 
554 

21.507 
461 
414 
968 
321 

275 
228 
182 
1.15 
089 

12.04a 
11,996 

950 
905 
Rjg 

81.3 
70; 
721 
676 
630 

2 1 . ~ 8 4  
5.39 
494 
449 
404 

359 
31.1 
268 
22.7 

178 

I 
081) 
044 
ooo 

10.956 

919 
86; 
82.3 
77'7 

Approx. 
Height 

Feet 

51 
104 
156 
208 

260 
312 
365 
417 
470 

522 
575 
627 
6i9 
7.32 

784 
8.76 
888 
941 
994 

1046 

Boiling 
Point 

a 

212.0 
9 
8 
7 
6 

6 
4 
3 
2 
1 

211.0 
9 
8 
7 
6 

6 
4 
9 
2 
1 

210.0 

Height in 

Boiling 
Point 

206.0 
9 
8 
7 
6 

6 
4 
3 
2 
1 

205'0 
9 
8 
7 
6 

6 
4 
3 
a 
1 

204.0 
9 
8 
7 
G 

5 
4 
3 
2 
1 

203.0 
9 
8 
7 
6 

6 
4 
3 
2 
1 

202.0 
9 
8 
7 
6 

6 
4 
3 
2 
1 

201.0 
9 
8 
7 
6 

6 
4 
3 

Dam- 
meter 

-- 
Inches 

29'921 
862 
802 
743 
684 

615 
56.5 
506 
447 
387 

29'329 
270 
a11 
'5.3 
095 

037 
18,979 

921 
862 
804 

28.746 

Feet 

Baro- 
meter 

Inches 

26.521 
468 
415 
361 
308 

255 
202 

149 
095 
042 

rg'gRg 
9.37 
884 
8.32 
780 

728 
675 
62.3 
571 
518 

25'466 
415 
36.3 
312 
260 

209 
158 
106 
055 
003 

24.952 
902 
851 
801 
750 

700 
649 
599 
S J R  
498 

24.447 
307 
348 
298 
148 

I99 
149 
099 
049 
o w  

23.950 
901 
852 
80.1 
754 

706 
657 
608 

Point in 

Boiling 
Point 

O 

194.0 
9 
8 
7 
6 

6 
4 
3 
2 
1 

193.0 
9 
8 
7 
6 

5 
4 
3 
2 
1 

192.0 
9 
8 
7 
6 

6 
4 
8 
2 
1 

191.0 
9 
8 
7 
6 
6 
4 
3 
2 
1 

190.0 
I) 
8 
7 
6 

6 
4 
3 
2 
1 

189.0 
9 
8 
7 
6 

6 
4 
8 
a 
1 

9 
0 
7 
6 

6 

689 1 109~) 
632 , 1151 
574 ! 1204 
517 1 1256 

Degreee 

Bam- 
meter 

--- 
Inches 

20.690 
647 
60.1 
560 
516 

47.3 
429 
386 
342 
299 

20'25j 
2 1 2  

170 
127 
084 

042 
19'999 

956 
91.3 
871 

19.828 
786 
744 
702 
660 

619 
577 
535 
49.3 
451 

19'409 
368 
327 
286 
a45 

a04 
162 
I 2 1  
080 
0.39 

18.998 
958 
917 
877 
8.37 

9 7  ,56 
716 
676 
635 

18.595 
555 
516 
476 
4.17 

~ 9 7  
357 
318 
178 
239 

Fahrenheit. 

Appror. 
Height 

Feet 

9h38 
9693 
9749 
9804 
9859 

9914 
9970 

10025 
loo81 
10'37 

10193 
10249 
10304 
10360 
10415 

10470 
10526 
10582 
106.18 
10694 

10750 
10806 
10861 
10917 
10972 
11028 
1108.1 
11'39 
11105 
11151 

11307 
I 136.3 
11419 
11475 
115.11 

11587 
11043 
11h9r) 
1175.5 
11811 

11R67 
11023 
11079 
120.15 
1209~  

12147 
12203 
12258 
12,314 
12.170 

12416 
1248' 
12538 
1,594 
126.50 

12ioh 
1zih' 
12818 
12874 
129.31 

4 :" ::: 
3 346 141.3 
z 

9 
8 
7 
G 

6 
4 
8 
2 
1 

207.0 
9 
8 
7 
6 

6 ' 
8 
a 

575 3098 

55'3 1 2149 
50.3 
448 
393 

338 
a82 
12;  
171 
1 1 7  

17.062 
008 

26'954 
900 
846 

792 
i.17 
683 

2201 

2254 
2.106 

2359 
2411 
a465 
2518 
2571 

2614 
z67h 
2728 
2781 
1833 
1886 
29.39 
~ y i  

619 . ~ 4 s  



TABLE XX1.-Computation of Heights.-For determining Heights with 
the Boiling Point Thermometer.-(Continued). 

Appror. 
Height 

-- 
Feet 

1 6 4 1 ~  
16470 
16528 
16585 
16642 

16700 
16757 
16815 
16R73 
16931 

16989 
17047 
17104 
17162 
17219 

17277 
12335 
1,393 
17451 
17509 

17567 
17624 
17682 
177.39 
17797 

17855 
17913 
17971 
1R029 
18087 

18145 
1Rzo.3 
18261 
18.319 
18377 

184.35 
1849.3 
~ R i j r  
rR6oq 
1866; 

1Rjz5 
18iR.1 
rRH4r 
18901 
18960 

19019 
19077 
19136 
19l94 
1925.3 

19.311 
19.370 
19418 
194117 
19545 

19604 
19661 
19711 
7 
19838 
19897 

PABT 
(Fahrenheit) 

Mean 
Temp. 

0.0 
0.6 
1 
1.6 
2 

2.5 
3 
3.6 
4 
4.6 

6 
6.6 
6 
6'6 
7 

7.6 
8 
8 '6  
9 
9'6 

10 
10.6 
11 
11'6 
12 

12.6 
13 
13.6 
14 
14.6 

15 
15.15 
16 
16'6 
17 

17'6 
18 
18.6 
19 
19.6 

20 
20.6 
21 
21.6 
25 

22.6 
23 
23.6 
24 
24.6 

25 
25.6 
26 
26.6 
27 

27.6 
28 
28'6 
P4 
29.6 
90 

11.-Multipliers for Mean Tempemtwe 
I.-(Continued). 

Boiling 
Point 

0 

182.0 
9 
8 
7 
6 

6 
4 
8 
2 
1 

181'0 
9 
8 
7 
6 

6 
4 
3 
2 
1 

180.0 
9 
8 
7 
6 

6 
4 
9 
2 
1 

179.0 
9 
8 
7 
6 

6 
4 
8 
2 
1 

178.0 
9 
8 
7 
6 

6 
4 
8 
2 
1 

177.0 
9 
8 
7 
6 

6 
4 
8 
a 
1 

176.0 

PABT 

Appmx. 
Height 

Feet 

12988 
1.3045 
13101 
1.3158 
13115 

1.3272 
13328 
13.385 
13442 
13499 

1.3556 
1.361~ 
13669 
13726 
1diB.f 

13839 
1.3896 
13953 
14010 
14067 

14124 
14181 
142.37 
14294 
14.351 
14408 
14465 
14521 
14579 
14637 

14694 
1475' 
I ~ R o R  
14865 
14923 

149Ro 
150.37 
15094 
15151 
15109 

15166 
15.323 
~ s ~ R I  
154.18 
15495 

1555.3 
15610 
15667 
15715 
'5782 

1sR.39 
15896 
1595.3 
16010 
16067 

16114 
16181 
16139 
16297 
16355 
16411 

Boiling 
Point 

o 

188.0 
9 
8 
7 
6 

6 
4 
3 
2 
1 

187.0 
9 
8 
7 
6 

6 
4 
8 
2 
1 

186.0 
9 
8 
7 
6 

6 
4 
3 
2 
1 

186.0 
0 
8 
7 
6 

6 
4 
8 
2 
1 

184'0 
9 
8 
7 
6 

6 
4 
3 
2 
1 

188'0 
9 
8 
7 
6 

6 
4 
8 

1 
181.0 

of 

Multi- 
plier 

0.933 
9.34 
935 
936 
938 

939 
940 
941 
942 
943 

0'944 
945 
946 
947 
948 

949 
950 
951 
952 
953 

0'954 
955 
956 
957 
958 

959 
960 
961 
963 
964 

0.965 
966 
967 

Baro- 
meter 

Inches 

15.964 
929 
894 
860 
825 

790 
755 
720 
686 
651 

15.616 
581 
548 
514 
~ R o  

446 
411 
377 
3 4  
309 

15.275 
241 
108 
175 
141 
108 
074 
041 
007 

14'974 

14'940 
907 
R74 
841 
808 

776 
743 
710 
677 
644 

14.611 
579 
546 
514 
qRz 

450 
417 
3R5 
35.3 
310 

r4.rBR 
a56 
114 
19.3 
161 

119 
097 
065 
0.34 
ooa 

1.3.970 

Dam- 
meter 

-- 
Inches 

18,199 
160 
121 
081 
043 

004 
17'965 

926 
887 
848 

17.809 
771 
732 
694 
656 
618 
579 
541 
50.3 
464 

17.416 
.qRR 
351 
313 
176 

a3R 
roo 
16.3 
11.5 
088 

17'050 
01.3 

16'976 
939 
902 

865 
819 
792 
755 
718 

16.681 
645 
609 
571 
536 

500 
464 
428 
391 
355 

16'319 
rR4 
348 
113 
177 

14r 
106 
078 
03s 
000 

15.964 

the Btmtum 

Mean 
Temp. 

---- 

30 
30.6 
31 
31'6 
32 

32.6 
33 
33'6 
34 
34.6 

35 
35'5 
36 
36.6 
37 

37.6 
38 
38'5 
39 
39.6 

40 
40.6 
41 
41.6 
42 

42.6 
43 
43.6 
44 
44.6 

45 
45.6 
46 

of Air 

Multi- 
plier 

0'996 
997 
998 
999 

I ' O W  

001 
ooz 
00.3 
004 
005 

1-006 
007 
008 
009 
010 

011 

013 
014 
or5 
016 

1'017 
018 
019 
ozo 
OZI  

oza 

025 
026 

1'027 
028 
029 
0.30 
031 

p e e d  

Mean 
Temp. 

GO 
60.5 
61 
61'6 
62 

62.6 
63 
63.6 
61 
64.6 

66 
65.6 
G6 
66.6 
67 

67.5 
68 
68'6 
69 
69.6 

70 
70.6 
71 
71.6 
72 

72.5 

6 
74 
7 4  

75 
76.6 
76 
76.6 
77 

031 
0.33 
0.34 
0.35 
036 

1.0.38 
0.39 
040 
041 
o4a 

04.3 
o j ~  
045 
046 
047 

1.048 
049 
050 
051 
051 

053 
054 
055 
056 
057 

1.058 

through. 

Multi- 
plier 

1.058 
059 
060 
061 
062 

063 
065 
066 

% 
1.069 

070 
071 
071 
073 

074 
075 
076 
077 
078 

1.079 
080 
08 I 
081 
083 

084 
085 
086 
08 7 
089 

1.090 
091 
09 1 
093 
094 

77.6 
78 
78.6 
79 
79.6 

80 
A0.6 
R1 
81.6 
82 

85.6 
83 
83.5 
84 
84.6 

85 
85.6 
88 
86.6 
87 

87.6 
88 
R8.6 
89 
89.6 
90 

970 
971 
972 
973 
974 

0.975 
976 
977 
978 
979 

gRo 

98.3 
9R4 

0.985 
986 

990 

991 
991 
99.3 
994 
995 

0.996 

095 
096 
097 
098 
099 

1 . 1 ~ )  

lor 
101 

10.3 
104 

10s 
I 06 
107 
108 
109 

1.110 

1 1 1  

1'3 
114 
"5 
116 
'17 
118 
119 
I ~ O  

1.111 

47.6 
48 
48.6 
49 
49.6 

60 
60.6 
61 
61.6 
62 

5 2 . 6  
53 
63-6 
64 
54.6  

65 
65.6 

66:.6 
57 

67.6 
68 
68.6 
69 
69.6 
60 
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TABLE XXI1.-Astronomical Refractions. 

30 inches 

Ap?nrcnt 

0 ,  

7 0  
10 
20 
30 
40 
60 

e o  
10 
20 
30 
40 
60 

8 0 
10 
20 
30 
40 
60 

10 0 
10 
20 
30 
40 
60 

11 0 
10 
20 
30 
40 
60 

12 0 
10 
20 
30 
40 
60 

18 0 
10 
20 
30 
40 
60 

14 0 
10 
20 
30 
40 
50 

16 0 
80 

16 0 
80 

17 0 
80 

18 0 
10 0 
20 0 
21 0 
22 o 
28 0 

24 o 
26 0 
26 0 
27 0 
28 0 
HI o 

and Temperaturo 

Refmction. 

I , ,  

7 2 7  
7 17 
7 8 
6 59 

:J 
6 3 5  
6 28 
6 21 

6 14 
6 7  
6 o 

5 54 
5 47 
5 41 
5 36 
5 30 
5 25 

5 20 
5 15 
5 10 

5 5 
5 o 
4 56 

4 51 
4 47 
4 43 
4 39 
4 35 
4 31 
4 18.1 
4 24'4 
4 20'8 
4 17'3 
4 13'9 
4 10.7 

4 7.5 
4 4'4 
4 1-4 
3 58.4 
3 55'5 
3 52.6 

3 49-9 
3 47'1 
3 44'4 
3 41'8 
3 39'2 
3 36'7 

3 34.3 
3 27'3 
3 20.6 
3 14'4 
3 8.5 
3 a.9 

a 57.6 
2 47.7 
2 3R.7 
n 30.5 
a 2.3.2 
a 16.5 

r 10.1 

a 4.1 
I 58.8 
I 5.3.8 
1 4 9 . 1  
r 44.7 

Mean Rehnction of Celestinl 

Diif. I e r i o  1 for 

I 1' Alt. 

0 ,  I I, 

0 0 33 51 11'7 
6 .32 53 1 . 3  
10 31 58 10'9 
15 31 5 10.5 
20 30 13 10.1 

25 a9 24 9'7 

SO ZB 37 9e4 
85 2 7 5 1  9'0 
40 27 6 8'7 
45 26 24 8.4 
60 a5 43 8'0 
66 25 3 7'7 

1 0 24 a5 7'4 
6 2 3 4 8  7.1 
10 a3 13 
16 21 40 
40 22 8 : : 3  25 2 1 3 7  

30 a1 7 5.9 
85 2 0 3 8  5.7 
40 20 10 5'5 
45 19 43 5'3 
60 19 17 5'1 
66 18 51 4.9 

e 0 18 29 4.8 
6 18 5 4-6 
10 1 7 4 3  4'4 
15 1 7 2 1  4'3 
20 17 0 4'1 
25 16 40 4.0 

80 16 21 3.9 
35 16 a 3'7 
40 15 43 3.6 
46 1.5 2s 3'5 
60 15 8 3'4 
65 14 51 3'3 

8 0 14 35 3'1 
6 14 19 3.1 
10 14 4 3.0 
15 13 50 a.9 
20 13 35 2.8 
25 13 a1 "7 
30 13 7 2.7 
35 12  53 2'6 
40 12 41 2.5 
45 1 1  28 2.4 
60 12 16 1.4 
65 12 3 2.3 

4 0 1 1  51 a'a 
10 1 1  30 2.1 
20 1 1  10 2.0 
80 1 0 5 0  1.9 
40 10 31 I'R 
60 lo 15 1'7 

6 0 9 58 1.6 
10 9 41 1.5 
PO 9 3 7  1'5 
80 9 1 1  1.4 
40 8 5R 1.3 
60 8 45 1.3 

0 o 8 33 1 
10 R to 1.2 
PO 8 9 I 
80 7 58 1.1 

40 7 47 1.0 
60 7 37 1.0 

50' 

D 8 .  
for 

1' At. 

1'0 

0'9 
9 
8 
8 
8 

o.7 
7 

7 
6 

0.6 
6 
6 
6 
5 
5 

0.5 
5 
5 
5 
5 
4 

0.4 
4 
4 
4 
4 
4 

0.38 
37 
36 
35 
33 
32 

0.31 
31 
30 
30 
19 
29 

o 
2 
26 
16 
a5 

0.24 
aa 
a1 
20 

19 
18 

0.17 
16 
15 
1.3 
12 
1 1  

0.10 

09 
09 
08 
08 
07 

Objects for Bnromctor 

Diff. for 

Fahrenheit. 

Diff. for 
+ 1 iu. 
Boro. --- 
15'0 
14'6 
14'3 
14'1 
13'8 
l3.5 

13'3 
13'1 
12.8 
12.6 
12.3 
12.1 

11'9 
"'7 
11.5 
11.3 
11.1 
11.0 

10.8 
10.6 
10'4 
10.2 
10.1 

9'9 

9.8 
9.6 
9'5 
9'4 
9 ' v 6  
9'1 
9.00 
8.86 
8.74 
8.63 
8'51 
8.41 

8.30 
8.10 
8.10 
8'00 
7'89 
779 

7.70 
7.61 
7.52 
7'43 
7:34 
7 16 
7.18 
6.95 
6.7.3 
6.51 
6.31 
6.11 

5.98 
5.61 
5'31 
5'04 
4'79 
4.57 

4.35 
4.16 
3'97 
3'81 
3.65 
3.50 

D8. Diff. 
for - 10 
Temp. 

0.98 
95 
93 
91 
89 
87 

0.85 
83 
81 
80 
79 
7 7 

0'76 
74 
73 
71 
71 
70 

0.69 
67 
65 
64 
63 
62 

0.60 
59 
58 
57 

55 

0.556 
548 
541 
533 
524 
S17 

0'509 
503 
496 
490 
482 
476 

0.469 
464 
4s8 
453 
448 
444 

0'439 
414 
411 

$: 
374 

0.36, 
340 
3Za 
3O5 
V0 
a76 

0.264 
2.6' 
'4' 
2.30 
2'9 
109 

;:,;. 1 for - lo 
--,-. 

74 
71 
69 
67 
6j 
63 
61 
59 
58 
56 
55 
53 

52 
50 

ti 

44 
43 
42 
40 
39 
39 

.38 

:: 
36 
35 
34 

33 
33 
3a 
31 
31 
30 

30 
'9 
29 
28 
28 
27 

17 
26 
a6 
25 
15 
25 
24.1 
2.3'4 
2 
21.0 
21.3 
20.7 

20.1 
19.6 
19'1 
18.6 
18'1 
17.6 

1 2  
16.8 
16.4 
16.0 
15'7 
15.3 

Temp. 

8'1 
7'6 
7'3 
7.0 
6.7 
6.4 
6.1 
5'9 
5.6 
5.4 
5'1 
4'9 

4'7 
4.6 
4'5 
4.4 
4'2 
4.0 

3.9 
3.8 
3.6 
3'5 
3'4 
3'3 

3.2 
3' 1 
3.0 
2.9 
2'8 
2'8 

2.7 
2'7 
2.6 
2.5 
2.4 
2'3 

2'3 
2.2 
2.1 
2'1 
2'1 
2'0 

2.0 
2.0 
1'9 
"9 
1'9 
1.8 

1.70 
1.64 
1'58 
1.53 
1.48 
1'43 
1.38 
1'34 
1.30 
1.16 
r.aa 
1-19 

I 
1.11 
1'09 
1.06 
1'03 
I'W 
- 
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TABLE XXI1.-Astronomical Refractions-(Continued). 

TABLE XXII1.-Parallax of the Sun. 

60' 

DB.  
for 

1' Alt. 

0.0a.1 
0 2 2  

0 2 2  
0 2 1  
021  
0 2 0  

0.020 
020 
0 2 0  

0 2 0  

0 2 0  
0 2 0  

0.019 
or8 
018 
018 
018 
017 

0.017 
017 
0 1 7  

017 
017 
or7 

0.017 
017 
017 
017 
017 
017 

30 inch- 

*ppnrent 
*ltitude' 

60 
61 
62 
85 
(X 
66 
60 
67 
68 
69 
70 
71 
73 
73 
74 
76 
76 
77 
78 
79 
80 
81 
82 
83 

85 
86 
87 
89 
80 

Yoan 

i;t~iz"d",! 

80 
81 
a2 
88 
34 
a6 
86 
87 
38 
89 
40 
41 
42 
43 
44 
45 
46 
47 
49 
49 
60 
61 
52 
M 
52 
56 
6fi 
57 
60 
69 

Altitude. 

0 
6 

15 
10 

20 

25 
30 
36 
40 
45 

Celeetial 

D8. 
for 

1' Alt. 

0'07 
06 
06 
06 
05 
05 

0.05 
05 
05 
04 
04 
04 

0'0.38 
0.36 
0.34 
0.74 
0.33 
032 

0'031 
0.30 
029 
028 
027 
026 

0.026 
025 
025 
025 
02.1 
024 

and Tcmporaturo 

Befmction. 

33.6 
32'3 
31.0 
29'7 
28.4 
17'2 

~ 5 . 9  
84.7 
23'5 
12.4 
2 1 . 2  

19'9 
18.8 
17'7 
16.6 
15.5 
14'4 
13'4 
12.3 
11.1 
10.2 

9 .2  
8 .2  
7'1 
6.1 
5 '1  
4 '1  
.? ' I 
2'0 
1'0 

nofraction of 

Refraction. 

, I, 

I 40'5 
1 3 6 . 6  
1 3 3 . 0  
1 2 9 . 5  
1 2 6 . 1  
1 2 3 ' 0  

I 20.0 
I 17 .1  
1 1 4 . 4  
1 1 1 ' 8  
1 9 '3  
1 6 .9  

r 4.6 
r 2.4 
I 0.3 
0 58.1 

56.1 
54'2 

o 52.3 
50'5 
48.8 
47.1 
45'4 
4.3'8 

o 42.2 
40'8 
39'6 
37'8 
36.4 
35'0 

Fahrenheit. 

Altitude. 

0 
6 

10 
15 
20 

25 
30 
35 
40 
45 

DB. for 1 
+ 1 in. 
Baro. --- 

I 
1.08 
1-04 
0.99 

95 
91 

0.87 
83 
79 
75 
71 
67 

0.63 
59 
56 
5 1  
48 
45 

0.41 
38 
jq 
31 
a7 
24 

0 . 2 0  

17 
14 
10 

07 
03 

Jnnuary. 

9 '0  
9 '0  
8.9 
8.7 
8.5 
8.2 
7 '8 
7.4 
6 .9  
6.4 

Ohjects 

Diff. for 
+ 1 in. 
Bsro. 

--- 
I 

3.36 
3.23 
3.11 
2.99 
2.88 
2'78 

2.68 
2.58 
2.49 
1'40 
2'32 
1.24 

2'16 
2.09 
2.02  

1.94 
I . R R  
1.81 

I 
1.69 
6 . 3  
1'58 
1.52 
1.47 
1'41 
1 '36  
1.31 
I 

1 . 2 2  

1'17 

Diff. 
for -la 
Temp. 

0.067 

z22 
060 
057 
055 

0'052 
050 
047 
045 
043 
040 

0'038 
036 
0.13 
031 
029 
027 

0.025 
023 
0 2 1  

018 
016 
014 

0.011 

010 
008 
006 
00.1 
001 

60 
65 
60 
65 
70 

76 
80 
86 
90 

for Berolneter 

Diff. 
for -lo 
Tomp. 

o.tol 
193 
186 
179 
173 
167 

0.161 
155 
149 
144 
139 
134 

o-130 
125 
120 
117 
112 

108 

0'104 
101 

097 
094 
090 
088 

0.085 
082 
079 
076 
01.3 
070 

5 '8  
5 '1  
4'5 
J ' ~  
3.1 

9'3 
I . 6  
0 .8  
0.0 

April 
snd 

October. 

8 .8  
R.8 
8.7 
8.5 
8 . 3  
8.0 
7 ' 7 
7 ' 1  
6.8 
6.2 

Fobrunry 
nnd 

Docombor. 
-- 

9 '0  

!:! 
8.7 
8.4 
8 .  I 
7 '8  
7 '3 
6 .9  
'3.3 

July. 

8.7 

8 .4  
8 '1  

7'9 
7'5 
7'1 

1 

Mnrch 
and 

Noren~bor. 

8 '9  
8 ' 9  
8 .8  
~ . h  
8 '4 
8 ' 1  
7'7 
7 '1  
6 . 8  
6.3 

June 1 and 
geptembor. August. 

5 ' 7 
5 '1  
4 '4  
3'7 
3.0 

"3 
' 5  
0 . 8  
0 '0 

5 ' 8  
5' I 
4 ' 5  
3 '8  
3.1 

2 '3  
1.6 
0.8 
0'0 

8.8 

: : i  
8 . 5  
8 .3  
8 . 0  
7.6 
7'2 
6.7 
6.2 

5'7 
5'1 
4'5 
3.8 
3.0 

2 '3  
I ' 6  
0.8 
0'0 

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  
.? ' 7 
3 '0 

2.3 
1'5 
0.8 
0.0 

5.6 
5"' 
4 '4  
3 '7  
3 . 0  

"3 
"5 
0.8 
0'0 

60 
5 '0 

4 ' 4  
3'7 
3 .0  

2 '3  
1'5 
0.8 
0 '0 

60 
65 
70 

75 
80 
86 
90 

- 



TABLE XX1V.-Computation of Circumpolar Azimuths.-To Facilitate 
the Calculation of the Corrections-for Instrumental Errors of 
Collimation, Inclination and Deviatio+to the Observed Timee of 
Transit. 

Zenith 
Distsnce. COB. 

Bin. 
Zenith 

Distance. 

0 

0 I . o m  90 
1 1.000 89 
2 88 0'999 
3 87 999 
4 86 
6 998 996 86 

6 0'995 84 
7 993 83 
8 82 990 
9 81 

988 80 10 985 

11 0.981 79 
12 978 78 
13 974 77 
14 ;i: 76 
16 76 

16 0.961 74 
17 956 73 
18 95 1 72 
19 946 71 
20 940 70 

21 0'934 69 
22 92 7 68 
23 93 8 67 
24 914 66 
26 906 66 

26 0'899 64 
27 891 63 
28 62 

61 29 875 
90 866 60 

31 0.057 69 
32 

67 33 8.39 
34 829 66 
96 819 66 

36 0,809 64 
37 63 
88 62 
39 
40 60 

41 0'755 49 
42 743 48 
4 3  731 47 
44 7 '9 46 
45 707 46 

Zenith Bin. Distance. 
Declination 1 

N. or 8. 16 sin. N.P.D. 
Zenith Con. Dietance. 

46 0.707 46 
46 695 44 
47 681 43 
48 42 
49 669 41 
60 656 643 40 

61 0.619 89 
62 616 88 
63 601 87 
64 36 

588 86 66 574 

66 0.559 81 
67 545 83 
68 530 82 
69 515 31 
60 5 00 30 

61 0'485 28 29 
62 

469 27 63 454 
64 438 26 
66 403 26 

66 0'407 24 
67 391 23 
68 375 22 
69 21 

358 20 70 341 
71 0'326 19 
72 309 18 
73 19' 17 
74 176 16 
76 159 16 

76 0.141 14 
77 "5 13 
78 a08 12 
79 191 11 
80 174 10 

81 0'156 9 
82 139 8 
83 121 7 
84 '05 6 
86 087 6 

86 0.070 4 
87 05 1 3 
88 035 a 
89 0'7 1 
90 000 0 

0 0.067 
1 
a 

067 

8 
067 

4 
067 

6 06 7 
067 

6 0'067 
7 
8 

067 
067 

9 
10 34 
11 0.068 
12 068 
13 068 
14 
16 069 

069 

16 0.069 
17 070 
18 070 
19 078 
20 07 1 

21 o.071 
aa 073 
23 072 
24 073 
26 074 
26 0.074 
27 07 5 
28 076 
29 076 
80 07 7 

11 1 0.078 
32 079 
93 079 
84 d o  
86 08 I 

96 0'081 
37 083 
88 
89 '2 
40 087 

41 0.088 
42 090 
4s 091 
44 093 
46 094 



TABLE XXV.-Computation of Circumpolar Azimuths.-To Facilitate 
the Computation of 8A or the Reduction to Elongation. 

YABT I. 

2 Sin2 N. P. D. Sin' t 8 P.-Natural Numbers. 

6 P 

m. 
0 
1 
2 
3 
4 
6 

6 
7 
8 
9 
10 

11 
12 
13 
14 
16 

1G 

18 l7 
19 
20 

21 
28 
23 
24 
25 

26 
27 
28 
29 
30 

O" 1 r 

N. P. D. 

~00000 
0 

0 

0 

0 

o 

o 
0 

o 
0 

o 

0 

0 

o 
0 

o 

o 

z 
o 
o 

0 

0 

o 
0 
0 

o 
o 
o 
o 

'oo00~ 

.00000 

0 

0 

0 

0 
o 

o 
0 

o 
0 

o 

0 

0 

o 
0 

o 

o 
0 
o 
o 
o 

0 
0 

o 
0 
0 

o 
o 
o 
o 

.ooooo 

2" 

~00000 
0 

0 

0 

0 

o 

o 
0 

o 
0 

o 

0 

0 

o 
0 
o 

o 
0 

o 
o 
o 

1 

I 
I 
I 
I 

I 
I 
I 
I 

.oooo~ 

6" 

'000W 

0 

0 
0 

0 

o 

o 
0 

o 
I 
I 

I 
1 
I 
I 
a 

z 
2 
2 

3 
3 

3 
3 
4 
4 
5 

5 

2 
6 

.oooo6 

10" 

.QQ000 
0 

0 
0 
0 

I 

I 
1 

2 
a 
3 

3 
4 
5 
6 
6 

7 
8 
9 

1 0  
I I 

13 
14 
15 
17 
I 8 

19 
21 

22 

24 
.ooo26 

I 

8" 
---- 

-00000 

0 

0 
0 

0 
o 

I 
I 
I 
1 
t 

2 
3 
3 
4 
4 

5 
5 
6 
7 
7 

8 
9 
1 0  
I I 
12 

12 
1.1 
14 
15 

.om17 

3" 
---- 

.00000 

0 
0 

0 

0 

o 

o 
0 
o 
0 
o 

0 
0 

o 
I 
I 

I 
I 
I 
I 
I 

I 
I 
I 
2 
2 

z 
2 
a 
a 

-ooooz 

9' 

.00000 

0 

0 

0 

0 

I 

I 
I 
I 
2 
a 

.1 
3 
4 
5 
S 

6 
7 
8 
8 
9 

10 

I I 
I2 

13 
15 

16 
17 
18 
ao 

.oooa~ 

P 

'00000 

0 

0 

0 

0 

o 

o 
0 
o 
0 

o 

I 
I 
I 
I 
I 

I 
I 
a 
a 
a 

1 
2 
a 
3 
.1 

3 
3 
4 
4 

.moo4 

6' 

.0000Q 
0 

0 

0 

0 
o 

o 
I 
I 
1 

I 

I 
I 
z 
2 
a 

3 
3 
3 
4 
4 

5 
5 
5 
6 
6 

7 
A 
8 
9 

.woo9 

7" 

.00000 

0 

0 

0 

0 

o 

I 
1 
I 
I 
I 

1 
2 
2 
.1 
3 

4 
4 
5 
5 
6 

6 
7 
7 
8 
9 

10 

10 

I I 
1 2 

.OOOI.~ 



( 38 

TABLE XXV.-Computation of Circumpolar Azimuths.-(Omtinuell). 
-- r 

PABT 11. 

P 

0 ,  

82 0 
10 
20 
30 
40 
50 

83 0 
10 
a0 
30 
40 
50 

0 
10 
20 
30 
40 
50 

86 0 
10 
a0 
30 

P. 
86 0 

10 
a0 
3O 
40 
50 

87 0 

10 
ao 
30 
40 
50 

0 
10 

a0 
3O 
40 
so 

89 0 
1 0  

a0 
3" 
40 
50 

90 0 

Cot P sin 8P.-Natural Numbem. 

Om 

i . 
0 

gm 

O*OO55a 
540 
528 
517 
505 
494 

0.00482 
470 
459 
447 
436 
424 

o.00413 
401 
390 
378 
367 
355 

0.00343 
.132 
320 
309 
297 
a86 

0.00275 
263 
251 
140 
229 
217 

o.00206 
194 
183 
171 
160 
149 

0.00137 
116 
114 
103 
091 
000 

0.00069 
057 
046 
034 
02.1 
011 

0.- 

10- 

0'00613 
600 
587 
574 
561 
648 

0.00536 
51.1 
510 
497 
484 
471 

0.00458 
446 
433 
4x0 
407 
394 

o.oo3Rz 
369 
356 
343 
331 
318 

0.00305 
291 
180 
a67 
254 
241 

o'oOlP9 
a16 
103 
190 
178 
165 

0.0015a 
140 
117 
114 
lor 

089 

0.00076 
0'3 
05' 
0 3 ~  
025 
0'3 

0.- 

1- I T 
6 P 

6" 

O'OOjO7 
joo 
294 
287 
281 
274 

0.00268 
261 
a55 
149 
242 
236 

0.00229 
123 
216 
zro 
a04 
197 

o.oor91 
184 
178 
I 
165 
159 

o.oo1s.3 
146 
140 
13.3 
127 
111 

0.00114 
108 
102 

09.5 
089 
083 

0.00076 
070 
0 6  
057 
051 
oqq 

0.000.38 
031 
025 
019 
01.3 
006 

0.00000 

8. 

o.00184 
180 
176 
172 
168 
165 

0.00161 
157 

10-53 
149 
145 
141 

o.o01.~8 
134 
1.30 
126 
122 
118 

o.oo115 
1 x 1  

107 
10.3 
a99 
095 

0.-91 
088 
084 
080 
076 
0 7 2  

o.-69 
065 
061 
057 
053 
050 

0.00046 
042 
038 
0.34 
030 
017 

0 . ~ 2 3  
019 
015 
0 1 1  

008 
004 

0.00000 

0.00061 
60 
59 
57 
56 
55 

0.00054 
52 
51 
50 
48 
47 

0.00046 
45 
43 
42 
41 
39 

0.00038 
37 
36 
34 
33 
31 

0 . ~ 3 1  
19 
28 
27 

25 
14 

0.00013 
a2 
20 
19 
18 
16 

0.00015 
14 
13 
1 1  

1 0  

09 

0'-8 
06 
05 
04 
0.1 
01 

o.ooooo 

7- 

0.00429 
420 
411 
402 
393 
384 

0.00375 
366 
357 
348 
339 
330 

o.oo3a1 
312 
30.1 
a94 
285 
a76 

0.00267 
258 
249 
240 
1.31 
zaa 

0.00214 
205 
196 
187 
178 
169 

0.00160 
151 
142 
1.13 
124 
116 

0.00107 
098 
089 
080 
071 
062 

0.00051 
044 
0.36 
017 
018 
009 

0.00000 

6" 

0.00368 
360 
351 
345 
3.37 
329 

0.00321 
314 
306 
298 
291 
a83 

0.00275 
267 
260 
a52 
244 
a37 

0.00219 
221 
214 
a06 
198 
191 

o.oor8.3 
175 
168 
160 
152 
145 

0.001.37 
130 
122 
114 
107 
099 

o.ooogl 
084 
076 
069 
061 
053 

o.oooj6 
038 
ojo 
023 
01s 
008 

0.00000 

4m 
---------- 

0.00245 
a40 
"5 
230 
225 
119 

o.ooarq 
109 
204 
199 
194 
189 

0.00183 
178 
173 
168 
163 
158 

0.00153 
1-18 
142 
1.37 
1-31 
127 

o~oo1a2 
1 17 
112 
107 
lo1 
097 

0.00091 
086 
081 
076 
071 
066 

0.00061 
0 
051 
046 
041 
036 

0.00030 
025 
020 

015 
010 

005 

0.00000 

0'00113 
120 

117 
115 
112 

110 

0.00107 

105 

099 
097 
094 

0.00092 
089 
087 
084 
081 
079 

0.00076 
074 
071 
069 
066 
064 

0.00061 
038 
056 
05.1 
051 
048 

0.00046 
043 
041 
038 
036 
033 

0'00030 
018 
025 
OZ.1 
020 
018 

0.00015 
013 
010 

008 
005 
00.3 

0'000QO 

81 

0'004c)O 
480 
470 
459 
449 
439 

0.00429 
418 
408 
398 
387 
377 

0.00367 
357 
346 
3.36 
326 
316 

0.00305 
195 
185 
175 
264 
a54 

0.00244 
a34 
214 
213 
203 
193 

o.oolll.3 
173 
163 
152 
142 
132 

0.001az 
112 
loa 
091 
081 
071 

0.00061 
051 
041 
030 
ODO 

010 

0'00000 
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TABLE XXV.-Computation of Circumpolar Azimuths.-(Continued). 

PART 11. 

P 

0 ,  

82 0 
10 
10 

30 
40 
50 

83 o 
10 

20 
30 
40 
50 

84 o 
10 

20 

30 
40 
50 

86 o 
10 

20 

30 
40 
50 

86 o 
10 

20 

30 
40 
50 

87 o 
lo 
20 

30 
40 
50 

88 o 
10 

ao 
.?o 
40 
50 

89 o 
10 

ao 
30 
40 
50 

90 0 

Cot P sin 8P.-Natural Numbere. 

2 P  

o.ora25 
1199 
1173 
1147 
1122 
1096 

0'01070 
1044 
1019 
0993 
0967 
0941 

0.00916 
0890 
0865 
0839 
0814 
07. 

0.00763 
07.37 
0711 
0686 
0660 
0635 

0-00609 
0584 
0559 
0533 
0508 
0481 

0.0045, 
04.31 
0406 
0381 
0.355 
0330 

0.00304 
0179 
0154 
0218 
0203 
0177 

o.wrgr 
0117 
0101 

0076 
0051 
0015 

0.00000 

lam 

o.or10.3 
1079 
1056 
1033 
lolo 
0987 

0.00963 
0940 
0917 
0894 
0871 
0848 

o.ooRt5 
0801 
0779 
0755 
0732 
07.9 

0.00686 
066.3 
0640 
0617 
059s 
0572 

0.00549 
0526 
050.1 
0480 
0457 
0434 

O.OO.$II 

0.388 
0365 
0.34.3 
0.320 
0197 

0'002,4 
0251 
0218 
0205 
0183 
0160 

0.00137 
0114 
0091 
0068 
0046 
0023 

0.00000 

l l m  

-- 
0.00674 

660 
646 

2 2  17 
60.3 

0.00589 
575 
561 
547 

o.00504 
490 
476 
462 
448 
434 

0.00~20 
406 
392 
378 
364 
350 

0.00.335 
3 
307 
29.3 
279 
265 

o.oozsl 
237 
2.3 
109 
19s 
18% 

0.00168 
154 
140 
6 
112 

098 

0.00084 
070 
056 
OJa 
0'8 
014 

0.00000 

17= 

o.0104a 
1020 

0998 
0976 
0954 
0932 

o.oog~o 
0.988 
0866 
0844 
082.3 
0801 

0.00719 
0757 
073.5 
0714 
0692 
0670 

0.00648 
0627 
0605 
058.7 
0561 
0540 

0.00518 
0497 
0475 
045.3 
04.32 
0410 

0.00.388 
0.367 
0.345 
0314 
0.301 
0180 

0.00259 
02.37 
0216 
0194 
0171 
0151 

o.oolzc) 
0108 
0086 
0065 
004.3 
0012 

0.- I 

1P 

0.01164 
1139 
5 
1090 
1066 
1041 

0.01017 

0991 
0968 
094.3 
0919 
0895 

0.00870 
0846 
0822 
0797 
0773 
0749 

o.ooji4 
0700 
0676 
0652 
0617 
0603 

o.oog79 
0555 
05.31 
0506 
0482 
0458 

0.004.34 
0410 
0.486 
0361 
0337 
0313 

0.00189 
0265 
0241 
0217 
019.3 
0169 

o.00145 
0120 

0096 
0071 
0048 
0024 

0.00000 

0.00797 
780 
76.3 
746 
730 
713 

0.00696 
679 
66; 
646 
629 
613 

0.00596 
579 
563 
546 
s29 
5'3 

0.00496 
479 
463 
446 
430 
413 

0.00396 
380 
36.3 
347 
330 
314 

0'0021)7 
281 
264 
248 
1.31 
114 

0.00198 
181 
16s 
148 
132 
115 

0~00099 
082 
066 
049 
3 .  
016 

O.W000 

15= 

o.00919 
goo 
880 
861 
842 
821 

0.00803 
784 
764 
745 
726 
107 

0.00687 
668 
649 
630 
611 
59' 

o.oo5;a 
553 
534 
51s 
496 
476 

0.00457 
438 
419 
400 
.~RI 
362 

0'0034.3 
324 
30s 

147 

o.ooza8 
209 
190 
171 
152 
13.3 

0.00114 
09s 
076 
057 
0.38 
019 

0.00000 

lZm 

0.00736 
720 

705 
689 
674 
658 

0.00643 
6" 
612 
596 
581 
565 

o.00550 
535 
519 
504 
489 
47.3 

0.00458 
44.3 
427 
412 
397 
381 

0.00366 
351 
335 
320 
305 
ago 

0'00274 
a59 
244 
229 
a13 
198 

0.0018.3 
168 
151 
137 
122 

107 

0.00091 
076 
6 
046 
0.30 
O1.5 

0.00000 

lJm 

0.00858 
840 
821 
804 
786 
768 

0.00750 
732 
714 
696 
678 
660 

0.00642 
624 
606 
588 
570 
55' 

0.00534 
516 
498 
480 
463 
445 

0.00427 
409 
391 
3if 
3.56 
3.38 

0'00326 
301 
184 

; 
131 

o.ooa1.q 
195 
178 
160 
141 
134 

0.00107 
089 
071 
05.7 
036 
018 

0.00000 

8P 

16m 

----- 

0~00980 
960 
939 
918 
898 
877 

o.oo8g7 
8.36 
815 
795 
774 
754 

0.007.33 
71.3 
691 
671 

::: 
0.00610 

590 
569 
549 
529 
508 

o.ooq88 
467 
447 
427 
406 
386 

0.00366 
345 
3" 
305 
584 
a64 

0.00244 
12.3 

10.3 
18.4 
162 
141 

o.oorrz 
101 

081 
061 
041 
0 2 0  

0.00000 
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T D L E  XXV.--Computation of Circumpolar Azimuths.-(Colatinued), 

PABT 11. 

P 

0 I 

82 o 
lo 
ao 
30 
40 
50 

83 o 
10 

lo 
30 
40 
50 

84 0 
10 
10 

30 
40 
50 

85 o 
10 

20 

30 
40 
50 

86 o 
lo 
ao 
30 
40 
50 

87 o 
lo 
lo 
30 
40 
50 

88 o 
I 0  
lo 
30 
40 
50 

80 o 
lo 
lo 
30 
40 
50 

QO 0 

Cot P ein SP.-Natural Numbers. 

6P 

2Sm 

---------- 

o.01530 
1498 
1465 
1433 
1401 
1369 

0'01337 
1305 
I 
1240 
1208 
1176 

0.01144 
I l l 1  

1080 
1048 
1016 
0984 

0.00951 
0911 
0889 
0857 
0825 
0793 

0.00761 
0729 
0698 
0666 
06.34 
o6oa 

0.00571 
0539 
0507 
0475 
0444 
0412 

o.oo.380 
0.348 
0317 
0285 
015.1 
0 2  

0.00190 
0158 
or27 
0095 
006.3 

24- 

0.01469 
1438 
1407 
1376 
1345 
1314 

0.0128~ 
1253 
1222 
1191 
1160 
1129 

0.01099 
1068 
1037 
1006 
0976 
0945 

o.oog15 
0884 
0853 
082.3 
o79a 
0761 

o.oo7.31 
0700 
0670 
0639 
0609 
0578 

0.00548 
0517 
0487 
0456 
0416 
0395 

0'00~65 
0335 
0304 
0174 
0143 
021.3 

o-oo18a 
orga 
orza 
0091 
0061 
00.30 

0'00400 

21- 

0.01386 
1159 
1232 
1205 
1178 
"51 

0'01123 
1096 
1070 
1043 
1016 
0989 

omw96a 
0935 

0854 
0827 

o.00801 
0774 
0747 
0720 
069.3 
0667 

0.00640 
0613 
0586 
0560 
053.3 
0506 

0.00480 
0453 
0416 
0400 
037.1 
0346 

O ' O O ~ ~ O  

029.3 
0266 
0240 
021.3 
0186 

0.00160 
013.3 
0106 
0080 
0053 
0017 

0.- 

26' 

o.01591 
1557 
1524 
1490 
1457 
1423 

0.01390 
1357 
1323 
1190 
1256 
1223 

0.01190 
1157 
1123 
1090 
1057 
1024 

0~00990 
0957 
0924 
0891 
0858 
0815 

o.o0;92 
0759 
0725 
0692 
0659 
o6a6 

0'00593 
0560 
0527 
0494 
0461 
0428 

ouoo.3c)s 
0361 
0329 
0226 
01.1 
02-31 

0.00198 
0165 
0132 
0099 
0066 
00.3.3 

O'OQ000 

22' 

0.01347 
1319 
1190 
1261 
1233 
1105 

0'01177 
1149 
I l l 0  
1092 
1064 
1036 

0.01007 
0979 
0951 
0923 
0895 
0867 

0.00839 
0810 
0782 
0754 
0726 
0698 

0.00670 
0641 
0614 
0586 
0558 
0530 

0'0050a 
0474 
0446 
0418 
0391 
0363 

0.00335 
030; 
0179 
oa51 
0123 
0195 

0.00167 
0139 
0112 

ooR4 
0056 
0018 

0.- 

23- 

o.01408 
1378 
1349 
1319 
1289 
1160 

0.01230 
1201 
1171 
1141 
lira 
1081 

0.01053 
1024 
099.1 
0965 
0935 
0906 

0.00877 
oR47 
0818 
0789 
0759 
0730 

o.oo701 
0671 
0642 
061.3 
0584 
0554 

O ' W S ~ ~  

0496 
0467 
04.77 
0408 
0379 

0.00.350 
0.321 
0192 
0 ~ 6 2  
0 . 3  
0204 

o.oo~,s 
0146 
0117 
0087 
0058 
0029 

0.00000 

97rn 

0.01652 
1617 
1582 
1547 
1513 
1478 

0'01443 
1408 
1374 
13.39 
1305 
1270 

0-01a35 
1201 
1166 
1132 
1097 
106.3 

o.01028 
0994 
0959 
0925 
0891 
0856 

0 . ~ 8 2 2  
0788 
075.3 
0719 
0685 
0650 

0,00616 
0582 
0547 
0513 
0479 
0445 

0.00410 
0376 
0342 
0.308 
0274 
0139 

0.00205 
0171 
01.37 
oro.3 
0068 
0034 

0.00000 

28" 

o.0171j 
1677 
1641 
1604 
1568 
1531 

0.01496 
1460 
1424 
1389 
1353 
1317 

0-o1a81 
1245 
1209 
117.3 
1138 
1101 

0.01066 
10.31 
0995 
0959 
0923 
0888 

0.0085~ 
0817 
0781 
0745 
0710 
0674 

0.006.39 
060.3 
0568 
05.32 
0497 
0461 

0.00426 
0390 
0355 
0.319 
0284 
0148 

o.00213 
0177 
0141 
0106 
0071 
00.35 

0.00000 

2 P  

0.01774 
1736 
1699 
1661 
1614 
1587 

0'01550 
1511 
1475 
14.38 
1401 
1364 

0'01326 
1289 
1152 
1215 
1178 
1141 

omor~o) 
1067 
10.30 
0993 
0956 
0919 

0.0088a 
0846 
0809 
0771 
0735 
0698 

0.00661 
0615 
0588 
05.51 
0514 
0477 

0'00441 
0404 
0367 
03.30 
0294 
0157 

0.00120 
0184 
0147 
0110 

007.3 
w.37 

0.00000 

3 p  

0.01834 
1796 
1757 
1718 
1680 
1641 

0.0160.3 
1564 
1526 
1487 
1449 
1410 

0.0137a 
1334 
1195 
1157 
1219 
1180 

0'01142 
1104 
1065 
1027 
0989 
0951 

O'W913 
0875 
d.36 
0798 
0760 
0721 

0.00684 
0646 
0608 
0570 
05.32 
0494 

0.~456 
0418 
0380 
0.341 
0.304 
0266 

o.oor28 
0190 
0152 
0114 
0076 
w.3R 

0.00000 
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TABLE XXV.-Computation of Circumpolar Azimuths.-(Cofilinzhed). 

PAUT 111. 

Log 2 Sin* 4 6P Coaec 1" for each Second of Time of SP. 

6 P 

n P I"' 

6 
G 
7 
8 
9 

10 
11 
12 
13 
14 

15 
1G 
17 
18 
19 

20 
21 
22 
23 
24 

25 
26 
27 
28 
29 

30 
31 
9% 
33 
34 

95 
36 
87 
38 
89 

40 
41 
42 
43 

45 
4G 
47 
48 
4'3 

60 
61 
62 
68  
64 

65 
66 
7 
6n 
69 
60 

is13467 
29303 
42692 
54291 
64521 

g.73673 
81951 
89509 - 96461 

1.02898 

08891 
14497 
1976.3 
24727 
29423 

- 
1.33879 
38117 
42157 
46018 
49715 

53261 
56667 
59945 
6.3104 
66152 

- 
1,69097 
71945 
74703 
77376 
79968 
82486 
849.33 
8731.3 
89629 
91886 

T.94085 
96229 
9831.3 

0.00.366 
02363 

04.315 
Ohz24 
0R093 

1171a 

0.13467 
1 5 1 ~ 7  
1687.3 
18528 
10151 

2r745 
l.l.3lo 
24848 
16.UR 
27843 
z9.3°3 

36255 
37581 
38888 
40174 
41442 

0.42692 
43924 
45139 
46.3.77 
455x9 

4868s 

50971 
52091 
53"s 

0.54291 
55370 
56435 
57488 
58528 

59556 
60572 
61576 
62569 
63551 

0.64521 
65481 

67.369 
68298 

69217 
70127 
71027 
71918 
72800 

0'7.3673 
45.37 
539.3 
6240 
7079 

7910 
87.34 
9549 

099210'80.3~7 
1158 

0'81951 

3.516 
4288 
S0S.I 
5812 
6564 
7310 
8049 
$782 
9509 

3054 
3747 
4433 
5114 
5790 

0.~6461 
7127 
7787 
8443 
9093 

9739 
498351~00380 

1016 
1648 
22;s 

1.028gR 
3516 
41.30 
4740 
5345 

5946 
654.1 
7136 
7725 
8310 

1.o8R91 
9468 

664.301.10041 
0611 
1176 

2297 
2852 
3404 
3951 

1.14496 
50.37 
5575 
6110 
6641 

7169 
7694 
8215 
87.4) 
9250 

1.19762 
17.371'20171 

0778 
1281 
1782 

2280 
2775 
3107 
.17~6 
424.3 
4izl 

7106 
7575 
8040 
8504 
8964 

1.29429 
9879 

1.30331 
078.3 
12.72 

1679 
2123 
2565 
3005 
3443 

1.33858 
43" 
4742 
5171 
5598 
6023 
6445 
6866 
7285 
7701 

1'38116 

89.39 
9348 
9755 

17391'40160 
056.3 
0964 
1.363 
1761 

1.42156 
2550 
a941 
3.3.13 
3/21 
4108 
4493 
4877 
5259 
5639 

1.46017 
6.794 
6769 
714.1 
7515 

78Rs 
8254 
8621 
8987 
9.751 
9714 

1505 
1859 
2211 
2561 
2911 

1.5.3260 
3606 
3952 
4296 
4638 

4980 
5.319 
5658 
5995 
6331 

1.56666 
7000 
7.732 
766.3 
7992 

8.321 
8648 
8974 
9298 
9621 

1'59944 
85281.60265 

0585 
0904 
1r21 

153R 
1853 
2167 
2480 
2792 

1.63103 

3721 
4028 
4335 

4640 
4944 
5248 
5.550 
5851 

1.66151 
6450 
6748 
7045 
7341 

76.35 
7929 
Rza~ 
8514 
8805 
9095 

0531 
0815 
1099 
1381 
1663 

1.71943 
222.3 
2502 
2780 
3057 

3333 
3608 
i88.3 
4156 
4429 

1.14701 
4972 

5511 
si80 

6047 
6314 
6580 
6845 
7110 

1.77373 
7636 
7898 
8159 
8420 

$680 
89.18 
9197 
9454 
9710 

1.79966 
34121.802~1 

0476 
0729 
0981 

12.34 
1486 
1736 
1986 
2135 

r.RzjRj 
27.32 
2979 
3215 
3471 

3716 
3960 
4204 
4447 
46R9 
49.31 

6129 
6.366 
6603 
6840 

I . ~ ~ J I O  

7545 
7779 
8012 
824.4 

8476 
8708 
89.38 
9168 
9398 

1.89627 
9855 

52421'90083 
0310 
0536 
0762 
0987 
I 

14.36 
1660 

1'91883 
2105 
2327 
2~4.9 
2769 

zgRg 
3209 
3428 
3646 
3864 

1.94082 
4299 
4515 
47.31 
4946 
5161 
5.175 
5588 
gRol 
6014 

1.96226 
6438 
6649 

7179 
7488 
7697 
7905 
8112 
8319 

9347 
9551 
9755 
9958 

~0~52'00161 

2.00363 
0565 
0766 
0967 
1167 

1367 
1566 
1765 
1964 
1162 

a.02360 
2557 
2753 
2950 
3146 

3341 
3536 
3730 
3924 
4118 

a'o4.311 
4504 
4697 
4888 
5080 

5a;I 
5462 
5651 
5842 
6031 

1.06220 
6409 
6597 
6785 
6972 

7159 
7346 
75.32 
7718 
790.3 

1.08088 
817.3 
8457 
8641 
8824 

9007 
9190 
9.372 
9554 
95.35 

0817 
0995 
1174 
1352 
1530 

z.117of 
1884 
2061 
2237 
2413 

2589 
2764 
2939 
3114 
3288 

2.13462 
3635 
3809 
3981 
4154 

4.326 
4498 
4669 
4841 
SoIr 

2'15181 
5352 
5522 
5691 
5860 

6029 
6198 
6.366 
6534 
6701 

a- 16868 
7035 
7202 

7368 
7534 

7699 
786s 
80.30 
8194 
8.359 

1.185~3 
8686 
8850 
901.3 
9176 

93.38 
9500 
9661 
9824 
9985 

99172.20146 

0946 
1106 
1264 
1423 
1581 

2'21739 
1897 
2055 
2212 
a369 

2525 
2682 
28.38 
2994 
3149 

2'23.304 
3459 
3614 
3768 
3922 

4076 
4230 
4383 
4536 
4689 

2.24841 
4994 
5146 
5297 
5 ~ 9  
5600 
5751 
5902 
6052 
6101 

1.26351 
650s 
66.51 
6800 
6949 

7097 
7246 
7,394 
7.541 
7689 

1.27836 
i9R4 
81.30 
8277 
842.4 

8569 
8715 
8R61 
9006 
9151 
9296 

6 
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 
92 
33 
94 

35 
36 
37 
38 
39 

40 
41 
42 
43 
44 

46 
46 
47 
48 
49 

60 
61 
62 
63 
54 

65 
66 
67 
68 
h 9  
60 
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TABLE XXV.-Computation of Circumpolar A~imuths.-(Contin~~d), 

PART 111. 

Log 2 Sing + SF Cosec 1" for each Second of Time of 8P. 

6P 

1 3 ~  
- 
a's2080 

2191 
2302 
241.3 
2.524 

2635 
2745 
2856 
2966 
3076 

2.53186 
3296 
3406 
3.515 
3625 

384.3 
3952 
4001 
4170 

2.54278 
4.387 
4495 
4604 
4711 

lzm 1 16. 16. 

2 
3 
4 

6 
6 
7 
8 
0 

10 
11 
12 
13 
14 

15 
16 
17 
18 
19 

20 
21 
22 
23 
24 

1 7 m  

2'7j37.1 
5458 
554.3 
5628 
571.3 

5797 
5882 
5967 
6051 
6136 

2.76220 
6304 
6388 
6472 
6556 
6640 
6724 
6808 
6892 
6975 

2.77059 
7142 
7225 
7309 
7 . 2  

~ 4 7 5  
/~;58 
5641 
7724 
7807 

2.77889 
7972 
8055 
8137 
8220 

8.102 
8,384 
8466 
8548 
86.30 

t'jR71z 
8794 
8876 
8958 
90.39 
9121 
9202 
9284 
9.365 
9446 

1.79528 
9609 
9690 
9771 
9852 

----- 
~'jo~oc) 

0200 

0290 
0.380 
0470 

0560 
0050 
0740 
0830 
0920 

2'71009 
1099 
1188 
1277 
1366 

1455 
1544 
16.3.3 
1722 

1811 

z.i1900 
1988 
20j7 
2165 
2253 

25 
26 
27 
28 
29 

30 
31 
32 
33 
34 

36 
36 
37 
38 

40 
41 
42 
43 
44 

45 
46 
47 

4B 

60 
81 
5% 

9585 
9729 
98i3 

a'30017 
0160 
0303 
0446 
0589 

2'307.32 
0874 
1016 
1158 
1299 

1441 
1582 
1722 
186.3 

2'32144 
2284 
242.3 
256.3 
2iO2 

2.58515 2.64506 
8618! 
8722 
8825 
8928 

90.30 
91-33 
9236 
9.338 
9 ~ 4 0  

2'59543 
9645 
9747 
9849 
9950 

37342.60052 
0153 
0255 
0356 
04j; 

2.60558 
0659 
0760 
0801 
0961 

. - 
o 
1 
2 
3 
4 

6 
6 
7 
8 

- 9  

10 
11 
12 
13 
14 
15 
16 
17 
18 
10 

20 
21 
22 
23 
24 

lam 

2.803.35 
0416 
0496 
0576 
0656 

0736 
0816 
0896 
o9;6 
1056 

2.81135 
1215 
1294 
1.374 
1453 

1533 
1612 
1691 
1770 
1849 

2.81928 
2007 
2086 
2165 
224.1 

2.311 
24.30 
2518 
2605 
269.3 

z.;z;RI 
~ 8 0 9  
2956 
3044 
31.31 
3218 
3.306 
3393 
. ~ f J o  
3.567 

2.7.36.54 
3740 
3827 
391.1 
4000 

4087 
41i.3 
4259 
4.345 
44.11 

1.74517 
460.3 
4680 

4 
2980 
3119 
32.57 
3.395 

2'3.3533 
3671 
3800 
3946 
4083 

4/20 
4356 
4493 
d 6 ~ 9  
4i65 

1.34901 
5036 
5 
5307 
5442 

5577 
5711 
5846 
59" 
6114 

2.36147 
6.381 
6.514 

78.36 
7967 
8098 

8229 
8.359 
8489 
8619 
8749 

z.38R;g 
9009 
91.38 
9267 
9396 

9525 
965.3 
9;8a 
9910 

20041'40038 

2.40166 
0293 
I 

0548 
0675 

4602 
4698 
4795 
4891 

4987 
508.3 
5178 
5274 
5370 

2'65465 
5561 
5656 
5751 
5846 

5941 
6036 
61.31 
622.5 
6320 

2.66414 
6508 
660.3 
6697 
6791 

21 
26 
27 
28 
29 

$0 
31 
32 
33 
94 

36 
86 
37 
g8 
39 

40 
41 
42 
43 
44 

47 
48 
49 

60 
61 
62 
b3 
5.i 

19m 

z.85029 
5105 
5181 
5257 
53.33 

5409 
5485 
5560 
5636 
5711 

2.85787 
5862 
jg38 
6013 
6088 

6164 
6239 
6.314 
6389 
6464 

2'86539 
6613 
6688 
6763 
68.37 

2.322 
2400 
2479 
2557 
26-36 

2.82714 
2791 
2870 
2948 
3026 

3104 
31Rz 
3159 
33.37 
3415 

2.83492 
3570 
364; 
3725 
.3801 

.387() 
3956 
40.3.3 
4110 
4187 

1.84264 
4.341 
441; 
,4941 
4.5;' 

4775 
4861 

63 

- 
2'45129 

5250 
5370 
5490 
5610 

57.40 
5850 
59;0 
6089 
6208 

2.46327 
4 4 6  
6,;65 
668.3 
6802 

6920 
7038 
7156 
7274 
7391 

a.47509 
7626 
774.3 
;A60 
79~7 

688s 
6979 
;oil 
7166 
2 5  

2.67353 
7446 
7539 
76.32 
;;25 

48201 1062 6912 
6986 
7061 
71.35 
7209 

2.87284 
7358 
74.32 
7506 
7580 

7654 
7728 
7802 
7875 
1949 

z.88oa2 
Roy6 
8169 
824.3 
8316 

8390 
846.3 
85.36 
8009 
868' 

1'8R755 
8RzR 
8901 
8974 
9 0 4 ~  

0802 
0929 
1055 
1181 
1307 

2'41433 
1559 
1685 
1810 
19.35 
2060 
a185 
2.710 
24.34 
1.559 

a.qzbR.3 
2807I 

3054 
3178 

3301 
3424 
3547 
3670 
3792 

1'4.3915 
40.37 
4159 

4927 
5035 
5143 
5250 

2'5s.357 
5464 
I 
s6;R 
5785 

6h47 
6 ~ 8 0  

80. 
8210 
8 ,  
8442 
8558 

2.48674 
8790 
8905 
9021 
9136 

9251 
gjhh 
9481 
9596 
9710 

12.49824 
9q.39 

29,31~.5005j 
0167 
0280 

0.391 
0507 
0611 
07.34 
0847 

a's0960 
10711 
11851 

1162 
1262 
1.362 
1462 

2.61562 
1662 
1761 
1861 
1960 

5892 
5998 
6104 
6211 
6317 

2.5642.3 
652R 
66.34 
6740 
684.5 

6951 
7056 
7161 
7266 
7370 

2.57475 
7580 
7684 

4281 
0 . 3  

0 0  7818 
2159 7911 
2258 8004 
2.357 8096 
2456 8189 

2.62554 
265.3 
2732 
2850 
2948 

3046 
3144 
.324a 
3340 
34.38 

2.63536 
3h3.1 
,3;,30 

1297I 7788 
1409' 789.3 

l.68~81 
8.374 
8406 
8558 
8650 

8742 
88.34 
8926 
9017 
9109 

a.69200 
9292 
9.38.3 

.3828 9474 
3915 9565 
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TABLE XXV.-Computation of Circumpolar Azimuths.-( Coqdinzied) . 

PAUT 111. 

Log 2 Sin1 $ SP C o ~ e c  1" for each Second of Time of SP. 

5526 8681 1725 4665 60 

2.361 
4 
247.3 

2529 
2584 
2640 
2695 
27.50 

3'12805 
2861 
9 
2971 
3026 

3081 
.31.3h 
3191 
3246 
3301 

3'1.3.356 
3411 
1466 
3521 
3.576 

I 

3685 
3740 
.1795 
3849 

3'1.3904 
.1958 
401.1 
4067 
4122 

23- 

3.01612 
1675 
1738 
1801 
1863 

1926 
1989 
2051 
2114 
2176 

3.02239 
2.301 
6 
2426 
2488 

2550 
261.3 
2675 
27-77 
2799 

.3.0~861 
2923 
2985 
3047 
3108 

3170 
32.32 
3294 
,1655 

3.03459 
3540 
3602 
366.3 
,3724 

a. 1 20m 

0 
1 
2 
3 
4 

6 
6 

21. ( 22- 

56.3.3 
5686 
57.39 

579.3 
5846 
5900 
595.1 
6006 

.3.16059 
6113 
6166 
6219 
6272 

632s 
h.1;R 
64.31 
6484 
6537 

3.16590 
664; 
6696 
6749 
6801 

6854 

6960 
7012 

7065 

,1.1;117 
7170 
722.3 
!z;5 
,327 

6 

24'" 

3.05306 
5.366 
5426 
5486 
5546 
5606 
5666 
5726 
5;86 
5846 

3.05906 
5966 
6 o d  
6085 
6145 
6205 
6264 
6.324 
6.384 
644.3 

3.06503 
6.562 
6621 
6681 
6740 

6;gq 
(1858 
6918 
6977 
70.36 

3'07095 
7154 
7213 
7 2 ; ~  
73.31 

2.89481 
9554 
9626 
9698 
9770 

9842 
9914 

2.93716 
3785 
3854 
3923 
3992 
4060 
4129 

P 

25. 

3.08848 
8906 
8964 
9021 
9079 

9137 
9194 
9252 
9309 
9.367 

3.09414 
9482 
9539 
9597 
9654 

9711 
9769 
9R26 
988.3 
9940 

.3.09997 

.3.10054 
or11 
0168 
0225 

0282 
0.3.39 
0.196 
045.3 
0509 

3.10566 
062.3 
0680 
07.46 
079.3 

------- 
2.97754 

7820 
7886 
7951 
8017 

8082 
8148 
8213 
8279 
8344 

2.98409 
8474 
8540 
8605 
8670 

87.35 
8800 
8865 
89.30 
8995 

2.99059 
9124 
9189 
925.3 
9.318 

9.383 
9447 
9512 
9576 
9640 

2'99705 
9769 
98.73 
989; 
9961 

8i84 
8835 
888; 

89.38 
8g90 
9041 
'109.3 
9144 

3'19195 
9247 
9298 
9,349 
9400 

9452 
9503 
9554 
9605 
9656 

3.19707 
9758 
gRog 
9860 
9911 

9962 
69073.20013 

0064 
0114 
0165 

3'20216 
0267 
0,317 
0.368 
0419 

7 

15 
16 
17 
18 
19 

20 
21 
22 
23 
24 

25 
26 
27 
28 
29 

31 
32 
33 
34 

1824 
1874 
1924 

1974 
22.3 
207.3 
212.3 
"172 

3'"22"0 
22iI 
2.1 
2.370 
2420 

2469 
2519 
2568 
2617 
2667 

3.22116 
2765 
2814 
2864 
291.1 
2962 
3011 
3060 
3109 
3158 

3'23207 
32.56 
.7305 
3.334 
3403 

2 
3 
4 

5 
6 
7 
8 
9 

11 
12 
13 
14 

16 
16 
'7 
18 
19 

20 
21 
22 
43 
24 

25 
26 
27 
28 
29 

30 
31 
32 
33 
31. 

0560 
0631 
0703 
0774 
0845 

2.90916 
0987 
10.58 
1129 
1200 

1271 

1342 
1413 
1484 
1554 

2'91625 
1695 
1766 
18.36 
19O7 

4744 
4812 
4880 
4948 
5016 

2.9508.3 
5151 
5219 
5287 
5354 

5422 
5489 
5557 
5624 
5692 

2'95759 
5826 
589.3 
5960 
6028 



TABLE XXV1.-Linear Value in Feet of one Second of Arc and its 
Logarithm, measured along the Meridian. 

Latitude. 

0 I 

6 0 

5 
10 

15 
20  

25 

30 
35 
40 
45 
50 
5 5 

6 o 
5 

10 

'5 
20 
15 

30 
35 
40 
45 
50 
55 

7 
5 
10 

15 
20 
25 

30 
3 5 
4O 
45 
50 
55 

8 o 
5 
10 

15 
20 

25 

30 
35 
40 
45 
50 
5 5 

9 o 
5 

10 

15 
20 

15 

.70 
3 5 
40 
45 
60 
S 5 
60 

Latitude. 

0 ,  

0 0 

5 
10 

15 
20 
25 

30 
35 
40 
45 
50 
55 

1 o 
5 

10 

15 
20 
25 

30 
35 
40 
45 
50 
55 

2 o 
5 
10 

15 
20 

15 

30 
35 
40 
45 
50 
5 5 

3 o 
5 
10 

15 
20 
2 5 

30 
3 5 
40 
45 
50 
55 

4 o 
5 
10 

IS 
20 
25 

.3 0 
35 
40 
45 
50 
55 
60 

Logarithm. 

2'0033050 
3050 
305' 
3051 
3051 
3052 

3054 
3054 
3056 
3057 
do59 
3061 

a.003306~ 
3065 
3068 
3070 
J073 
3076 
3080 
6083 
3087 
3O9O 
3094 
3098 

r.0033103 
3'07 
3111 
3116 
3121 
3127 

3132 
3138 
3'43 
3149 
3156 
3162 

1.003316~ 
3'75 
3182 

3196 
3104 

3211 
3219 
3227 
3'35 
3244 
3251 

1.0033260 
3169 
3178 
glR8 
3197 
3306 

3316 
3316 
33.36 
3.747 
3.757 
3.368 
3379 

Len@'1 in 
fect. 

100'7639 
7639 
7639 
7639 
7639 
7640 

7640 
7640 
7640 
7641 
7641 
7642 

100.7641 
764.3 
7643 
7644 
7645 
7645 

7646 
7647 
7648 
7648 
7649 
7650 

1oo.;651 
7651 
i65.3 
7655 
7656 
7657 

;658 
7660 
7661 
7661 
7664 
7665 

100.7667 
7668 
7670 
7671 
76;3 
76i5 

7676 
76;8 
7680 
j682 
7684 
7686 

100.7688 
7690 
7692 
7694 
7696 
7699 

7701 
7 70.3 
5706 
7708 
7710 
77'3 
7715 

DS. 

+ 

1 

0 

0 
1 

o 

: 
a 
a 

a 

3 

4 
3 

t 
5 

5 

2 

6 

i 
7 
6 

8 7 
8 
8 

9 

l o  

9 

lo 

:: 
, , 
I I  

Len@h in 
feet. 

100.7715 
7718 
7720 
7723 
7726 
7729 

7731 
7734 
7737 
7 740 
7743 
7 746 

100.7749 
7752 
7755 
7758 
7761 
7764 

7768 
7771 
7774 
77i8 
7781 
7785 

100.~~at3 
7792 
7795 
7799 
780.3 
780G 

7810 
7814 
7818 
7822 
7R26 
7830 

O R  
7838 
7842 
7846 
7850 
7854 

7858 
786.3 
7867 
7871 
7876 
7880 

1oo.78R5 
7889 
7894 
7R98 
790.1 
7908 

7913 
791 7 
7921 
7917 
79.32 
7937 
7943 

Logarithm. 

1'0033379 
3390 
3401 
3411 
3424 
3435 

3448 
3459 
3473 
3484 
3497 
3510 

a'oo335za 

3549 
3536 

356.3 
3576 
3590 

3604 
3618 
36.33 
S647 

; ;  
2.003.3692 

3708 
-37'3 
37.39 
3755 
3770 

3787 
3803 
jR20 
38.76 
3853 
3871 

z.003~887 
39'5 
392.3 
3940 
3959 
3977 

3995 
4013 
40.3' 
4051 
407O 
4089 

2'0034108 
4128 
4147 
4168 
~ I R R  
4208 

4128 
4149 
4269 
4290 
431' 
4.333 
4554 

DS. 

+ 
,, 
,, 
,, 
:; 
I 1  

l3 

:: 
" 

:: 
l4 

I3 

:: 
:: 
16 
14 

;a 
15 
16 
16 

:: 
;: 
:; 
I 6 
,g 
18 
17 
19 
18 

18 
19 
l9 
19 
19 

:: 
,g 
'I 

:: 
I0 
,, 
10 
1, 
2 1  

2, 

21 
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TABLE XXV1.-Linear Value in Feet of one Second of Arc and ita 
Logarithm, measured along the Meridian. 

Diff. 

+ 

41 
40 
41 
41 

t: 
41 
42 
42 
42 

42 
41 

1; 
42 

43 
43 
43 
43 
44 
43 

44 
44 
44 

44 

45 

:: 
;: 
45 

45 
45 
46 
46 

Logarithm. 

1~0038110 
8151 
8192 
8232 
8273 
8314 

8.356 
8.397 
84.38 
8480 
8521 
8564 

a.0038606 
8648 
8690 
87.3.3 

8861 
8904 
8947 
8990 
9034 
9077 

a.0039121 
9165 
9209 
92.53 
9297 
9341 

9386 
9430 
9475 
9520 
9565 
9610 

a.0039655 
9701 
9746 
9791 
98.37 
9883 

Latitude. 

D ,  

20 o 
5 

10 

'5 
20 
15 

30 
35 
40 
45 
50 
55 

21 o 
5 

80 

'5 
10 

15 

30 
35 
40 
45 
50 
55 

22 o 
5 

10 

15 
10 
25 

30 
35 
40 
45 
50 
5 5 

23 o 
5 

10 

1.5 
10 

15 

3 0 
35 

Lengt'l in 
feet. 

100~8814 
882.3 
88.33 
8842 
8852 
8861 

8871 
8880 
8890 
8900 
8909 
8 ~ 1 9  

100.8929 
69-39 
8949 
8958 
8968 
0978 
8988 
8998 
9008 
9018 
9028 
9038 

100.9049 
9059 
9069 
90i9 
9000 
9100 

9110 
9121 
9131 
9141 
9152 
9161 

100.917.3 
9183 
9 194 
9204 
921.5 
9226 

9'36 
9247 

Latitude. 

-- 
0 I 

25 0 

5 
10 

'5 
DO 

25 

30 
35 
40 
45 
50 
55 

4-26 o 

5 
1 0  

15 
20 
15 

30 
35 
40 
45 
50 
55 

27 o 
5 

10 

15 
20  

35 

30 
35 
40 
4 5 
50 
5 5 

28 o 
5 
10 

15 
10 

15 

30 
35 
40 
45 
50 
55 

29 o 
d 

10 

15 
10 
15 

30 
35 
40 
45 
50 
55 
60 

40 
45 
so 
5 5 

24 o 
5 

10 

'5 
10 

15 

30 
35 
40 
45 
50 
5 5 
60 

Length feet. in 

100.9434 
9445 
9456 
9467 
9479 
9490 

9501 
95'3 
9524 
9536 
9547 
9559 

1oo.9570 
9581 
9593 
9605 
9617 
9628 

9640 
9652 
9663 
9675 
9687 
9699 

100.9710 
9722 
9734 
9746 
9758 
9770 

9782 
9794 
9Ro6 
9818 
9830 
9841 

loo.9~54 
gR67 
9879 
9891 
9903 
99'5 

99'8 
9940 

9258 
9269 
9279 
9290 

m0.9301 
9.3l2 
9.31.3 
93.34 
9345 
9356 

9.367 
9378 
9389 
9400 
9411 
9411 
9434 

1'0040021 
0068 
0114 
0161 

a.ooqozo7 
0154 
0,302 
0.349 
0.396 
044.3 

0490 

9951 
9965 
997 7 
9989 

~ o ~ ~ o o o a  
0014 
O02 7 
00.39 
005' 
0064 

0077 
0089 
O I O ~  
01 15 
0117 
0140 
0153 

47 
46 
47 

46 
47 
4R 

:; 
47 

47 

Logarithm. 

2.0040778 
0826 

- 

Diff .  

+ 
4' 
49 

3009 
3062 
3115 
3168 

r-oo4jaa1 

3329 
3175 

0586 

5J 
53 
53 

5' 

ii 
54 

06.34 
0682 

:;;; 

0971 
1021 

1069 
1119 
1167 
1216 
1266 
1315 

1.0041365 

::$ 
1514 
1564 
1615 

1665 
1715 
1766 
1816 
1867 
1918 

2.0041968 
2019 
1071 
r ~ n a  
1173 
1225 

a276 
2/27 
2380 
24.31 
a484 
vd5 

1.0041588 
2640 
1691 
2745 
1797 
1850 

1903 
1956 

4R 
4R 
47 
49 

49 
49 

48 
5' 
48 
49 
so 
49 

5' 
50 
49 

50 

51 

50 
5r 
50 
51 
5r 

50 
5' 
5' 
5' 
5l 
" 
5' 
ii 
s3 
5' 

53 
51 

s3 

53 

!: 

3490 

3544 
3598 
36.51 
3706 
3760 
3815 
3869 

54 

;: 
54 

:: 
i: 



TABLE XXV1.-Linear Value in Feet of one Second of Arc m d  its 
Logarithm, measured along the Meridian. 

Latitude. 

0 ,  

35 o 
5 

10 

15 
10 

25 

3O 
35 
40 
45 
so 
55 

36 o 
5 

10 

15 
20 
25 

30 
3 5 
40 
45 
50 
5 5 

37 o 
5 

10 

15 
ao 
25 

30 
3 5 
40 
45 
5O 
55 

38 o 
5 

10 

15 
a 0  

a5 

30 
35 
40 
45 
50 
55 

39 o 
5 

10 

1 5 
ao 
25 

.? 0 

.3 5 
40 
45 
50 
5 5 
60 

Diif. 

+ 
55 

:: 
zi 
54 

Imgarilhm. 

2.0043869 
3924 
39i9 
4034 
4088 
4144 

4198 

Latitude. 

0 I 

30 o 
5 

10 

15 
20 
25 

30 

in 
fect. 

101.0949 
0963 
0977 
0990 
1 004 
1018 

1032 
1046 
1060 
1074 
1087 
11 0 1  

I O I . I I I ~  
1129 
1'4.3 
"57 
1 1 7 1  
I 185 

1199 
1213 
1227 
1242 
1256 
1270 

101-1284 
I 298 
1.31~ 

1.316 
I34O 
1354 

1.369 
138.3 
1.397 
1411 
'425 
1440 

101'1454 
1468 
1482 
1497 
1511 
15=5 

'540 
1554 
1568 
158.3 
'597 
1611 

101.1626 
I 640 
16.54 
I 669 
108.3 
I 698 

171a 
1726 
1!41 
I155 
1770 
1784 
I799 

Length in 
leal. 

ro1.0153 
0165 
0178 
0191 
OZ03 
0216 

0229 
35 
40 
45 
so 
55 

31 0 

5 
10 

15 
20 

25 

30 
35 
40 
45 
50 
55 

32 o 
5 

10 

1.5 
20 

25 

30 
3 5 
40 
45 
so 
5 5 

33 o 
5 

10 

15 
lo 
25 

.3 0 
1 5 
40 
45 
50 
55 

34 0 

5 
10 

15 
a 0  

15 

30 
35 
40 
4s 
50 
5 5 
60 

Logarithm. 

2'0047191 
7351 
i411 

0242 
0255 
0268 
0280 
0293 

101.0.306 
0.3 19 
03.32 
0.74,; 
03!j8 
0.37' 

0.384 
O.7 9 7 
0410 
0424 
0437 
0450 

101.0463 
0476 
0489 
0503 
0.516 
0529 

0542 
05.56 
05h9 
0.582 
0.59~ 
0609 

101.062.3 
06.76 
0649 
066.3 
0676 
0690 

0703 
0717 
07.10 
0744 
07.57 
0771 

101.0784 
0708 
0812 
0815 
08.19 
0853 
0866 
oRHo 
0894 
0908 
0911 
09.15 
0949 

4475 

i.ooqjgjr 
4586 

Diff. 

+ 

a: 

4642 
4698 
4754 
4810 

4866 

56 
56 
56 
s6 
S6 
56 

f64$ 
7708 
7767 
fR27 
le87 
7947 

z*oo48007 
8067 
8127 
8187 
8247 
8.307 
8368 
8428 
8489 
8549 
8609 
8670 

1'00487.30 

8912 
8972 
9033 

g094 
9'55 
9216 
9'77 
93.j8 
9399 

a.0049461 
9522 
9583 
9644 

9768 
9 7 0 ~  

60 
b0 

2: 
(jO 
60 

2: 
60 

66: 
b0 

2: 
b0 
b0 
61 

2: 
60 

2: 
b1 

61 

z :  
61 
h1 

61 
61 
6 I 

2: 
62 

5091 
5148 

a.0045~04 
5261 
5.318 

57 

56 
s7 
Sf 

2'0050013 
''74 
0136 

a.0050198 
0160 
0.12 1 
0.383 

0507 
0444 

0568 
06.31 
0691 

5.375 57 

5488 

61 
61 
6a 

62 

61 
62 

:J 
6r 
63 
6r 

5545 
560.3 
5660 
57l7 

57 
sR 
57 
57 

58.32 

a.0045890 
5 7 

6062 
6120 
6178 

6236 
6294 
6.352 
641 1 
'j469 
6527 

a.oo46.5R5 
6044 
6703 
6761 
OR20 
6878 

69.38 
6996 
7055 
7115 
7173 
71.31 
7292 

57 
5' 
58 

5' 
s8 
s8 
59 
58 
58 

59 
59 
s~ 
59 

2: 
s8 
8: 
5R 

2: 



TABLE XXVI1.-Linear Value in Feet of one Second of Arc and it8 

Logarithm, measured along Parallels of Latitude. 

btitude. 

0 # 

0 o 
5 

10 

I s  
10 

15 

30 
35 
40 
45 
50 
55 

1 o 
5 
10 

15 
10 

25 

30 
35 
40 
45 
so 
55 

0 

5 
10 

'5 
10 
15 

9 0 
3 5 
40 
45 
SO 
55 

3 o 
5 
10 
I s  
20 

2 5 

do 
35 
40 
45 
5O 
5 5 

4 o 
5 
10 

15 
ao 
15 

.4 0 
3.5 
40 
45 
50 0783 ::: so 9.:67 ;;: 981 18 
5 5 06% 5 5 93'5 970'5 1lor 109.3 
60 05.38 60 9061 253 959'3 

DS. 

- 

l4 

55 
41 

So 
59 
69 
if 

g6 

''5 

Iz3  

'33 
14' 

159 
''9 

::; 
::i 
::: 
24z 

i2: 
'7' 

zi! 
297 
.lo6 
3'5 

3t4 
334 

3s2 
361 
,370 

.379 
3H9 
30i 
407 
416 
425 

434 
44.3 

2,: 
471 
480 

490 

Le~:E in 

101'4.372 
4371 
4.468 
4363 
4.355 
4346 

4334 
4.320 
4.304 
4286 
4266 
4143 

101.4arg 
4191 
4163 
4133 
4100 
4064 

4027 
39.98 
3946 
3902 
.3857 
3809 

5 
3 706 
3651 
35o6 
3539 
3436 

341.3 
3.340 
3281 
3212 

A ;  
101.2991 

2914 
"3.34 
2752 
a66R 
zg81 

2493 
2,& 
2310 
2115 
1118 
1019 

1or.1p18 
1814 
1709 
1601 
1491 
1.480 
1166 
"50 
10.31 
0911 

Ditf. 

- 
, 
i 
8 
9 

l 2  

:: 
,g 
lo 

O3 

'4 
l7 
l9 

33 
36 

37 
j9 

f g  

54 
56 

2: 
63 

g: 
69 
1 I 
74 

B0 
g2 
R4 
87 
88 
9l 
Ox 
95 
97 
99 

lo' 

::? 
Io9 "' 

::: 
,,a 
I ,, 

Latitude. Logarithm. 

1.0061974 
61970 
619j6 
619.33 
61901 
61860 

61810 
61751 
61682 
61605 
61518 
61422 

a.oo61.317 
6120.3 
61080 
60947 
6oRo6 
60655 

60496 
60327 
60149 
~ 9 9 ~ 2  
~ 9 7 ~ 5  
59560 

2 
59122 
58889 
58647 
58396 
58136 

57866 
57588 
57300 
57003 
56697 
56382 

2'00560~8 
55724 
55382 
550.30 
54669 
54299 

5.3920 
5.15.11 
5.3134 
52727 
~ a j l l  
51886 

z.ooejrq5~ 
5100') 
sossh 
50095 
49624 
49144 

48654 

Logarithm. 

a-0045526 

4~409 
44972 

43256 
43837 

42666 

42066 
4145, 
40839 
40212 
39516 
30930 

a.0038~75 
.37611 
369.38 
36255 
35563 
-34862 

3415'2 

Die. 

- 
- 
563 
554 

5" 
57l 

59' 
600 

;;; 
627 

2; 
655 ::: 
692 
701 

- 
13' 

133 
I J S  
137 

I4O 

0 ,  

6 o 
5 

10 

'5 
20 
25 

30 

101.05.38 
0409 
0278 
0145 
0010 

100.9873 

9533 
35 
40 
45 
50 
5 j 

6 o 
5 

10 

15 
10 
25 

30 
a5 
40 
45 
5O 
5 5 

7 o 
5 

10 

15 
20 
25 

30 
35 
40 
45 
50 
55 

8 o 
5 

1 0  

I s  
20 
25 

J0 
3 5 
40 

45 5O 
5 5 

9 o 
5 
10 

1 5 
20 

25 

30 
3 5 
4O 

32703 
31965 
jl218 
.30461 

1.0029695 
289~0 
28136 
27342 
265.39 
25727 

'49'5 
2407s 
2.32.34 
22.385 
21516 
20658 

~.ooI~;RI 
18894 
15998 
1709.3 
16179 
15255 

14322 
13379 
12427 
I 1466 
10495 
09515 

1.ooo85~6 
OiS*7 
06510 
05So2 
04475 
034.39 

02.194 
01339 

13' 

i47 
757 

766 
775 
784 
591 

::: 
822 
8.30 
gql 
N4,) 

::: 
877 

::i 
905 

;i: 
;; 
952 

$; 
9R9 
999 
]#,OR 

101; 

I O J ~  

:::: 
101~5 

45 99'9R~r' 

9154 
9 ~ b 4  

1oo.8Rga 
8698 
8541 
838.3 
8222 
8060 

00274 1073 
1 '9999'0' 

'5' 

'5% 
Is4 
157 
Is' 

16' 

7.387 
7214 
7039 

i00.6861 
6681 
6500 
6316 
61-30 
5941 

5751 
5559 
5364 
5168 
4969 
4768 

100.4565 
4.360 
4153 
3944 
.37.12 
3519 

3P.3 
3085 
zRhb 
2644 
2420 
2193 

10o.rr)65 
15.35 
1502 
I 268 
10.31 
0791 

0551 
0308 

l i 3  

r75 

I R 1  

184 
18,j 
IR9 

190 

:;: 
:$ 
7.01 

"3 

iz; 
21 2 

213 

21,q 
216 

iiz 
214 

217 

"'O 

::: 
237 
2J9 

l4I 
l4.3 

ObhJ z:: 



TABLE XXVI1.-Linear Value in Feet of one Second of Arc and its 
Logarithni, measured along Parallels of Lat,itude. 

Latitude. 

0 ,  

lo 
5 

10 

15 
20 
25 

Diff. 

- 
1 1 ~ ~  
1121 

1149 

::g 

Leig: in 

9 9 . 9 0 ~ ~  
8806 
8548 
,8289 
802 7 
7763 

"nfg;. in 

98.0026 
97.9646 

gi$i 
8492 
810.3 

7712 
7319 

Latitude. 

-- 
0 ,  

15 0 

5 
10 

15 
20 

25 

30 
35 :::: 

1196 
1206 

:::: 
:::: 
1255 
126.3 

1282 
1272 

89114 
87946 
86.iOr) 

8?;80 

1.1)9Rlghs 
80740 
79506 
78262 
77009 
75746 

74474 

Diff. 

- 
256 

:$ 
:: 

30 
35 
40 6958 270 

40 
45 
50 
5 5 

12 o 
5 

10 

15 
10 
15 

30 
-3 5 
40 
45 
50 
5 5 

l3 0 
5 
10 

' 5 
20 

1.5 

3" 
35 
40 
45 
so 
55 

Diff. 

- 
.lRo 
38.3 
38s 
386 
jR9 

3q1 

;;: 

Logarithm. 

"9995923 
9qR12 
9.309 1 
92561 
91422 
9027.3 

40 
45 
so 
5 5 

17 0 

5 
10 

15 
20 

25 

30 
35 
40 
45 
50 
5 5 

18 o 
5 
10 

I s  
20 
25 

lo 
3 5 
40 
45 
5" 
55 

50 
55 

11 o 
5 
10 

15 
20 
25 

30 
35 

1-9966641 
65.302 

76768 
7488.3 
7'989 
71084 

1.9869170 
67245 
65311 
6.3566 
61411 

10 
b 
10 

'5 
DO 10 

5 

3551 
3253 
2954 
2652 

99.2348 
2042 
17.34 
1424 
I I I ~  

0798 

'"2 
0163 

98.9843 
95 20 
9196 
8869 

98,8540 
8209 
7876 
7541 
7204 
6865 

6524 
6180 
58.35 
54'37 
5 1 3 ~  
4786 

31\;Fn 
5.5661 
54247 
52822 
513xi 

1.9949q4.3 
48439 
47025 

Logarithm. 

r'99123t8 
10691 
08994 
07287 
'5.57' 
0.3845 
02109 
0036.3 

l R i 4  

:::: 
I9O5 

1914 

ro2s 

IgJ4 

"45 
'954 

40 

50 
55 

16 o 
5 

10 

15 
20 

25 

30 
3 5 

2023 
1602 
1178 
0752 

97.0.324 
96'9R05 

9463 
9029 
8593 
8155 

298 
299 
302 

304 
306 
loR 
"I0 
.31r 
314 

il; 
jZ4 
327 

329 
33l 
3.33 
335 
337 
339 

341 
344 

;:i 
::z 

99.5856 
5575 28.4 

1.386 

1406 

:::; 
I435 

::: 
1464 

180.46 
158.58 
1.4671 
1147.3 
09265 

DiB. 

- 
16R7 

:iyi 
1i2fj 

li3' 
'i46 

I -9898607 

30 30 
.3 5 
40 
45 45 

50 
55 
60 0026 

5 5 
60 

d:: 
424 
426 

4.32 
4.34 
436 
438 

4140 
8 6  

8967 
8486 
800.3 

II,R 
21R7 

220H 

' 756 

5726 

97.5.326 
4918 
451 I 
4101 
j690 
3276 
1861 
2443 294 

59447 

55488 

4R1 
qR.3 

410;s 
7 9  
38042 
36511 
34970 
33419 

402 

407 
'I0 
411 
414 

415 
41R 

5,3494 
5'489 
49474 
47449 

1.9845414 

70.32 

96.50.31 
4577 
4121 
3662 
;202 

ii39 

2 2  
1808 
1.340 
0 8 6 ~  
0,307 

95.9922 

95.9445 

1502 

I 
IS2' 

'53l 

IS5' 

95066 
93281 

1.9891486 
8968 I 
87866 
86041 
84206 
82361 

80507 
78642 

;:; 
2025 

2035 453 

459 
460 
463 

464 

::: 
4jr 
4i2 
475 

::: 

22'9 
222R 

1240 

i:;2 
2270 
2 2 ~ 0  

* 

6543 
60.53 
5560 
5065 
4568 
4069 
3569 

1i85 

:i:z 
::i: 
1845 

:$$ 

32992 
30880 
zRiio 
2664.1 
245Oi 
22560 

1.98~020.3 

493 
495 
497 

ig 

2095 

:::: 
::Ji 

:::: 

07046 
oq'31H 
0q;R 
00329 

1.9798069 
95799 
93519 



TABLE SXVI1.-Linear Value in Feet of one Second of Arc and ite 
Logarithm, measured along Parallels of Latitude. 

Le;f,"t in 

91'9879 

8009 
7.382 
675a 
6121 
5488 
4853 
4216 

Diff. 

- 
229, 

230' 

'3" 
2322 
2332 

2.353 
2343 

:::: 
:$: 
2406 
2416 
2426 
1437 

Logarithm. 

"97935'9 
91228 
88927 
86616 
84294 
81962 

$;z 
74902 
72528 
70144 
Q749 

1.9765343 
62927 
60501 
58064 

Latitude. 

0 ,  

20 0 

5 
10 
'5 
30 
l 5  

3O 
35 
40 
45 
50 
55 

21 0 

5 
10 
'5 
20 

Latitude. 

0 8 

25 
5 

10 

'5 
a0 
25 

3O 
35 
4O 
45 
50 
5 5 

26 o 
5 

10 
15 
20 

Diff. 

- 
,jZ1 

624 
625 

t:: 
631 
633 
635 
637 

15 

3 5 
40 
45 
5" 
55 

27 o 
5 

10 
15 
ao 
z j  

30 

Le;f$ in 

--- 

95.3569 
3066 
;561 
2054 
1545 
10.34 

0521 
0006 

1 9 4 ' 9 4 9 0  
By71 
8450 
7927 

94.7402 
6875 
6.346 
581.5 
528.3 

40 
45 
6" 
55 

25 

30 
35 
40 
45 
so 
5 5 

22 0 

S 

Diff. 

- 
5'3 

509 
5" 

5'5 

5'9 

523 

Sz5 
5'7 
S z 9  
53' 
5.q2 

hgsrithm. 

1.9637307 
34.37a 
.31426 
a8469 
25500 
12521 

3577 
Z93f 

91.2294 
1649 6,6 1003 

1501.5 
12jR6 
'9747 
07097 

1'97044.37 
0 ' 7 ~ 5  

1 '969908.3 
96,390 
9,3686 
9097 I 

40 
45 

DS. 

- 
'995 
2946 
2957 
2969 
19j9 

07453 
04.406 

1.9601.348 
"9598278 

95'96 
92104 
8 g w o  
85884 

82757 
79619 
76470 
7.330~ 

90'9704 
905 1 

io83 
6423 

53159 

50690 
4821 I 
45721 
4 9 2 1  
40710 
38188 

3777.3 
3447.3 
31161 
2;83R 

1.952450.3 
21155 
'7797 
14~16 
11044 
07649 

0424.3 
00825 

1'9497.39~ 
93954 
9o.;oo 

6486 565 2629 
26.39 
2650 

2660 
2672 
26U1 
269.3 
lio4 

1715 

2726 

5 5 

28 o 
5 

10 
15 
ao 
25 

30 
3 5 
40 
45 
50 

16528 

jo3' 
.'OJ7 

j0j8 

'::;: , 
"09' 

j104 
3116 

i::: 
.;::: 
jIT2 

653 

654 
656 
6.58 
660 
6h3 

2469 
2479 
2490 
2500 
2511 

2522 

4748 

509 7 

90.4431 
60549 

"07 

3'94 6 j I  
5 . 3  

.32R9 

3.323 

"" 

::$ 
337' 

:$: 
:$ 
::fT 
3454 

5920 
5.35 1 
4781 

5 5 

29 o 
5 

10 

15 
20 
25 

3O 
35 
40 
45 
50 
55 
60 

5 

JIBS 5761 664 

1.9735656 

9 1.3 1 
2588 
2044 
1497 

94'0q48 
0.397 

2423 
1/49 
1074 

'5 
20 
'5 

30 
35 

$69 
570 7669 

10 
15 
10 

25 

30 
3.5 
4O 
45 
SO 
5 5 74453 

1.9671662 
68859 
66046 
6.3221 
60.387 
57541 

54".3 
11815 
489.36 

543 
544 
547 

549 
551 

9290 
8i.3.3 :ii 8174 

560 

6982 

89.6294 
560.3 
49" 
4216 
3520 
a822 

1122 
1420 
0717 
001 I 

88.9.304 

:::: 
iiLi 
:$$, 
ZRSR 
2RfiR 
2R;g 
,ggl 

8594 870.35 
3465 

674 
675 

687 

:;: 
692 
695 
696 

7 0 ~  
'01 

'07 

.305 7 
2479 
18gH 
1316 

0732 
O I ~ ~  

92'9557 
8967 
8375 
7781 

0397 
677 

578 
581 
5" 

584 
5R7 
588 
590 
59' 
594 

5 
10 
15 

3549 
61440 ,3shl 

72*z 3.576 

1126 

0668 

54099 
5 0 ~ 5 7  
4f604 

20 
'5 

3O 
15 
40 
41  
SO 
5 5 
60 

87.99.36 
9202 

~~4~ 
3'53 

4J3.79 
41062 

732 
734 

3165 
3277 

4;81 ,jo6 
4175 

3s67 
lYS7 

60R 
610 
612 

2.345 

I 116 
0499 

91'9R79 

61 7 
620 



TABLE XXVI1.-Linear Value in Feet of one Hecond of Arc and it8 
Logarithm, measured along Parallels of Latitude. 

Latitude. 

- 

0 I 

Latitudo. 

0 I 

30 o 
5 

10 

'5 
20 

25 

30 
35 
40 
4 5 
5O 
5 5 

31 o 

Le:f2 in Ley,",": in Logarithm. Diff. 

- - 

Diff. 

- 
87.9202 

8467 

- 
735 

10 

15 
20 

25 

1'9440887 35 o 
5 

3 0 

35 
40 
45 
50 
55 

32 o 
5 

83.1834 
0990 
0144 

82.9296 
8446 
7595 

53605 
29946 
26274 
22590 

18894 
15186 
11465 
0 7 7 , 1  

0.3986 
00227 

1.9396457 
92674 
R8878 
850io 
81 250 
77416 

6990 
6249 
5506 

4761 
4014 
3266 
2515 
1763 
104 

87.025.3 

741 
743 

745 
747 
748 
751 
752 
754 

5'79 
4911 

:$ 
848 

85r  

10 
3659 15 
3672 20 
3684 '5 

30 

$:! 
3R34 

81.g8jg 
8986 
8116 
724.3 

i 6 i  
768 

2 0  

7123 i R 7  25 

-30 
35 

I '9200366 
1'9195956 

87095 
82644 
78179 4405 

3721  
3734 
3i45 
3759 

:$; 
lo  
15 
2 0  

25 

41960 
37.37' 
32765 
28147 
23514 

867 
869 
870 
8i3 

1.9.3502.30 
46296 
42.34R 
g8.3HR 
34416 
304.30 

26431 
2z4;0 
18,195 
14,358 
10.308 
06244 

1'9.402168 
I .9298079 

93076 
8gR61 
R57.32 
Rl.j1)0 

77435 
7.3267 
6,)080 
64891 
6 0 6 8 ~  
56402 

I 

4i0Ro 
4.379 
3044.5 

, 

26540 
22;12 

17870 

o;,;4i 
0476.3 
00366 

40 
45 
50 
5 5 

33 0 

35 
40 
45 
5O 
55 

36 o 
s 4590 

4605 
4618 
4633 

18867 
14206 
09531 
04841 
00l.38 

1'90954Iy 

1.9090687 

3.312 
245 1 

82.1587 
0722 

4140 7i1  

4647 
4661 

4675 4690 
4i03 
4719 

4i32 

69208 
6470' 
60181 
55647 
51098 

1.9146536 

861 

"5 

86.1039 3922 
39.34 
3948 
3960 
39i2 
3086 

3099 
4011 

4025 

:::: 
4064 

40i6 
4089 
4103 
4"s 
4 r 2 9  
4I4z 

41.55 
416R 
4IH1 
4r95 
4207 
4 2 2 2  

4'34 

42 i4  
4z,,8 
4,302 

43'5 
4.12H 
4.142 
4355 
4.770 
4JH2 
4597 

4751 
.1957 
3161 
i36.3 

85.1563 

4507 
4520 
4534 
4549 

4562 
43 76 

3;; 

794 
796 
798 

::: 
5 0762 

0260 
37 o 

5 
10 

15 
2 0  

25 

30 
35 
40 
45 
5" 

"'79 4776 7640.3 

66808 
4819 

52.307 4848 

42366 

15 
20 

25 

30 
J 5 
40 
45 
50 
55 

3 0 

5 
10 

15 
2 0  

'5 

30 
.15 
40 
45 
50 
s 5 
60 

37673 

81.1089 
020.1 

80.9.316 
8426 

8;:: 

4893 

9153 
8.346 
i5.18 

6727  
59'5 
5101 

438s 
.346n 
2648 

84.1827 
1004 
0 

8.3'9.15.3 
Rs24 
7694 
6862 
6029 
SIOJ 
4.356 
3 ~ 1 7  
zh;6 
18.34 

887 

891 
893 

!:i 
81 I 
812 
R~~ 
A16 ' 

"I 

".' 
n25 
Rzb 
829 
830 

832 
8,',' 

If;,?, 
841 
n41 

55 1249 

38 
10 

'5 

395.1 

90.3 

20 

25 

.3 0 

.4 5 
40 
45 
50 
5 5 

39 
5 

10 

'5 
10 

1.5 

.Z 0 

35 
40 
45 
50 
5.5 
60 

1.9032766 4y0i 

12989 
08007 

o.3011 

49" 

4996 
5012 

6707 
5i94 91.3 

2124 
1202 

0279 

912 
923 

1 .~99 i090  
9207.3 

so,2 87931 

7i80.3 

67614 
62497 
57.364 
52216 
4705.3 

41874 
36680 
31471 
a6146 
21005 
,5749 
10478 

5087 
SIOa 
s 1 1 7  
516.1 
5148 

' I i 9  

51°9 
5225 
5'4I 
5256 
5'7' 

IS.,, ;:; 8427 

6568 
56.36 
4iO.3 

~ 7 6 8  
zR.31 
18yz 
0952 
001 I 

77.9067 
8122 

935 
9d7 
939 
940 
91r 
944 
945 



TABLE XXVII1.-Arc-versines of Spheroidal Arcs of Parallel lo in 
length. 

Pamllel of 
Latitude. 

0 I 

0 o 
5 

10 
15 
20 
25 

3 0  
35 
40  
45 
50  
5 5 

1 o 
5 

10 
15 
10 

25 

30 
35 
40 
45 
50 
5 5 

2 o 
5 

10 
15 
2 0  

25 

30 
35 
40 
45 
50 
55 

3 o 
5 

10 

15 
20 

a5 

30 
35 
40 
45 
50 
5 5 

4 0 

5 
10 
15 
90 

25 

30 
35 
40 
45 
50 
55 
6 0  

Arc-versino 
in seconds. 

0.00 

05 
O9 
14 
I 8 
'3 
28 
3 3 
37 
4 1 
46 
51 

0.55 
60  
64 
69 
74 
78 

83 
8 7 
92 
97 

1 .01  
06 

I '10 

15 
I 9  
24 
29 
33 

3R 
42 
47 
5 1  
56 
6 I 

1.65 
70 
74 
79 
84  
88 

93 
97 

2.02 
06 
I I 

I 6 

a.20 
a 5 
a9 
34  
38 
43  

47 
5 1  

i t  
66 
70 
75 

Arc.vernine 
iu feet. 

0.0 

4 ' 6  
9 ' 3  

13 '9  
18.5 
2.3'2 

27'8 
3 2 ' 4  
3 7 ' 1  
4 1 ' 7  
46.3 
51 ' 0  

5 5 ' 6  
60 .2  
6 4 ' 9  
69.5 
74' 1 
78.8 

n.3.4 
88.0 
92.6 
97 ' 3  

IOI ' 9  
106.5 

111 .1  
11.5'8 
120 '4  
1 2 5 ' 0  
129.6 
134'3 

138 '9  
143'5 
I ~ R  I 

152 '7  
157'3 
161.9 

166.6 
1 7 1 ' 2  
175.8 
180.4 
185.0 
189.6 

194 '1  
1g8'8 
20.3 ' 4  
208.0 
a11.h 
217'2 

a11 ' 8  
116.3 
230'9 
135.5 
'140' I 
244'7 

249'3 
2 ~ 3 ' 8  
'158.4 
26.3.0 
267.6 
z7a.r 
376.7 

Arc-ver. in sec. 
(360011. 

Logarithm. 

-1dnite - 
9.5501 
- 8512 
8'027.3 

1522 
2491 

3283 
3951 
4532 
5043 
5501 
5915 - 

8.6292 
6640 
6961 
7261 
7541 
7804 
8051 
8287 
8509 
8721 
892.3 
91 15 - 

8.9300 
9477 
9647 
9810 

- 9968 
7 ' 0 1 2 0  

0367 
0409 
0546 
oh80 
0809 
0934 - 

7.1056 
1175 
1290 
1403 
1512 
1619 

171.3 
1815 
1924 
202 I 
2116 
3209 

- 
2.iRR 
a4 i6  
3561 
2645 
37x7 
zRo7 

2886 
2964 
3040 
3115 
3188 
3261 

Pamllel of 
Latitude. 

0 I 

5 0 

5 
10 

'5 
20 
25 

30 
35 
40  
45 
50 
55 

6 o 
5 

10 
15 
20 
25 

30 
35 
40  
45 
50  
55 

7 o 
5 

10 
15 
20 
25 

3 0  
35 
40  
45 
50  
55 

8 o 
5 

10 

15 
20 
'5 

30 
35 
40  
45 
50  
5 5 

9 o 
5 

10 

15 
DO 

15 

30 
35 
40 

45 50 
5 5 
60  

Arc-rcrsine 
in seconds. 

2 - 7 5  
79 
84 
88 
93 
97 

3.02 
06 
I I 

15 
2 0  

24 

3.29 
3 3 
38 
42 
47 
5 1 

56 
6 0  
65 
69 
74 
78 

3 . 4  
87 
9 '  
96 

4.00 
05 

09 
14 
18 
23 
2 7 
31 

4 '36  
40  
45 
49 
5 3 
58 
62  
6 7 
7' 
75 
Ao 
84  

4 '89  
9 -3 
97 

5 ' 0 2  
0 6  
10 

15 
19 
a 3 
a8 
32 
36 
41 

Arc-rersine 
in feet. 

276.7 
281.3 
285.8 
290'4 
294'9 
299'5 

304 '0  
308 '6  
313 '1  
317'7 
322 '2  
-326.8 

331'3 
335 '8  
340'4 
344 '9  
349 '4  
353 '9  

358.4 
36.3 ' 0 

367 ' 5 
372 '0  
376.5 
381.0 

385'5 
390 ' 0 

394'5 
3 9 9 ' 0  
40.3 ' 5 
407 '9  

41 2 ' 4  
416.9 
421'4 
425 '8  
4.30'3 
434 '8  

439 .1  
44.3 ' 7 
448' I 
452 '6  
457 '0  
461 '4  

465'9 
470 'J  
474'7 
4 i 9 . a  
48.1 ' 6 
488 '0  

492'4 
496.8 
501 ' a  
505.6 
510 '0  
514'4 
5lR.R 
51.3'2 
5 2 i . 6  
5.31.9 
536.1 
540'7 
545'0 

Arc-ver. in see. e 

Logarithm. 

F 3 2 6 1  
3332 
3401 
3470 
35.38 
3604 

3670 
3734 
3798 
3860 
3922 
3983 - 

7 '4043 
4102 
4160 
4217 
42i4 
4329 

4385 
4439 
449.3 
4545 
4598 
4649 

- 
7'4700 

4751 
4800 
4850 
4898 
4946 

4994 
5040 
5087 
51.32 
5178 
5223 - 

7.5267 
53" 
5354 
5397 
5439 
5481 

5523 
5564 
5605 
5645 
5685 
5714 - 

7 '576.3 
5801 
5840 
5Ri.R 
6916 
5953 

5990 
6026 
6061 
6098 
6134 
6169 
6104 



TABLE XXVII1.-Arc-versines of Spheroidal Arcs of Pardlel lo in 
length. 

Are.~er in see. 
(960o)P. 

Logarithm. 

- 
7'7B52 
7874 
9% 
79'7 
7 938 
7959 

7980 
8001 
8022 
8043 
806.7 
8084 

- 
7.8104 
8124 
8144 
8164 
8184 
8203 

822.3 
8241 
8261 
8280 
'3299 
8318 

- 
7'8.337 
8356 
8.374 
8.393 
841 I 
8429 

8447 
8465 
848.3 
8501 
8518 
8536 

- 
7'85.53 
8571 
8588 
8605 
8622 
a639 

8656 
8672 
8689 
8705 
Ujzz 
87.38 

- 
R;;O 

7 'Ri54 

8786 
8801 
8818 
88.34 

8849 
8865 
8880 
8896 
8911 
8926 
8941 

Parallel of 
Latitude. 

0 I 

15 o 
5 

10 

15 
20 

25 

30 
3 5 
40 
45 
50 
55 

16 0 

5 
10 

15 
20 
25 

30 
3.5 
40 
45 
50 
55 

17 o 
5 

1 0  

15 
ao 
25 

30 
35 
40 
45 
50 
5 5 

18 o 
5 

10 

15 
20 

25 

.3 0 
35 
40 
45 
50 
55 

19 0 

5 
10 

'5 
10 
25 

30 
35 
40 
45 
50 
5 5 
60 

Arc-versine 
in eeconde 

7'90 
94 
98 

8.02 
06 
10 

14 
I 8 
2 2 

26 
30 
34 

8.38 
41 
45 

49 5 3 
57 
6 I 

2 
;: 
80 

8.84 
88 
9' 
95 
99 

9'0.1 
06 
10 

14 
18 
21 

25 

9-29 
3.1 
3 6 
40 
44 
47 

5 1 
5 5 
58 
6 2 
66 
69 

9.7.3 
76 
80 
84 
87 
91 

94 
gR 

10.01 
05 
09 
I I 
16 

Arc-oer. in sec. 

Logaritllm. 

- 
7.6204 
6238 
6272 
6306 
6340 
6373 
6406 
6439 
6472 
6504 
6536 
6567 - 

9.6599 
6h.30 
6661 
669 I 
6722 
6752 
6782 
681 I 
6841 
6R;o 
6899 
6927 - 

7.6956 
6994 
70" 
7040 
7068 
7095 
7121 
7149 
7176 
7202 

7229 
7255 - 

7'7281 
7.307 
73.32 
7.358 
7.38.3 
7408 

74.33 
!458 
,482 
7506 
75.31 
7555 - 

7.7578 
7602 
7626 
t649 
767' 
7695 

77'8 
7741 
77% 
7 786 
78oR 
70.30 
7851 

Parnllel of 
Latitude. 

Arc-yomine 
in feet. 

796.8 
800.9 
804.9 
808 9 
812.9 
816.8 

820.8 
824'8 
828.8 
8.32'7 
836.7 
840.6 

844.6 
848.5 
851'4 
856.3 
860.2 
864. r 

868.0 
871'9 
875'8 
879'7 
883 ' 5 
887'4 

891 ' 2 
895 ' 1 
898'9 
902'7 
906.6 
910.4 

914'2 
918.0 
921 1 
925'5 
919'3 
933.1 

9.36.8 
940'6 
944 ' 3 
948' 1 
951.8 
955'5 

959'2 
962.9 
966.6 
970'3 
974'0 
977'6 

981 '3 
984.9 
988.6 
991'1 
995'9 
999'5 
1003.1 
1006.7 
1010'3 
101.3'9 
1017.4 
1021 .o 
1014.6 

Arc-vereine 
in second8 

Arc-versine 
in feet. 

545'0 
549'4 
553'7 
558.1 
562.4 
566.7 

571'1 
575'4 
579'7 
5'34.0 
588.3 
592'7 

597'0 
601.2 
605 ' 5 
609.8 
614.1 
618.4 

622.7 
626.9 
631.1 
6.35 '4 
639.7 
643'9 

648.2 
652'4 
656.6 
660.9 
665'1 
669'3 

673'5 
677'7 
681'9 
686.1 
690.1 
694'4 

698.6 
702.8 
706.9 
711.1 

f1s.a 
719'4 

723'5 
727'6 
7.31 .7 
7.35'9 
740'0 
744' 1 

748'2 
752..3 
756.4 
760.4 
7('4'5 
768.6 

7 72'6 
776.7 
7Ro.7 
7R4.8 
7RR.R 
792.8 
796.8 

. I  
lo 0 

5 
10 

'5 
20 
"5 

30 
35 
40 
45 
50 
5 5 

11 0 

5 
10 

15 
20 
25 

30 
.3 5 
40 
45 
50 
55 

12 o 
5 
10 

15 
20 
25 

30 
3 5 
40 
45 
50 
5 5 

13 o 
5 
10 

15 
20 
25 

30 
35 
40 
45 
SO 
55 

14 0 

S 
10 

15 
a 0  

'1 5 

30 
.3 5 
40 
45 
50 
5 5 
60 

5'41 
45 

49 54 
58 
62 

67 
7 1 
75 
79 
84 
88 

5.9, 
96 

6.01 
05 
09 
13 
I 8 
2 2 
26 
30 
35 
39 

6.43 
47 
5' 
56 
60 
64 
68 
7 2 
76 
8 I 
8.5 
89 

6.9.3 
97 

7.01 

05 
09 
14 
I 8 
11 

16 
.3 0 
34 
38 

7.4, 
46 
50 
54 
58 
61 

66 
70 
74 
78 
82 
R6 
90 



TABLE XXVII1.-Arc-versines of Spheroida.1 Arcs of Parallel lo in 
length. 

Parallol of 
Latitude. 

0 ,  

26 o 
5 

10 

'5 
a0 
'5 

30 
35 
40 
45 
50 
55 

26 o 
5 

10 
15 
20 
'5 

30 
35 
40 
45 
50 
55 

27 o 
5 

10 

15 
2 0  

as 
30 
35 
40 
45 
50 
55 

28 o 
5 

10 
15 
10 

35 

30 
35 
40 
45 
50 
5 5 

29 o 
5 

10 

15 
10 

a5 

30 
35 
40 
4s 
5O 
55 
60 

Parallel of 
Latitude. 

0 I 

20 o 
5 

10 
15 
20 

25 

30 
35 
40 
45 
50 
55 

21 o 
5 

10 

15 
ao 
'5 

30 
35 
40 
45 
50 
55 

23 o 
5 

10 
1.5 
20 
'5 

30 
35 
40 
45 
50 
55 

23 o 
5 

no 
15 
10 

25 

30 
35 
40 
45 
50 
55 

24 o 
S 

10 

15 
so 
15 

30 
3 5 
40 
45 
so 
5 5 
60 

Arc-versine 
in feet. 

1024'6 
1028.8 
lo.31'7 
1035.2 
1038.7 
1 0 ~ 2 ' 2  

1045'7 
1049'2 
1052'7 
1056.2 
1059.7 

'1063'1 

1066.6 
1070.0 

1073'5 
1076.9 
1080.3 
1083.7 

1087.1 
1090.5 
1093'9 
1097.3 
I 100.6 
1104.0 

1107.3 
1110.7 
1114.0 
1117'3 
I I 20.6 
1113'9 

1127'2 
1130.5 
11.13'7 
1137'0 
1140'3 
1143'5 

1146.7 
1149.9 
115.3.1 
1156.3 
1159'5 
1162.7 

1165.9 
1169.1 
11j2.z 
117.5'4 
11;t7.5 
1181.6 

11Rq.f 
1187'8 
1 1 ~ 0 . ~  
1194.0 
1197.1 
nz00.1 

1203.1 
1 2 0 6 . ~  
Ilo9.3 
1112'3 
1115'3 
1218.3 
t r a1 .3  

Arc-veruino 
in aecondu. 

10.16 
19 
23 
26 
30 
33 

37 
40 
43 
47 
50 
54 

10-57 
61 
64 
67 
71 
74 

77 
81 
84 
87 
91 
')4 

10.97 
11 .OI  

04 
07 
I I 

14 

17 
ao 
'3 
27 
30 
33 

11.36 
39 
43 
46 
49 
51 

55 
SR 
61 
6s 
68 
71 

nr.74 
77 
RO 

8.3 
R6 
89 

92 
95 
98 

1a.01 
04 
0 7  
l o  

Arc-versine 
in neconde. 

12.10 

13 
16 
19 
22 
a4 

27 
30 
33 
36 
39 
42 

12.44 
47 
50 

58 
6 I 
64 
67 
69 
7 1  
75 

12.78 
80 
83 
86 
88 
9 l  

93 
96 
99 

13'01 
04 
06 

13.09 
1 2  

14 
17 
19 
2' 

24 
17 
19 
31 
34 
36 

1 3 . ~ 9  
41 
44 
46 
48 
51 

5.3 
56 
58 
60 
63 
65 
67 

Arc-ver. in uec. 

(3600)'. 
Lognrithm. 

- 
7.8941 

8 9 ~ 6  
89i1 
8986 
900 I 
901 5 

9030 
9044 
9059 
9073 
9087 
9101 

7'9115 
9129 
9143 
9157 
9171 
9184 

9198 
921 I 
9225 
9238 
925 1 

92% 

7.9278 
9291 
9.404 
9316 
9329 
934l 

9355 
9367 
9.380 
9.39= 
9404 
9417 - 

7.9419 
9441 
9453 
9465 
9477 
9489 

950' 
951' 
9.524 
95.36 
9547 
9559 

7.9570 
9s81 
9.593 
9604 
@IS 
9616 

@37 
@48 
96.59 
9669 
96Ro 
969 1 

970 1 

Arc-versine 
in feet. 

1221.3 
1224'3 
1227.a 
1230.1 
1233'1 
1236.1 

12.39'0 
1241'9 
12.14'8 
1247'7 
1250.6 
1253'5 

1256.4 
12s9.a 
I 262.1 
1164.9 
1267.1 
1270.5 

"i.3'3 
1276.1 
1278'9 
rzR1.7 
1284'4 
1287.a 

1289.9 
1192.6 
1295'3 
1298.1 
1300'7 
I3O3.4 
1.306'1 
1.308.8 
'311'4 
1.314'0 
1.316.7 
1319'3 

1321.9 
1.324'5 
1327'1 
1329.6 
133a'2 
1334'7 

1.137'3 
1339'8 
1.342'3 
1.344'8 
1347'3 
1.349'8 

1.352-3 
1354'7 
1.357'1 
1359'6 
1.36r'o 
1364.4 
1.366.8 
1.369,' 
1371.6 
1374.0 
1 3 7 ~ . 3  
1.378'7 
1381.0 

Arc-ver. in see. 
(3600)4. 

Logarithm. 

- 
7.9701 

9712 
972% 
973.3 
9743 
9753 

9764 
9774 
9784 
9794 
9804 
9814 

1.98 24 
9834 
9843 
9853 
9863 
9 7 2  

9882 
9891 
9901 
99'0 
99'9 
99z8 - 

7'9937 
9947 
9956 
9965 
9974 
9983 

- 9991 
6.0000 

-9 
0018 
om26 
-35 

6.0043 
0052 
0060 
0069 
0077 
0085 

009.1 
0101 

0109 
or 18 
01 16 
013.7 

6.0141 
0149 
orsf 
016; 
017a 
01 80 

0188 
0195 
020.3 
0210 
0217 
0215 
oajr  



TABLE XXVII1.-Arc-versines of Spheroidal Arcs of Parallel lo in 
length. 

Parnllel of 
Latitude. 

0 ,  

35 o 
5 

10 

15 
10 

25 

30 
35 
40 
45 
50 
5 5 

36 o 
5 

10 

15 
20 

25 

30 
3 5 
40 
45 
50 
55 

37 o 
s 

10 

'5 
zo 
as 

30 
35 
40 
45 
50 
55 

38 o 
5 

no 
15 
DO 

15 

30 
3 5 
40 
45 
50 
5 5 

39 o 
5 

10 

15 
10 

15 

30 
35 
40 
45 
50 
55 
60 

Pamllol of 
Latitude. 

0 I 

30 o 
s 

10 

15 
20 
15 

30 
35 
40 
45 
50 
55 

31 o 
5 

10 

15 
20 

25 

30 
35 
40 
45 
50 
55 

32 o 
5 

10 

Is 
10 

25 

30 
35 
40 
45 
50 
55 

33 o 
5 

10 

15 
a0 
15 

.? 0 

35 
40 
45 
50 
55 

34 o 
5 

10 

15 
10 

35 

30 
15 
40 
45 
Jo 
5s 
60 

Arc-veraino 
in feet. 

1381.0 
1.383.3 
1.385'6 
1387'9 
1.390'2 
'392'5 

1.394'7 
1397'0 
1.399'1 
1401'4 
140.3'7 
1405'9 

1jo8.1 
1410.2 
1412'4 
1414.5 
1416.7 
lq18'R 

1420'9 
1423'0 
1425'1 
1427'1 
1429'3 
1431'4 

14.3.3'4 
14.35'4 
14.37'5 
'4.39'5 
1441.5 
1443'4 

1445'4 
1447'4 
1449'3 
'451'3 
145.3'2 
1.155" 

1457.0 
1458'9 
1 ~ 0 0 . 8  
1462'6 
1464'5 
1466'3 
1468.1 
1470'0 
1471'7 
147.3'5 
14is .3  
1477'1 

1478.8 
14H0.6 
I J R z . . ~  
14Rq.o 
14R5'7 
1487.4 
14R9.1 
1490'7 
1492.4 
1494'0 
1495'6 
1497'3 
1498.9 

Arc-versine 
in seconds. 

13.67 
69 
71 

id 
78 
81 
83 
85 
87 
89 
92 

13.94 
96 
98 

14'00 
oz 
04 
06 
08 
lo  
1.3 
15 
7 

14'19 
2 1  

2.3 
as 
26 
28 

30 
32 
34 
36 
38 
40 

14.42 
44 
43 
47 
49 
51 

5.1 
54 
56 
58 
60 
61 

14.6.1 
65 
66 
68 
70 
71 

73 

ig 
78 
79 
81 
8.3 

kc-veraine 
in seconds. 

14.83 
84 
86 
87 
89 
90 

92 
9.3 
95 
96 
98 
99 

15.00 
oa 
03 
05 
06 
07 

09 
10 
11 

13 
14 
'5 

15-17 
18 
19 
z0 
21 

23 

a4 
25 
26 
27 
28 
a9 

15.31 
33 
3.3 
34 
35 
36 

37 
38 
39 
40 
41 
42 

15.43 
44 
45 
46 
46 
47 

40 
49 
50 
51 
52 
sa 
53 

Arc -~e r .  in sec. 

Logarithm. 

- 
6.0231 

02.39 
0246 
0254 
0261 
0268 

0275 
02Rz 
0289 
0295 
0.302 
0309 - 

6.0316 
0.322 
0329 
033 5 
0342 
0.348 

0.355 
0.361 
0.368 
0.374 
0.380 
0386 

6 . 0 3 ~ 1  
0.399 
040.5 
0411 
041 7 
0412 

0418 
04.34 
0440 
0446 
045 1 

045 7 - 
6.046.3 

0468 
0474 
0479 
048s 
0490 

0495 
0501 
0506 
0511 
05 16 
0521 - 

6.0527 
0.531 
05.37 
0542 
0546 
055 1 

0556 
0561 
0566 
0570 
"575 
OSRO 

0584 

Arc-vernine 
in feet. 

1498.9 
1.500'5 
1502.0 
1503.6 
1505'1 
1506.7 

1508.2 
'509'7 
1gr1.a 
1512.7 
1514'2 
1515.6 

1517.1 
1518.7 
1 5 ~ 0 ' 1  
1521'5 
1522.9 
1524'3 

1525'7 
1527'0 
1528'4 
'519'7 
1531'0 
'532'3 

1533.6 
15.34'9 
15.36'2 
1.5.37'4 
1538.7 
1539'9 
1541'1 
'541'3 
1543'5 
'544'7 
1545 ' 8  
1547'0 

1548.1 
1549.2 
1550'4 
1551'5 
1552'5 
1553'6 

1554.7 
1555'7 
'556.7 
15.57'8 
1ssR.B 
1559.8 

1560.7 
1561.7 
1561.7 
156.3'6 
1564'5 
1565'4 
1566.3 
1567.o 
1568.1 
1568.9 
1569'8 
1510.6 
1571'4 

Arc.ver. in aeo. 

(3600)9. 
Logarithm. 

- 
6'0584 

0589 
0593 
0598 
0601 
0607 

0611 
0615 
0619 
0614 
0618 
0631 - 

6.0636 
0641 
0645 
0649 
065 2 

0656 

0660 
0664 
0668 
0671 
0 ~ 7 5  
0679 - 

6.0681 
0686 
0690 
0 ~ 9 3  
0696 
0700 

0703 
0707 
0710 
0713 
0716 
0719 

6 . 0 ~ 2 ~  
0726 
0729 
0733 
0735 
0738 

0740 
074.3 
0746 
0749 
075' 
0754 

c'0757 
0760 
0;61 
0765 
0767 
0 7 7 0  

0 7 7 1  
0775 
0777 
0779 
0782 

0786 
07R4 



TABLE XX1X.-Linear Value in Miles of a Degree of Arc measured 
along the Meridian. 

TABLE XXX.-Linear Value in Miles of a Degree of Arc measured 
along Parallels of Latitude. 

MOri'lional 
in Miles. 

68.8071 
68'8160 
68'8250 
68 ' 8343 
68.8439 
68.8537 

68.8638 
68.8740 
68.8845 
68'8951 
68'9061 
68.9171 

68'9283 
68.9.397 
68.9511 
68.9628 
68,9745 
68 '986a 

68.9981 
69'0101 
69.0210 
69.0341 
69.0461 
69'0581 

Meen Latitude. 

0 

23 
24 
25 
26 
27 
28 

29 
30 
31  
3a 
33 
34 

36 
36 
37 
38 
89 
40 

4 1 
42 
43 
44 
45 
46 

Difference. 

+ 
88 
9O 

:2 
98 

101 
I oa 
105 
107 
109 
110 

111 

114 
114 
117 
1'7 
117 

1 2 0  

119 
119 
1 2 1  

130 
120 

Difference. 

+ 
a 
6 

10 

15 
I 8 

23 
27 
3' 
35 
39 
43 

46 
5' 
54 

i: 
65 

68 
7 1 

76 
78 
82 
84 

M~~~ Lstitude. 

0 
1 
a 
8 
4 
6 

6 
7 
8 
9 

10 
11 

12 
13 
14 
15 
16 
17 

18 
19 
20 
21 
22 
23 

Difierence. 

4789 
498 1 

5'7' 
5361 
5549 

5734 
59'9 
6101 
62R3 
646 I 
66.18 

68 1 .? 
6987 
7 I .iR 
7326 
7493 
7658 

7820 
7981 
#If7 
819.3 
A446 
8596 

Meridionnl Degrees 
in Milee. 

68.7027 
68'7029 
68' 70.35 
68.7045 
68.7060 
68'7078 

68.7101 
68.7128 
68'7159 
68.7'94 
68'72.33 
68.7176 

68.7322 
68'7373 
68,7427 
68.7485 
68.7.547 
68.7612 

68.7680 
68,7752 
68. ;RIB 
68.7906 
68.7988 
68.8072 

Longitudinsl 
in 

6.3.6960 
63'2171 
62'7190 
62'2019 
61.6658 
61 ' I  109 

60'5.775 
59.9456 
59'3355 
58.7072 
5tl.0611 
57'3973 

56.7160 
56.olt3 
55'30'5 
54' s689 
53'8196 
53'0538 

5a.1718 
51'47.37 
50'6600 
49' 8.307 
48.986 I 
4 8  I 165 

Lonait 11dina1 
In bliles, Difference. 

- 
105 
314 
52.1 
731 
94 1 

1 149 
1.1~8 
1565 
'773 
1979 
2186 

2.391 
2506 
2801 
3004 
3207 
3408 

3609 
fRo8 
4008 
4204 
4400 
4596 

0 
1 
a 
3 
4 
6 

6 
7 
8 
9 

10 
11 

12 
13 
18 
15  
16 
17 

I 8  
19 
20 
21 
22 
23 

Latitude. 

0 

23 
24 
26 
26 
27 
28 

29 
80 
81 
$a 
33 
a4 

85 
86 
87 
38 
39 
40 

41 
42 
43 
44 
45 
46 

69.1618 
69"513 
69.1199 
69.0676 
68.9944 
68' yo03 

68. ins4 
68.f14gfi 
68. 49.1 1 
68.3 I 58 
681179  
67 8993 

67.6601 
67.4005 
67' I to4 
66 Rzoo 
66. 490.7 
66.1585 

65.7976 
65'4168 
65.0160 
64' 5956 
64,1556 
6 j ,6960 



TABLE XXX1.-Graticules of maps.-Sides and Diagonals of Squares 
of ith of a Degree of Latitude and Longitude, on the Scale of 
1 Inch to + a mile. 

Latitude. 

0 , I, 0 I N 

From 0 0 0 to 0 7 3 0  
0 7 30 ,, 0 15 0 
0 15 0 ,, 0 22 30 
0 22 30 ,, 0 30 0 
0 30 0 ,, 0 37 30 
0 37 30 ,, 0 45 0 
0 45 0 ,, 0 52 30 
0 52 30 ,, 1 0 0 

1 0 0 ,, 1 7 30 
1 7 30 ,, 1 15 0 
1 16 0 ,, 1 22 30 
1 22 30 ,, 1 30 o 
1 30 0 , 1 37 30 
1 37 30 ,, 1 45 0 
1 45 0 ,, 1 52 30 
1 62 30 ,, 2 0 0 

2 0 0 ,, 2 7 30 
2 7 30 ,, 2 15 0 
2 15 0 ,, 2 22 30 
2 22 30 ,, 2 30 0 
2 SO 0 ,, 2 37 30 
2 37 30 ,, 2 45 0 
2 45 0 , 2 62 30 
2 62 30 ,, 3 0 0 

8 0 0 ,, 3 7 30 
3 7 30 ,, 3 15 0 
3 15 0 ,, 3 22 30 
3 22 30 ,, 3 30 0 
3 30 0 ,, 3 37 30 
3 37 30 ,, a 45 o 
3 4.5 0 ,, 3 62 30 
3 62 30 ,, 4 0 0 

4 0 0 ,, 4 7 30 
4 7 30 ,, 4 15 o 
4 15 0 ,, 4 22 30 
4 22 30 ,, 4 30 0 
4 30 0 ,, 4 37 30 
4 37 30 ,, 4 45 o 
4 46 0 ,,, 4 52 30 
4 52 30 ,, 5 0 0 

6 0 0 ,, 5 7 30 
6 7 3 0  ,, 6 1 6  0 
6 16 0 ,, 6 22 30 
5 22 30 ,, 6 30 0 
6 30 0 ,, 6 37 30 
6 37 30 ,, 6 45 0 
6 45 0 ,, 6 58 30 
5 68 30 ,, 6 0 0 

6 0 0 ,, G 7 30 
6 7 30 ,, 6 15 0 
6 16 0 ,, 6 22 30 
6 29 30 ,, 6 30 0 
G 30 0 ,, 6 37 30 
6 87 30 ,, F 45 0 
6 46 0 ,, 6 52 30 
6 6 2  30 ,, 7 0 0 

7 0 0 ,, 7 7 3n 
7 7 3 0  ,, 7 1 5  0 
7 15 0 ,, 7 22 30 
7 22 30 ,, 7 30 0 
7 30 0 ,, 7 37 30 
7 a7 a0 ,, 7 45 o 
7 45 0 ,, 7 62 30 
7 62 an ,, a o o 

1 

on Diagonal. 

24.371 
371 
37' 
371 
371 
.3 70 
370 
370 

24'369 
.769 
368 
368 
367 
366 
365 
365 

24'364 
36.3 
362 
36 1 
359 
358 
357 
356 

24'354 
353 
35 1 
350 
348 
347 
345 
34.3 

14'341 
339 
338 
336 
334 
3.3 1 

329 
327 

14'315 
321 
.720 
318 
3'5 
31.7 
310 
307 

24'305 
302 
199 
296 
29.1 
290 
287 
284 

24.281 
178 
274 
2; l 
26R 
264 
261 
2s I 

Inchce. 

P 
On 

Parallel. 

17'290 
290 
290 
290 
289 

3 
288 

17.287 
286 
285 
285 
284 
282 
28 1 
280 

17,279 
277 
276 
274 
272 
271 
269 
267 

1;'a65 
26.3 
261 
158 
256 
254 
251 
249 

17.246 
243 
240 
2.3 7 
2.35 
2.3 1 
128 
225 

17'2az 
218 
215 
2 1 1  

208 
204 
200 

196 
17'1gr 

I HR 
184 
180 
I 76 
'7' 
'67 
162 

17.1~8 
153 
1 48 
14.7 
'39 
1.34 
I 28 
123 

m 

on Meridian. 

17'176 
I 76 
I 76 
176 
176 
176 
176 
176 

17.176 
176 
I 76 
176 
176 
I 76 
176 
176 

17.176 
176 
176 
176 
'76 
I 76 
I 76 
I 76 

17'176 
1 76 
I 76 
176 
176 
176 
176 
176 

17.177 
177 
177 
'77 
177 
177 
177 
177 

17.177 
Iff 
177 
177 
177 
177 
177 
177 

17.178 
I 78 
174 
I 78 
1;R ' 78 
' 78 
1 78 

17.178 
178 
178 
' 79 
1 79 
179 
179 
8 79 

Length in 

n 

On 

Pmmllel. 

17'290 
29O 
290 
290 
290 
189 
289 
288 

17'288 
287 
286 
285 
285 
284 
a82 
281 

17.280 
279 
277 
276 
274 
272 
271 
269 

17.267 
265 
263 
26 I 
258 
256 
254 
251 

17'249 
246 
24.3 
2 40 
0.37 
2.15 
2.71 
228 

17'2z.5 
222 

218 
215 
2 1 1  

208 
204 
200 

17.196 
192 
188 
184 
I Ro 
176 
17' 
167 

17.162 
158 
15.3 
148 
143 
1.39 
134 
I ZR 



TABLE XXX1.-Graticules of maps.-Sides and Diagonals of Squarea 
of gth of a Degree of Latitude and Longitude, on the Scale of 
1 Inch to + a mile. 

Latitude. 

0 , 5, 0 , I, 

From 8 0 0 to 8 7 30 
8 7 30 ,, 8 15 0 
8 15 0 ,, 8 22 90 
8 22 30 ,, 8 30 0 
8 30 0 ,, 8 37 30 
8 37 30 ,, 8 45 0 
8 46 0 ,, 8 58 30 
8 62 30 ,, 9 0 0 

9 0 0 ,, 9 7 3 0  
9 7 3 0  ,, 9 1 5  0 
9 16 0 ,, 9 2 8 3 0  
9 22 30 ,, 9 30 0 
9 30 0 ,, 9 37 30 
9 37 30 ,, 9 45 0 
9 45 0 ,, 9 62 30 
9 62 30 ,, 10 0 0 

10 0 0 ,, 10 7 80 
10 7 30 ,. 10 15 0 
10 15 0 ,, 10 22 30 
10 22 30 ,, 10 30 0 
10 30 0 ,, 10 37 30 
10 37 90 ,, 10 4.5 0 
10 45 0 ,, 10 52 30 
10 53 30 ,, 11 0 0 

11 0 0 ,, 11 7 30 
11 7 30 ,, 11 15 0 
11 15 0 , 11 22 30 
11 22 30 , 11  30 0 
11 30 o ,, 11  a7 80 
11 37 30 ,, 11 45 0 
11 45 0 ,, 11 62 30 
11 52 30 ,, 12 0 0 

12 0 0 ,, 12 7 30 
12 7 30 ,, 12 15 0 
12 16 0 ,, 12 22 30 
12 2% 30 ,, 12 30 0 
12 30 0 ,, 12 37 30 
12 37 30 ,, 12 45 0 
12 45 0 ,, 12 62 SO 
12 62 30 ,, 13 0 0 

13 0 0 ,, 13 7 SO 
13 7 30 ,, 13 15 0 
13 15 0 , 13 22 30 
13 22 so ,, 13 90 o 
13 30 0 ,, 13 37 30 
13 37 30 ,, 13 45 0 
13 45 0 ,, 13 62 30 
13 52 30 ,, 14 0 0 

14 0 0 ,, 14 7 30 
14 7 30 ,, 14 16 0 
14 15 0 ,, 14 22 30 
14 22 30 ,, 14 30 0 
14 30 0 ,, 14 37 30 
14 37 SO ,, 14 45 0 
14 46 0 ,, 14 62 30 
14 62 SO ,, 16 0 0 

15 0 0 ,, 16 7 30 
15 7 30 ,, 15 16 0 
16 16 0 ,, 15 22 30 
15 42 30 ,, 15 30 0 
15 30 0 ,, 15 37 90 
15 87 80 ,, 16 45 0 
15 45 0 . 16 62 30 
16 52 30 ,, 1 G  0 0 

~m 

on Meridian. 

17.179 
179 
179 
I i 9  
179 
I 80 
I 80 
180 

17.180 
180 
I 80 
I 80 
180 
181 
181 
181 

17'181 
181 
181 
181 
181 
182 
182 
182 

17.182 
182 
182 
18a 
I 83 
18.3 
183 
18.3 

17.183 
183 
183 
184 
184 
184 
1 8.1 
184 

17'184 
185 
185 
185 
185 
185 
185 
186 

17.1R6 
1R6 
186 
186 
I 86 
187 
187 
187 

17.187 
187 
I 88 
I A8 
188 
188 
I R8 
1 R9 

Length in 

n 

On 

Parallel. 

17-12.? 
118 
11.3 
107 
1 0 2  

096 
09 1 
085 

17 '0i9 
07.3 
06 7 
06 r 
05 5 
049 
042 
036 

17.029 
02.3 
016 
010 

00.9 
16.996 

989 
g82 

16.975 
968 
960 
953 
946 
9.38 
930 
9'3 

16.915 
907 
899 
89 1 
883 
875 
867 
859 

16.850 
842 
4 . 3  
824 
816 
807 
798 
789 

16.780 
77' 
762 
753 
74.3 
734 
724 
715 

16.705 
695 
685 
676 
666 
656 
645 
635 

Inches. 

P 

17'118 
113 
107 
lo2 
096 
09 I 
085 
0 7  9 

17.073 

21 
05 5 
049 
04 2 
036 
029 

17'02.3 
or6 
or0 
003 

1 6 . 9 ~ 6  
989 
98 1 

975 
16'968 

960 
953 
946 
938 
930 
913 
9'5 

16.907 
899 
89 1 
88.3 
85.5 
867 
859 
850 

16.842 
8.13 
814 
816 
807 
798 
789 
780 

16.771 
761 
753 
743 
7.34 
7 24 
715 
705 

16'695 
685 
676 
666 
65.5 
645 
83.5 
625 

B 

on Diagonal. 

24.254 
250 
246 
241 
239 
235 
231 
227 

24.223 
219 
214 
2 1 0  

206 
202 

I97 
I93 

14'188 
184 
1 i9  
175 
170 
'65 
160 
155 

14' 150 
I45 
140 
'35 
130 
125 
1 2 0  

114 
24' 109 

104 
098 
093 
08 7 
08 I 
076 
070 

14'064 
058 
05 a 
04 7 
04 1 

03 5 
028 
0 2 1  

24.016 
O I O  

00.3 
23.991 

991 
984 
978 
971 

a3 ' 964 
9s8 
95 1 

944 
9.17 
9.1 I 

914 
917 



TABLE XXX1.-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. 

0 , ,* 0 1 11 

From 16 0 0 to 1G 7 30 
16 7 30 ,, 16 15 0 
16 15 o ,, 16 22 30 
1 G  22 30 ,, 16 30 0 
16 30 0 ,, 16 37 30 
16 37 30 ,, 16 45 0 
I6 46 0 ,, 1 G  62 30 
16 62 30 ,, 17 0 0 

17 0 0 ,, 17 7 30 
17 7 30 ,, 17 15 0 
17 15 0 ,, 17 22 30 
17 22 30 ,, 17 30 0 
17 30 0 ,, 17 37 30 
17 37 30 ,, 17 45 0 
17 45 0 ,, 17 52 30 
17 62 30 ,, 18 0 0 

18 o 0 ,, 18 7 30 
18 7 30 ,, 18 15 0 
18 15 o ,, 1s 22 30 
18 22 so ,, 18 30 o 
18 30 0 ,, 18 37 30 
18 37 30 ,, 18 45 0 
18 45 o ,, 18 62 30 
18 62 30 , 19 0 0 

19 o 0 ,, 19 7 30 
19 7 30 ,, 10 16 0 
19 15 0 ,, 19 22 30 
19 22 30 ,, 19 30 0 
19 30 0 ,, 19 37 30 
19 37 30 ,, 19 45 0 
19 45 0 ,, 19 62 30 
19 62 30 ,, 20 0 0 

20 0 0 ,, 20 7 3 0  
20 7 30 ,, 20 15 o 
20 15 o ,, 20 22 30 
20 22 30 ,, 20 30 o 
20 30 0 ,, 20 37 30 
20 37 30 ,, 20 45 0 
20 45 0 ,, 20 52 30 
20 52 30 ,, 21 0 0 

21 0 0 ,, 21 7 3 0  
21 7 30 ,, 21 15 0 
21 16 0 ,, 21 22 30 
21 22 30 ,, 21 30 0 
21 30 0 ,, 21 37 30 
21 37 30 ,, 21 45 0 
21 45 o ,, 21 62 80 
21 62 30 ,, 22 0 0 

22 0 0 ,, 22 7 3 0  
22 7 30 ,, 22 16 0 
22 16 0 ,, 22 22 30 
22 22 30 ,, 21  30 0 
22 30 0 ,, 22 37 30 
22 87 30 ,, 22 45 0 
22 45 0 ,, 22 62 30 
22 62 30 ,, 23 0 0 

23 0 0 ,, 23 7 3 0  
23 7 30 ,, 23 16 0 
23 15 0 ,, 23 22 30 
23 22 30 ,, 23 30 0 
23 30 0 , 23 37 30 
23 37 ao ,, za 4; o 
23 45 0 ,, 23 52 30 
23 62 30 ,. 24 o o 

m 

on &,+dian. 

17.189 
189 
189 
189 
1 90 
1 90 
1 90 
190 

r7.190 
191 
191 
191 
191 
191 
191 
'93 

17.192 
192 
193 
193 
193 
'93 
193 
194 

17.194 
'94 ' 94 
'95 
'95 
195 
105 
196 

17'196 
196 
196 
197 
197 
197 
197 
198 

17.198 
198 
198 
I99 
199 
199 
199 
zw 

17.200 
zoo 
2 0 0  

Z O I  

101 
a01 
20 I 
201 

1 7 . 1 0 2  
2 0 1  
101 

20.3 
10.3 
10.3 
204 
104 

Length 

n 
On Lowe' 
Parallel. 

16.625 
614 
604 
593 
58.3 
573 
561 
55 1 

16'540 
519 
518 
506 
495 
484 
471 
46 1 

16.449 
438 
426 
414 
40 
390 
318 
366 

16.354 
342 
330 
3'7 
905 
292 
280 
267 

16.254 
14 [ 
228 
215 
201 

I 89 

2: 
16.149 

1.35 
1 2 2  
I 08 
095 
OR I 
067 
053 

16.0.39 
01.5 
01 I 

I 5.906 
98 1 

968 
953 
939 

15'0'4 
909 
895 
880 
86s 
850 
8.35 
8 lo  

in Inches. 

P 
on Upper 
I'nrallel. -- 

16.614 

on niagonel. I 
604 
593 
58.3 
572 
56 1 
551 
540 

11.529 
518 
506 
495 
484 
471 
46 1 

449 

16.4.38 
426 
414 
402 
390 
-378 
366 
354 

16.342 
3.30 
317 
305 
291 
280 
267 
254 

16.241 
218 
215 
101 
189 
176 
161 
'49 

16.135 
17.1 
108 
095 
OR r 
067 
053 
0.3 9 

16.025 
01 I 

15.91~6 

;!; 
953 
939 
914 

15'909 
895 
880 
86.5 
8.50 
8.35 
820 
804 

23'I)lO 
902 
895 
888 
88 I 
8 74 
866 
859 

23'851 
844 
8.36 
829 
82 I 
81.3 
80h 
i98 

'3 ' 290 
,81 
774 
766 
758 
750 
741 
734 

13'725 
7'7 
709 
7- 
693 
68.3 
675 
666 

23.650 
649 
640 
6.31 
613 
614 
605 
596 

23.587 

569 
578 

559 
550 
54 1 

532 
5 '2 

13'51.3 
50.3 
494 
484 
475 
46s 
455 
446 

23 ' 4.36 
426 
416 
406 
397 
387 

366 
376 - 



TABLE XXX1.-Graticules of maps.-Sides and Diagonals of Squares 
of ith of a Degree of Latitude and Longitude, on the Scale of 
1 Inch to + a mile. 

Latitude. 

0 1 11 0 1 11 

From 24 0 0 to !&A 7 3 0  
24 7 30 ,, 24 15 0 
24 15 0 ,, 24 22 30 
24 22 30 ,, 24 30 0 
24 30 0 ,, 24 37 30 
24 37 30 ,, 24  45 0 
24 45 0 ,. 24 52 30 
24 62 30 ,, 26 0 0 

25 0 0 ,, 25 7 3 0  
25 7 30 ,, 25 15 o 
25 15 o ,, 25 22 30 
25 22 30 ,, 25 30 0 
25 30 0 ,, 25 37 30 
25 37 30 ,, 25 45 0 
25 45 0 ,, 25 52 30 
25 62 30 ,, 26 0 0 

26 0 0 ,, 26 7 3 0  
26 7 30 ,, 26 15 0 
26 15 0 ,, 26 23 80 
2t; 22 30 ,, 26 30 0 
26 30 0 ,, 26 37 30 
26 37 30 ,, 26 45 0 
26 45 0 ,, 26 53 30 
26 58 30 ,, 27 o o 
27 0 0 ,, 27 7 3 0  
27 7 80 ,, 27 16 0 
27 15 o ,, 27 22 30 
27 22 30 ,, 27 30 0 
27 30 0 ,, 27 37 30 
27 37 30 ,, 27 4.5 0 
27 45 0 ,, 27 52 30 
27 53 30 ,, 28 0 0 

28 0 0 ,, 2R 7 30 
28 7 30 ,, 28 15 0 
28 15 0 ,, 28 22 30 
28 22 30 ,, 28 30 0 
28 30 0 ,, 28 37 30 
28 37 30 . 28 45 0 
28 45 0 ,, 28 52 30 
28 52 30 ,, 29 0 0 

29 0 0 ,, 29 7 30 
29 7 30 ,, 29 15 0 
29 15 0 ,, 20 22 30 
29 22 30 ,, 20 a0 0 
29 30 0 ,, 21) 37 80 
29 37 30 ,, 29 45 0 
29 45 0 ,, 79 62 30 
29 62 30 ,, 30 0 0 

30 0 0 ,, 30 7 80 
80 4 30 ,, 30 15 0 
30 16 0 ,, 80 22 30 
30 22 80 ,, 30 ao o 
RO 30 0 ,, 30 37 30 
30 37 30 ,, 30 46 o 
30 45 0 ,, 30 62 30 
80 62 30 ., 31 o o 
81 o o ,, 31 7 ao 
31 7 SO ,, a1 15 0 
81 15 0 ,, 81 23 30 
81 22 ao ,, 31 30 o 
31 30 0 ,, 31 37 30 
31 37 30 ,, 31 45 0 
a1 4s o ,, 31 62 ao 
81 62 80 ,, 32 o o 

m 

on Meridian. 

17.204 
204 
205 
205 
205 
206 
206 
206 

17.206 
207 
207 
207 
208 
208 
208 
308 

17'209 
209 
109 
a 1 0  

210 

7.10 
211 

21 I 

17'111 
211 
212 

112 
al a  

213 
213 
213 

17'214 
214 
214 
'1 5 
"5 
215 
"5 
116 

27'216 
116 
217 
211 

'17 
218 
218 
218 

17'r1g 
119 
219 
220 
120 

a to 
221 

a21 

17.221 
aaa 
at2 
121 

22.3 
12.3 

'2.3 
a 24 

¶ 

on Diagonal. 

13'356 
346 
3.36 
326 
315 
305 
295 
284 

23'274 
16.7 
"3 
242 
23 1 
221 
a10 

'99 
23.188 

178 
167 
156 
145 
134 
12.3 
112 

23' 100 
089 
078 
067 
055 
044 
0.33 
021 

ZJ'OIO 

22.998 
98f 
975 
g63 
952 
940 
9 z8 

12'91.1 
9O5 
89.3 
88 I 
869 
857 
84.5 
833 

ap.8~1 
809 
797 
784 
77l 
760 
748 
7.35 

aa'7a.3 
7 lo 

2: 
673 
660 
648 
635 

Length in Inches. 

P 
On 

Parallel. 
On Upper 
Yarullel. :I--/ 

15.804 
789 
774 
758 
743 
727 
7" 
696 

15.680 
664 
648 
63 a 
616 
600 
583 
567 

15'55O 
534 
5'7 
501 
484 
467 
450 
43.3 

15-416 
399 
38 2 
365 
348 
330 
3 1 3 
295 

15'278 
260 
142 
225 
207 

189 
171 
153 

15'l.34 
I 16 
098 
079 
06 r 
042 
024 
005 

14.986 
968 
949 
9.30 
93 1 
893 
871 
85.3 

14'8.34 
814 
795 
7i5 
756 
736 
716 
697 

15.789 
774 
758 
743 
727 
7 1 1  

2: 
15-664 

648 
63 2 
616 
600 
583 
567 
550 

15'5.34 
517 
50' 
484 
467 
450 
433 
416 

15.399 
382 
365 
348 
330 
313 
295 
~ 7 8  

15'260 
342 
225 
207 
189 
I jr 
353 
134 

15.116 
098 
079 
061 
041 
024 
005 

14.986 

14'968 
949 
9.30 
911 
891 
872 
853 
8.14 

14.814 
795 
775 
756 
7.36 
7 16 
697 
677 



TABLE XXX1.-Graticules of maps.-Sides and Diagonals of  square^ 
of i t h  of a Degree of Latitude and Longitude, on the Scale of 
1 Inch to + a mile. 

Latitude. 

0 1 Y 0 l r, 

From 32 0 0 to 32 7 30 
32 7 30 ,, 32 15 0 
32 16 0 ,, 32 22 30 
32 22 30 ,, 32 30 0 
32 30 0 ,, 32 37 30 
32 37 30 ,, 32 45 0 
32 45 0 ,, 32 52 30 
32 52 30 ,, 33 0 0 

33 0 0 ,, 33 7 3 0  
3% 7 30 ,, 33 15 0 
33 15 0 ,, 33 22 30 
33 22 30 ,, 33 30 0 
33 30 0 , 33 37 30 
33 37 SO ,, 33 45 0 
33 45 0 ,, 33 62 30 
33 52 30 ,, 34 0 0 

34 0 0 ,, 34 7 30 
34 7 30 ,, 34 16 0 
34 15 0 ,, 34 2f 30 
34 22 30 ,, 34 30 0 
34 30 0 ,, 34 37 30 
34 37 30 ,, 34 45 o 
34 45 0 ,, 34 52 30 
34 52 30 ,, 36 0 0 

36 0 0 ,, 36 7 30 
86 7 30 ,, 35 16 o 
35 16 0 ,, 35 22 30 
35 22 30 ,, 3.5 30 0 
35 30 o , 35 :+P 30 
a5 37 30 ,, 35 45 o 
35 46 0 ,, 35 52 30 
35 62 30 ,, 36 0 0 

30 0 0 ,, 36 7 90 
36 7 30 ,, 31; 15 0 
3G 15 0 ,, AG 22 30 
36 22 30 ,, RG 30 0 
31; A0 0 ,, S6 37 30 
36 37 30 ,, 36 45 0 
36 45 0 , 36 52 30 
36 62 30 ,, 37 0 0 

37 0 0 ,, 37 7 3 0  
37 7 30 ,, 37 15 0 
87 16 0 ,, 37 22 30 
87 22 30 ,, 37 30 0 
37 30 0 ,, 37 37 A0 
87 37 30 ,, 37 45 0 
37 45 0 ,, !I7 62 30 
37 62 80 ,, 38 0 0 

38 0 0 ,, 88 7 3 0  
38 7 30 ,, 38 15 0 
YR 15 0 ,, 38 22 30 
98 22 30 ,, 34 :30 0 
38 30 0 , 38 37 30 
38 37 30 ,, 38 45 0 
38 45 0 ,, 3H 62 RO 
38 63 SO ,, 39 0 0 

30 0 0 ,, 39 7 3 0  
39 7 30 ,, 39 16 0 
39 16 o ,, 39 29 90 
39 12 90 ,, 39 80 0 
89 30 0 ,, 39 37 30 
39 37 30 ,, 80 46 0 
39 45 0 ,, 89 62 80 
38 52 30 ,, 40 0 0 

m 

on Meridian. 

17'224 
224 
225 
225 
225 
226 
126 
126 

17'227 
227 
227 
228 
228 
2 18 
229 
229 

17'229 
2.30 
230 
1.3 1 

2.3 1 

2.3 1 

2.32 
2-32 

~i '2.32 
1.33 
23.3 
233 
2.34 
2.34 
2.34 
235 

17'2.35 
2.15 
2.36 
2.36 
237 
237 
237 
238 

1f.a.38 
238 
239 
2.39 
239 
2 40 
2 40 
241 

17,241 
2 (1  
2 $2  
141 
241 
2 43 
243 
24.3 

17.244 
244 
245 
2 45 
145 

in Inchee. 

P 
On 
Perallel. 

14'657 
637 
617 
597 
576 
556 
536 
515 

14'495 
45 4 
454 
43.3 
411 
391 
3 70 
349 

1 4 . 3 ~ 8  
307 
286 
265 
243 
2 2 2  
2 0  I 

I79 

14'157 
1.36 
114 
O I ) ~  
O;O 
048 
026 
004 

13'1jRz 
960 
9.38 
915 
80.3 
8; 1 

848 
815 

13'803 
iRo 
757 
734 
711 
6x8 
665 
64 2 

13'619 
596 
572 
549 
526 
502 
4i9 
455 

13'4.31 
407 
3R4 
360 
336 
3'0 
1R8 
0% 

Lengt.11 

m 

On 

Parallel. -- 
14'677 

657 
6.3 7 
617 
597 
576 
556 
536 

14'515 
49 5 
474 
454 
4.73 
412 
391 
370 

14'549 
328 
307 
286 
165 
243 
27.1 
201 

'4' '79 
157 
1.36 
'14 
09 2 
o j0  
048 
026 

14'004 
1.3'982 

960 
9.38 
915 
893 
871 
848 

1.3'825 
80.3 
;Ro 
757 
734 
7 1 1  
6RR 
665 

16.642 
611) 
596 
572 
549 
526 
$01 
4i9 

13'455 
4.3 1 

40 7 
384 

3.36 

1 

on Dingonnl. 

22.62.3 
610 
597 
g84 
572 
559 
546 
533 

21'520 
Soi 
494 
48 1 
4l.R 
455 
442 
4a9 

21.416 
402 
389 
376 
362 
349 
3-36 
32 2 

22'309 
205 
282 
16% 
25s 
241 
228 
214 

21'100 
187 
1 i 3  
159 
146 
1 .3 2 
I 18 
104 

22'090 
0;6 
ohz 
048 
0.34 
ozo 
006 

21,r)r)z 

21.9;8 
964 
Y50 
936 
922 
9O7 
R93 
879 

21 .865 
850 
8.36 
821 
807 
793 
779 
764 IRR 



TABLE XXXI1.-Grat,icules of maps.-Sides and Diagonals of Squares 
of )th of a Degree of Latitude and Longitude, on the Scale of 
1 Inch to 1 mile. 

Latitude. 

0 # 0 3 

From 0 0 t o  0 15  
0 15 ,, 0 30 
0 so ,, 0 45 
0 45 ,, 1 0 
1 0 ,, 1 15 
1 1 5  ,, 1 3 0  
1 30 ,, 1 45 
1 45 ,, 2 0 

2 0 ,, 2 15 
2 15 , 2 30 
2 30 ,, 2 45 
a 45 ,, s o 
3 0 ,, 3 15 
3 15 , 3 30 
3 30 ,, 3 45 
3 45 ,, 4 0 

4 0 ,, 4 15 
4 15 ,, 4 30 
4 30 ,, 4 43 
4 45 ,, 6 0 
6 0 ,, 5 15 
5 15 ,, 5 30 
5 30 ,, 5 45  
5 46 ,, 6 0 

6 0 ,, 6 15 
6 15 ,, 6 30 
6 30 ,, 6 45 
6 45 ,, 7 0 
7 0 ,, 7 1 6  
7 16 ,, 7 30 
7 30 ,, 7 45 
7 %  ,, 8 0  

8 0 ,, 8 16 
8 15 , 8 30 
8 30 ,, 8 43 
8 45 ,, 9 0 
Q 0 ,, 9 15 
9 15 ,, 9 80 
0 30 ,, 9 46 
9 45 ,, 10 0 

10 0 ,, 10 15 
10 16 ,, 10 30 
10 30 ,, 10 45 
1 0 4 5  ,, 11 0 
11 0 ,, 1 1 1 5  
11 16 ,, I I  a0 
11 30 ,, 11 45 
11 45 ,, 12 0 

12 0 ,, 12 I6 
12 16 ,, l a  no 
12 30 ,, 12 43 
12 46 ,, 18 0 
13 0 ,, 1:) 15 
13 16 ,, 13 80 
13 SO ,. 19 46 
18 46 ,, 14 0 

k 

m 

o n  Meridian. 

17'176 
176 
176 
176 
1;6 
176 
I 76 
176 

17.176 
176 
176 
176 
116 
176 
I 76 
I ;6 

17,177 
177 
1 7 i  
l i 7  
177 
l i 7  
177 
177 

17.178 
178 
1;R 
178 
r i R  
1 i 9  
179 
179 

17.179 
179 
I 80 
I 80 
I 80 
I 80 
I 80 
181 

I~.IRI 
IRI 
181 
I R ~  
I R ~  
181 
18.3 
183 

17'1R.l 
184 
1 R4 
184 
18.5 
185 
185 
I 86 

Lengt l i  in 

R 

On 

Yurallel. 

17.290 
2 90 
290 

3 
286 
2Rj 
28 t 

17.280 
277 
374 
27 1 
267 
263 
258 
354 

17 ' 249 
24.3 
2.37 
2.3 I 
225 
218 
21 I 
204 

17.196 
I RR 
I 80 
171 
162 
153 
143 
134 

17'123 
11.3 
102 
09 1 

079 
067 
055 
042 

17'02') 
016 
00.3 

16,gRg 
973 
960 
946 
9.30 

16.915 
Rl19 
RR.3 
R67 
R.50 
R.1.3 
R i 6  
798 

Iuches. 

P 
On 

Parallel. 

17.290 
290 
289 
2R8 
286 
285 
282 
280 

17.277 
274 
271 
267 
263 
258 
254 
249 

'7 "43 
237 
2.31 
225 
218 
2 1 1  

204 
196 

17'188 
I Ro 
171 
162 
153 
143 
1.34 
1 23 

17.113 
102 
09 I 
079 
067 
05s 
041 
019 

17.016 
00.7 

16.909 
975 
960 
946 
9.30 
915 

16.R99 
88.1 
867 
850 
8.3.3 
816 
7 98 
7 80 

P 
on Diagonal, 

24'371 
37' 
37' 
370 

368 
369 

367 
365 

24'363 
361 
359 
356 
,354 
35 1 
347 
344 

24'340 
337 
332 
328 
323 
318 
314 
308 

24 ' 303 
298 
292 
285 
279 
273 
166 
159 

14'252 
244 
237 
2 29 
1 2 1  
211 
2 04 
195 

14.186 
177 
I 6R 
159 
148 
138 
I 28 
I 18 

14' 107 
097 
4 5  
07.3 
061 
050 
017 
016 



TABLE XXXI1.-Graticules of maps.-Sides and Diagonals of Squares 
of f t h  of a Degree of Latitude and Longitude, on the Scale of 
1 Inch to 1 mile. 

- 

Latitude. 

0 I 0 # 

From 14 0 to 14 16 
14 15 ,, 14 30 
14 30 ,, 14 45 
I4 46 ,, 15 0 
15 0 ,, 15 15 
16 15 ,, 15 30 
16 30 ,, 15 45 
16 45 ,, 16 0 

16 0 ,, 16 15 
16 15 ,, 16 30 
16 30 ,, 16 45 
16 45 ,, 17 0 
17 0 ,, 17 15 
17 15 ,, 17 30 
17 30 ,, 17 45 
17 45 ,, 18 0 

18 o ,, 18 15 
18 15 ,, 18 30 
18 30 ,, 1R 45 
18 45 ,, 19 0 
10 0 ,, 19 15 
19 15 ,, 19 30 
19 30 ,, 19 45 
19 45 ,, 20 0 

20 0 ,, 20 16 
20 15 ,, 20 30 
20 30 ,, 20 45 
20 46 ,, 21 0 
21 0 ,, 21 15 
21 15 ,, 21 30 
21 30 ,, 21 45 
21 45 ,, 22 0 

22 0 ,, 22 15 
22 15 , 22 30 
22 30 ,, 22 45 
22 45 ,, 23 0 
23 ,, 23 16 
23 15 ., 23 30 
23 30 ,, 23 45 
23 46 ,, 24 0 

24 0 ,, 24 16 
I4 16 ,, 24 30 
21  30 ,, 24 45 
24 45 ,, 25 0 
26 o ,, 25 15 
25 16 ,, 25 30 
25 30 ,, 2.5 45 
26 45 ,, 26 0 

26 0 ,, 2fi 15 
26 16 ,, 2fi $0 
26 30 ,, 26 45 
26 46 ,, 27 o 
27 o ,, 27 16 
27 16 ,, 27 ao 
27 30 ,, 27 45 
P7 46 ,, 28 0 

m 

on Meridian. 

17'186 
186 
187 
187 
187 
I 88 
I 88 
188 

17.189 
'89 
190 
190 
191 
191 
191 
192 

17.192 
193 
193 
194 
194 
'95 
195 
195 

17.196 
1 96 
197 
I97 
198 
1 9 ~  ' 99 
'99 

17'200 
101 

101 

2 0 2  
2 0 2  

20.3 
20.3 
204 

87'204 . 
105 
205 
206 
207 
307 
2 08 
208 

1;'209 
101) 

2 1 0  
21 I 

I I I  
2 1 1  

2 1 3 " 3 

Length 

n 
On 

Parallel. 

16,780 
762 
743 
724 
705 
685 
666 
645 

16.625 
604 
583 
561 
5 40 
5 18 
495 
472 

16,449 
426 
40 1 

378 
354 
3.30 
305 
a80 

16.254 
2 18 
2 0 1  

176 
149 
1 2 2  

095 
06 7 

16.0.39 
0 1  1 

1 5 . 9 8 ~  
953 
924 
895 
865 
835 

15'804 
774 
74.3 
711 
680 
648 
616 
583 

'5'550 
511 
484 
450 
416 
38 2 
348 
313 

in Iuches. 

.P 
On U ~ ~ s r  
Parallel. 

16.762 

on Diagonal. I 
74.3 
724 
705 

:2 
645 
625 

16.604 
583 
561 
540 
518 
495 
471 
449 

16.426 
402 
378 
354 
330 
305 
280 
254 

16.228 
zoa 
176 
I49 
121 

"9 5 
067 
03 9 

16.011 
15'981 

953 
924 
895 
865 
8.35 
804 

'5'774 
74.3 
711 
680 
648 
616 
58.3 
550 

15.5'7 
484 
450 
416 
.qua 
348 
313 
278 

24'01.3 
000 

23 ' 988 
974 
96 1 

948 
934 
910 

23 '906 
89.1 
877 
86 2 

8 48 
8.33 
817 
80 I 

2.3' 786 
7 70 
754 
738 
721 
f 05 
688 
670 

23'653 
635 
618 
600 

564 
58' 

546 
5'7 

23 ' 508 
49O 
470 
45 1 
43 1 

41 a 
39' 
37 2 

33'551 
33 1 
310 
'89 

247 
169 

a16 
204 

23. I 8.3 
161 
1.39 
117 
O94 
072 
050 
"27 



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 1 mile. 

Latitude. 

0 I 0 I 

From 28 0 lo 28 16 
28 I5 , 28 30 
28 30 ,, 28 45 
28 45 ,, 29 0 
29 0 ,, 29 15 
29 15 ,, 29 30 
29 30 ,, 29 45 
29 46 ,, 80 0 

30 0 ,, 30 15 
30 15 ,, 30 30 
80 30 ,, 30 45 
30 45 ,, 31 0 
31 0 ,, 31 16 
31 16 ,, 31 30 
81 30 ,, 31 45 
31 45 ,, 31 0 

92 0 ,, 32 15 
32 15 ,, 32 30 
32 30 ,, 32 45 
32 45 ,, 33 0 
33 0 ,, 33 15 
33 15 ,, 33 30 
33 30 ,, 33 46 
33 a6 ,, a4 o 

34 0 ,, 34 16 
91 15 ,, 34 30 
34 30 ,, 34 45 
34 45 ,, 35 0 
35 0 ,, 35 15 
35 15 ,, 35 30 
35 30 ,, 35 45 
85 % ,, 36 0 

36 0 ,, 8 6 1 6  
3~ 15 ,, 96 30 
3G 30 ,, 36 45 
86 45 ,, 87 0 
37 o ,, 37 1s 
37 16 ,, 37 30 
37 30 ,, 37 45 
37 46 ,, 38 0 

98 0 ,, 38 16 
38 16 ,, 38 30 
88 30 ,, 38 45 
38 46 ,, 39 0 
89 0 ,, 39 15 
90 15 ,, 39 30 
39 RO ,, a9 % 
39 45 ,, 40 0 

m 

on Meridian. 

17'214 
214 
21.5 
216 
216 
217 
218 
218 

17.219 
219 
2 2 0  

221 

Z Z I  

1 2 2  

223 
21.3 

17'224 
22.5 
226 
226 
227 
2 28 
228 
229 

17'1.10 
330 
23 1 
2 . v  
1.31 
2.33 
2.34 
235 

17'2.35 
1-36 
J.1 7 
2.37 
2.38 
239 
240 
240 

17'241 
242 
243 
a43 
244 
145 
245 
146 

Length 

n 

On 

Pamllel. 

15'2i8 
242 
207 
17 I 
1.34 
098 
06 I 
024 

14.986 
949 
91 1 

8 72 
8.34 
795 
756 
716 

14'677 
637 
597 
556 
5'5 
474 
433 
391 

14'349 
307 
165 
2 2 2  

1 i 9  
1.36 
09 2 
048 

14'004 
1.3'960 

915 
87 1 

825 
780 
73 4 
688 

1.1.642 
596 
549 
502 
455 
40 7 
360 
311 

in Inches. 

P 

15 ' 24a 
207 
171 
I34 

:ST 
024 

14'986 

14.949 
91 I 
8;a 
8.34 
795 
is6 
716 
677 

14'637 
597 
556 
515 
4i4 
4.13 
301 
349 

14'307 
zh5 
2 2 2  

179 
136 
09 2 
048 
004 

13.960 
915 
871 
825 
780 
:34 
688 
641 

'3.596 
5 49 
50' 
455 
407 
360 
.1 1 2 
263 

9 

on Diagonal. 

23'004 
22'981 

958 
934 

ie; 
839 
863 

22.815 

741 
;:: 
716 
691 
667 
641 

22.616 
59 
566 
539 
5'4 
488 
46 1 

435 

11'409 
382 
356 
329 
302 
ai5 
248 
111 

~ 2 . 1 9 4  
I 66 
1.19 
11 I 

08.1 
055 
017 

21.979 

Jl.971 
94.1 
9'5 
RHh 
858 
829 
800 
771 



TABLE XXXII1.-Graticules of maps.-Sides and Diagonals of Squares 
of + of a Degree of Latitude and Longitude, on the Scale of 1 Inch 
to 4 miles. 

Latitude. 

0 # 0 I 

From 0 0 to 0 30 
0 30 ,, 1 0 
1 o ,, 1 30 
1 30 ,, 2 0 
2 0 ,, 2 30 
2 30 ,, 3 0 
3 0 ,, 3 30 
3 30 ,, 4 0 
4 0 ,, 4 30 
4 30 ,, 5 0 

5 0 ,, 5 30 
5 30 ,, 6 0 
6 0 ,, 6 30 
6 30 ,, 7 0 
7 0 ,, 7 30 
7 30 ,, 8 0 
0 0 ,, 8 30 
8 30 ,, 9 0 
9 0 ,, 9 30 
9 30 ,, 10 0 

10 0 ,, 10 30 
10 30 ,, 11 0 
11 0 ,, 11 30 
11 00 ,, 12 0 
12 0 ,, 1 2 3 0  
12 30 ,, 13 0 
13 0 ,, 13 30 
13 30 ,, 14 0 
14 o ,, 14 30 
14 30 ,, 15 0 

15 0 ,, 15 30 
16 30 ,, 16 0 
16 0 ,, 16 30 
16 30 ,, 17 0 
17 0 ,, 17 30 
17 80 ,, 18 0 
18 0 ,, I 8  30 
18 30 ,, 19 0 
10 0 ,, 10 30 
19 80 ,, 20 0 

20 0 ,, 20 30 
20 30 ,, 21 0 
21 0 ,, 2 1 3 0  
21 R O  ,, 22 0 
22 0 ,, 22 30 
e" Y 30 ,, I:$ 0 
23 0 ,, 23 30 
ZR 30 ,, a b  o 
Z4 0 ,, 24 30 
24 30 ,, 26 0 

E6 0 ,, 26 30 
25 30 ,, 2G 0 
26 0 ,, 21; 30 
20 30 ,, 27 0 
27 0 ,, 27 80 
27 30 ,, 28 0 
28 0 ,, 28 30 
28 80 ,, 29 0 
29 0 ,, 29 80 
29 30 ,, SO 0 

Length in Inches. 

P 
On 
I'nr~llcl. 

8,645 
644 
642 
640 
6.1 7 
633 
629 
624 
619 
613 

8.606 
598 
5 90 
58 1 

571 
562 
551 
5.39 
52; 
515 

8,501 
487 
473 
458 
44 1 
425 
408 
390 
372 
353 

8..33.3 
.3 1 2 
20 I 
2 7 0  
248 
225 
201 

' 7 7  
151 
127 

8.101 
074 
047 
0 1  9 

7'99' 
96 2 
9.3 2 

902 
871 
840 

7'808 
775 
742 
708 
674 
6.19 
60.3 
567 
530 
493 

on Meridian. 

P 
on Diagonal. 

12.186 
185 
184 
I 8.3 
181 
179 
1 76 
1 i 3  
169 
'65 

12.161 
156 
150 
144 
1.38 
131 
124 
I 16 
108 
100 

12.09r 
08 L 

0 7 1  
06 I 
050 
03 9 
028 
016 
00.3 

11'990 

'1'977 
96.1 
949 
935 
9 2 0  
905 

8 7.1 
889 

8 56 
840 

11.822 
805 
786 
768 
749 
7.30 
7" 
69 1 
670 
650 

11.619 
608 
586 
564 
541 
519 
496 
473 
u 9  
425 

On T20we' 
Ynrsllel. I 

8.588 
588 
588 
588 
588 
588 
588 
588 
588 
588 

8.589 
589 
589 
589 
589 
589 
5 90 
5 90 
590 
590 

8,591 
591 
59' 
591 
592 
592 
592 
593 
59.3 
593 

8,594 
594 
595 
595 
595 
596 
596 
597 
597 
598 

8,598 
5 99 
SOU 
600 
600 
60 I 
(lo I 
602 
60 2 

603 

8.60.3 
604 
605 
605 
606 
606 
607 
608 
608 
609 

8,645 
645 
644 
642 
640 
637 
6.1.1 
629 
624 
619 

8.613 
606 
508 
590 
58 
572 
362 
551 
539 
527 

8.515 
501 
48 7 
473 
458 
442 
42.5 
408 
390 
372 

8.353 
333 
312 
29 1 

2 7 0  

248 
"5 
20 I 

1 77 
153 

8.127 
101 

074 
04 7 
019 

7.991 
962 
93 1 
902 
871 

7'840 
808 
775 
742 
;OH 
674 
6.39 
60.3 
567 
5.10 



TABLE XXXII1.-Graticules of maps.-Sides and Diagonals of Squares 
of 4 of a Degree of Latitude and Longitude, on the Scale of 1 Inch 
to 4 miles. 

TABLE XXX1V.-Graticules of maps.-Sides and Diagonals of Squares 
of of a Degree of Lat,itude and Longitude, on the Scale of the 

1 Atlas of India or of Knture. 

Latitude. 

0 ,  0 ,  

From 30 0 to 30 80 
30 30 ,, 31 0 
81 0 ,, 31 30 
31 30 ,, 32 0 
32 0 ,, 3% 30 
35 30 ,, 33 0 
33 0 ,, 33 30 
33 30 ,, 31 o 
34 o ,, 34 30 
34 30 ,, 35 0 

35 0 ,, 33 30 
35 30 ,, 36 0 
36 0 ,, 36 30 
36 30 ,, 37 0 
37 0 ,, 37 30 
37 30 ,, 38 0 
88 0 ,, 38 30 
38 30 ,, 39 0 
39 0 ,, 39 30 
39 30 ,, 40 0 

- 
Length in Inclios. 

Latitude. 

0 ,  0 r 

From 0 0 to 0 30 
0 30 ,, 1 0 
1 0 ,, 1 30 
1 30 ,, a o 
2 0 ,, 2 80 
2 30 ,, 8 0 
3 0 ,, 3 30 
3 30 ,, 4 0 
4 0 ,, 4 30 
4 30 ,, 6 0 

6 0 ,, 5 30 
6 3 0  ,, G 0 
6 0 ,, 6 30 
G 30 ,, 7 0 
7 0 ,, 7 30 
7 30 ,, 8 0 
L) 0 ,, 8 30 
8 30 ,, Y o 
9 0 ,, 9 30 
9 30 ,, 10 0 

nr 

on Melidinn. 

8.610 
610 
611 
61 1 
612 

14 
614 
615 
616 

8.616 
617 
618 
619 
619 
620 
61 r 
62 I 
622 
623 

Lengtl~ in Inches. 

n 
On 

Parallel. 
pp 

7'493 
455 
417 
378 
338 
298 
258 
216 
175 
132 

7'090 
046 
002 

6.957 
913 
867 
82 I 
774 
i27 
680 

P 
On Upper 
Parallel. 

7'455 
417 
378 
3.38 
298 
258 
216 
175 
132 
090 

7'046 
002 

6.957 

:2.: 
821 
774 
727 
680 
6.3 1 

P 

on Diagonal. 

11'401 
377 
352 
327 
302 

250 
276 

224 

17 1  

198 

11.144 
117 
090 
063 
0.34 
00 7 

10.978 
949 
921 
893 

P 
on Diagonal. 

1z.08g 
084 
08.3 
081 
080 
078 
075 
07 1 
068 
064 

11.060 
056 
050 
044 
0.38 
0.Y I 
024 
016 
008 
OQO 

m 

on Meridian. 

8'517 
5'7 
5'7 
517 
5'7 
517 
517 
517 
517 
5'7 

8.518 
518 
518 
Srn 
518 
518 
519 
519 
519 
519 

n 

~ 2 2 ~  

8.374 
574 
573 
57' 
569 
566 
562 
5.58 
55.3 
5 48 

8'543 
5.35 
527 
519 
5'0 
50 I 
49 1 
480 
468 
45 7 

P 
On U P P ~ ~  
Psrallel. 

8.574 
57.3 
57' 
569 
566 
561 
558 
553 
548 
542 

8'535 
527 
5'9 
51° 
50 1 
49 1 
480 
46R 
45 7 
445 



TABLE XXX1V.-Graticules of maps.-Sides and Diagonals of Squares 
of 4 of a Degree of Latitude and Longitude, on the Scale of the 
Atlas of India or &5z of Nature. 

Latitude. 

0 I 0 I 

From 10 0 to 10 30 
10 30 ,, 1 1  0 
11 0 ,, 1 1 3 0  
11 30 ,, 12 0 
12 o ,, 12 30 
12 30 ,, 13 0 
13 0 ,, 1 3 3 0  
13 30 ,, 14 0 
14 0 ,, 14 30 
14 30 ,, 1s o 

16 0 ,, 15 30 
15 30 ,, 16 0 
1 G  0 ,, 16 30 
16 30 ,, 17 0 
17 0 ,, 17 30 
17 30 ,, 18 0 
I8 0 ,, 18 30 
18 30 ,, 19 0 
19 0 ,, 1 9 3 0  
19 30 ,, 20 0 

20 0 ,, 20 30 
20 30 ,, 21 0 
21 0 ,, 21 30 
21 30 ,, 22 0 
22 0 ,, 28 30 
22 30 ,, 23 0 
23 0 ,, 23 30 
23 30 ,, 24 0 
24 0 ,, 24 30 
24 30 ,, 25 0 

26 o ,, 25 so 
26 30 ,, 26 0 
26 0 ,, 26 30 
26 30 ,, 27 0 
27 0 ,, 27 30 
27 30 ,, 28 0 
28 0 ,, 28 30 
2R 30 ,, 29 0 
29 0 ,, 29 30 
29 30 ,, SO 0 

30 0 ,, 30 30 
3 0 3 0  ,, 31 0 
81 0 ,, 31 30 
31 30 ,, 32 0 
32 O ,, 3" 30 
32 ao ,, 3.1 o 
33 0 ,, 33 90 
33 30 ,, 3.1. 0 
34 0 ,. 3 4  80 
35 80 ,, 36 0 

85 0 ,, BR 30 
35 30 ,, 3C, 0 
36 0 ,, 16 90 
36 30 ,, 37 o 
87 0 ,, 37 30 
37 30 ,, 3R O 
38 0 ,, 38 30 
88 30 ,. 39 0 
39 0 ,, 39 30 
89 30 ,, 40 o 

m 

on Meridian. 

8.520 
5 2 0  
520 
5 20 
521 
52' 
521 
522 
522 
522 

8'523 
5 2.4 
5 24 
524 
524 
525 
57.5 
5 26 
526 
527 

8.527 
5 28 
52'3 
5 29 
529 
5.30 
530 
531 
531 
53 2 

8.532 
53.3 
534 
534 
5.35 
535 
536 
53i 
537 
538 

8.539 
539 
5 40 
54 1 
541 
541 
54.3 
543 
5 44 
5 45 

8.545 
546 
547 
548 
54'3 
649 
5.50 
550 
6.51 
552 

Inches. 

P 
On 
Psrallel. 

8.431 
417 
403 
388 
372 
3.55 
339 
321 
303 
284 

8'264 
243 
222 
201 

180 
157 
1.73 
109 
08 5 
060 

8 '0.34 
007 

7'980 
953 

$2 
866 
8-37 
806 
775 

7'743 
7" 
678 
644 
61 1 
576 
540 
504 
468 
43 1 

7'39.3 
356 
3'7 
277 
2.78 
198 
156 
1 16 
073 
03 1 

6.9RR 
944 
YO0 
8.56 
810 
7% 
7'8 
67' 
62s 
577 

Length in 

II 

0" bTer 
l'srdlel. 

8.445 
43 1 
4'7 
403 
380 
372 
355 
339 
J2' 
303 

8.284 
264 
243 
227. 
202 
180 
157 
1.33 
109 
085 

8,060 
0.14 
007 

7'9Ro 
95.3 
925 

i866 
8.37 
806 

f '775 
743 
7" 
678 
644 
611 
576 
5 40 

::: 
7'431 
393 
.156 
3' 7 
277 
2.38 
198 
156 
1 16 
07.7 

7'031 
6.988 
944 
YO0 
856 
810 
765 
7'8 
6; I 
625 

4 
on Diagonal. 

1 1 .991 
98 1 
97' 
96 1 
950 
940 
929 
9' 7 
904 
891 

I I '878 
-964 
850 
8-36 
821 
807 
791 
775 
758 
742 

11.724 
7O7 
689 
67 1 

652 
6-73 
614 
594 
574 
554 

11'533 
5'a 
490 
468 
44 7 
424 
401 
378 
354 
33' 

11'301 
283 
958 
13.3 
209 
18.3 
'57 
1.3' 
10.5 

079 

11'052 
025 

10.998 
972 
94.3 
916 
887 
8.59 
8.3 1 

803 



TABLE XSXV.-Graticules of maps.-Sides and Diagonals of Squares 
of 1 Degree of Latitude and Longitude, on the Scale of 1 Inch to 
8 miles. 

Lntitude. 

From 0 to 1 
1 ,, 2 
2 ,, 3 
3 ,, 4 
4 ,, 6 
5 ,, 
6 ,. 7 
7 ,, 0 
8 ,, 9 '  
9 ,, 10 

10 ,, 11  
11 ,, 12 
12 ,, 13 
13 ,, 14 
14 ,, 16 
15 ,, 16 
16 ,, 17 
17 ,, 18 
18 ,, 19 
19 ,, 20 

20 ,, 21 
21 ,, 22 
22 ,, 23 
23 ,, 24 
4 ,, 25 
25 , 26 
26 ,, 27 
27 ,, 28 
28 ,, 29 
23 ,, 30 

30 , 31 
31 ,, 32 
32 ,, 33 
33 ,, 34 
34 , 36 
35 , 36 
36 ,, 37 
37 ,, 38 
38 ,, 39 
39 8 ,  40 

m 

on Meridian. 

8.5'78 
588 
588 
588 
588 
589 
509 
589 
590 
590 

8'591 
591 
591 
593 
593 
594 
595 
596 
596 
597 

8.598 
599 
600 
601 
603 
604 
605 
606 
607 
609 

8.610 
61 I 
613 
614 
615 
617 
618 
620 
621 
61.3 

Length 

n 

On 
Parallel. 
-- 

8.645 
644 
640 
633 
624 
613 
598 
58 1 
562 
5.19 

8.515 
48 7 
458 
42.5 
390 
353 
312 
270 
225 
'77 

8.127 
074 
019 

7'96a 
902 
840 
775 
708 
6.19 
567 

7'493 
417 
3.38 
258 
175 
090 
ooa 

6.91.3 
82 I 
727 

in Inches. 

P 
On 

Parallel. 

8.644 
640 
633 
624 
613 
598 
58 1 
562 
539 
515 

8.4'77 
458 
425 
390 
353 
3'2 
270 
zzj 
177 
127 

8'074 
019 

7'962 
902 
840 
775 
708 
6.19 
567 
493 

7'417 
3.1'7 
258 
'75 
090 
ooz 

6'91.1 
821 
727 
631 

II 
on Diagonal. 

12.185 
183 
180 
'74 
167 
158 
147 
1.34 
I20 

104 

12.086 
066 
045 
oza 

11'997 
970 
942 
912 
88 I 
848 

11.81.3 
777 
740 
701 
660 
618 
5 75 
5.10 
484 
43 7 

I I '389 
339 
289 
2.37 
184 
1.31 
0 7 ~  
021 

10.964 
907 



TABLE XXXV1.-Graticules of maps.-Sides and Diagonals of Squares 
of 2 Degrees of Latitude and Longitude, on the Scale of 1 Inch 
to 12 miles. 

TABLE XXXVI1.-Graticules of ma,ps.-Sides and Diagonals of Squares 
of 2 Degrees of Latitude and Longitude, on the Scale of 1 Inch 
to 16 miles. 

Latitude. 

From 0 to 2 - 
2 ,, 4 
4 ,, 6 
6 ,, 8 
8 ,I 10 

10 ,, 12 
12 ,, 14 
14 ,, 16 

16 ,, 18 
18 ,, 20 
20 ,, 22 
22 ,, 24 
24 ,, 26 
26 ,, 28 
28 ,, 30 
30 ,, 32 

32 ,, 34 
34 ,, 36 
36 ,, 38 
38 ,, 40 
40 ,, 42 
43 ,, 44 
44 ,, 46 

Length in Inches. 

Lntitudo. 

From 0 to 2 
2 ,, 4 
4 ,, 6 
6 ,, 8 
8 ,, 10 

10 ,, 12 
12 ,, 14 
14 ,, 16 

16 ,, 18 
18 ,, 20 
20 ,, 22 
22 ,, 21 
24 ,, 2G 
26 ,, 28 
28 ,, 30 
30 ,, 38 

32 ,, 34 
3% ,, 36 
36 ,, 38 
38 ,, .u) 
40 ,, 42 
42 ,, 4L. 
4* ,, 46 

P 
On on Diagonal. 
Parellel. 

1 1  '520 

I 
16.a45 

499 235 
464 216 
416 187 
353 149 
zi7 I O I  

187 044 
083 15'977 

10.966 15'9oa 
836 8 18 
693 726 
536 626 
367 518 
185 403 

9'991 280 
15' 

9'566 15'016 
.736 14'8;6 
095 7.30 

8.842 580 
579 426 
305 268 
0 2  I 108 

m 

on Meridian. 

I I ' ~ . ; I  

45 ' 
45 1 

45 2 
453 
455 
456 
458 

I I ,460 
463 
465 
468 
47 1 
474 
477 
48 1 

11.484 
488 
492 
496 
500 
504 
508 

Lengtli rn Inches. 

I) 

On 
Parallel. 

11'52; 
5 20 
499 
464 
416 
353 
277 
'87 

I I .OR.? 
10,966 

8.36 
693 
5.36 
367 
185 

9'991 

9.78; 
sfJ6 
336 
095 

8.842 
519 
30.5 

m 

on Bleridinn. 

8.gRA 
588 
588 
589 
500 
59' 
591 
594 

8.595 
597 
599 
60 I 
60.3 
606 
608 
61 1 

8.61.4 
616 
619 
612 
62s 
6 28 
6.3 1 

n 

On 
Pnrnllel. 

8.645 
640 
624 
598 
562 
515 
458 
390 

8 , j r a  
3 2 5  
1 2 7  

019 
7 '902 

i75 
6.39 
49.3 

7'3.18 
1 i5 
wa 

6.821 
6.32 
434 
219 

P 
On rl '~er 
Parallel. 

8.640 
624 
598 
562 

% 
.790 
.3 1 1 

8.rag 
127 
019 

7'90' 
77.5 
6.39 
493 
338 

7.175 
001 

6.821 
6.3 a 
4.34 
729 
016 

P 

on 1)iagonal. 

1a.184 
177 
161 
140 
I I I  

076 
03.3 

I I  

I I '927 
864 
795 
7 2 0  
6.49 
552 
460 
364 

11.261 
157 
o4R 

""935 
819 
701 
58 1 



TABLE XXXVII1.-Graticules of maps.-Sides and Diagonals of Squares 
of 2 Degrees of Lat,itude and Longitude, on the Scale of 1 Inch to 
24 miles. 

TABLE XXX1X.-Graticules of maps.-Sides and Diagonals of Squares 
of 2 Degrees of Latitudc and Longitude, on the Scale of 1 Inch to 
32 miles. 

Lntitudo. 

From 0 to 2 
2 ,, 4 
4 ,, 6 
6 ,, 8 
8 ,, 10 

10 ,, 12 
12 ., 14 
1.L ,, 16 
16 ,, 18 
18 ,, 20 
20 ,, 22 
22 ,, 24 
24 ,, 26 
26 ,, 28 
28 ,, 30 
30 ,, 32 

82 ,, 34 
34 ,, 3G 
36 ,, 38 
38 ,, 40 
40 , 42 
42 ,, 44 
44 ,, 46 

Length in Inches. 

m 

on Meridian. 

5'725 
i25 
i26 
7 26 
727 
727 
i28 
729 

5 ' 7.30 
7.31 
733 
734 
735 
7.37 
739 
7 40 

5'742 

;2 
748 
7.50 
752 
754 

.I 

- 
Latitude. 

From O to 2 
2 , 4 
4 ,, 
6 ,, 8 
8 . 10 

10 ,, 12 
12 ,, 14 
14 ,, 16 

16 ,, 18 
18 ,, 20 
W ,, 22 
22 ,, 24 
24 ,, 26 
26 ,, 28 
28 ,, 30 
30 ,, 32 

32 ,, 3-& 
34 , 36 
38 ,, 38 
38 ,, 40 
BO ,, 4'2 
42 ,, 4 
44 , 4 

n 

On 
Pnrallel. 

5'763 
760 
750 

;:; 
676 
63R 
5 93 

5'542 
483 
418 
346 
268 
18.3 
O93 

4'995 

4'892 
783 
668 
547 
421 
289 
'53 

Length in Inches. 

P 
On Upper 
Parallel. 

5'760 
750 
732 
708 
6;6 
638 
593 
541 

5'483 
418 
346 
268 
'83 
093 

4'995 
892 

4' 783 
668 
547 
421 
289 
153 
01 I 

P 
on Upper on Diagonal. 
Yorallel. 

- 

4'320 

I 
6.092 

3" oR8 
299 08 1 
28 I 07 1 

2.57 0.56 
229 0.38 
105 016 
156 5'99' 

4 .112 5.963 
064 9.1 2 
0 1 0  897 

3'95' 860 
R R R  819 
819 7 76 
747 7.10 
669 68 1 

.3,5R7 5.6.31 
501 578 
4'1 514 
316 407 
2'7 4'0 
114 .IS' 
ooR 291 

m 

on Meritban. 

4' 294 
'94 
294 
295 
295 
205 
296 
297 

4'298 
208 
299 
300 
,302 
303 
304 
305 

4 ' . w  
.3oR 
309 
311 
,312 
314 
31s 

¶ 

on Diagonal. 

8.12.3 
I 18 
I 08 
094 

050 
074 

0 2 1  

7'989 

1'951 
909 
863 
813 
759 
701 
640 
576 

7.508 
438 
365 
190 
213 
1.34 
054 

n 

On LOwer 
Pnrnllcl. 

4'323 
320 
312  
299 
Z R I  

2.57 
229 
105 

4'1.56 
I I I  

064 
0 1 0  

3'951 
nun 
819 
i47 

,~ 'hhg 
587 
501 
41 1 

3'6 
217 
'14 



TABLE XL.-Graticules of maps.-Sides and Diagonals of Squares of 
2 Degrees of batitude and Longitucle, on the Scale of 1 Inch to 
48 miles. 

TABLE XL1.-Graticules of maps.-Sidcs and Diagonals of Squares of 
2 Degrees of Latitude and Longitude, on tho Scale of 1 Inch to 
96 miles. 

Latitude. 

From 0 to 2 
2 ,, 4 
4 ,, 6 
6 ,, 8 
0 ,, 10 

10 ,, 12 
12 !, 14 
14 ,, 16 

16 ,, 18 
18 ,, 20 
20 ,, 22 
22 ,, 24 
24 ,, 26 
26 ,, 28 
28 ,, 30 
30 ,, 32 

32 ,, 34 
34 ,, 3G 
36 ,, 38 
38 ,, 40 
40 ,, 42 
42 ,, 44 
4.4 ,, 46 

Lenglh in Incl~es. 

Latitude. 

From 0 to 2 
2 ,, 4 
4 ,, 6 
6 v v  8 
0 , 10 

10 ,, 12 
12 ,, 14 
18 ,, 16 

16 ,, 18 
1R ,, 20 
20 ,, 22 
22 ,, 21. 
2 ,, 2G 
2G ,, 28 
28 ,, 30 
SO ,, 32 

32 ,, 34 
34 ,, 36 
aci ,, 38 
38 8 ,  40 
40 , 42 
42 ,, 4 i  
44 ,, 46 

9n 

on Muridinn. 

2.863 
863 
86.3 
86.3 
86.3 
864 
864 
865 

2.865 
866 
866 
867 
$68 
869 
869 
870 

2.871 
872 
8 73 
8 74 
875 

:76 i 7 

Length in Inches. 

~t 

On 

l'arnllel. 

2.882 
880 
875 
866 
854 
8.38 
819 
797 

2'771 
742 
709 
673 
634 
592 
5 46 
498 

2'446 
392 
331 
274 
7.11 

115 
076 

m 

on Meridian. 

1'431 
4.1 I 
43 1 

43 a 
43 2 

437. 
43 2 

431 

1'4.13 
433 
43.1 
43.3 
431 
4.14 
43 5 
4.15 

1'4.36 
4.36 
436 
4.3 7 
43 7 
438 
438 

P 
On 

Parallsl. 

2,880 
875 
866 
854 
8-39 
819 
797 
771 

z';.)z 
7O9 
673 
6.31 
592 
546 
49R 
4-46 

2'.392 
3.34 
2 74 
211 

145 
0;6 
005 

1) 

On 

Parallel. 

1'441 
440 
437 
4 3 3 
427 
419 
410 
398 

1 '.185 
371 
355 
3.3 7 
317 
296 
273 
2 40 

I .  2a.q 
196 
'67 
137 
105 
0 7 1  
038 

P 
on Diagonsl. 

4'061 
059 
054 
047 
03 7 
025 
01 I 

3 ' 994 

3 '9i6 
955 
932 
907 
880 
85 1 
820 
788 

3'755 

645 
606 
567 
527 

P 
On r ~ ~ e r  
Parnllcl. 

1.440 
4.3 7 
433 
427 
419 
410 
898 
385 

1,371 
355 
337 
3'7 
296 
27.3 
249 
21.3 

1.196 
167 
1.17 
'05 
07' 
0.18 
00.3 

!7 
on Diagonal. 

a-031 
019 
0 2 7  
02.3 
0'9 
0 '3  
005 

1'997 
I ,988 

977 
966 
953 
940 
9'5 
910 
894 

"877 
859 
84 I 
811 
803 
78.1 
763 



TABLE XLI1.-Rectangular Co-ordinates in Chains of the Corners 
of +th Degree Squares, referred to the centre of the Degree as 
Origin. 

Lstitnde. 

0 I ,I 

40 0 0 
62 30 
45 0 
37 30 
30 0 

22 30 
15 0 
7 30 

3 9 0  0 

39 0 0 

22 30 

38 o o 

30 0 

22 30 

36 o o 

22 30 

- 

c 
'bo a 
'I 
O 

m 
a 
s * 
& 

a 

2 

5 
" 

Distances in ,kc E. or W. of Origin. 

,, (Y 0" 

Me& 
dian. 

2759.33 
2069.48 
1379.64 
689.81 

ORIGIN 

689.80 
1319.58 
2069.34 
2759.10 

Perpen- 
dicular. 

zrzz.15 
2126.02 
2129.87 
2133.72 
"37'55 

2141.37 
214b.19 
2148~99 
2152.78 

7' 34' 22' 30" 

Meri- 
dian. 

2766.29 
2075.43 
1385.58 
695.75 
5'93 

68.3'87 
137.3.66 
2063.4.3 
2j53.19 

Perpen- 
dicular. 

530'54 
531'50 
532.47 
533'43 
5.34'39 

5.35'.34 
536.50 
5~7.25 
538'20 

15' 0" 

Perpen- 
dicular. 

------- 

1591.61 
1594'51 
1597.40 
1600.19 
1603.16 

1606.0.3 
1608.89 
1611.74 
1614.59 

Meri- 
dim. 

---- 

2759.71 
2069.85 
1380.01 
690.18 
0.37 

689.43 
1379.21 
2068.97 
2758.73 

Perpen- 
dicular, 

1061.08 
1063.01 
1064.94 
1066'86 
'0~8.77 

1070.69 
1072.59 
1014.49 
1076'39 

Meri- 
dinn. 

2762.68 
2072'83 
1382.98 
693.15 
3'34 

686.46 
13i6.25 
2066.01 
1755'71 

Meri- 
dim. 

2760.81 
2070.97 
1381.12 
691.30 

1'48 

688.31 
1.378.10 
2067.87 
2757'62 



TABLE XLI1.-Rectangular Co-ordinates in Chains of the Corners 
of i th  Degree Squares, referred to the centre of tho Degree as 
Origin. 

Latitude. 

0 , "  

36 0 0 
62 30 
45 0 
37 30 
30 0 

22 30 
16 0 
7 30 

34 o o 

34 0 0 
52 30 
45 0 
37 30 
80 0 

22 30 
15 0 
7 30 

33 0 0 

33 0 0 
62 30 
46 0 
37 30 
30 o 

22 30 
16 0 
7 30 

3 2 0 0  

32 0 0 
62 30 
45 0 
37 30 
30 0 

22 30 

d 
'0 .- 
6 
u O 

m 

1 

Distances in Arc E. or W, of Origin. 

dicular dim lculnr. d i ~ ~ n .  diCular. 1 dl&. d i c h r .  1 dim. dim. 
ri 

30' 0" 

- 

Perpen- Meri. 

22' 30" 15' 0" 

Perpen- Meri. Perpen- 

A 

5 
R 

6 

A 

5 
Z 

5 

A 
5 

5 
g 

A 

nferi- 

7' 30" 

2268.64 
2252'08 
2275.52 
2278'94 
2282.35 

2285'75 
2289.14 
2291.52 
2295.89 

2295'89 
2199.25 
2302.60 
2305'9.3 
2309'26 

2.312-57 
2315.87 
2.319.16 
1.3~2'44 

2.32r'qq 
z~z5';1 
2328.9; 
~ 3 3 2 ' ~ ~  
1.335'46 

2.338.68 
~341.90 
2345.10 
2348.29 

2348'29 
z.351'4f 
2354.64 
1.357'80' 
2360.94 

Perpen- Meri- Meri- 

2762.70 
2073'41 
1384.14 
694'88 
5.64 

683'59 
1372.80 
2062.01 
2751'19 

2562.18 
~07.1.00 
1383.84 
694.70 
5's6 

683'56 
1.312.66 
2061.56 
2750.83 

2761'65 
2072.59 
138.3.54 
694'50 
5'48 

68.3'54 
13;1.53 
2061.52 
2750.49 

r761.1.q 
1072'17 
1.383.23 
694'.30 
5.38 

1701.48 
,1704'06 
1706.64 
1709.21 
1111.76 

1714.~1 
1716.86 
1719.39 
1721.92 

1721.92 
1724.44 
1526.95 
1f~9.45 
l'131.94 

1134.43 
1736.90 
1739.37 
1741.83 

1741'83 
1744'28 
1746.73 
1749'1; 
1751'59 

1754'01 
1756.41 
1i58.81 
1;61'21 

1761.22 
176.3'60 
1765.98 
1768..15 
15;0.;1 

2760.22 
zojo.93 
1381.67 
692'41 
3.18 

686.05 
1375.27 
2064.46 
2753.65 

2759'72 
2070.56 
1381.40 
692.26 
3'13 

68.5'99 
1375.09 
2064'17 
2753.25 

2759'24 
2070.18 
1,381'14 
692'10 
3.08 

685'92 
1.174.92 
2063.90 
1752.87 

2758'75 
2069.81 
1.380.87 
691.94 
3.02 

1134'3~ 
1136.04 
1137.76 
1139'47 
1141.18 

1142.88 
1144.57 
1146.16 
1147.95 

1147.95 
1149.62 
1151.jo 
1152.97 
1154.~3 

1156.28 
1157.94 
1159'58 
1161.22 

1161'22 
1162.86 
1164.49 
1166.11 
1167.73 

1169.34 

2758'44 
2069.16 
1 ~ 7 ~ . 4 o  
690'65 

1.41 

687.81 
1377.02 
2066.22 
a755'40 

2757'98 
2068.81 
1379.66 
690.52 

"39 

687'72 
1376.82 
2065.90 
2754.97 

2757.51 
2068'46 
1.3i9.41 
690.39 
1'37 

687.63 

2066.96 
2755.91 

2755.70 
2066.76 
1377.82 
688.91 

2757'01 
2067'75 
1378.48 
689'23 

ORIQIN 

689'22 
1,378.43 
2067.62 
2756.80 

2756'57 
2067.41 
13i8.26 
689'11 

ORIGIN 

689.11 
1.378.10 
2067.29 
1a756.31 

a756.13 
2067.08 
13;8.04 
689.01 

ORIGIN 

689.00 
1377.99 

2066.62 
1755.58 

2756.04 
2067.09 
11378.16 
689.24 
0.34 

567.16 
568.02 
568.88 
569'74 
570.59 

571.44 
572.29 
573.13 
573'97 

573'97 
574'81 
575.65 
576'48 
577'3' 

578'14 
5i8.97 
579.59 
580.61 

580'61 
581.43 
582.24 
583'06 
58.3'86 

584.67 
585.47 
5R6.27 
;8?.o7 

1757'38 
2068.10 
1378.84 
689'59 
0'35 

688.87 
1378.08 
2067.17 
2756'45 

2756'91 
2067.76 
1378.61 
689'47 
0'35 

688'76 
1377.86 
2066'94 
1756.01 

2756'48 
2067.42 
1~;8..38 
689'36 
0'34 

688.66 
1577.64 

1174.14 
1175'7~ 
1177.~2 
1178.90 
1180.47 1.35 590.24 

1757.06 
2068.11 
I.~;~.IR 
690.25 

587.07 
587'87 
$8.66 
589.45 



TABLE XLI1.-Rectangular Co-ordinates in Chains of the Corners 
of +th Degree Bquares, referred to the centre of the Degree as 
Origin. 

Latitude. 

0 I N 

30 0 o 
52  30 
45 0 
37 30 
30 0 

22 30 
15 0 
7 30 

29 0 0 

29 0 0 
52 30 
45 0 
37 30 
80 0 

22 30 
15 0 
7 30 

28 0 0 

28 0 0 
53 30 
45 0 
37 30 
30 0 

22 30 
15 0 
7 30 

27 0 0 

27 0 0 
52 30 
45 0 
37 30 
30 0 

22 30 
15 0 
7 30 

26 0 0 

26 0 0 
52 30 
45 0 
37 30 
30 0 

22 30 
15 0 
7 30 

26 0 0 

d ,- 
M .- 
3 
Y 
O 

2 

A 

R 

2 

$ 

c 

Z 

g 

Distances i n h c  E. or W. of Origin. 

A 

30' 0" 

2748.97 

2758.55 
12070.10 
1381.66 
693.24 
4.81 

683.58 
1j;1.97 
2060.34 
2748'71 

2;58.04 
1069.69, 
1.381.34 
693.01 
4'69 

683.61 

tbfio.20 
274.47 

A 

A 

A 

Z 

22' 

Perpen- 
dioular. 

1798.37 
1800.62 
1802.86 
18o.i.09 
1807.31 

1809'53 
1811.74 
1813.94 
1816.13 

1816.33 
1818.31 
1820.48 
1822.64 
1824'80 

1826.94 
1829.08 
18.31.21 
1833'33 

1849.97 

1849.97 
1851.01 
1854.05 
1856-07 
1858.09 

186o.oq 
1R6l.or) 
1864.08 
1866.06 

1866.06 
1868~0.3 
1869.99 
1871.94 
187.3'88 

1R75.81 
1371.91i18;;.75 

1179.66 / 1881.57 

15' 0" 

Perpen- 
dicular: 

--- 

2.397'82 
2400.81 
240.3.81 
2406.;9 
2409.75 

2412.71 
2414.65 
2416.~6 
2421.50 

2421'50 
2424.41 ' 
24a7'30 
24.30.19 
24.33'06 

1435.92 
2438.77 
a ~ r . 6 1  
2444'44 

1~466.6~ 

2466.63 
1469.35 
2471.06 
2474.76 
2477.45 

2480.12 
2482.78 
2485.4~~ 
2488.08 

2qR8.08 
1490.70 
149,1..32 
1495.91 
2498'51 

2501.09 
1503.66 
1506.12 
1508.76 

30" 

Meri- 
dim. 

2757'80 
2069.06 
1580.33 
691.61 
2.92 

685.78 
1.374'45 
2063.12 
2751.77 

2757'33 
2068.69 
1.380.06 
691.46 
2'85 

685'74 
1374..31 
2062.88 
ai51'4.3 

Perpen- 
hcular. 

- - -  

1198.91 
12e0.41 
1201.91 
1203.39 
1204.88 

1206.35 
1207.82 
1209.29 
1210.75 

121o';j 
1212.20 
1213.65 
1215.09 
1216.53 

1217.96 
1219..39 
1220.80 
1222'22 

Meri- 
dim. 

2i60.09 
zo71..34 
1382.61 
693.89 
5.18 

68.3'52 
13;z.zo 
~b60.87 
27~9'5.3 

2759.57 
20i0.93 
1.382.29 
693.6; 
5.07 

663.53 
1372.11 
2060~68 
2 7 ~ 9 ' 2 ~  

7' 

Perpen. 
dioular. 

599'46 
600.21 
600.95 
601.70 
601.44 

603.18 
603.91 
604.65 
605.38 

605'38 
606.10 
606.83 
607.55 
608.27 

608.98 
609.69 
610.40 
611.11 

616.66 

616.66 
617.34 
618.02 
618.69 
619.36 

620'03 
620.70 
621.36 
623.01 

6rz.01 
621.68 
613.39 
615.98 
614'63 

615.17 
615.91 
626.55 
637'19 

2414.44 
2447.35 
2450.06 
2452.85 
2455.63 

2458.40 
2461.15 
I~jh.~.90 

Meri- 
dian. 

1756.17 
2067.43 
1.378.70 
689.99 
1.30 

687'39 
1376.06 
2064.73 
2753.37 

~;55'f3 
206j.10 
1578.47 
689.86 
1.27 

687'32 
1.375.89 
2064.45 
2753.00 

I 
2759'06 
20;0.~1 
1381.98 
693.46 
4.95 

683.55 
1.372'03 
2060.51 

zi51.11 

2756.40 
2067.96 
1379.53 
691.12 

I 

685.68 
1.374.07 
2062.44 
2750'80 

2755'95 
ao67.61 
1.179.27 
690.95 
2.64 

685.66 
1.37.l.9.q 
io6r.t.3 
2750.49 

1833'33 
1835.44 
18.47'54 
1839.64 
1841.72 

184.3.10 
1845.86 
1847.92 

30" I O' O" 

1753.55 

2065'53 
1,3;7'11 
688'70 
0'30 

688.08 
1376.46 
2b64.811"05.11 
275.3'17 

1753.58 
2065.14 
13i6.91 
b88.60 
0'19 

688.00 
1376'28 
2064.55 
lf51.80 

611.11 
611.81 
612.51 
613.21 
613.91 

614.60 
615.29 
615.97 

Meri- 
&an. 

2755'19 
2066.45 

2553.85 

275.3'66 
2065'23 
1376.81 
688'40 
ORIGIN 

688.39 
1376.76 

1753'47 

2753.38 
2064.94 
1376.62 
68R'jo 

ORIGIN 

688.29 
1376'57 
12064'84 
1753.09 

1zj.3.32 
1234.68 
12.36.03 
12.77.38 
I 

1140.06 
1241.39 
1241.72 
1244.04 

1244-04 
1245.39 
1146.66 
1147.~6 
1249.26 

1250.55 
1251.83 
115j.11 
1254.3~ 

Mefi- 
dian. 

a754.86 
1066.13 

2756'87 2755'70 

1233.32'2752.63 

2754.88 
2066.45 
1.3i8.01 
689.61 
1.11 

687.18 
1375.56 
2bfi3.$3 
275a.18 

1754.17 
1066.13 
1.777.Ro 
689.48 

1.17 

687.11 
1375.41 
2063.68 
2751'94 

2754'36 
2065.83 
1377.31 
688.80 
0.31 

688.1; 
1356.64 
2065.10 

2068.33 
1,379.Ho 
691.28 
2.78 

685.71 
1.174.19 
2062.65 

2754'05 
a065.52 
1.377'00 
688'49 

ORIGIN 

68141 
13i6.95 
2065.41 

1377.73: 
689.02 
oa3a 

688.36 
1377.03 
2065.69 
2f54.33 

2754.77 
2066.14 
137.1'52 
688.91 
0.32 

688'27 
1376.83 
2065'39 
2753.94 

20k6.j~ 
1225 03 1378.25 
1226.42 689'74 
1zij.81 1 1.24 

lzq.aol 687.~5 
1230.~8' 1375.72 
12.q1.r)5 206~.18 

1377.40 
1 b88.70 
I 

688.68 
1777'35 
zb66.01 
1754.65 

2754.45 
20h5.82 
1377.20 
688.59 

ORIGIN 

688'58 
1.377.15 
2065.71 
1754.25 



TABLE XLI1.-Rectangular Co-ordinates in Chains of tho Cornere 
of +th Degree Squares, referred to the centre of the Degree as 
Origin. 

Latitude. 

0 I ,, 
25 0 0 

62 30 
45 0 
37 30 
80 0 

22 30 
1.5 0 
7 30 

2 4 0  0 

.& 
'E 
0 
u 

a 
a " 
2 

a 

Z 

g " 

30 0 

23 o o 

23 o o 

Dinlances in Arc E, or W. of Origin. 

30 0 
37 30 

22 30 
16 0 
7 30 

22 0 0 

22 0 0 
63 30 
45 0 
37 SO 
30 0 

22 30 
16 0 
7 30 

21 0 0 

21 0 0 
62 30 
45 0 
37 30 
30 0 

22 30 
15 0 
7 30 

20 0 0 

Z 

$ o " 

a 

Z 

$ 

a 

Z 

$ 

@' 0" 

Meri- 
clien. 
- 

~752'91 
2064.67 
1376.43 
688'21 
ORIGIN 

688.20 
1376.39 
2064.56 
2752'73 

15' 0" 7' SO" 30' 0" 

2554'82 
2555.13 

2559.42 
2561.50 
256.3.96 
2566.22 

2566.22 
2568.46 
~570.70 
2571'91 
2gj5'12 

2577'32 
2579.50, 

Perpen- 
clicular. 

1254.38 
12~5 .65  
1256.91 
1 ~ 5 8 . 1 6  
1259.41 

1260.65 
1261.89 
1263.12 
1264'34 

Perpen- 
dicular. 

627.19 
627.82 
628.45 
629.08 
629.71 

630.33 
630.94 
63b.56 
632.17 

22' 30" 

Perpen- 
diculsr. 

2508.76 
2511.29 
zs l j .81  
2516.32 
2518.82 

2521..70 
2513.78 
2526.24 
2528.68 

Meri- 
clian, 

2754'07 
2065.82 
1377.58 
689.35 

1.14 

687'06 
1975.26 
2063.44 
2751.61 

Men- 
dian. 

2753'20 
2064'95 
1.3i6.72 
688'50 

0.29 

687'92 
1376.10 
2064.28 
2752'45 

Perpen- 
clicular, 

1881'57 
1883.47 
1885.36 
1887.14 
1889.12 

1890.98 
1892.8.3 
1 8 0 ~ . 6 8  
1896.51 

Meri- 
dim. 

2757'54 
2069.27 
r.381.0~ 
692.79 

4.56 

683.66 
1371.86 
2060.06 
2748'24 

692'32 
4.27 

6R3.77 
1371.81 
zor,g.U.z 
2 7 j 7 . ~ 4  

2756.06 
2068.06 
1.380.07 
692'09 

4'12 

68.3.84 
1371.79 

Mer i -  
dian. 

____-___- - - -  

2;155'51 
2067.26 
1379.02 
690.78 

2.57 

685.64 
1373.84 
2062.03 
2750.20 

1916.12 
1917'85 

1919'57 
1 9 ~ 1 . ~ 8  
1922.97 
1924.67 

1924.67 
1926.35 
1928.02 
1929.68 
19.71'.?4 

1932.99 
1934.62 

1581'6612059~;3 
1;8.3.81'2;45.67 

I 
1936.25 
1937.87 

19.37'87 
19.39.48 
1gj1.08 
1942.67 
1944'25 

1945'82 
1945..38 
1948.94 
1950.48 

258.3'81 
2585.97 
25RR'1o 
2gr)o.zo 
2592'33 

2594'4.1 
2596.51 
1598.58 
2600.64 

690'45 
2'40 

685.63 
1373.65 
2061.6R 
2749.68 

2754.~3 
2066'14 
1378.25 
690'28 

2'.71 

685.64 
1.3i.3.s~' 

- 

2755.59 
2067.6.i 
1.779'75 
691.85 

3'96 

683.92 
1.371'79 
1059.66 
1747.51 

2061.51 
2749.43 

2i53.82 

1zi7.41 
1278.56 

IZ;IJ';I 
1zRo.R~ 
1281.98 
128.3.11 

1283.11 
1 ~ 8 4 ' 1 3  
1295.35 
1286.46 
1287.56 

1288.66 
1189.7; 
12go.Rj 
1291'9t 

1291'91 

689'11 
1'07 

686.96 
1374.98 

12062.99 
2750.99 

2752.92 
2064'93 
1.376.9.i 
688'99 

1'03 

686'91 
1.374.85 
2062.78 
2750'70 

2751'56 
206.5 .go 1 I ~ ~ 2 . ~ 8  
1378.001 1294.05 

2064.65 
1376.75 
688.87 

0'99 

686.88 
1.374.73 
1061.58 
1750.42 

638'71 
6.39'28 

639.86 
640.43 
640.99 
641.56 

641'56 
641.11 
641.67 
64.3.23 
643.78 

644'33 
644.87 

690.11 
2'23 

685.65 
1.17.3.51 
2061.36 
1749.10 

645'42 
645.96 

645.96 

12gg.11 
1296.17 

1297.a1 
1298.26 
1299.19 
1j00.32 

646.49 
647.03 
647'56 
648.08 

648.61 
649.13 
649.65 
650.16 

688'30 
0 ' 2 7  

687'76 
13i5.77 
206.3'58 
1751.77 

2751.13 
ao64.15 
1376.17 
688'al 

0'26 

687'69 
1.375.62 

688.04 
ORIGIN 

688~02 
1376.04 
2064.04 
1752.04 

2751.87 
2063'89 
1375.91 
687'95 

ORIGIN 

68i.94 
1375.8: 

2065'54 
af51.45 

1751'80 

2063'79 
~751.71 

2751'55 
1063.90 
1376.00 
688'12 

o'n5 

687'62 
1375.47 
2063'31 
2751.15 

~063.64 
1.375.75 
687.87 

ORIGIN 

687'86 
1375.71 
2063.56 
~751.39 



TABLE XLI1.-Rectangular Co-ordinates in Chains of the Corners 
of gth Degree Squares, referred to the centre of the Degree as 
Origin. 

.% Distances in Arc E. or W. 01 Origin. 
'E 
0 
)I 30' 0" 22' 30" 16' (Y' 7' 30'' 0' 0" 

Latitude. 

0 , I ,  

20 0 0 

22 30 

19 o o 

30 0 

22 30 

1 8 0  o " 

18 o o 

30 0 

22 90 
15 0 
7 30 

17 0 0 

30 0 0.11 ORIGIN 

22 80 

16 o o 

45 

I 

2 
$ 

26jg'zz 

2641.01 
1641.80 
1644.58 
1646..34 

3'46 

684'20 
1371.85 
log9..io 
2j47.14 

1979'41 

1980'77 
1981.10 
1983.44 
1984.76 

1'94 

685'71 
1373.35 

1319.61 

1320.51 
11321.40 

0'87 

686.78 
1374.42 

2060.09 r3za.z9 2b62.05 
2749.67 1748.62 

661.15 1062.69 i 1062'90 
661.59 12750.30 17.50'51 

I I 

659'81 

660.26 
660.70 

1313.1; 

0'21 

687'43 
1375.06 

ORIGIN 

687.64 
1.375.11 



TABLE XLI1.-Rectangular Co-ordinates in Chains of the Corners 
of +th Degree Squares, referred to the centre of the Degreo as 
Origin. 

Latitude. 

0 1 11 

15 0 0 
62 30 
45 0 
37 30 
90 0 

22 30 
16 0 
7 30 

1 8 0  0 .  

30 0 

13 0 0 2696.02 175r.09 2ozz.oz 2750.93 I ~ J ~ ~ O I , Z ~ ~ O ~ I O  674.01 1749'61 2749'44 ' I 62 30 a 2697.36 2064.69 1 zo2j.o~ 1i~8.68 / zo6r 7.3, 674.34 zo6s.aq 2062.07 
46 0 5 2698.69 1.3i7.31 2024 02 1376.17 674.67 1374.87 1374.71 
37 30 A 2700'01 689.93 1 2 o z s ~ o ~  b88.80 675.00 687.51 6R7'.35 
80 0 2701.52 2.55 ' 2025.99 1.4.3 6;;..3.3 0-16 O R I G ~ N  

675'65 687.19 687'.34 
675.97 1354.53 1374.68 
676.29 2061.86 2062.01 
676.60 2749.19 2749.34 

12 0 0 

11 0 0 

11 0 0 

10 0 0 

.d .- 
8 
)I 

a 
a " 
2 - 

a 
5 
Z 

2 

Dialances in Arc E. or W, of Origin. 

30' 0" 0' 0" 

Men- 
dian. 
- 

2749'88 
2061.40 
1.314.93 
687.46 
ORIGIN 

687.45 
1374.90 
2062.34 
2749'77 

7' 30" 

Perpen- 
dicular. 
- 

2612.80 
2674.34 
2675.88 
2677.40 
26j8.91 

2680.40 
2681.89 
2683.36 
2684.82 

Perpen- 
dicolar. 
- 

668.20 
668.59 
668.97 
669.55 
669'73 

670.10 
670.47 
670.84 
671.20 

22' 30" 

Meri- 
dian. 
- 

2752'90 
2065.40 
1371.90 
690.41 
2.93 

684.55 
1372.02 
2059.48 
2746.93 

Meri- 
d i s a  
- 

2750.07 
1062.59 
1 3 7 5 . ~  
687'64 
0.18 

687'27 
1354.71 
2062.16 
aj49'59 

Perpen- 
dicular. 
- 

2004.60 
2005.76 
2006.91 
zoo8.05 
2009.18 

2010.30 
2011.42 
zorz.52 
2013.61 

16' 0" 

Meri. 
dian. 
- 

2751'58 
2064.08 
1176.60 
689.12 
1.65 

685.81 
1373.28 
2060.73 
2748.11 

Perpen- 
diculnr. 

-. 

1336.40 
1337.17 
1337.94 
1.338.70 
1339.45 

1340.20 
1340.04 
1i~1.68 
1342.41 

Mcri. 
dian. 
- 

2750'64 
2063.15 
1375.67 
688'20 
0.73 

686.73 
1.374.18 
2061.62 
2749.06 



TABLE 2UII.-Rectangular Co-ordinates in Chailia of the Corners 
of i th Degree Squares, referred to the centre of the Degree a 8  

Origin. 

Letitnde. 

0 1 N 

10 0  0  
62 30 
45 0 
37 30 
30 0 

22 30 
16 0 
7 30 

9 0 0  

9 0  0  
62 SO 
45 0 
37 30 
80 0 

23 30 
15 0 
7 30 

8 0  o 

8 0 0  
62 90 
45 0 
37 30 
a0 0 

92 SO 
16 0 
7 30 

7 0  0  

7 0 0  

. 
.& Dietances i n h o  E. or W. of Origin. 

SO 0 

99 30 
16 0 
7 30 

6 0  0 

O 

r d *  

2 

a 
5 
2 

5 
" 

a 
5 
2 

5 

6 0  o 

30 0 1753'82 1.15 2065.36 0'65 1376.91 0.298 688.45 0.07 ORIGIN 

23 30 2754.38 685.96 1065.79 686.46 1.377.19 68681 688.60 687.01 687.09 
16 6 1754.94 1373.07 1066.11 1373.55 1371.47 1373.901 6RR.74 1374.11 1,374'17 
7 30 4 1755.48 2b60.18 1066.61 106b.b'5 ~ j ~ ~ . ~ ~  ~ b s o . ~ ~ ;  6RR.87 zb61.1~ a061.16 

6 0 0  1756.01 1747.29 1067.01 2747.74 1378.01 a7+5.07 689.00 2748'17 2748'34 

4 - 

1748.80 

1749.48 
2750.14 
t,ao,78 
2751.41 

15' 0" 22' 30" 

Perpen- 
dicular. 
-- 

1362.36 
1362.87 
1.363.39 
1163.89 
1364.39 

1364.88 
l365..3i 
1365.84 
1366'32 

1366.31 
1366.78 
1367.24 
136i.69 
1368.14 

1368'58 
1.369.01 
1369.44 
1.369'86 

Perpen- 
dicular. 
-- 

2043'53 
2044.31 
2045.08 
ao45.84 
2046'58 

zo47.j~ 
2048.05 
2048.77 
2049.47 

2049'47 
2050.17 
2050.86 
2051'54 
zogz'zl 

2052.87 
205.3.52 
2054.16 
2054'79 

2 0  
2055.41 
2 0 ~ 6 . 0 ~  
2056.63 
2057'3a 

ao~j.80 
2058.31 
205R.94 
2059.49 

Perpen- 
diculer. 

--- 

2714'71 
2725'75 
2726.77 
2727'78 
1728'78 

2729.76 
27.30'73 
2751.69 
1732.63 

27.32'6.3, 
2733.56 i 
1734.48 
27.35'39 
27.36.28 

2737'16 
2i.lR.0.3 
2738.88 
2739'72 

7' 30" 

1'36 

685.78 
13;z'qz 
i0b.0~ 
1747.18 

Men- 
dim. 

2749.41 
2062.17 
1374.94 
687.71 
0'49 

686.73 
1373'94 
2061.15 
2748'35 

2749.21 
206z.01 
1374.82 
687'63 
0.44 

686.74 
1373.92 
2061.09 
2748'25 

1 

Meri- 
dim. 

2750'05 
2062.81 
1375.57 
688.33 
1.11 

686.12 
1373.94 
2060.56 
2747.76 

2749'79 
2062.58 
1375.38: 
688.19 
0.99 

686.19 
1373.38 
2060.56 
274i.73 

2 
1062.37 
1375.20 
688.04 

68;::: 
137.3'4.3 
2060.58 
a747'7a 

Meri- 
dian. 

2750.96 
2063.70 
1.376.45 
689.21 

1'97 

685.27 
1371.50 
2059.73 
2746.95 

ntso'61 
2063.39 
1376.18 
688.97 
1'77 

685'43 
1.3i2.6.3 
2059.82 
1747.01 

Perpen- 
dicular. 

681'18 
681.44 
681.69 
681.95 
681'19 

68a.44 
682.68 
682.92 
683.16 

68.3'16 
683.39 
68.3.62 
683.85 
684'07 

684.29 
684.51 
684.71 
684'93 

684.93 
685'14 
685.34 
685'54 
685'74 

685.93 
686.12 
686.31 
686.50 

6 8 6  1 0 2  
1,370.28 2061.86 
1370.68 1374.70 
1371.08~ 687'54 

0'39 :::::::I 686.76 
1372.25 1.373'90 
1372.61 ~061.04 
1.37a.99 2748.18 

1 

0 
2063.09 
1375.91 
688.73 

1.56 

685.60 
1372'7i 
2059.93 
1747'08 

2 2  

2061.60 

1061'1 1 
~062.60 
206.3.09 
1063.56 

Meri- 
dian. 

--- 
a749.0~ 

1374.561 
687.34 
0.12 

687.09 
1374.30 
2061.50 
2748.70 

2748.86 
2061.66 
1374.47 
687.29 
0.11 

687'07 
1374.24 
2061.40 
2748'57 

2748.71 
2061'55 
1374.40 
687'24 
0.10 

681.05 
1.374'19 
2061.31 
1748'45 

n 

0 

Mefi. 
dien. 

1748.89 
2061~7~!1061~66 

1.374'44 
687.22 
oRlalN 

687.21 
1374.41 
2061.62 
2748.82 

2748.74 
2061.55 
1374.36 
687.18 
oRlolN 

687.17 
1374.34 
2061.51 
1748'67 

2748.60 
2061'45 
1.374.30 
687.15 
ORIGIN 

687.14 
1374'28 
2061.41 
1748'54 

2740.55 
1741.37 
1742.17 
1742.96 

0.77 

686.37 
1373'48 
2bL~l 

1747.73 

174.3.7.3 
1744'50 $ 1745.25 i 1745'98 

1374.40 

1314'74 
1.375'07 
I ~ ~ ~ . ~ ~ ~  
1jj5.71 

0'34 

686.78 
1373'90 
2 b n ~  , O I  
2,748.11 

687'20 

687.37 
687.5.3 
6 q ; o  
687.85 

0.09 

6R7'0.3 

2061.25 
2748'.35 

ORIGIN 

687'11 
1374'14,1374'" 

1 2061..?.3 
1748'43 



TABLE XLI1.-Rectangular Co-ordinates in Chains of the Corners 
of gth Degree Squares, referred to the centre of the Degree se 
Origin. 

d 
'0 Distances in Am E. or W. of Origin. 

w 28' 30" 15' 0" 7' 80" Q' 0" 
Latitude. 

0 I It 

6 0  o 

4 0  0 
52 80 
45 0 
37 30 
30 0 

22 80 
16 0 
7 30 

3 0 0  

3 0 0  
62 80 
46 0 
37 30 
80 0 

22 30 
15 0 
7 80 

2 0  0 

2 0  0 
62 90 
45 0 
87 80 
80 0 

9a 80 
16 0 
7 30 

1 0  0 

1 0 0  
69 80 
45 0 
37 90 
80 0 

22 80 
16 0 
7 30 

0 0  0 

2 
2 

R 

$ 

n 
% 
% 

2 
6: 

4 

R 

2759.78 
2760'19 
2760'59 
1760.97 
2761.34 

2761.70 
2762.05 
2762.38 
176a.70 

2762.70 
2i63.01 
276.7.30 
2163.59 
2763'86 

2764'1 I 

2764.35 
2764'5R 
2764.80 

1764'80 
2765.00 
1765.19 
2765.,76 
2765'53 

2765.68 
2765.82 
2765.94 
1;66.05 

2166.05 
1766.15 
2766.24 
2766.~1 
1766.36 

2766.41 
2766.44 
2766.46 
1766.47 

2749.06 
2061.98 
1374.90 
687.82 
0.74 

686'34 
1373.42 
2060.49 
1747.56 

2748'80 
1061.73 
1374.66 
687'59 
0.53 

686.54 
1373.60 
2060.67 
2747.73 

1748.55 
2061.49 
1.374'43 
687.37 

O'JI 

686.74 
13:.t.Ro 
2of~o.86 
2747.91 

a74R'.qr 
2061.27 
1374.21 
687.16 

I 

686.95 
1374'oo 
2061 .oh 
2748.11 

2069.83 
2070.14 
2070.44 
2070.73 
2071.01 

2071'28 
2071.54 
2071.19 

1072'03 
2072.26 
2072.48 
2072.69 
2071.89 

207.3'08 
1073.26, 
zof3'44 
ao73.60 

207.3.60 
2073.15 
207.3'89 
1074.0~ 
1074.15 

2074' 26 
20;4..36 
2074.46 
zo;4.54 

2074.54 
2074.61 

1379.89 
1380.09 
1380'29 
1.380.49 
1380'67 

1980.85 
1981.03 
1.781.19 
1381'35 

1 ~ 8 1 . ~ 5  
1381'51 
1381.65 
1.781.79 
1j81'9.7 

1.382'05 
1382.18 
1382.29 
1380.40 

1 2748.70 
zoG1.62 
1.374'55 
687.49 
0.41 

686.66 
1,373.71 
1060.78 

1071~03'2747~84 

~74R.51 
2061'47 
1374.41 
687.36 
o'go 

686'76 
1373.81 
2060.86 
1747.92 

1748'37 
1061.31 
1574.17 
687.22 
0.18 

686.87 
137.3'91 
2060.96 
2748'00 

1748.13 
12061.1; 

2748'43 
2061.37 
1374.31 
687'24 
0'18 

686.87 
1373.93 
2060.99 
1748'04 

a7.+8..3.3 
2061'18 
1374.23 
687'18 
0.13 

6R6.91 
1373.96 
2061.00 
a748.04 

2074.68' 
1074.13 
2 0  

1074.81 
1074.8.3 
2074.85 
1074.85 

1.774.15 
687.10 
0.06 

686.98 
1.374.03 
2061.06 
I~@.II 

689.94 
690'05 
690'15 
690.24 
690'34 

690.43 
690.51 
690.60 
690.68 

690'68 
690'75 
690.83 
690.90 
690.96 

691 .oj 
691.09 
691'15 
691.20 

1381.40 1 .  1748 14 691.20 
691'15 
691.30 
691'34 
691.38 

691.41 
691.45 
691.49 
691.51 

691.51 
691.54 
691.56 
691.58 
691.59 

691.60 
691.61 
691.62 
691.61 

1.782'50 
'382.59 
1,782.68 
1381.76 

1381.84 
1382.91 
1.782.97 
1383.03 

1~8,q.o.q 
1.78.3.07 
1383.11 
1383.15 
1jR3.18 

1383.11 
1383.12 
138.3.13 
1383.14 

2748'28 
2061'21 
1374'16 
687.10 
0.05 

687'01 
1374.06 
1061.11 
1748'16 

2748.11 
ao61.16 
1374.1a 
687'08 
0.03 

687'01 
1374.05 
2061.09 
r748.1a 

2061.10 
'374.16 
687'11 
0.08 

686.96 
1374.00 
2061.03 
2748.07 

2748.16 
2061.13 1 
1374.09 
687.06 
0.03 

687.01 
1374'04 
ro61.07 
a748.11 

2148.12 
1061.11 
1374.11 
687.05 
ORIGIN 

687.05 
1374.10 
1061.15 
174.10 

2748.17 
1061.13 
1374.08 
687.04 
ORIGIN 

687'04 
1374.08 
2061.11 
1748'15 

2748'16 
2061.1a 
1.374'09 
687.05 
0.01 

687.01 
1374.05 
2061.08 
2748.11 

af48.1a 
2061.10 
1.374.07 
687.04 
0.01 

687.01 
1.474.05 
1061.08 
a748.11 

2748.1.3 
2061.10 
1374.07 
687.03 
~ R ~ Q ~ ~  

687.03 
1374.06 
ao61.09 
1748.11 

a748.11 
1061.08 
1.374.06 
687.03 
ORIGIN 

687.03 
1.374.05 
ro61.d 
1748.11 



TABLE XLII1.-Convergency between Meridians 1 Mile apart measured 
on Parallels of Latitude. 

h 

Lotitode. 

30' 

-------------- 

0.5 
1 .4  
2.3 
3'2 
4'1 

5.0 
5 '9  
6 9  
7'8 
8.7 

9'6 
10.6 
" '5  
12.5 
13.5 

14'4 
15'4 
16.4 
17.4 
18.4 

19'5 
20'5 
21.5 
22.6 
13'7 

24'8 
25.9 
27.1 
28.2 
a9'4 

30.6 
31.9 
.3.3'1 
34'4 
35.7 

l7.1 
38'5 
.w.9 
41 '3  
42.8 

1 0 '  
6' 35' 

0.5 
1 ' 4  
2.3 
3'3  
4.2 

5.1 
6 '0  
6 .9  
7'9 
8.8 

9 '7  
10.7 
11.6 
1 2 6  
13'5 

14.5 
15'5 
16.5 
17'5 
18'5 

19'5 
20.6 
21.6 
22.7 
23.8 

24.9 
26.0 
27.2 
28.3 
19'5 

30'7 
32.0 
33.2 
34'5 
35.8 

17 '1  
jR.6 
40.0 
41'5 
43.0 

1 0 ' 1  16' 

1.0 

1.9 
2.8 
3'7 

4 .6  
5'5 
6.5 
7'4 
8.3 

9'3 
1o.a 
1 1 . 1  

1 2 . 1  

13.1 

14'0 
15'0 
16.0 
17.0 
18'0 

19'0 
2 0 . 1  
2 1 ' 1  
2 2 . 2  
23'2 

1 
2 
3 
4 

6 
6 
7 
8 
9 

10 
11 
12 
13 
14 

15 
16 
17 
18 
19 

20 
21 
23 
23 
24 

2 0  

, 
0..3 
1 . 2  

2 . 1  

3'0 
3'9 

4 '9  
5 ' 8  
6.7 
7 '6  
8 . 6  

9 '5  
10.4 
11.4 
a 
13 '3  

1 4 ' j  
1 5 . j  
16.2 
17'2 
18.3 

19.3 
20.3 
21'4 
22.4 
23'5 

0 . 2  

1 . 1  

2 . 0  

2'9 
3 '8  

4'7 
5 '6  
6.5 
7.5 
8 .4  

9'3 
1o.g 
1 1 . 2  
1 2 . 2  
13'1 

14'1 
15'1 
16.1 
1 7 . 1  
18.1 

19'1 
2 0 . 1  

2 1 ' 2  

22.3 

0.9 
1.8 
1.7 
3.6 

4.6 
5'5 
6 .4  
7'3 
8.2 

9'2 
10.1 

11.1 

1 2 . 0  

13.0 

13'9 
14'9 
15.9 
16.9 
17'9 

18.9 
2 0 . 0  

2 1 . 0  

aa ' l  
23'2 

24'5 
15.7 
16.8 

40' 

0'6 
1 ' 5  
2.4 
J'.? 
4 ' 1  

5'2 
6.1 
7'0 
7'9 
8 .9  

9 '8  
10.7 
I 

12.7 
13 '6  

14.6 
15'6 
16.6 
17'6 
18'6 

19'6 
20.7 
21.7 
22.8 
"3' 

25'0 
16.1 
27.3 
28.4 
29.6 

30'8 
32'1 
33.3 
34'6 
36.0 

37 '3  
38'7 
40.1 
4 
43.1 

25' 

0.4 
1 .3  
2 . 2  

3 '1  
4 '0  

4 '9  
5 '9  
6.8 
7 '7  
8.6 

9.6 
10.5 
11.5 
12.4 
13'4 

14.3 
15'3 
16.3 
17.3 
18.3 

19.4 
20.4 
21.6 
22.5 
23'6 

14'6 
a j . 7  
26.9 
28'0 
29'2 

30'4 
31'7 
32.9 
34'2 
35.5 

36'9 
38'2 
39.6 
41'1 
42.6 

0.2 

1 . 1  
2.0 

3 '0  
3 '9  

4 '8  
5'7 
6 . 6  
7'5 
8.5 

9 '4  
10.4 
11.~3 
I 

13.2 

14.2 
15.2 
16.2 
17.2 
18.2 

19.2 
20 .2  
11.3 
23.4 
23'4 

28 
29 

30 
31 
92 
33 
34 

96 
96 
37 
38 
39 

24.7 
25.8 
27.0 
28.1 
29.3 

30's 
d1.8 
33.0 
3 4 . 3  
35.6 

37.0 
38.3 
.39.8 
41.2 
41.7 

5 0 

28'8 

30'0 
31.1 
32.5 
33'8 
35.1 

65' 

0.8 
1.7 
a.7 
3'6 
4.5 

5'4 
6 .3  
7.1 
8.2 
9.1 

10-0 
11.0 
11.9 
12'9 
13.9 

14'8 
15'8 
16.8 
17.8 
18'8 

19'9 
20.9 
a1.o 
23'1 
14.2 

25'3 
16'4 
27.6 
28'7 
29'9 

31'1 
32'4 
33'7 
35'0 
36'3 

3 7 7  
39'1 
40.5 
42'0 
43'5 

0.7 
1 .6  
2.5 
3 '4  
4 '3  

5 .1  
6.2 
7 1  
8.0 
8 ' 9  

9 ' 9  
10.8 
11.8 
12.7 
13.7 

I 

15.7 
16.7 
17-7 
18.7 

19'7 
10.8 
21.8 
22.9 
24'0 

25.1 
26.2 
27.4 
28.5 
19.7 

j0.g 
a 
3.3.5 
34'7 
36.1 

37'4 
.1R.R 
40.5 
41 '7  
43.1 

27'8 27.9 27'7 

W 

U 

0.9 
1.8 
2.7 
3.6 
4.6 

5.5 
6.4 
7.3 
8.1 
9.2 

10.1 

11.1 

1 2 - 0  
13.0 
13.9 

14'9 
15.9 
16.9 
17.9 
18'9 

20.0 
i 1 . 0  

2 1 . 1  
23.2 
24'3 

25'4 
16'5 
27.7 
28.8 
30'0 

31'2 
32'5 
3.3'8 
3S.I 
36'4 

.37'8 
39'2 
40.6 
42'1 
43'6 

I 

0'8 
1.7 
2.6 
3'5 
4.4 

5.3 
6.2 
7.2 
8.1 
9 '0  

10.0 
10.9 
11.9 
12.8 
13.8 

14.8 
15'7 
16.7 
17.7 
18.8 

19'8 
20.8 
21.9 
23.0 
24'1 

25'2 
26.3 
17.5 
28.6 
29.8 

31'0 
2 

3 
34'9 
36.1 

3 7 5  
38.9 
40.4 
41'R 
46.4 

27'8 
18'9 

30'1 
31'4 
33.6 
33'9 
35.2 

29'0 

30'2 
31'5 
3 7  
34'0 

1 6 4  3 
37'8 37'9 

29' I 

30'3 
91.6 
3 
34'1 

3 . 6  1 36.7 
fR.0 . ~ R . I  

39.1 
40.6 
41.1 

35.3 3 j . 4  

39.4 
40'9 
42.3 

39.5 
40'7 
42'2 

39.5 
41'0 
42.5 



( sl 1 

TABLE XL1V.-Lengths of Circular Arcs. 

r 

,. 

0~0002909 
05818 
08727 
11636 
14544 

0'0017453 
20.362 
23171 
~ 6 1 8 0  
a9089 

0~0031998 
34907 
.3;815 
40724 
43633 

0.0046542 
49451 
52360 
55269 
581j8 

o.oo61oRj 
63995 
66904 
69813 
73722 

0'00756.71 
78540 
81449 
84.35R 
87266 

0'00901;15 
9joRj 
959143 
gRgoz 

o'o1o1811 

0.0104720 
107629 
11o53R 
113446 
116.355 

o'o11gz64 
12217.3 
1~5082  
1279g1 
1.30900 

0.013.3809 
136717 
139626 
1425.35 
1 4 5 4 ~  

0'014835.3 
1 5 1 2 6 ~  
1sj171 
157080 
159989 

o'or6zRg7 
16sRo6 
1118715 
171624 
1~5.7.3 

1 n 

121 
122 
123 
124, 
125 

126 
127 
128 
129 
130 

131 
132 
133 
134, 
135 

136 
137 
138 
139 
1443 

141 
142 
143 
144 
145 

146 
147 
148 
149 
150 

151 
152 
153 
154 
165 

166 
157 
168 
169 
160 

1Gl 
162 
163 
164 
166 

16fi 
167 
168 
I(i0 
170 

171 
172 
173 
174 
176 

17fi 
177 
I70 

180 

1 Arc. 

FI 

61 
62 
63 
6.L 
65 

G6 
67 
68 
69 
70 

71 
72 
73 
74 
75 

76 
77 
78 
79 
80 

81 
82 
83 
84 
85 

Rfi 
87 
88 
R9 
90 

91 
98 
93 
94. 
05 

96 
07 
98 
99 

100 

101 
102 
103 
104 
105 

1 106 
107 
108 
100 
110 

111 
112 
113 
114 
116 

116 
117 
118 

120 

a 

1 
2 
3 
4 
6 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
2.L 
25 

26 
27 
28 
29 
30 

31 
33 
33 
3.1, 
35 

3fi 
35 
38 
39 
40 

41 
42 
4 
44 
46 

46 
7 
4,8 
4 
60 

61 
62 
53 
6.t 
66 

66 
67 
68 
69 
RI 

Arc. 

1.0646508 
0821041 
0905574 
I I ~ O I O ~  

1344640 

1'15191;3 
169.3706 
186Rz.39 
zojzj j2  
2217305 

I '2.3918,38 
2566371 
z7~oyo.1 
2915436 
3089969 

1.3264502 
34.79035 
.361356R 
3jRAlo1 
3962634 

1.41.37167 
43IIiOO 
44862.73 
4660766 
48.35299 

1.5oogA~~z 
5184364 
5358897 
55.3.3430 
5707963 

1.58824gh 
6057029 
62.31562 
64060g5 
65Ro628 

1.675,;161 
6929694 
j104izt  
;~78;60 
745.3295 

1.;6riRz5 
7Ro2.358 
;g;ORyl 
8151424 
8 ~ 2 5 ~ 5 7  

I .Rsooqqo 
Rf175ot.~ 
RH495511 
9024081~ 
919802~ 

1'9.zi~1.6.5 
1j54;hRH 
9jzzz21 
gRg675.3 

~.0071286 

z.oz4sR19 
0420.3.5a 
ogg4RRg 
o j h g ~ 1 R 1 7 9  
0913951 

ha 

0.00~0030 
30 
31 
31 
31 

o ~ o o o o o ~ a  
b 1 
33 
3 3 
34 

0'00000~4 
. 35 

35 
16 
36 

o'ooooo~7 
37 
3'3 
38 
39 

o'ooooog9 
40 
40 
4 1 

41 

0~0000042 
42 
43 
4.3 
44 

o.ooooo44 
45 
45 
46 
46 

0-oooooqf 
47 
48 
48 

,. 

2.'1118484 
1~9301; 
1467550 
1642083 
1816616 

z.1991149 
2165681 
2.340214 
251 4747 
~ 6 8 9 ~ 8 0  

2.a86.3R1.3 
3038346 
3212879 
3387412 
j ' j 6 1 ~ 4 ~  

2.37~6478 
3911011 
4 0 ~ ~ ~ 4 . 1  
4260077 
4434610 

2.4609142 
4783675 
495820R 
51,32741 
5307274 

Z . ~ + R I R O ;  
5056,340 
~H.qo8i.q 
6005406 
6179939 

2.6354472 
65zr)oo~, 
670,353R 
64;8ojo 
705260~ 

z.;z2j136 
7401669 
7576201 
7750735 
jr)tjz6R 

z.Ror)gRo~ 
8274.334 
RuRR67 
R623400 
8797933 

2.R972466 
91461499 
9.3215.31 
y4960(14 
9670597 

2.9A451.qo 
.~.001y66,~ 

0194190 
0.3087z9 
0543262 

~ '0717795 
o8r)zjsR 
106fiR61 
lzq1,3r)4 
141jy2j 

4 
H 
m 

.01 
'02 
'03 
'04 
.05 

.06 
'07 
-08 
.09 
'10 

'11 
'12 
'13 

:;; 
'18 
'17 
'18 
'19 
.20 

.2 l  
'22 
.23 
'24 
.26 

.2G 
'27 
'28 
'29 
'30 

.31 
'32 
.33 
.34 
'35 

.36 
'37 
.38 
'39 
'40 

.41 
'42 
.43 
'44 
'46 

.46 
'47 
.48 
.49 
.60 

.61 
'62 
'63 
.64 
.66 

'66 
.67 
'68 

.60 

cr; a 

d 

1 
2 
3 
4 
6 

6 
7 
8 
9 

10 

11 
12 
13 
14 
16 

16 
17 
18 
10 
20 

21 
22 
23 
21 
25 

26 
27 
28 
29 
30 

31 
32 
33 
84. 
35 

36 
37 
38 
39 
40 

41 
42 
43 
44 
46 

46 
47 
4H 
40 
60 

61 
62 
63 
64 
66 

6G 
67 
68 
69 
60 

0.0174.533 
0.340066 
0523599 
0698132 
0872665 

o.roq;irgR 
12217.30 
139626.3 
15;0796 
1745329 

o. 191gRbz 
2094.395 
zt6RgzR 
2 ~ 3 4 6 1  
2617994 

0.279252; 
2967060 
.31415~).3 
33161zh 
349065~ 

0..3665191 
3n.39724 
401425; 
41H8;go 
436.3.32.3 

0.45.37R56 
4j12.389 
qR860z~ 
5061455 
52359HR 

0.5410521 
5585054 
575958; 
~0.14119 
610865~ 

0.6zR.3185 
645771R 
Of1,3az51 
hflo(1;84 
608131; 

o.;155R,;o 
7.33038.3 
7s04~)~O'  
7679440 
iH5.3982 

o~RozRg15 
Rzo,~oq; 
8.377~80 
Rssi113 
Ajt6046 

o.Rgo117r) 
9075712 
9 ~ 5 0 2 ~ 5  
gqz4;;R 
95g0.311 

o.g;;3A+$ 
r)r).+R.3;7 

1'012zgro 
ory7~4.3/119 
04719i6, 

- : 
1 
2 
3 
4 
6 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
10 
19 
20 

21 
22 
23 
24 
26 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 

41 
42 
43 
44 
45 

46 
47 
48 
49 
60 

61 
62 
63 
64 
66 

66 
67 
68 
50 
60 

Am. 

0'000oo48 
097 
145 
194 
242 

0~0000291 
339 
388 
436 
485 

o~oooo53.~ 
582 
630 

;;; 
0,0000776 

824 
87.3 
921 
970 

o.ooo1018 
1067 
1115 
1164 
121z 

0'0001261 
1.309 
1357 
1406 
1454 

0~000150~  
1551 
1600 
1648 
1697 

0'0001745 
1794 
1842 
1891 
1939 

o'ooo1g88 
20.36 
2085 
a13.3 
21.92 

o.ooora~o 
2279 
2327 
a376 
2424 

o.0002473 
a521 
a570 
0618 
a666 

O ' O O O Z ~ I ~  

276.3 
z81z 
2860 .69  
1909 

,. 

Q.oo00000 
I 

I 
a 
a 

o~oooooo.3 
3 

: 
5 

o'ooooooq 

6 
7 
7 

o~oooooo8 
8 
9 
9 

10 

o.ooooo~o 
11 

11 
12 
12  

O'OOWOIJ 
IJ  
14 
14 
15 

O 'OOOOOI~  
16 
16 
16 
17 

o'ooooo~; 
18 
18 
19 
19 

o'ooooozo 
20 
21 
I I 
1 a 

0.00~00iz 
23 
23 
14 
24 

o.oooooz5 
25 
26 
a6 
27 

o~owoo27 
28 
28 
29 
29 

a : 
8 
m 

-. 

'61 
'62 
.63 
'64 
.66 

-66 
'G7 
.68 
.ti9 
*70 

'71 
6 . 7 2  

'78 
a74 
'76 

'76 
.77 
'78 
'79 
'80 

'81 
'82 
'83 
'84 
'86 

.86 
'87 
'88 
'89 
'YO 

'91 
'92 
'93 
'94 
'96 

.98 
'97 
'98 
.g9 
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TABLE XLV.-For converting Fect into Miles. 

TABLE XLV1.-For converting Miles into Feet. 

d 

- 
0 
1 
2 
a 
4 
6 
6 
7 
8 
9 

d 
8 
0 
1 
9 
9 
4 
6 
6 
7 
0 
9 

i 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

- 
0 
1 
2 
8 
4 
6 
6 
7 
8 
9 

Units. 

0 
- 
Foet 
52800 
105600 
158400 
alltoo 
164000 
316800 
369600 
qrr4oo 
475200 

1 
- 

5zRo 
58080 
1loRHo 
16,3680 
116480 
a69180 
3l2oRo 
j748Ro 
qr76Ro 
qRoqRo 

JIundrodtha. 

9 
-- 
4;520 
1oo.320 
153120 
205920 
aj872o 
311510 
364320 
417 120 
469920 
51~720 

2 
- 

10560 
6.3.360 
116160 
168960 
a11760 
174560 
317.160 
380160 
4.32960 
485760 

3 
- 
15840 
6R640 
1~1440 
174240 
127040 
z7gR4o 
3326~0 
385440 
4382~0 
491040 

4 

- 
~ I I Z O  

1.3920 
1267~0 
I ; ~ ~ Z O  
Z,~ZJZO 
zHg11o 
.IJ;~~o 
390120 
4.43520 
496310 

6 

316.8 
b44.~ 
1,371.8 
1900.R 
1428.R 
2956.8 
1484.0 
4011.8 
4540.8 
5068.R 

6 
- 
.31680 
RJJAO 
1.37~80 
1900~0 
~42880 
2956Ro 
348480 
401280 
454080 
5oO880 

6 
- 
26400 
79200 
132000 
IRJROO 
237600 
ac)oJoo 
.34.~00 
396000 
&AROO 
501600 

0 

Foot 
518.0 
1056.0 
1584'0 
o111.o 
a640.0 
31M.o 
3696.0 
4a14.o 
4752.0 

4 
--.--------- 

111.1 
7.39.1 
1~67.1 
1795.a 
1.31.3.1 
1Rg1.z 
3.3i9.l 
.1907.1 
4435.2 
4963.1 

1 

51.8 
5ko.R 
11dl.R 
1636.8 
a164.R 
ahgl.8 
3aa0.8 
374R.R 
4176.8 
4804.8 

7 

369.6 
817.6 
1415.6 
195.3.h 
1481.6 
3009.6 
.15.37.6 
4065.6 
4593.6 
51~1.6 

6 

264.0 
7 9 ~ 0  
1.320.0 
1848.0 
z.376.0 
o9oj.o 
.34.12.o 
1960.0 
4488.0 
5016.0 

2 

105.h 
633.6 
1161.6 
1689.6 
1~17.6 
1745.6 
317.3.6 
jUo1.6 
4319.6 
4857.6 

7 
- 
36960 
80760 
142j6o 
195,360 
248160 
300960 
3,53760 
406560 
459.360 
5 1 ~ 1 6 0  

a 

158.4 
6R6.4 
1214.4 
174a.q 
2270.4 
1798.4 
3.316.4 
3854.4 
4383.4 
4110.4 

8 
- 
42240 
95040 
147840 
zoo640 
25.3440 
~06240 
350040 
41 1840 
464640 
517440 

8 

421.4 
950.4 
1478.4 
2006.4 
2514.4 
306s.) 
3500'4 
ql1R.4 
4646.4 
5174.4 

9 k  

415.2 
100.3.a 
1531.1 
~059.2 
1587'1 
3115.1 
364.3.2 
4171.1 
4699.2 
5227'1 
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TABLE XLVI1.-For converting Links into Feet. 

TABLE XLVII1.-For converting Feet into Links. 

P rn 
WIJ Thousan&. 
0 0 U r n  0 R 

2 3 4 6 6 7 8 

0 L i ~ ~ k s  1515'2 jo.?o..q 4545.5 6060.6 7555'8 9090.9 10606.1 1a1ar.a 1.36.36'4 0 
1 15151.5 166h6.7 I A I R I . R  19697'0 ~ 1 ~ 1 2 ' 1  22727..7 24242.4 25757.6 27272'7 28787.9 1 

l r q 2 4 . 2  14.7or9.r 14r4r4.s 146969.7 148484.8 150om.o 9 

Tone. 4 

3 0 1 4 6 6 7 8 

0 
1 
2 
3 
4 
15 
6 
7 
8 
9 

Unita 

v 

Links 
1.51'5 
.30.3.o 
454'5 
606.1 
7.57'6 
v 9 . 1  

1060.6 
1 2 1 2 . 1  

1.76.4.6 
-- 

... 

15.1 
166.7 
.?lR.I 
469'7 
621.1 
7727 
924'2 

1075.8 
1227.3 
1.378'8 
--- 

1.5 

.qo..q 
181.R 
13.3'3 
484'8 
6.36.4 
7R7.9 
9.39'4 

1090.9 
1241.4 
1393.9 

4.5.5 
197.0 
348.5 
500'0 
b51.5 
80.3.0 
954.5 

1106.1 
11.57'6 
1qo9.1 

---- 
j I 4 

60.6 
2 1 2 . 1  

363.6 
515.2 
666.7 
818.2 
969.7 

1121.2 
1272.7 
1 ~ 2 4 . 1  

6.1 

75.R 
2 7  
.778.8 
~ ~ 0 . 3  
681.8 
R.I.I..~ 
984'8 

1136.4 
1187.9 
14.19.4 

7.6 

90.9 
241.4 
393.9 
545.5 
697.0 
84R.5 

1000.0 

1151.5 
1.q0.3'0 
1454.5 

9.1 

106'1 
257.6 
409.1 
560.6 
712.1 
863.6 

1015.2 
1rh6.7 
I.1IR.I 
1469.7 

10.6 1 1 2 - I  

111.1 
272.7 
414.2 
575'8 
7a7.,3 
878.8 

1030.j 
1181.8 
1.33.3'.3 
1484.8 

----- 
13.6 Onit. 

136.4 
187.9 
439'4 
590.9 
741.4 
893.9 

1045.5 
1197.0 
1348.5 
1500.0 

0 
1 
2 
8 
4 
6 
6 
7 
8 
9 
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' TABLE XL1X.-Gauss's Sum and Difference Logarithms. 

Nan.-Tho ~ymbol denotes a crphcr end calls attention to a chengu in thc leeding nurucml. 
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TABLE XL1X.-Gauss's Sum and. Difference Logarithms. 
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TABLE XL1X.-Gauss's Sum and Difference Logarithms. 
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TABLE XL1X.-Gauss's Sum and Difference Logarithms. 

C. 

0 1 2 3 4 6 G 7 8 9  

1,8068.3 0781 08800978 1077 I 175 1214 1372 1471 1569 
1667 1766 1864 1963 2061 2160 2258 2.157 2455 2554 
2652 2i512849 2948 3046 31 45 3244 3341 3441 353 
3638.37363835 39.13 4032 41.304a294328 4426 452; 
46234722482049195018 51 165215 531354125511 

5609 5708 5806 5905 6004 6102 6201 6299 6.398 6497 
6595 6694679.3 6891 6990 7089 7197 7 286 7.385 748.7 
7582 7681 i i i9 i878  7977 807~81748a7.183i1 8470 
8569 8667 87668865 8964 9062 9161 9260 9358 9457 
95569655 9753 9857 9991 +050*148*247 *346*445 

1'9054.3 0642 0741 0840 09.38 1037 1136'1235 1.733 1432 
1531 16301;2918~7 1926 2025 ~ I Z ~ Z Z Z . ~  2321 2420 
25192618271728152914 ~ o I ~ ~ I I z ~ ~ I I ~ . ~ I o ~ ~ o ~  

3507 3606 3705 3804 3903 400241004199 42984.397 
4496 4595 46944792 4891 4990 5089 5188 5287 5386 

5485 558.3 5682 5781 5880 59796078 6177 62766375 
6474 657.3 6671 67706869 6968 7067 7166 7265 7364 
7463 7562 7661 7760 7859 7958 8057 815682548.31i3 
8452 8.551 86508749 8848 $947 9046 9145 9244934.3 

. 9442 9541 9640 9739 9838 9937 .o.?G ~ 1 3 5  r2.34r3.33 

A. 

1.81 
1.82 
1.83 
1.84 

1.85 
1.86 
1.87 
1.88 
1-89 

1.91 
1.92 
1'93 
1.91. 

1.95 
1.96 
1.97 
1'9s 
1'99 

B. 

0 1 2 3 4 6 6 7 8 9  

1'8010-oo683 0681 06800678 0677 0675 06740672 0671 0669 
0667 0666 0664066.3 0661 06600658065~ 0655 0654 
0652 0651 0649 0648 0646 0645 06440642 0641 0639 
0638 06.35 06.3.3 06.32 063006290628 0626 06;s 
062~o62~062oo61y 0618 06160615061jo6120611 

0609 0608 0606 0605 0604 0602 0601 ojgq 0598 059; 
0595 os940sq.z 059 1 0590 0589 0587 0586 0585 058.3 
0~820581 O S ~ C I O S ~ ~ O S ~ ~  o575057405730571 o5i0 
05690567 0566 0565 oj64 0562 0561 056ooj58 055; 
05560555 0553 05520551 055005480547 05460545 

1'900'00543 0542 0541 0540053R 05.37 05360535 0533 0532 
0531 o g . ~ o o 5 2 9 0 ~ ~ ; 0 5 ~ 6  05250~2~05230521 0520 
o5190518051;05150514 0 ~ 1 . ~ 0 ~ 1 2 0 ~ 1 1 o ~ 1 0 0 ~ 0 8  
0507 0506 0505 0504 0503 0502 05000499 0498 0497 
0.196 0495 04940492 0491 04900489 0488 0487 0486 

-0485 0483 0482 0481 0480 04;9047804;7 0476 0475 
0474 0473 0471 o4;o 0460 0468 0467 0466 0465 0464 
046.30462 0461 04600459 0458 0457 0 4 ~ 6 0 ~ j 4 0 4 5 3  
0452 045 1 0450 0449 0448 0447 04460445 04440443 
0442 0441 04400439 0438 04.37 043604.35 04340433 

A. 

2.00 
2-01 
2-03 
2.03 
2.04 

PO6 
2.06 
2'07 
2.08 
2.00 

2'10 
2-11 
2.12 
2'13 
2 

2.16 
2.16 
2'17 
2.18 
2.19 

2-20 
2.21 
2.22 
2'23 
2'21 

2.25 
2-26 
2.27 
2.28 
2'29 

2.30 
2.01 
2'33 
2'33 
2.3.1 

2.3; 
2'36 
2.37 
2'38 
2'39 

B. 

0.00432 
0422 
0413 
040.1 
0394 

0385 
0.177 
o3h8 
0.360 
0352 

0'00.344 
0.3.46 
0.328 
0321 
0.31.3 

0.306 
0299 
029.3 
0286 
0280 

0'0027.3 
0267 
0261 
0255 
0249 

0244 
02.38 
02.93 
0 2 2 7  

0 1 2 2  

0 ~ 0 0 ~ 1 ;  

0 2 1 2  

0 2 0 7  

020.1 
0198 

0194 
o1R9 
018s 
01.81 
0 1 7 7  

C. 

---- 
1 a.oo432 

1422 
2413 
3403 
4394 

5385 
6377 
7.368 
8.360 
9 3 5 2 2 ' 4 9  

2'10.344 
1,336 
2.328 
.q.qzl 

4313 

5.306 
6299 
;2().3 
8286 
9280 

2'2027.3 

1267 
2261 
3255 
4249 

5244 
62.38 
72.3.3 
(("7 
9222 

2'.3021; 
1 2 1 2  
2 2 0 7  

.120.3 
4198 

5194 
61H9 
7185 
8 1 8 1 2 7 8  
9 1 ; ; 2 ' 7 9  

A. 

2.M 
2'41 
2'42 
2.43 
244 

2'45 
2.46 
2.47 
2.48 

250 
2.61 
2'58 
2'53 
2'64 

2.66 
2.56 
2'57 
a58  
2.69 

2'60 
2.61 
2-GP 
2.63 
2'(i4 

2 615 
2.66 
2.(;7 
268 
2'60 

2'70 
2.71 
2 72 
273 
2 74 

2'75 
2.76 
2.77 

B. 

O . O O I ; ~  

0169 
o16j  
0161 
0157 

0154 
0150 
014; 
0144 
0140 

0'00137 
0134 
orgl 
0128 
0125 

I 

0119 
0117 
0114 
0111  

0'00109 
0106 
0104 
0 1 0 2  

0099 

0097 
0095 
009.3 
oor)r 
0089 

o~oooR7 
ooRg 
008.1 
0081 
0079 

0077 
0075 
00j4 
0072 
oo;o 

A. 

2 80 
2 8 1  
2'82 
2.83 
2.84 

2'85 

2'87 
2'88 

2.90 
2.91 
2'92 

2.94 

295 
2.96 
297 
2'98 
2'99 

3.00 
3.01 
3'02 
3.03 
3.04 

3.05 
3'06 
3 07 
3'08 
3.08 

3.10 
3.11 
3.12 
3.13 
9.14 

3.15 
3.16 
3.17 

C, 
---- 

2.40173 
1169 
2165 
3161 
4157 

5154 
6 1 5 0 2 - 8 6  
7147 
8144 
g 1 ~ 0 2 ' 8 9  

2'501.37 
1134 
21.31 
3 1 2 8 2 9 3  
4125 
5122 

7117 
8114 
9111 

2.60109 
1106 
2104 
.?lo2 
409') 

5097 
6095 
709.7 
8091 
9089 

1.70087 
1085 
aoR.3 
3oR1 
;or9 

5077 
6075 
7074 
R o j r 3 . 1 8  
g o j o 3 . 1 9  

B. 

0.00069 
0067 
0066 
0064 
0063 

0061 
0060 
0059 
0057 
0056 

0'00055 
0053 
0052 
0051 
0050 

ooq9  
0048 
0047 
0045 
0044 

0.0004.3 
0042 
0041 
0041 
0040 

00.39 
00.38 
00.37 
00.36 
00.35 

o.ooo,qq 
0034 
oo,3.3 
00.31 
ooJr 

00.31 
00.30 
0029 
0029 
0028 

C .  
-- 

.?.zoo27 
1027 
2026 
3026 
40t5 

5024 
6024 
7023 
802.3 
9021 

3'30022 
1021 
2 0 2 1  
3020 
4020 

5019 
6019 
7019 
8018 
9018 

.3'40017 
50014 
60011 
70009 
800-7 

90005 
4.00004 

nrn0.3 
20003 
30002 

4.40001 
50001 
60001 
too01 
8000~ 

90001 
5.0- 

C ,  

2.80069 
1067 
2066 

406.3 
5061 

7059 
8057 

2.90055 
1053 
2052 
.30513.33 
4 0 5 0 3 . 3 4  

5040 
6048 
7047 
8045 
9044 

3'00043 
1 0 4 2 3 5  
2041 
. ~ O J I  

4040 

~ o , ~ g  
60.38 
70.4; 
80.36 
90.354 '3  

j.loo.34 
10.34 
zoj.3 
30~32 
4031 

5031 
60.30 
7029 
8020 
9028 

A .  

3.20 
3'21 
3 ' 2  

3 0 6 4 : j . S  
3.24 

3.26 
6 0 6 0 3 ' 2 6  

3.27 
3'28 

9 0 5 6 3 . 2 9  

3.30 
3.31 
3 32 

9.35 
3.96 
3-37 
3.38 
339 

9.4 

3.6 
3.7 
3.8 

3 9 
4.0 
4 1 
4.2 

9.4 
4.5 
4.6 
4.7 
4 8  

4.9 
6.0 

B. 

o.ooot; 
0027 
0026 
0026 
0025 

0024 
0024 
0023 
0023 
0 0 2 2  

0'00022 
0021 

0 0 2 1  

0020 
0020  

0019 
ooly 
0019 
0018 
0018 

0'00017 
0014 
0011 

oooy 
0 0 0 7  
0005 
0004 
000.7 

000.3 
0002 

o.ooooa 
0001 

0001 

0001 

oool 

O.OOOOI 

o.oooco 
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TABLE L.-Common Logarithms to 4 places of Decimals. 

NO. 

340 
341 
3C2 
313 
344 

345 
356 
347 
348 
349 

350 
331 
352 
363 
35b 

365 
366 
357 
358 
359 

360 
361 
362 
383 
364 

365 
36G 
367 
368 
369 

370 
371 
372 
3 i3  
374 

375 
3 i 6  
377 
378 
379 

380 
3R1 
382 
383 
384 

3R5 
386 
387 
388 
389 

300 
391 
392 
393 
384 

395 
396 
397 
39R 
309 

NO. 

400 
401 
4.02 
403 
404 

405 
406 
407 
408 
409 

410 
411 
412 
413 
414 

415 
416 
417 
418 
419 

420 
421 
422 
423 
421 

425 
426 
427 
428 
429 

430 
431 
492 
433 
434 

435 
436 
437 
438 
439 

440 
4i1 
442 
463 
444 

445 
4tf i  
447 
448 
44,9 

450 
461 
4,52 
453 
454 

456 
45fi 
457 
458 
450 

NO. 

- - - - - -  

220 
221 
222 
a23 
224 

225 
226 
22; 
228 
229 

230 
231 
232 
233 
234 

235 
236 
237 
238 
239 

240 
241 
242 
243 
244 

245 
246 
247 
288 
249 

250 
251 
252 
253 
264 

255 
256 
257 
258 
259 

260 
261 
262 
263 
262 

266 
266 
%7 
268 
269 

270 
271 
272 
273 
274 

276 
276 
277 
278 
279 

Log. 

'5.315 
'5328 
'5340 
'5353 
'5366 

'5378 
,5391 
'540.3 
.5416 
.j428 

'5441 
'545.3 
,5465 
'5478 
,5490 

'5502 
'5515 
,5527 
,5539 
'5551 

'556.3 
'5575 
'55R7 
,5599 
'5611 

'5623 
.56.{5 
'5647 
.565R 
.g6;o 

,5682 
,5694 
.5jog 
,5717 
'5729 

.5740 
'5752 
,5763 
.3775 
.57RG 

.5;98 

.gRog 

.g8z1 
-5832 
.5843 

,5855 
.;RM 
.5R;7 
.sRR8 
'5899 

I 

. jgzz 

.59.3,1 

.5944 

.5,)55 

.59M 

. ~ q ; j  

.5988 

.5999 

.Go10 

h g .  

.6021 

.6031 
'6042 
'6053 
'6064 

.6075 
'6085 
'6096 
'6107 
.6117 

.6128 

.6138 
'6149 
,6160 
'6170 

.618o 

.6191 

.6201 

.6212 

.6a22 

*6232 
.624.3 
.625,3 
'626.3 
'6274 

.6284 

.6294 
'6304 
.6 .31~  
'6325 

'63.35 
'6345 
,6355 
.6365 
'6375 

'6.3R5 
.6395 
.6405 
,6415 
.6425 

.6435 

.6444 
'6454 
.6464 
'6474 

.64R4 

.6493 

.650.3 

.651.3 
'6522 

.6532 

.o551 

.6561 

.hg71 

.65Ro 

.hs90 

.6599 

.6609 
,661R 

No. 

100 
101 
102 
103 
104 

106 
106 
107 
108 
109 

110 
111 
112 
113 
114 

115 
116 
117 
118 
119 

120 
121 
12'2 
123 
121 

126 
12G 1 
127 
128 
129 

130 
131 
132 
133 
134 

135 
136 
137 
138 
139 

I 4 0  
141 
142 
143 
144 

145 
146 
147 
148 
149 

150 
151 
1.52 
153 
1 5  

155 
151; 
167 
158 
160 

No. 

&O 
461 
462 
463 
464 

465 
4ti6 
467 
4,68 
469 

4,70 
471 
473 
473 
474 

475 
476 
477 
478 
479 

480 
481 
482 
483 
484 

485 
48fi 
487 
488 
489 

490 
491 
492 
493 
491 

495 
496 
497 
498 
499 

600 
501 
602 
603 
504 

606 
606 
507 
608 
509 

510 
611 
612 
613 
514 

615 
616 
617 
518 
619 

Log. 

.oooo 

.ooj,q 

.oo86 

.o128 

.or70 

. o t l t  

.oag,3 

. o q ~  

.OJJJ 

.o37j 

-0414 
0 
.o41,2 
.0531 
'oj69 

'0607 
'oh15 
'0682 
'0719 
,0755 

'ojgz 
'oR28 
'0864 
'0891) 
.o934 

'0969 
.loo4 

"1oj8 
.lo72 
.1106 

.1139 
'117.3 
.12of1 
.11.;9 
' I Z ~ I  

.1.303 
'13.15 
.136; 
.1.399 
.1430 

.1461 

.1491 

. 1 j z , 3  

.1553 
'1584 

'1614 
'1644 
'167.3 
' I ; o .~  
'1731 

,1761 
.~ ; r )o  
.181a 
.lRq; 
. I R ; s  

.lgo,3 
'19.11 
'1959 
'198; 
'2014 

No. 

160 
161 
162 
l f i3  
la 

165 
166 
167 
168 
169 

170 
171 
172 
173 
l i 4  

175 
176 

-177 
178 
179 

180 
181 
182 
183 
184 

185 
186 
187 
1R8 
189 

190 
191 
193 
193 
19.4 

ID5 
196 
197 
108 
190 

2 
201 
202 
803 
204 

206 
206 
207 
208 
209 

210 
211 
212 
213 
214 

216 
216 
217 
218 
219 

Log. 

,6628 
.663; 
.6646 
. 6 6 ~ 6  
.66b5 

,6675 
.6684 
,6693 
.6702 
,6712 

.6721 

.6;,30 
,6739 
,6749 
'6758 

.6767 
,6;;6 
.6;85 
.6794 
.6Ro3 

,6811 
,6821 
'6Rjo 
'68.39 
,6848 

.6R57 
,6866 
'6875 
'6R84# 
.6R93 

,6902 
'6911 
'61920 
.6928, 
.6y.37 

,6946 
,6965 
'6964 
.6giz 
'C~)RI 

,6990 
.bggR 
'7007 
'7016 
'7014 

'7033 
'7041 
'70.50 
'7059 
'7067 

.:of6 
,7084 
'709.3 
.;rol 
'7110 

. 7 r 1 R  
,7126 
,7135 
,714.1 
.715' 

Log. 

'3424 
'3444 
'3464 
'348.3 
'3502 

'3522 
'3541 
'3560 
'3579 
.3598 

.3617 
'3636 
'3655 
'3674 
'3692 

..3711 
'3729 
.3747 
'3566 
'3784 

'3802 
',38zo 
'.3R,3fl 
'3856 
'3874 

'3892 
'3909 
'392; 
'3945 
.3962 

'3979 
'3997 
'4014 
'4031 
'4048 

,4065 
'408a 
.4099 
.4116 
,4133 

.4150 

.4166 
'418.3 
.4200 
'4216 

.42.1z 
,4249 
.4265 
,4281 
,4298 

.4314 

.4.3.30 
'4.346 
'4363 
'4378 

,439.1 
.44o9 
,4425 
, 4 4 0  
.4456 

Log. 

. ro j I  
,2068 
.2095 

.1149 

'2175 
.raoI 

.a253 

.a279 

-2304 
'2330 
.2.7;5 
.a.380 
'2405 

.ZJ.IO 

.2455 

.24Ro 

.2504 
'2529 

'a553 
'2;;; 
.z601 
.2625 
'2648 

.2672 

.2695 

. ~ ; I R  

.2;42 

.zjhg 

.z;RR 

.2810 

.zR.3j 
,2856 
-28i8 

.,goo 

.2923 
,2945 
.296; 
.2989 

' . ~ O I O  

.30,31 
'.3054 
.3075 
.3096 

..3118 
'.11.11) 
.316o 
..31R1 
'3201 

.3221 
'.324.+ 
6 
..3tH4 
'3304 

'3.124 
..3.345 
,3365 
..3,3Rg 
.3404 

NO. 

280 
281 
284 
2R3 
281 

285 
286 
287 
288 
289 

290 
291 
292 
293 
294 

295 
296 
297 
298 
299 

300 
301 
302 
303 
304 

305 
306 
307 
308 
309 

310 
311 
312 
313 
311 

315 
316 
317 
318 
310 

320 
331 
322 
323 
324 

325 
326 
327 
328 
329 

330 
331 
332 
333 
334 

335 
336 
337 
338 
339 

Log. 

' 4 7 2  
'4487 
'4502 
'4518 
'4533 

'4548 
,4564 
'4579 
'4594 
.4609 

.4624 
'4631) 
'4654 
.4669 
,4683 

,4698 
1 . 3  
' 4 ; ~ 8  
'4742 
'4757 

'4771 
'4786 
'4Roo 
'481) 
'4829 

'4843 
'4857 
,4871-  
,4886 
.49oo 

.491j  

.4928 
'4942 
'4955 
'4969 

.49R.l 

.499i 
o 
,5024 
.50.1R 

,5052 
.so65 
.50;9 
.so92 
,5105 

.5119 

.51.32 
,5145 
.515r) 
'5172 

. S I R S  
'gay8 
.5211 
'5a24 
'52.3; 

'5250 
.,~26,1 
.52;6 
,5289 
,5302 
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TABLE L.-Common Logarithms to 4 places of Decimals. 

Log. 

-------------- 
,8808 
,8814 
.8820 
'8825 
'8831 

'8837 
,8842 
,8648 
'8854 
'8859 

.a865 
,8871 
.a876 
.888z 
,8887 

,8899 
.a904 
'8910 
,8915 

,8921 
,892; 
,8932 
,8938 
,8943 

'8949 
,8954 
,8960 
,8965 
,8971 

,8976 
,8982 
,8987 
.899,3 
.a998 

'goo4 
,9009 
,9015 
,9020 
'go25 

,9031 
.yo36 
'9042 
'1]04; 
'905.3 

'9058 
.gafn.q 
.gob9 
,9074 
.go;r) 

.go85 
.I,OOO 

.0oo6 

. I ) I O I  

,9106 

'9112 
,9117 
.9122 
,9128 
,9133 

No. 

620 
621 
622 
623 
624 

625 
626 
527 
528 
529 

530 
531 
532 
533 
634 

535 
596 
537 
638 
539 

540 
541 
512 
643 
644 

645 
546 
547 
548 
649 

530 
651 
652 
653 
654 

655 
556 
657 
658 
559 

660 
661 
562 
563 
664 

665 
6G6 
667 
668 
669 

670 
671 
672 
673 
674 

675 
671; 
hi7 
6 i8  
679 

& 

Log. 

,8062 
.8069 
'80;s 
,8082 
.a089 

,8096 
.81oz 
,8109 
,8116 
. a 1 2 2  

,8129 
,8136 
.a142 
.a149 
.a156 

.8162 

.A169 

.81;6 

.RIHE 

.8189 

.a195 
,8202 
.8209 
.Rz15 
,8222 

.8228 
,8235 
.Rz41 
.8248 
'8254 

,8261 
,826; 
,8274 
.82Ro 
'828; 

.RZ~.Z 
,8299 
'H.]o6 
.8.]12 
,8319 

,832; 
.R.3,31 
'R.138 
'R.344 
.8.351 

.R.qg; 
,R.36~ 
.8j;o 
,8,3;h 
.R.jRz 

'A388 
.4,~1j; 
'8401 

.R.$tq 

,8420 
.I3426 
'R4.32 
,8439 
'8445 

No. 

820 
821 
822 
8'23 
824 

815 
816 
827 
828 
0'29 

830 
831 
832 
833 
834 

836 
836 
837 
838 
839 

840 
841 
842 
843 
814 

846 
846 
847 
848 
849 

850 
851 
852 
R63 
854 

855 
856 
857 
858 
859 

860 
861 
862 
863 
864 

865 
HG6 
867 
869 
869 

A70 
871 
872 
873 
874, 

876 
876 
877 
87R 
879 

Log. 

'7160 
.7168 
.7177 
.7185 
.7193 

'7202 
. j z l o  
.7218 
,7226 
.f235 

.;z4.3 
,7251 
,7259 
.7267 
.7275 

,7284 
.7292 
.7300 
.7308 
,7316 

. 7 f z j  

.7.3.32 
,7340 
,7348 
.7356 

.7364 
'7372 
,7380 
,7388 
.7396 

,7404 
'7412 
'7419 
,7427 
'7435 

'744.3 
'i4.51 
' ; ~ ; 9  
'i4(16 
'7474 

'74Ra 
'7490 
'7497 
' is05 
'751,3 

'7520 
.;5zR 
'75.36 
'7.54.3 
'7551 

'7559 
'7506 
'7574 
'75R2 
'7581) 

'7597 
';(lo4 
'7612 
,7619 
'7617 

No. 

760 
761 
762 
763 
764 

765 
766 
767 
768 
769 

770 
771 
772 
773 
774 

775 
776 
777 
778 
779 

780 
781 
782 
783 
784 

$85 
7H6 
i 8 i  
788 
789 

790 
791 
792 

293 194 

705 
7!l6 
i97 
7H8 
799 

800 
801 
RO'? 
803 
804 

805 
HOG 
807 
808 
809 

810 
811 
812 
813 
814 

A15 
RIG 
817 
RIA 
819 

Log. 

'9138 
'9143 
.9149 
'9154 
'9159 

.9165 
,9170 
,9175 
.918o 
'9186 

.9191 

.9196 
'9201 
.9206 
.9212 

,9217 
.9222 
'9227 
.92,32 
,9238 

.924.3 
' 9 ~ 4 8  
'9253 
.9258 
,9263 

.9269 
'9274 
,9279 
'9284 
'9289 

.9294 
,9299 
,9304 
,9309 
'1).315 

'9320 
.g.qrg 
.9.3,30 
,9335 
,9340 

'9,345 
,9350 
'935.5 
,9360 
,9365 

.9,35o 

.9.375 

.0,3Ro 

.gjRg 
,9390 

.9,395 

.9400 

.940,5 

.9410 
,9415 

,9420 
,9425 
.gj.qo 
,144.35 
,9440 

No. 

580 
581 
582 
583 
586 

685 
686 
587 
588 
589 

590 
591 
592 
593 
694 

695 
596 
597 
598 
599 

600 
601 
602 
603 
604 

605 
606 
607 
608 
609 

610 
611 
612 
613 
614 

615 
616 
617 
616 
619 

620 
621 
622 
623 
624 

623 
626 
627 
628 
6x9 

630 
631 
622 
633 
631 

635 
636 
637 
638 
639 

No. 

700 
701 
702 
703 
704 

705 
706 
707 
708 
709 

710 
711 
712 
713 
714 

715 
716 
717 
718 
719 

720 
721 
722 
723 
724 

725 
726 
727 
728 
729 

730 
i31 
732 

E33 134 

735 
736 
737 
738 
739 

740 
711 
742 
743 
$44 

74.5 
74G 
747 
748 
7.1.9 

750 
761 
762 
i93 
764 

756 
i5G 
757 
75R 
75Y 

Log. 

'8451 
.a457 
'8463 
'8470 
'8476 

'8482 
.8488 
'8494 
.850o 
.8jo6 

,8513 
.a519 
'8525 
,8531 
'8537 

.8543 
'8549 
'8555 
'8561 
,8567 

'857.3 
'8579 
.tl~Rs 
.Us91 
'8597 

.8603 
,8609 
,8615 
.8621 
.a627 

,863.3 
,8639 
,8645 
,8651 
,8657 

'866.3 
'8hO(j 
,8675 
,8681 
,8686 

,8692 
.86g8 
,8704 
.R;Io 
,8716 

.R;22 
,8727 
.R;j3 
,8739 
'R741; 

'8;gl 
.8;56 
.Ri62 
,8768 
'8774 

'8;;g 
'RjR; 
'8791 
.R;97 
.8Roa 

No. 

880 
881 
882 
883 
8.94 

885 
886 
887 
888 
889 

890 
891 
892 
893 
894 

895 
896 
897 
898 
899 

900 
901 
902 
903 
904 

905 
906 
007 
908 
909 

910 
911 
912 
913 
914 

915 
916 
9 l i  
918 
919 

920 
921 
922 
020 
924. 

925 
921; 
92i 
998 
929 

930 
991 
932 
BY3 
035 

996 
9136 
937 
938 
939 

Log. 

.7634 

.7642 

.7649 
,7657 
.7664 

-7672 
'7679 
'7686 
,7694 
.7701 

.77og 
,7716 
.772.3 
.7731 
'7738 

'7745 
'7752 
.7;60 
.7767 
'7774 

. i i8z  

.7;89 
'7796 
.gRo.z 
.7810 

.7818 

.;8z5 

.78.32 
'7839 
'7846 

'785.3 
';Hho 
.;868 
'7875 
,7882 

'78Rg 
.;Rc]6 
'790.3 
'7910 
'7917 

,5924 
'79.31 
';9,38 
'791.5 
,7952 

'7959 
.;ghh 
';p;,z 
'7980 
'7987 

'7993 
'8000 
'Roo7 
'8014 
'8021 

'R02R 
'80.35 
,8041 
'8048 
'8055 

No. 

610 
641 
642 
613 
6M 

615 

a46 647 
618 
649 

650 
651 
652 
653 
654 

E 5  ba6 
657 
65R 
659 

660 
661 
662 
663 
GGS 

665 
666 
667 
668 
669 

670 
671 
672 
G73 
6i4 

675 
676 

6!7 6 l8  
Gig 

690 
681 
692 
683 
684 

GR5 
696 
687 
688 
689 

690 
691 
692 
093 
694 

695 
696 
697 
698 
699 

Log. 

'9731 
.9736 
,9741 
'9745 
'9750 

,9754 
'9759 
'9564 
.9;68 
'9773 

,9777 
'9781 
'9786 
,9791 
'9795 

.9800 
'9805 
'9809 
'9814 
,9818 

'982.3 
'9827 
,gRja 
'98.36 
'9841 

' ~ 8 ~ 5  
'9850 

,9859 
.986.3 

.9868 
,9872 
'987; 
.9881 
,9886 

,9890 
,9894 

'9903 
,9908 

,9912 
,991; 
,9921 
,9926 
.gr)jo 

.9934 

.yyjy 
,9943 
,9948 
.99ja 

.9956 
,9961 
,9965 
.9969 
,9974 

,9978 
.gy8.3 
,9987 
,9991 
,9996 

Log. 

.9445 
'9450 
'9455 
,9460 
,9465 

'9469 
'9474 
'9479 
,9484 
'9489 

.9494 
'9499 
'9504 
'9509 
'9513 

'9518 
.9523 
,9528 
,9533 
'9538 

'9542 
'9547 
'955? 
,9557 
'9562 

,9566 
.tj571 
,9576 
,9581 
.9586 

,9590 
,959; 
,9600 
,960; 
,9609 

,9614 
.9619 
,9624 
,9628 
.96j,j 

,196.38 
,964.3 
.9647 
,9652 
.y657 

,9661 
.9606 
,9671 
.9h7$ 
.96Ro 

.9685 
,9689 
,9694 
,9699 
,970.3 

,9708 
.971.3 
.9717 
,9722 
.9;27 

No. 

940 
941 
942 
943 
944 

945 
916 
947 
9.18 
949 

950 
961 
952 
953 
954 

955 
956 
957 
958 
959 

9G0 
961 
962 
963 
964 

965 
966 
967 
968 
969 

970 
971 
9i2 
9 i3  
!J74 

975 
976 
9i7 
978 
979 

980 
981 
982 
OR3 
984 

DR5 
986 
987 
9% 
989 

990 
091 
992 
993 
994 

995 
996 
997 
998 
999 



TABLE L1.-Common Logarithms to 5 places of Decimals. 

Pro. Parts. 

D. 41 4 

1 4.4 4.2 
2 8 8  8.4 

:!:: ii:: 
5 22.0 21.0 

g:: 
8 ss.2 we 
9 W6 37.8 

D. 40 3 

4.0 
2 R.O 7.6 
3 12.0 11.4 

$ it:: 
6 2.2'8 

z:! 
9 36.0 wz 

' 36 

S.R 3.,1 
a 7.2 6.8 
3 1o.8 loz 
4 1.r.r 196 

17:; 2;:; 
2:; i::; 

9 yp.4 90.6 

D. 3B 

: ::; 
a 9.0 c1.0 
4 12.8 120 
5 lS'O 

; ;< :::: 
2:; i;:! 

D. 26 

2.8 2.6 

::! :': 
4 11.2 101 
5 IeO 13.0 

; :::: :;:! 
8 a.4 20.8 

25'2 '" 

D. 24 

2q 2.2 
2 1.8 . ~ . 4  
3 7'2 0'6 

g.6 8.8 
6 1.2.0 11.0 
6 

;: :::: :;:: 
9 21.6 19'8 

D. 20 19 

, 2.0 I , B  
a +.,, 3.8 
g 6.0 5.7 
4 8.0 7'8 

10.0 8.5 
0 15.0 11.4 

ii:! 
1 ~ 1  

k 

No. 

165 
166 
167 
168 
1G9 

170 
171 
172 
173 
174 

175 
176 
177 
178 
179 

180 
181 
182 
183 
184 

185 
186 
187 
188 
189 

190 
191 
192 
193 
194 

195 
190 
197 
I98 
199 

200 
201 
202 
203 
20b 

205 
206 
207 
203 
209 

210 
211 
212 
213 
21-b 

215 
216 
217 
218 
219 

220 
221 
222 
223 
224 

225 
221; 
227 
228 
2% 

LogariLhm. 

0 1 2 3 4 5 6 7 8 9  

21748 775801 827 854 880906932958985 
~ 2 0 1 1  0.37063089 115 141 167 194220 246 

2 7 2  298324.350 376 401427 45.1479505 
531 557 5836b8634 660686712 i.37 763 
789 814 840866891 917 94.3 968 994*19 

2jO45070O96 121 147 1 7 2  198 zz3z49 274 
300325 350376401 426452477 502 528 
55357860.36296~4 679704 729754 779 
80; 8.30 855 880 905 9.30 955 9Ro *og *30 

a4055 080 105 130 I j5 180 204 229 254 279 

304 329 353 378 403 428 452 477 502 527 
551 576601 625650 674699724 748773 
797 822 846 871 895 920944969993 

t5042066og1 115 1.39 164 188 212  2.37 261 
285 310 3.34 358 382 406431 45j  479 503 

527 551 575 600624 648672696720744 
768 792 816 840864 888912 935 g.ir)gUf 

z600~031055079 lo2 126150 174198221 
a45 269 293316,340 36438741 1435458 
482 505 529 553 j j6  600623 647 670694 
717 741 764788R11 8.348588819o5928 
951 975 998*fr *45 .68*9l 114 1.38 161 

~ 7 1 8 4  207 231 254 277 300323346370.393 
416439462485 508 5.31 554577 600623 
646669692 715 7.38 761 78~8o;rR.308jz 

875 898 921 944 967 989 *I 2 *35 *58.81 
~8103  126 149 171 194 217 240262 285,307 

3.30.35.3 3;j 398421 443 46648851 I 5.3.3 
5565;8601 62.3646 668691 713 7.35 7.38 
780803 Bag 847 870 892 914937 959981 

~ ~ o o j o ~ 6 o ~ R o ; o o ~ z  I 15 1.17 159 181 20.3 

226 248 270 292 914 336 358 380 40.3 425 
44546g491 513535 557579601 62.364j 
667688;10732754 776798820842863 
885 907 919951 97.3 9r)4*16*38+60*81 

30103 125 146 168 190 2 1 1  2.33 255 276 298 
320,341 363384406 428449471 492514 
535 557 578600621 64.3664685 707 728 
750 771 j9~8148.35 8 ~ 6 8 ~ 8 8 9 9 9 ~ 0 ~ ~ ~  
96.3 9 8 ~ * 0 6  ,i7,48 *69*91 I r 2 1.33 154 

31 175 197 218 239260 281 30232.334~366 
387j084294504;1 49~51.3.i,7455~.iih 
597 6186,39660681 702 72.3 744765 785 
ko6 827 848869~90  91 I 9.31 952 973 994 

32015 0.75 056077ogR I 18 1.39 160 181 201 

2 2 2  24.3 26.3 284.405 .325346366.387408 
418 440469490510 5.31 5.52 572 59.3613 
634654675695 715 736 7.56 777 797818 
RJR 858 879899 919 940960 ~ R o , , o I  *21 

. ~ J O ~ I  062082 1 0 1  122  143 163 18,3203 214 

2~ 264 284 . z o ~  ,325 ,345 365 .3R5 405 42.5 
445 465486 s o h 2 6  546 566 586606626 
646666686706 726 746 766 786806826 
846 866885 905 925 945 965 9 ~ 5  *05 *25 

34044 064084 104 114 143 16.3 183 203 22.3 

142 z6a 282 j01 311 341 j6r jRo 400 420 
4.394594794qR 518 537 557 577 596616 
6.35655 6;4691 713 ,3.3753 7 7 2  792811 
8.3pR5086988~~08 928 947 967 986 *og 

3 5 0 2 5 0 ~ 4 0 6 ~ ~ R 3  102 1 2 2  141 160180 199 

I I A  238 257 276 295 .315.1.1435.3.371392 
41 1 4.30449 468 488 507 526 545 564583 
60.3622 641 660679 698 717 7.36 755 774 
i 9 ~ 8 1 ~ 8 3 ~ 8 5 1  870 RBggoR917 946965 

35984.03,ar +40*59 a78.97 116 135 154 

0 1 2 3 4 6 6 7 8 9  

No. 

- 
100 
101 
102 
103 
104 

105 
106 
107 
108 
109 

110 
111 
112 
113 
114 

115 
116 
117 
118 
119 

120 
121 
122 
123 
124 

125 
126 
127 
128 
129 

130 
131 
13.' 
133 
131 

135 
136 
137 
138 
139 

140 
141 
142 
143 
144 

145 
146 
147 
148 
149 

150 
161 
152 
163 
16s 

165 
lSG 
'57 
158 
169 

160 
161 
162 
lG3 

Logarithm. 

0 1 2 3 4  5 6 7 8 9  

0000004.3087 1-30 17.3 217 260.303346.389 
432475 518561 604 647689732 775817 
860903945988*30 .7a 115 157 199 242 

01284326.3684104j2 494536 578620661 
703 745 787828870 9" 953 995 *36*i8 

02119 160202 aq.3284 325 366407449490 
5.31 57161a653694 735 776816857 898 
938979rl9r60 100 14"81 2 2 2  162.302 

03341 383 423 463 503 543 583 623 663 703 
743 78282~  862 902 941 981 *21*60 100 

041.39 r 79 218 258 297 336 376 415 454 493 
5.32 571 6106jo689 727 76680584488.7 
922 961 999 *.38 *77 11 j 154 192 231 269 

05308346.385423 461 500538576614652 
690729 76; 805 843 881 918956994832 

06070 108 145 183 2 2 1  258 296333371 408 
546483 5" j58 595 63.3 670 707 744 781 
81gBj68g3930967 *04*41 +78 115 151 

oil88 125 262 2983.35 .ti2408145482 518 
555 591 628664 700 737 773809846 882 

918954990r27r63 +99 1.35 171 2 0 7  243 
o8279.314.350.386422 45849.~~20565600 

6.36672 707 743 778 814849884920955 
991~26*61  *96 132 167 zoa 237 272.307 

09.342.377412447482 517 552 587621 656 

691 726 760 705 8.30 864 899 934968 *03 
loo.37072 106 140 175 209 243 278.7'2 346 

380415 44948.3 517 551 585619653687 
721 755 789R13Rsi 890924958992825 

Il'J59093 126 160 193 2 2 7  261 294327 361 

394428461 494 528 561 594628661 694 
717 760 793826 860 89.3 926959992t24 

1logiogol2.3 156 189 1 2 2  2;~287320352 
38541845o~fi.3516 54H581 613646678 
; 10 74.3 7;s 808 840 872 905 937969*01 

1303.30660g8 130 162 194 226 2j8 z g o j t ~  
. I ~ ~ . ~ R ~ J I R J . ~ o ~ ~ I  513545 j77609640 

47.35 767 799 83086289.392j9~6 
:::;:Y * S l  114 145 1j6208239 2 7 0  

14.301 333 364395 426 457489 520 5 j l  582 

61.36446;; 706737 768 7ggRzg8608g1 
92295.39R3+14*45 *i6 106 137 168 198 

1522r) 259 a9o.{zoj31 381 412442 47.3 603 
5.34 564.594 hzg 653 685 715 746 776806 
8.36866897 917957 987 *17 +47 *;; lo; 

161.3; 167 '97 2 2 7  256 286.316.14h.3i6406 
!35 465 495 524554 5846136~3673 7 0 2  
1 . 3 ~  ;61 791 820850 8799099.38967997 

17026 056 08; r 14 14.7 173 202 23 I 260 2R9 
3311348 377 406435 464493522551 580 

609 63R 667 696 71; 754 782 8 I I 840 869 
898916955 984+13 ,.$I *70rr)9 1 2 7  156 

18184 21.3 241 1;0298 327 355 384412441 
469 498 516 554 58.3 61 I 639667 696 7 2 4  
751 i808088.37 865 89.3921949977~05 

l90.3.3061 089 117 145 17.3 2 0 1  229 2.57 185 
.712340.7(18 .396414 451 4795oi 535.562 
590(11864.567.3700 728 756 78.3811 8.38 
866 ~ ~ ~ 3 ~ 2 1  9 4 ~ 9 7 6  *0,3*.30*g8 *US 1 1 2  

20140 167 194112 149 ~ ~ 6 ~ 0 . ~ . ~ ~ 0 3 5 8 , ~ 8 5  

41143946649.3510 548 ~ i ~ 6 0 2 6 2 9 6 5 6  
68.3 7 1 0  737 763 790 817 844 871 898925 
951 978.05 *.3z*gg I la 1.39 165 191 

11219 245 2 7 3  299315 .?sz 3784054.31458 
48451 1537 564590 617643669696 711 

0 1 2 3 4 6 6 7 8 9  



( 91 1 

TABLE L1.-Common Logarithms to 6 places of Decimals. 

Pro. Pnrts. 

D. 18 17 

2 3.6 ~4 
3 5.4 5.1 

$ ::: ::! 
6 lo:8 10'2 

:{ :!:! 
s 16.2 15.3 

D, 16 15 

i:! i:; 
3 4.8 4.5 
4 6.4 6.0 

::: ::: 
7 11'2 lo's 
.:::: i::: 

D. l4 l3 

::SJ i:! 
p.2 3.9 

4 5.6 5.2 
5 7'0 w5 
::: g:): 

: :;:: :!:: 
D. 1.2 11 

1 1.2 1.1 

32:; j:: 
4 4.8 4.4 
5 s'o 5.5 
6 5'8 @e 
::: g:; 

l0'' " 

No. 

230 
231 
232 
233 
234 

235 
236 
237 
238 
239 

210 
241 
242 
243 
244 

245 
2JG 
247 
24.8 
219 

250 
251 
252 
253 
264 

255 
251; 
257 
258 
259 

260 
261 
262 
263 
264 

265 
2613 
2(;7 
268 
269 

270 
271 
272 
273 
274 

275 
27'; 
277 
278 
279 

280 
281 
282 
288 
I84 

2% 
2 w  
287 
288 
289 

290 
291 
292 
293 
4 

No. 

295 
296 
207 
298 
299 

300 
301 
302 
303 
301 

305 
306 
307 
308 
309 

310 
311 
312 
313 
314 

315 
316 
317 
318 
310 

320 
321 
322 
323 
324 

325 
326 
327 
328 
329 

330 
331 
332 
333 
334 

336 
336 
337 
338 
339 

340 
341 
352 
353 
34.1. 
315 
346 
8.17 
3-18 
349 

350 
351 
952 
353 
356. 

955 

367 
358 
359 

Logarithm. 

0 1 2 3 4 5 6 7 8 9  

36173 192 211  229 248 267 286.305 324342 
361 380399418 4.36 45.547449351 I 530 
649568 586 605 624 642661 680698 717 
j.36 754 773 791810 829847 86688490.3 
922 9409j9977 996 *14*33*51 +;or88 

37107 125 144 162 181 199218 236 254 27.3 
231 310.328 346 365 983 401 420438437 
475 493 5" 530 548 566 58s 603 621 6.39 
658676694712 7.31 749 767 785803822 
840858876894912 931 949967985 *0.3 

38021 0.79057075 09.3 I12 1.30 148 166 184 
zo2zzoz.38 256274 292,310328 346,364 
382 39941743s 453 471 489,607 525 54.3 
561 578 5966146.32 650668686 703 721 
739 757 575 792810 828846863881 899 

917934952970987 ro.j*23*4~ *58*76 
39094111 129 146 164 182 199217 235 252 

2i0287.305 322.340 358.37539.3410428 
44 j 46.3 480498 515 5.33 5.50568 585 602 
620637655672690 707 724742 759777 

79481 I 829846863 881 898915 0.3.3950 
96;gUg *oz *19*37 *54*;1 +88 106 12.3 

4014015; 175 11)2209 226243 261 278 295 
.312.3~9346364381 .3g84154.~~449466 
48.3 500518 5.35 jst  569 586 60.3620637 
6.54671 688 705 722 i 3 9 7 ~ 6  77.3 790807 
824841 R g 8 8 7 5 8 9 ~  90992694.3960976 
gr).3*10+27,,44~61 *7Rn95 1 1  I 128 145 

41162 179 196 2 1 2  229 24626.3 280 29631.1 
330.347 .36.3380397 414430447464481 

497 514531 547 564 581 597614631 647 
664681 697 714 731 747 764780 797814 
8.3084; 86.3 880896 91.3 929946 903979 
996,12 *29,,45 *62 *;8 *95 I I I 12 ;  144 

42160 177 19.3 210 226 24.3 259 275 292 .lo8 

325 341 357.374390 40h42.34394~5472 
4H8504521 5.37 553 5 i O ~ R 6 6 0 2  6196.35 
651 667684 700716 7.32 749 765 781 797 
81.zR.3oR46862BiB 89491 1927 94.30~9 
975 99' 108*24*40 a56n72*88 104 1 2 0  

431.36 152 169 185 201 ~1723.3249265 281 
29; 31.7 32934s 361 377 393409425 441 
457 473 489 505 521 5.37 553 569 584600 
6 1 6  6.32 648 664 680 696 71 2 727 74.3 759 
7;s 791 807 82,3838 854 87088690291; 

93.3949965 981 996 *12+2R*44*59*i; 
44091 107 1" 1.38 154 170 185 2 0 1  2172.32 

248 264 279 295 31 1 926,342 358573.189 
404420436451467 48.3498514 529545 
560 576592607 62.1 6.38654669 685 700 

7167.71 747 761 778 7 ~ . i R o g R z 4 8 ~ 0 8 5 5  
871 886 902 91  7 9.72 9-18 96.3 979 994 * lo  

4 ~ 0 2 . 5 0 ~ 0 0 ~ 6 0 7 1 0 8 6  1 0 2  I 17 1.3.3 148 16.1 
171) 194 209 225 240 255 271 ~ 8 6 , 3 0 1  .?I; 
332347 361378.39.3 4°842.3439 454469 
484 500.515 5.30545 561 576591 606621 
637 h~26f i76R2697 712 728 74.3 758 77.3 
~ R R R ~ . ~ R I R R . ~ ~ R ~ ~ )  864879894909924 
9.399549699~4*oo 11.5 *.30*45 *60175 

4('090 105 1201.35 '50 165 180195 2 l o l a 5  

240 255 270 285 .loo 31s  330145 359,374 
.389404419434449 464479494 So952.: 
538 s5.1s6R 58.3 598 61.7627 642 6,5;672 
6 8 7 j o l 7 1 6  7.31 5-46 7(11 776 790805 810 
8.35 850R64879894 90992.1 938 953 96; 

0 1 2 3 4 5 G 7 8 9  

Logarithm. 

0 1 2 3 4 6 6 7 8 9  

46982 997 *12*26*41 *56*70*85 100 114 
47129 144 159 173 '83 202217 232 246 261 

176 290 ,305 319314 349.369 378 392407 
422 436 451 465 480 494 509 524 538553 
567 j 8 t  596 611 625 640654669683698 

712 727 741 756 770 78479981 ~ 8 2 8 8 4 2  
857 871 885 900914 929943 9589;2 986 

48001 015 029 044 058 07.3 087 101 I 16 1.30 
144 159 17.3 187 202 216 z j o z @  259273 
287 302316330344 359373387401 416 

4.3044445847.3487 50' 515 530544558 
5 7 ~ 5 8 6 6 0 1 6 1 ~ 6 2 r )  643657671 686500 
714728 741 756770 785 i9981382iR41 
8j580988jH97 91 1 926940954968982 
996,1o*z4.38 *52 *66 *80*94 108 1 2 1  

491.36 150 164 178 192 206 ~ 2 0 2 3 4  248 262 
276 29ojo4318332 3 4 6 3 6 0 . 3 i ~ $ 3 8 4 0 ~  
415 429443457471 48j499513527 541 
554 568 582 596610 624 6.38651 6 6 j  679 
69.3;o; 721 734748 762 776i90803817 

8.11 8458.;98;2886 g o o g 1 4 9 2 7 9 4 1 g ~ ~  
969 982 996 *10*24 1.37 *51 *65 379 392 

50106 1 2 0  1.7.3 147 161 174 188202 215 229 
243256 270284297 31 1.7" .3183;2 365 
379393406 420433 447 461 474 488 501 

515 529542 $56 569 58.~59661062.363; 
651 664 678 691 705 718 7.32745 759;72 
786799813826840 8 ~ j 8 6 6 8 8 0 8 q , ~ 9 0 ;  
92093.1 94; 961 974 987 .OI *14*18*41 

51o55068081 0 9 j  108 17.1 1.75 148 162 175 

188 202 215 228 242 255 268 282 295.308 
322 335348362375 388 402415428 441 
455 468 481 495 500 521 534 548 561 67.1 
58; 601 6 1 4  h2;6.$o 65466; 68069.3 706 
720 733 746 759 772 786 799812 8258.38 

851 865 R j 8 8 9 1 9 0 ~  r)179.309439<7 970 
98.3 996,09*22*3,; *48*61*75 *RS I O I  

521 14 127 140 15.3 166 179 1 9 2 ~ 0 s  218 2.31 
244 257 270 284 297 .3103~,f33h.~49.j62 
,375 .?88401 414427 44045.3466 479492 

S04p17;.?05j.?,q56 569582595608621 
6.34 647 660 h i 3  086 699 71 I 724 737 is0 
76.1 776 iRgR02 815 81; 8 4 o R ~ j  866879 
892 90s 9 1  7 9.30 94.7 956 969 982 994 *oi 

~ ~ o z o 0 j ~ o ~ 6 0 j 8 0 ~ 1  084097 I 10 1 2 2  135 

148 161 173 186 199 212 224237 25026.3 
275 288.301 g14.326 ,339352.364.3;;,390 
40.3415 428 441 453 460 479 491 504 51; 
529542 555 567 580 59.76oj6186.316~3 
656668 681 694 706 719 732 741757 769 
582 ;g+Ro;8ao8,3~ 845 85;8;088zRqg 
908 920 9.33 94s 958 9;o 98.3 993 a08 ,20 

~ ~ o J ~ o ~ ~ o ~ ~ ~ ; o o ~ . ~  095 108 1 2 0  13.3 145 
158 1;o18.3 195 208 2202.73245 258 z j o  
28.3 295 307 320.332 345 35i  3io.382 694 

407 4194.32 444456 469481 494506 518 
5.31 54,3555 568580 593605617 630642 
654667 h i9691 704 716 728 741 753 765 
777 ;qoRoz 814827 8.39851 864 876888 
poo91.39~59.379)9 96a974986c)g8*11 

5502.30.35047060072 084096 108 1 2 1  1.73 
145 157 169 183 194 206218 r j o z 4 a  155 
267 279 291 ,303.315 .3~8.1.10.3gz.364f;6 
JRH ~ o o q 1 3 4 ~ 5 4 ~ 7  449461 47348s 497 
509 521 5.3.1 546 558 570581594606618 

0 1 8 3 4 6 6 7 8 0  



TABLE L1.-Common Logarithms to 6 places of Decimals. 

Pro. Perta. 

D. la  

iz 
s 3.8 
4 4.0 
5 6'0 

81 z:: 
9.B 

D 10.8 

D. 

: :': 
9 3.3 
4 4.4 

ti 
7 7'7 : ::: 
D. ' lo 

i l:: 
S.o 

4 4.0 
5 9 0  

!:: 
: ::: 
D. 0 

,,.o 
i: 

4 3.6 
5 4'5 

w4 
;:: 

D. 8 

i ::! 
::; 

s 4.0 
8 4'R ' 5'8 

;:; 

hgorithm. 
No. 

0 1 3 3 4 6 6 7 8 9  

556.306426j4656 678 691 70.3 71 5 727 739 
751 76.3 775 787 799 811 8238.15 847859 
871 883895907 919 931 94.3955 967979 
991 *03 *I j *27 +38 ;50r6z ;74*86*98 

561 lo 1 2 2  1.34 146 158 170 182 194205 217 

No. 

425 
426 
427 
4.28 
429 

430 
131 
432 
433 
434 

435 
4J6 
437 
438 
439 

460 
4 1  
4.42 
443 
4 4  

445 
4443 
447 
448 
4.49 

450 
451 
452 
453 
454 
465 
456 
457 
458 
459 

460 
461 
462 
463 

465 
1.66 
467 
,468 
469 

470 
471 
472 
473 
471 
475 
476 
477 
478 
479 

480 
481 
482 
483 
484 
4-96 
486 
487 
488 
4.99 

365 
366 
367 
368 
369 

hgsri thm. 

0 1 3 3 4 6 6 7 8 9  

62839849859870880 890900910921 931 
941 951 961 972 982 992*02rl2*22r33 

6304305306.3073083 094 104 114 1 2 4  1-34 
144 155 165 175 185 195 205 215 225 236 
246256266276 286 296306317 327 337 

34j3573673i738i 397407417428438 
448 458 468 478 488 498 508 518 528 5.38 
548 5.58 568 579 589 5 9 9 6 0 9 6 1 9 6 q h . ~  
649659 669 679 689 699 709 719 729 739 
749 759 769 779 789 799 809819829839 
849859869879889 899909 9199299.39 
949059969 979988 998roBr18rz8 r.38 

64048058068 078088 098 108 I 18 128 1.37 
I47 157 167 175 187 197 207 217 227 237 
246 256 266 276 286 296306316326335 

345 355 365 575 385 395 404414 424 434 
44445446447348.3 493503513 51.3 532 
542552562 572581 591 601 611 621 631 
640650660670680 689699 709 719 729 
538 748 758 768 777 787 797 807 816826 

836846856865 875 885 89; 904914924 
933943953963972 982992.02.11 .21 

6jo.11040050060070 079089099 108 I 18 
128 137 147 157 167 176 186 196205 215 
225 234z4.4154 263 273 283 292 302 312 

321 531 341 350360 369.379 p89 39.9 408 
418427 437447456 466 475 485 495 504 
j14g23g.33 543551 562571 581 591 600 
610619629639648 658 667 677 686696 
706715 725 i.34744 753 763 772 782 792 
801811 8208.30839 849858868877887 
8 9 6 ~ 6  916 925 9.35 944 954 963 97.1 982 
992roI * I 1  rZOs.30 r.?9r49r58*68r77 

66087 096 106 I 15 12.1 134 14.3 153 162 171 
181 191 r o o ~ r o z r g  229 2.38 247 257 266 

27628s 295 304314 32.1 332 342.351 361 
ji0380 389 .398 408 417 427 4.76445 455 
464414483492 502 511 521 530539 549 
558 567 577 586596 605614624633642 
651661671680689699708717727736 

745 755 764 77.1 783 592801 81 1820829 
839848857 867 876 '385 894 9049139'2 
931 941 950960969 978987 997 t06t15 

67025 03404.30ja 061 071  0800890~1) 108 
1 1 7 1 ~ 7 1 3 6 1 4 5 1 5 4  164173182191 201 

.1t021g 128 137 247 256 265 27418429.3 
3ol.31 I 321.3.30339 348357 967 376.385 
.3944034134224.31 440449459468477 
4864955045145z.q 5.32541 550560569 
578587 596605614 6246.33642 651 660 

669679688697 706 715 724733 742 752 
761770 779 788 797 806815 825 8.34 843 
853861 87oBi9R88 897 9069169259.34 
94.395a961 970979 9HR907 *06*15 +24 

68034043oj2061 070 079088097 106 I 15 

124 13.1 142 151 160 169 178 1R7 196205 
115 214 13.3 242 151 160 169 278 287 296 
.qog .31431.3.3.32341 350359368 377 386 
. ~ g g 4 0 4 ~ 1 . 3 ~ a a 4 . i 1 ~ 0 ~ ~ 9 4 ~ 8 ~ 6 7 4 7 6  
485 49450s 51 I 520 529 538,547 556 565 
5 7 4 ~ 8 . 3 ~ ~  601 610 6196186.37h466~~ 
66467,3681 690699 708 717 726 7.35 744 
75.3 i61771 780789 797Roh815824R.1.3 
842 851 8608698i8 806 89.5 904 91.3 gal 
931 940949958966 975 98499.3 *o2 I 

o l z a 4 6 6 t e a .  

219241 asja65 277 289.301 312324336 
348 360 372 384 396 407 419 431 44.3455 
467 478490502 514 526 5.38 549 561 573 
585 597 60.9 620 632 644 656 667 6;9691 
70.3 714 726 7.38 750 761 77.3785 797808 

370 1 8~08.32 867 879891 902 914926 
371 937 949961 9;s 984 996.08.19 t31.4.3 
372 5 7 0 ~ 4 0 6 6 0 7 ~ 0 8 9  101 I 13 124 1.36 148 159 
373 1 171 18.3 194206217 229 241 252 264276 

187 299 310.322 334 345 35; 368 380392 

4034'5 416438449 461 47.3 484496 5-37 
51953054ajs.3 565 57658860061 162.1 
634646657669680 692 70.3 715 726 738 
749 761 772 784 795 807818 830841 852 

3'79 

380 
381 
382 
383 
384 

386 
386 
387 

864875 887898910 921 933944955967 

978990,01.13*a4 *35.47.58*70+81 
58092 10.1115 127 1.38 149 161 171 184 195 

206 218 229 240 26.3 274 286 297 J O ~  

320.331 343354365 377388399410422 
433444456467 478 490 501 512 514535 
546557 569580 591 602614625 6.36 647 
659670681 692 704 715 726 7.37 749 760 
771 782 794805816 8278388.50861872 
88.3894906917 928 939950961 973984 
995*06*17*28*40 ts1 *6a+7.3 r84*95 

59106 118 129 140 151 162 173 184 195 107 
218 129 240 151 262 273 284 395 306.318 

393 
384 
395 
396 
397 
398 
399 

400 
401 
Joe 
403 
404 

435 
Q06 
405 

329 140.~~136217.~ 384.395 406417428 
4.39;s0461 472 483 494 506 517,528 539 
550561 571583 594 605616627638649 

660671 68269.3 704 715 726 737 748 759 
j ioi8o 791 802 81.3 8148.35 846857 868 
8i98909019I292.3 9.34945 956966977 
988999*10*21*.1a *43.54*65 *i6*86 

6 0 0 9 7 1 d l 1 1 9 1 3 0 1 4 1 1 5 1 1 6 3 1 7 3 1 8 4 1 9 5 ~ 4  

206 117 228 239 149 260 2 7 1  282 29; 304 
3'4.325 33634; 358 369 379 3904ol 412 
423 4.33444455466 477487 498 509 520 
531 541 552 56.3 574 584595 606 617 627 
6.386~9660670681 692703713724735 
746 756767 778 788 799810821 8.31 842 
85.1863 874885 895 906917 937938949 
959970981 991 +o2 *13*13*.34.45 *S5 

409'6lo66077087o98 109 1191.301401;l 162 
171 183 19420.1 215 a15 2.36247 257 268 

410 zi82893oo310321 .3.?134a351.363.374 1 ~ 9  I 
411 
412 
413 
41s 
41s 
416 
417 
416 
419 

420 
421 

384 395405416 416 4.37 448 458 469479 
490 ~ 0 5 1  I 521 532 542 55.3 56.3 57458.1 
5956066166~76.37 648658 669 671690 
70071 I 7 1 1  731 741 751 763 773 784 794 
80581j 826836847 857868878888899 
909920930 941 951 961 972 98299.3*03 

62o14oa4o.$4045055 o66076o86097 107 
1 l ~ 1 ~ R 1 3 R 1 4 9 1 s 9 l f o 1 ~ o 1 9 o 2 0 ~ 2 ~ ~  
2 1 1  232 241 252 263 l i 3  284 294304 315 

315.135346356366 37738739i408418 
418439449459469 48049os00311521 

422 5.31541 551 552 571 ~8.35~ho361.3614 
423 1 6,14644655 66s 675 68: 696 joh 716 726 
424 7.17 i47 757 567 778 788 198 808818829 

o 1 2 3 4 6 6 7 8 9  



( 03 

TABLE L1.-Common Logarithms to 6 places of Decimals. 

Pro. Parte. 

D. e 

:: 
8 2.7 

::! 
a 
9 8.1 

D. B 

::: 
9 2.4 
4 3.2 

: t:: 
i:: 

g 7.2 

D. ' 
OO" 

::: 
s a8 

9.5 

87 ::: 
i:! 

No. 

490 
491 
492 
493 
494 

495 
496 
497 
498 
499 

600 
501 
602 
503 
504 

605 
506 
607 
608 
609 

510 
611 
612 
513 
514 

515 
616 
617 
618 
619 

520 
521 
622 
623 
524 

535 
626 
627 
628 
529 

63'4 
5311 
532 
633 
534 

535 
636 
637 
538 
639 

6 4 0  
5 4 1  
542 
543 
545 

645 
646 
647 
648 
649 

650 
651 
652 
553 
554 

No. 

555 
556 
657 
558 
559 

560 
561 
562 
663 
564 

665 
566 
567 
668 
569 

570 
671 
572 
573 
574 

575 
576 
577 
578 
579 

580 
581 
582 
583 
584 

585 
586 
587 
588 
589 

590 
591 
692 
593 
504 

595 
596 
597 
598 
699 

600 
601 
602 
ti03 
604 

606 
lH6 
607 
608 
609 

610 
611 
612 
613 
614 

615 
616 
617 
618 
619 

Logarithm. 

0 1 2 9 4 5 6 7 8 9  

6goaooz8 037 046055 064073082 090099 
108117 126135144 152161 170179188 
197 205 114 12.3 232 241 249 258 267 2;6 
285 294302 3 1  I 320 329338.346 355 364 
373381 390.399408 417 435434443452 

461 469478 487 496 504513 522 531 539 
548557 566 574 58.3 592601 609618627 
636644653662b71 679688697 705 7'4 
723 732 740749 758 767 75 78479.3801 
810 827 836 845 8 5 4 i 6 2  871 880 888 

897 906 914 923 9.32 940 949 958 966 975 
984992 * o l  .l0*18 *27 *36 *44*5.3 *62 

700;0079088096 10.5 "4 1 2 2  1.31 140 148 
157 165 174 18.3 191 200 209 217 216 2.34 
2 i 3  252 260269 278 286 z g j  303 312 . ~ Z I  

3293.18346355 364 37 2.381 389.398406 
415424432441449 458467475484492 
501 509518 5265.35 544552561 569578 
586595 603612 621 629638 64665566.3 
672680689697 706 714723731 740749 

757 766 774 783 791 800808 817 82.5 8.34 
8qzRj1  859868876 885 89.3 902 g r o g 1 9  
927935944952961 969978986995+03 

~ I O I Z O ~ O O ~ ~ O . ~ ~  046 0540630i1079088 
096105 11.3 1x2 130 139 147 155 164172 

181 189 198206214 2232.31 240248257 
265 273 282 290299 307 315 32433234I 
3493573663743~.3 391 399408416425 
43.3441 450458466 4754834925005~8 
517 525 533 542 550 559 567 575 584592 
600609617 625 634 642650659667 675 
684691 700 709 717 725 7.34 742 7.50 759 
767 775 784 792 Roo 809817 825 834842 
8508.58867 875 88.1 892 9oo9o8917 925 
933 941 950958966 975 98.3991 999.08 

72016024032041 049 057 066074082090 
0 9 9 1 0 7 1 1 5 1 2 3 I 3 2 1 4 0 1 4 8 1 5 6 1 6 j r 7 3  
181 189 198 206 214 222 2.702.39 247 255 
26.3 272 280288 196 304.3133ll 329337 
346.354361 370.378 387 395 40341 1419 

428 4.36444452 460 469477 485 49.3 501 
509518 526 5.34~41 5 5 0 ~ 5 8 ~ 6 7  S;SSR~ 
591 599 607 616 624 632 640648 656 665 
673681 689697 705 71.3 722 730 738 746 
754 762 770779 787 795 80.38" 819827 
R.35 843852 800868 8 7 6 8 R 4 8 g ~  goo908 
916915 9.3.3941 949 957 96.5 97.3 981 989 
997 *06*14 *22*.30 *38 *46+54.62 t 7 0  

7.3oi80R6094 '01 111 119 127 135 14.3 151 
159167 175 18.3 191 199ao7fl52l.3231 

1.39 247255 16.3272 ~ 8 0 2 8 8  296.304.?12 
.3lo.3283.36344.352 360.368.3;6384.392 
4004084164244.31 440448 456464472 
480 488 496 504 51 1 s l o  528 5.16 544 551 
560568 576 584 591 600608616614632 

640648 656664672 679687695 70.3 711 
719727 7.35 743751 759767 775 iR.3i91 
7998078l582.38.30 8.38R46R54R62Rjo 
8;8RR6894901910 918926933 941 949 
957 q65 973 98' 969 997 *05 *13+20*28 

74036044051 060068 o76084091099 107 
115 12.3 1.31 1.39147 155 161 170 178 186 
194 l e a  110 118 225 23.3 241 249 157 165 
273aRot8Or963o4 . 3 1 z ~ 2 0 ~ ~ 7 3 , 3 5 j q j  
551 359.367574382 390.i98406414411 

0 1 2 3 4 5 6 7 8 9  

Logarithm. 

0 1 2 3 4 5 6 7 8 9  

74429437 445 453 461 468 476 484491 500 
50751552.3531539 547554562570578 
586 593 601 609617 624632640648656 
663 671 679687 695 702 710718 726 733 
741 749757 764772 780788 796803811 

819 827 834Rq2850 858 865 873881889 
896904912920927 935943950958966 
974981 989 997 a05 a ~ ~ * ~ 8  a35 a43 

75051 05906607qoRa 089097 105 11.3 120 
128 1.36 143 151 159 166 174 182 189 197 
205 213 220 228 235 z4.3~51259 266 274 
282 289 197 305 312 320328335 343 351 
358 366 374 381 389 ,397 4044124204r7 
435 442 450 458 465 473 481 488 496 504 
511 519 526 534542 549 557 565 572 580 
587 595 60.3610618 6266.33 641 648656 
664671 679686694 702 709 717 724731 
740147 755 762 770 778 7R5 79.38ooRoR 
815 R2.3 8.31 8.38 846 853861 868876884 
891 899906914921 9 2 9 9 3 7 9 . ~ 9 5 a 9 5 9  

967974982 989997 805 *12*10*" 1t3 
76042 050057 065 072 080087 095 10.3 I r o  

118 125 1.3.3 140 148 155 163 170 178 185 
193 200208 215 22.3 230238 245 253 160 
26827528.3190298 305313320328335 

343.350358365.37.3 .?803R839540.3410 
418425 43.3 440448 455 462470477 485 
4gzj00507 515 521 5305.37 545 552 539 
567 574582 589597 6 0 ~ 6 1 ~ 6 1 9 6 a 6 6 3 4  
641 6496 j6  664671 678 686693 701 708 

716 723 730 738 745 753 760 768 775 782 
790 797 805 8 1  z 819 827 834842 849 856 
864871 879886893 901 908 916923 930 
9.38 945 953 960967 975 982989 997 +04 

77012 019026034041 oq8oj6063070078 

08509.3 l o o  107 115 121 129 137 144 151 
15916617318118819520~3210217225  
231 240 247 254 261 269 276 18.3 291 298 
.30531,31zo3~7 j.35 341349357364 371 
37938639.3 401 408 415 422 430437 444 

452 459466 474 481 488 495 503 510 51 7 
5 1 5 ~ ~ 2 5 3 9 5 4 6 5 5 4  561 568 576583 690 
597 605 612 619 627 6.34 641 648 656 66.3 
6 7 0 6 7 7  685 691 699 706 714 721 728 735 
743 750757 764 772 779 786 79.3801 808 

815 822 8.30837 8 u  851 859866873 880 
88; 895 902 909916 914 9.31 9.38945 952 
960967 974981 988 996.03 +10*17 *25 

780320~39046053061 06807~0820R9097 
104111 118125 1-32 140147 154161 168 

176 183 190 197 204 211 i 1 9 2 2 6 ~ ~ , 3 a ~ o  
247 254 261 269 276 28.3 290197 305 312 
319.3263.3.3.340.347 .zss 361 369.376 38.1 
390 598 405 41 2 490 426 43.3 440447 455 
4614694764R.3 490 49; 504 512 519516 

53.1540547 554 561 469 576583 j90597 
604611 6186;~6.3~3 6 4 ~ 6 4 7 6 5 ; 6 6 ~  668 
6 7 ~ 6 8 t b R g 6 ~ 6  704 711 718 725 731 739 
746 75.3 760767 774 781 789 7968018lo 
817 824831 838845 852 859866873 880 

888 895 901 909916 9239.30937 944951 
958 965971979986 99.3.00.07*14*a1 

790a9oj604~050057 064071 o7R 085 oga 
099 10611; I;OIZ~ 134 141 148 155 161 
169 176 18.3 190 197 204 211 118 115 232 

0 1 3 3 4 5 6 7 8 9  
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TABLE L1.-Common Logarithms to 5 places of Decimals. 

No. 

620 
621 
62z 
623 
624 

625 
626 
627 
628 
629 

630 
631 
632 
633 
634 
635 
636 
637 
638 
639 

640 
641 
642 
643 
644 
645 
646 
647 
M R  
649 

650 
651 
652 
653 
654 

655 
656 
667 
658 
659 

660 
661 
662 
663 
664 

5 
666 
667 
668 
669 

670 
671 
672 
673 
674 

675 
676 
677 
678 
679 

680 
681 
682 
($83 
684 

Logarithm. 

0 1 2 3 4 5  6 7 8 9  

79a39 246 25.3 260 267 274 281 288 295 a ? ~ ~  
.309.316323330337 3 4 4 ~ 5 1 . ? ~ 8 3 6 s  372 
~ i 9 3 8 6 . 3 9 3 4 ~  407 41442' 4284.35 442 
449456463470477 484491 498 505 511 
518525532539 546 553560567574581 
588595 602 609 616 613630637644650 
657 664 67 I 678 685 692 699 706 7 1.3 720 

79680.3810817824 8318.37844851 8-58 
865871879886893 90090691.3920~17 

9.34941 948955 962 9699;s 982 989996 
8 o o o ~ ~ o 1 o o 1 ~ o ~ ~ o ~ ~ o  0.37044 o j r  058065 

oj2oi9o85092099.106 11.3 120 127 1.34 
140147154161 168 175182188 195102 
209~16223229236 243250257 264171 

277 284"1 298.105 512 318325.332 3.39 
346.353 359366373 380.387 39.3400407 
414421 428434441 44845:. 462468475 
482 489496502 509 516 523 530536543 
550557 564570577 584 591 59860461 

618625631658645 6526596656726;9 
686693699 706 713 720 726 73.3 i40747 
754 760 767 774 781 587 794801 Ro8814 
821 8288.~ jR41 848 855862868Ri5882 
889895902909916 9 1 2 9 2 9 9 3 6 9 4 3 9 4 ~  

956 963 96997698.3 990996*03;lo;17 

o ~ o o ~ 7 1 0 4 1 1 1 1 1 7 1 2 4 1 ; 1 1 3 7 1 ~ 1 5 1  
158 164171 178 184 191 l98204211 218 
224 2.31 238 "5 551 258 265 271 278 285 

291 298305.311 .318 315 331 3.35.445.351 
3j8365371.Ii8.385 391 39840j411418 
425 431 438445 451 458465471 47848.5 
49149850s j u g 1 8  5 2 ~ 5 . 3 1 5 . 3 R 5 4 4 ~ ~ 1  
558564571578584591598604611617 
624631637644651 657664671 h i 7 6 8 4  
600697 704 710717 723 7307.37 743 750 
757 i 6 3  770 7i6iR.3 790 79680.38098l6 
82,38298.36842 849 856 862 86987.5 882 
889895902908915 911 928935941 948 

954 961 968 974 98 I 987 994 .oo.o7 ,14 
8 z o ~ o o ~ ~ o 3 . ~ o ~ o o ~ 6 o ; ~ o 6 o o 6 6 o ; . ~ o ; ~  

086092099105 112 119 125 1.42138145 
151 156 164171 I;R 184191 1 9 7 ~ 0 ~ ~ 1 0  
117 z z j  a30 2-36 14.3 249 256 263 269 276 

282 289 295 302 308 315 3" 328 334.341 
d 4 i  354.360367 ~7.3 .1@0.387 39.3 400406 
4l.44194264.42439 4454524584654 i '  
478484491 497 jO4 5505'7 52.35.305.36 
543 549556 562 569 Si.5 582 588 595 601 

607 614 620617 633 640646653659666 
67r61968569r6b0 705 711 7;0 7,4730 
737 743 i ~ 7 ~ 6 7 6 4  769 776 781 789 795 
~ b ~ ~ o k 8 ; ~ 8 1 1  82) 8.74840847 85,3860 
8668718;988j 892 898 905 91  I 918914 

9.309.37 9439509.56 96.3969975 982 988 
995 *ol;08*14+20 a27 +33;40*46;53 

830;~06507~078oRg 091 097 104 1 l o  117 
12.3129136142149 155 161 168174181 
187 1932oo20621.3 a 1 9 ~ ~ 5 1 . 3 1 ~ 3 8 2 4 ~  

251 257 264 r i o a 7 6  283 289 296301308 
31.; ,321 317.334340 147.353 3593663i '  
378.385 391.398404 4104174134294.16 
441 448455461 467 474480487495499 
5011 s a  518 525 531 537 544 550556 56.3 

0 1 2 3 4 6 G 7 0 9  

Pro. Parts. 

D. 7 

fi 
3 2.1 
4 2.8 
5 9.5 
8 *a 
78 46:; 
0 6.9 

1). 6 

1 0.6 

;i 
4 2.4 

2 ::! 
::; 
5.4 

D. 5 

1 0.5 

$ i:: 
4 2.0 
5 2.5 
6 3.O 
7 3'5 

i:: 

No. 

fi85 
686 

f87 668 
689 

690 
691 

7 2 7 7 . 3 4 7 4 1 7 4 8 7 5 4 7 ~ ~ 7 6 8 7 7 5 i ~ ~ 7 ~ 9 6 ~ 2 8 ~ 0 l 1 0 1 7 0 2 , ~ 0 2 9 0 ~ ~ 6 0 4 2 0 4 8 0 ~ ~ 0 6 1 0 6 ~  
693 
694 

605 
696 
697 
698 
699 

700 
701 
702 
503 
704 

705 
706 
707 
709 
509 

710 
711 
712 
713 
714 

715 
716 
717 
718 
719 

720 
721 
722 
723 
724 

725 
726 
727 
728 
729 

7.70 
701 
732 
733 
734 

735 
736 
737 
738 
739 

780 
741 
742 
743 
744 

755 
746 
747 
748 
749 

Logarithm. 

0 1  2 3 4 5 6 7 8 9  
-- 

83569 575 582 588 594 601 607 613 620 626 
6326.39645651 658 66467067768.3689 
696 702 708 715 721 727 734 740 746 753 
759 765 771 778 784 790 79780.3809 816 
822828835841847 853860866872879 

885 891 897 904910 916913929935 942 
948 954 960 967 973 979 985 992 998 ;04 

073080086oc)zo98 105 111 117 123130 
1,36142 148 155 161 167 173 180186192 

198 205 2 1  1 217 223 2302.36 242 248 255 
261 267 273 280 286 292 a98 j o j  311 517 
32.3.330.336342 348 354.361 367 373.379 
386.3gajq8404410 4 1 7 4 2 3 4 ~ 9 4 3 5 4 4 ~  
448454460466473 4 i9483491497504 

5 1 0 5 1 6 5 2 ~ ~ ~ 8 5 3 5  541 547 553559566 
572 578 584 590597 603 60961 j 621 628 
634640646652658 665 671 677 68.3689 
696 701 708 714 720 726 7.3.3 739 745 751 
757 76.3 770 776 782 788 79480080; 813 
819825 8.31 8.17844 850856862868874 
880887 893899905 9 1  I 917 9249.30936 
942 948 954960967 97.3 979985 991 997 

8 j o o . ~ o o g 0 1 6 0 ~ ~ 0 ~ 8  0.~4oqo04605zog8 
o 6 j 0 7 1  07708.3089 095 101 107 r 14 1 2 0  

126 1.31 1.38 144 150 156 163 169 175 181 
18719 j1992051112172141 .30236242  
~ ~ 8 ~ 5 ~ ~ 6 0 ~ 6 6 ~ ~ a a 7 8 ~ 8 5 ~ ~ 1 ~ ~ 7 ~ 0 , ~ -  
30931;321 327 333 339345332358364 
370;76.382 388 394 4 0 0 4 0 6 4 1 ~ ~ 1 8 4 ~ 5  

431 43744.3449455 461 467473479485 
491 497503 509516 532528134540546 
552 558 564 570576 582 588 594600606 
6126186256316.37 643649655661667 
673679685691697703709715721727 

7337.39745751 757 763;697;5781788 
794 8 0 0 8 ~ 6 8 1 2  818 8248.308.36842848 
854860866872878 884H908gh90~90R 
914 920 9269.32938 944950956962 968 
974980986992 998 ;OJ 8 1 0 8 1 6 ~ 2 2  *zR 

86034040 046 052 058 064 070076 0 8 ~ 0 8 8  
0 ~ 4 1 0 0 1 0 6 1 1 2 1 1 8 1 2 ~ 1 . ~ 0 1 . ~ 6 1 4 1 1 4 ~  
153159 165 171 177 183 189195201 207 
21.3219aa52.i1 237 24,324r)z5;261267 
17.3 2;9 185 291 a97 ~03308.314320.3~6 

.332 .3.38.344350 356 362 368 374 .380 386 
392 398 404 41041 j 421 427 4334.39445 
451 45746.3469475 4'31 487 493499504 
5 1 0 5 1 6 5 ~ 2 5 2 8  5.34 540546551 558564 
570 576 581 587 593 599605 6" 617 613 
629635 641 646652 6,;8664 670676682 
688694 700705 711 717 72.3 7292.35 741 
747 753 759764 770 776782 788,94800 
80681s 817 82,3829 8.3jR4184;85.3859 
864870 876881 888 89490090691 I 917 

91.3929 9.35 941 947 953 958964970976 
pUa988ggqggl);oj ;I I ;17;~.3*29*.35 

8jo40046 o j a  o:8064 070075 081 087 093 
099105 111 116121 1 t R 1 3 4 1 4 0 1 4 6 1 j r  
157 163 169175181 186192 198204210 

116 2 3 1  137 1.3.3 139 a45 151 256262 268 
274280 186 191 197 301.309.315320326 
3.32 3.18 344349355 361 .367.37.3 ~ i9 .184 
39o39640340841.3 4194154.71 4.37441 
448454460466471 477483489495 500 - 
0 1 2 8 4  6 G 7 8 9  
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TABLE L1.-Common Logarithms to 6 places of Decimals. 

NO. 

750 
751 
752 
753 
754 

755 
756 
757 
758 
769 

760 
761 
i6P 
763 
764 

765 
766 
767 
768 
769 

770 
771 
772 
773 
774 

775 
776 
777 
i 7 8  
779 

780 
781 
782 
7A3 
784 

785 
7.W 
787 
589 
789 

790 
791 
792 
799 
9 
795 
79G 
797 
7% 
799 

800 
801 
8 W  
803 
804 

806 

807 
8os 
809 

810 
811 
812 
HI3 
814 
. -- - 

No. 

816 
817 
818 
819 

820 
821 
8'22 
8 9  
824 

825 
n46 
827 
828 
839 

830 
831 
Hi12 
8.13 
834 

835 
836 
H37 
838 
839 

840 
841 
84,s 
843 
844 

845 
846 
R47 
848 
849 

850 
RBI 
852 
853 
H5.1, 

85; 
856 
857 
858 
859 

8150 

862 
Rfi3 
RG4 

81% 
861; 
867 
Hl;H 
86%) 

870 
R71 
H72 
873 
A74 

R75 
87G 
877 
878 
879 
. 

Logarithm. 

0 1 2 3 4 6 6 7 8 9  

8750651z51852.3~zg 535541 547552ssR 
564570576581587593599604610610 
6rz6z86jJ639645 65 I 6j6662668674 
67968 j6gr  697 ;03 708 714 720;267.31 
737 743 749 754 760 766 772 777 783 789 
i 9 ~ 8 0 0 8 0 6 8 1 ~ 8 1 8  82.3R29R35841 846 
U j ~ R j 8 8 6 4 8 6 9 8 7 5  881 887892898904 
91091592I 927 933 938944950955961 
96797397fJ984990 996.01 eo7m1.3.l8 

88024o3o036041 047 05.3058064 0700 i6  

081 087093098 104 110 116 121 12; 1.3.3 
1.38 144 15; 156 161 167 173 178 184 ">o 
19.5 201 207 21.3 218 224 2.30235 241 245 
252 258 z 6 4 z j o  275 281 287 292 ~ 0 8 . 3 0 ~  
30931s 321 326332 338 343349,355 360 

366.312377383 389 39 j40040641241 i  
423 4294.34440 446 451 457 46.3 468 474 
480485 491 497 502 508 513 5 19 525 5.30 
5.36 542 547 55.1559 564 ~ i 0 5 i 6  581 58; 
593 j98604610615 6 ~ 1 6 ~ i 6 . 3 ~ 6 . 3 8 6 4 . I  

6a9655 660666 672 6;7 683689694 700 
705 71  I 717 722 728 7,34739745 750 756 
762 767 773 779 784 790795801 Ro i  812 
8 1 8 8 z ~ R z g  8.35 840 846 852857 86.3 868 
8748808Hg 891 897 9029089l .391992~ 

9.309.36 941 947 953 958964 969 975 981 
98699z997*0.3 a09 e l 4  *20*25*31 c.1; 

89042 o ~ R o s . ~ o s ~ O ~ ~  070o;6"81o87002 
o 9 8 1 0 4 1 o 9 1 1 5 1 2 0 1 2 6 l . 3 1 ~ 3 7 1 4 . 3 1 4 8  
154 1.59 165 170 176 182 187 19.3 198 204 

209215 221 a26 2.32 237 24.3 24R2gqz60 
265 271 z i6282 2'37 29.3 298604.310315 
.?~1.326.3.?a.?.37.34.3.?4R.354.160.36~.3i1 
356 382 387 393 398 404 409 415 421 426 
4324.374434484544594654i04764R1 

487 492498 504509 515 5205265dr 5.37 
542 548 553 559564 5 7 0 5 7 5 ~ H 1  586 592 
597 60.3 iiob 614 620 625 6.11 6.46642 64; 
h j . 3 6 ~ 8 6 6 4 6 6 9 6 7 ~  68068(1691 697 702 
708713719724130 735 741 746752757 

76.3 if18 774779 785 790796801 807 812 
8 1 8 R ~ , ~ R ~ ~ R j 4 R ~ o  845 851 Rs686286j 
85.1 878 88.3 889894 900905 91 I 916 922 
927 93.3 9.38 944 949 955 960966971 97; 
982 988 993 99R 004 *o9 + I5  *20*26 * J I  

900.37 042 048 05.3 059 064 069075 080oR6 
o r ) 1 o g 7 1 o 2 1 o ~ 1 l . 3 I I 9 1 ~ 4 l 2 9 1 . 3 5 I 4 o ~ C l  
146 151 '57 161 168 173 179184189 '95 
2 0 0  206 2 1  1217 2 2 2  227 2.3.3 2.38 244 249 
255 260 266271 276 282 287 293 298304 

3093f4320.325.311 ~,3~.342.147352.35R 
363.~69374.3Ro.38~ .390.396401407412 
41742.342R4.344.39 445450455 461 466 
4:247748~4@R493 49950450')SIS 520 
526.531 536.542 547 55.3 ~ ~ 8 ~ 6 3 5 6 9 5 7 4  
580 5R5.59o5966ol 607hl261762.362R 
i i . 3 ~ 6 . 3 r ) 6 ~ 4 6 ~ 0 6 ~ ~  660b66h:1 6776R2 
687 69.1698 70.3 709 714720 725 7.30 7.36 
741 74i752 75776.3 i6R77.3ii9iR47Rc) 
7958ooRo6811816 8z28z78328.38n4.3 

8 4 9 8 ~ 4  859 865 Ria 875 881 886 891 R97 
902 907 v 1.3 918924 9299.34940945 950 
9.56961 9669;29;7 9R29RH99.399R*o4 

9 l ~ O o l 4 0 2 0 0 2 5 0 3 0  0.36041 0460b205i 
062 068 073 078 084 089 094 100 10s 1 1 0  

-- -. . . - - 

0 1 2 3 4 6 0 7 8 9  

Logarithm. 

0 1 2 3 4 5 6 7 8 9  

816 'g11161z l  1261.32137 142 r4R1s3 l j 8  164 
169174180185190196201206212217 
222 228 2.33 2.38 243 24925.1 259 165 a70 
255 281 286291 297 301307312318323 
328 334 339344350 355 360365 37.1 376 

381 387 392 397403 40841.3418424429 
43444044.5450455 461 466471 477 482 
487 49249850.3508 51451')5245295.35 
540545 551 556561 566572577 582587 
593 59860.3609614 6196246306jg 640 
645651 656661 666 652677682687693 
69870.3 709 714719 724 7307.35 !I0745 
751 756 761 i 6 6  772 777 782787 193 798 
80.~Ro881q819824 8 ~ 9 8 3 4 8 4 o R 4 ~ 8 j o  
855 861 866871 876 882 887 892 895903 

908 91.3918924929 9.34939944950955 
9 6 0 9 6 j  971 9;6 981 986 991 997 *oz *o7 

9201 2 018 02.3 028 0.33 0.38 044 049 054059 
065 070075 o8oo8g 091 096 r o l  106 I I I 
117 1 2 2  127 1.32 1.37 14.3 14815.3 1 j 8 r G j  
169 174 179 184 189 r g j  200 205 210 215 
1 2 1  226 231 2.36 241 247 25s 257 262 267 
27.3 278 28.3 288 29.3 298 304~09314.zr9 
324 330.3.35 340.345 350355 361 366371 
376381 387392.397 402407412418423 

428 4.33 4.38 443 449 454 459464 469474 
480485 490495 500 505 511 516521 526 
5.31 5.36 542 547 552 557 562567 572 578 
~ 8 . ~ g R B g g j ~ g R 6 0 . ~ 6 o g 6 1 4 6 1 g 6 ~ 4 6 r g  
6.34639645 650655 660665 670675 681 

686691 696701 706 711 716722 727 732 
737 742 747 752 758 763 768 77.377878.3 
7R879.3799Ro4809Rl48198248298.34 
840845 850855 860 865 870875881 886 
8918969019069119 l69219279 .32937  

942 947 952 957 962 967 97.3g;RgR.z 988 
99.79g8.0.3.08 +13 .18 

9.3044 049 054059064 069075 0 8 o 0 6 ~  090 
095 100 105 I l o  115 120 125 1.31 136 I 41 
146151 156161 166 171 176181 186191 

197 202 207 212 217 2 2 2  227 2.32 237 Z J ~  
247 252 zgR 26.3 26R 27.3 2;R 283 28829.3 
298 .lo3 308 .Z 1.3 618 323,328 .334339.344 
649 3.54 359 364.369 374 379 384.389 394 
399 404.40~ 414420 425 430435 44044s 

450455 460 465 470 47.5 480 485 490 495 
5005055105155205265.11536541546 
551 556561 566571 576581 5R6591 596 
601 60661 I 616621 626631 6.46641 646 
651 056661 666671 676682687692697 

702 707 7 12;17 721 ;277.;27.tf 742 747 
752 757 762 76; 772 777 ;Rz;87 792 797 
Roz 80; RIZRI~RZZ 82; 8.izR.q; 841847 
R52R57 862 867 872 877 8RzRR7 892897 
902907 9 1 2 9 l i 9 2 2  927 9.3293;9)294i 

952 957 962 96; 972 977 981 987 9 9 ~ 9 9 7  
~4002007012017022 0270,320.37042047 

0 5 ~ 0 5 7 0 6 2 0 6 7 0 7 a  077 0 8 1 0 8 6 0 ~ 1  096 
1 0 1  106111 116121 1a61.31 1.36 141 146 
151 156 161 166171 176 181 186191 196 

201 206 2 1  I 116 221 226 2.31 2.36 1 d o r j 5  
250 25 j 260 26s 170 275 2.90 185 290295 
~00~0~.110.315.320 315 530.335 340.345 
.349354.359.364.369 374379384389.394 
399 404 409 414 419 424 419 43.3 4.3R 443 

0 1 2 3 4 5 6 7 8 9  

Pro. Parta. 

D. 6 

!:: 
3 1.8 

t:: 
6 3.8 

::: 
9 5.4 

D. 6 

::: 
3 1.5 
4 8.0 

i:: 
!:: 

Dm 4 

1 0.4 

!:: 
r 1.6 

; ;:; , 2.8 

i:: 
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TABLE L1.-Common Logaritluns to 5 places of Decimals. 

No. 

880 
881 
882 
003 
884 

885 
886 
887 
888 
8-59 

890 
891 
892 
893 
894 

896 
896 
897 
898 
899 

900 
901 
902 
903 
904 
905 
906 
907 
908 
909 

910 
911 
912 
913 
914 

916 
916 
917 
918 
919 

920 
921 
922 
923 
924 
925 
926 
927 
928 
929 

980 
931 
932 
933 
984 

935 
936 
937 
938 
939 

No. 

9* 
941 
9 4 ~ .  
943 
944 

94: 946 
047 
948 
949 

950 
951 
952 
953 
954 

1811871921972012071r1216211226955980000050090140190230280g2037041 
Y56 
057 
958 
959 

960 
961 
962 
963 
964 

965 
966 
967 
96.3 
969 

970 
971 
972 
973 
974 

975 
976 
977 
978 
979 

980 
981 
OR2 
983 
984 

986 
986 
987 
988 
989 

990 
991 
982 
993 
994 

995 
996 
997 
998 
999 

Logarithm. 

0 1 2 3 4 5 C 7 Y 9  

94448 453 458 463468 473 478 483 488493 
498503507 51'517 5'2 527 532 537542 
5 4 7 5 5 ~ 5 5 7 5 6 ~ 5 6 7  571 576581586591 
596601 60661 I 616 611 626 6306.3j 640 
645 650655 660665 670675 680685 689 

694699704709714 7197247197d47.38 
743 748 753 758 i 6 3  768 773 778 783 787 
79n797801807812 8178228278328.76 
841 846851 856861 866871 876880885 
89o8959oo9o5 910 915 919924929934 

9.39944 949954959 96.3 968 973 978 983 
988993998*02.07 +11,17.22.17+32 

95036041 046051 056 061 066071 075 080 
085090095 roo  105 109 114 119 124129 
134 1.39 14.3 148 15.3 158 163 168 173 177 

231 236 a40 245 150 255 a60 265 270 274 
2;9184189294199303308.313.318323 
318 3.32337 542347 351.357 361 366.371 
376381 386390395 400405410415419 

4244294.34439444 448453 45846.3468 
471477481487492 497 501 506511 516 
521 525 5.30535 540 545 550554 559564 
569 574 578 58.3 588 593 598 602 607 61 2 
617 622616631 636 641 6466506 j5660 

665 670674 679684 689694698 703 708 
7'3718722 727 7.32 7.37 741 746751 756 
761 766 770775 7'30 i s 5  789 794 799804 
8or)81381881g828 8.318.378428q7852 
856861 866871 875 880885 890 895 899 

9049099149lB9z3 9289.z.3938942947 
952 957961 966971 976980985 990995 
999*04*09 e14.19 *23*28*33 *38*42 

96047 051057 061 066 071 076080085090 
095099104 109 114 118 113 118 1.3.3137 

142 147 151 156161 166 171 175 180185 
190 194 199104 lo9  213318 223 227 2.32 
237 241 246 251 256 161 265 270 275 280 
284 289 294 298 30.3 308 31.1 31 7 322 327 
331 336341 346350 355 360365 369 374 

379384388393398402407412417421 
426431 4.35 440445 450454 459464468 
47347848.3487492497501506511515 
520525 5305.445.39 544 548 55.3 558 562 
5675725775815865915956006056o9 
6146196246286.73 638642647662656 
661 666670675680 685609694699 70.7 
io871.1 i 1 7  712 717 731 7.36741 i 4 5  750 
755 759 764 i 6 9  774 778 783 788 791 797 
R o ~ 8 0 6 8 1 1 8 1 6 8 ~ 0  8158.30834839844 

84885.3858861867 871 876881 886890 
895 900904909914 9 1 8 9 ~ 3 9 2 8 9 3 2  9.37 
941 946951 956960 965 970974379984 
980993997*0l*o7 811 *16*11 *1s8.30 

97o35o39044049053 058063067 073077 
081 086090095 l o o  104 109 114 118 12.1 
1 ~ 8 1 j a 1 3 7 1 4 ~ 1 4 6 1 5 1 1 5 5 1 6 0 1 6 5 1 6 9  
174 1;9 18.3 188 192 197 102 106 211 a16 
320 "5 130 2.34 2.39 243 248 15.3 '57 162 
167 171 176 280 185 190 a941993043oB 

- 
0 1 2 3 4 6 6 7 8 9  

Logar i thm. 

0 1 2 3 4 5 G 7 - 3 9  

97.313 31 7 322 3'-7 331 3.36 340.345 350354 
359364368373.377 382.387 391 396400 
405410414419424 4284.33437442441 
45 I 436460 465 470 474 479483 48849.3 
49; 502 506 5 II 516 520 525 529 5.34 539 

543548552557561 566571 575580585 
589 59459860.3607 612 617 621 616630 
6.35640644649653 65866,3667672676 
681 685 690695 699 704 708 713 717 722 
72; 7.31 7.36 740 745 749 754 759 763 768 

772 777 782 786 791 795 800804809 813 
8 1 8 8 ~ . ~ 8 ~ 7 8 ~ ~ 8 . ~ 6  841 845850855659 
864 868 873877 882 886 891 896 900 905 
90991491892 j928 932937941 946950 
955959964968973 978982987991 996 

046 050055 059064 068 07.3 078 082 087 
O ~ I O ~ ~ I O O I O ~ I O ~ I I ~ I I ~ I ~ ~ I ~ ~ I ~ ~  

1.37 141 146 150 15s 159 164 168 17.3 177 
182 186 191 195 200 204209 z14~18zz .3  

227 232 2.36 241 245 250 254 25926.3 268 
272 a77 281 286 290 a95 299.304go831.3 
318.322 327 3-31 336 340345 349354.358 
36.3 367 372 376 381 385 390 39439940.3 
40841 1417 421 426 4 3 0 4 3 5 4 3 9 4 ~ 4  448 

453 457 462466 471 475 480 484489 493 
498502507 5" 516 520525 5295.145.38 
543 547 552 556561 565 5 7 0 ~ 7 4 5 7 9 5 8 3  
r,885')2597601605 61061461962,3628 
6 3 ~ 6 ~ 7  6 j 1 6 4 6 6 j o  655 659664668 673 

677682686691 695 1007047og 713 717 
722 726 73' 7.35 740 744 74975.3 758 762 
767 771 776 780784 789 79.3 798802 807 
81 I 816820825 829 8.348.38843847 851 
85686086 j869874 8:8883887892896 

900905909914918 9139279329.36941 
945949954958963 967 9 7 2 ~ i 6 9 8 1 9 8 5  
989()9.$99Rroj .or .la *16*21 *25 *29 

990.34038043 047 052 056 061 065 069 074 
078083087092096 l o o  ~ o j  109 I 14 I 18 

1 r ~ 1 n 7 1 3 1 1 ~ 6 1 4 0 1 4 5 1 4 9 r s 4 1 5 8 1 6 z  
167 171 176 180 185 189 193 198 202 207 
2 1 1 2 1 6 2 2 0 2 2 4 1 2 9 2 3 3 a . 3 8 2 4 2 2 4 7 2 5 1  
25s 260164 269 a73 277 382 286 291 195 
3 0 0 3 0 4 3 o ~ 3 ~ 3 3 1 7 3 2 ~ 3 ~ 6 . 3 3 o 3 . 1 5 3 3 9  

.344348.352357361 366370374379383 
388392396401 405 4104144194a.3427 
43a4.36441445 449 454458463 467471 
476480484489493 498 502 506 5" 515 
~ a 0 5 1 4 ~ ~ 8 s . z . 3 5 3 7  541 546550555 559 

564568 572 577 581 585 590594599603 
607 611616611 625 6296546.18 641647 
6j1656660664669 67367; 68a686691 
695699704708 711 717 721 716730734 
739 743 747 751 756 760765 769 774 778 
781 187 791 795800 8 0 4 8 o A 8 1 3 8 1 7 8 1 ~  
8~6R.708.~58.3984.384R852856861865 
87oR7487888.1887 891 896900904909 
91.3917 922989.30 935 939 944 948952 
957 961 965 970974 978983@7 991 996 

0 1 2 3 4 6 6 7 8 0  

2 

Ro. Park 

D. 5 

: ::: 
8 1.5 

;:; 
6 3.0 

!:: 
4.s 

D. 

O.4 

!:: 
4 V6 

i:! 
7 2'8 

39:; 
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TABLE LI1.-Logarithmic Sines and Cosines to 6 places of Decimals. 

- 
oO 

Bin. C O B  

0 111f.neg. ~o.ooooo 
1 6.46.373 0 

2 76476 0 

3 94085 o 
4 7'06579 0 
5 16270 o 

6 ~ 4 1 8 8  0 

7 30882 0 

8 36682 0 

9 41797 0 

10 46373 o 

11 7.5051 2 10'00000 

12 51291 0 

13 57767 0 
14 60985 0 

15 6.3982 0 

16 66784 0 

17 69417 9'99999 
18 71900 99 
19 74248 99 
20 76475 

Bin. 

8,54282 
54642 
54999 
55354 
55705 
56054 

56400 
56743 
57084 
57421 
57757 

8.58089 
58419 
58747 
59072 
59395 

59715 
600.13 
60349 
60662 
6097.3 

8.61282 
61589 
61894 
62196 
62497 

62795 
6.3091 
G.33R5 
6,3678 
6.3968 

8.64256 
6454.3 
64827 
651 10 

6539' 

65670 
65947 
6622.3 
66197 
66;69 

8.67039 
67.308 
67,575 
6;R41 
68104 

68.367 
68617 
6RRR6 
69144 
69400 

8,69654 
69907 
7 0 1 ~ 9  
70409 
70658 

70905 
71151 
71.395 
716.38 
71880 

. 

Cos. 

87" 

1" 

Sin. ( C O B .  

2" 

COB. 

9.99974 
73 
73 
72 
72 
71 

71 
i o  
70 
69 
69 

9.99968 
68 
67 
67 
67 
66 
66 
65 
64 
64 

9.9996.3 
63 
62 
62 
61 

61 
60 
60 
59 
5') 

9'99958 
58 
57 
56 
56 

55 
55 
54 
54 
53 

9,99952 
52 
$1 
51 
50 

49 
49 
48 
48 
47 

9.99946 
46 
45 
44 
44 

43 
41 
42 
41 
40 

-- 

Bin. 

------ 
8.24186 

24903 
25609 
26304 
26988 
27661 

28,324 
28977 
29621 
50255 
30879 

8 . ~ 1 4 9 5  
32103 
32702 
33292 
3.3875 

34450 
3501R 
.?ss~R 
3'51.31 

22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 

41 
44 
4 
44 
46 

4.6 
47 
48 
41) 
50 

51 
62 
'9 
64 
65 

66 
57 
6 8  
60 
60 
~-. 

I 

Bin. 

8,71880 
72120 
72359 
72597 
72834 
7.3069 

73303 
73535 
73i67 
73997 
74226 

8 . 7 ~ 5 4  
74680 
74906 
75130 
75353 

75575 
75795 
7601.5 
762.34 
76451 

8.76667 
76RH.3 
77097 
77310 
77522 

7773.3 
7794.3 
79152 
78.760 
78568 

8.78774 
la979 
,9183 
79.396 
79588 

7 9 3 9  
7 9 9 v  
80189 
RoJRB 
80585 

8.flo;Rz 
fio9;R 
81173 
81.367 
81560 

81752 
R1944 
8z1 .q~ 
Rz.324 
82513 

8.82701 
92RH8 
R ~ i s  
R.7261 
8.3446 

R.36.30 
8,381.~ 
8.3996 
84177 
84358 
-- 

Coa. 1 -- 

9.99993 
93 
93 
93 
92 
92 

92 
92 
92 
91 
91 

9'99991 
go 
90 
90 
90 

89 
89 
89 
89 
88 

3" 

Coo 

9.99940 
40 
39 
38 
38 
37 

36 
36 
35 
34 
34 

9'999.33 
32 
32 
31  
30 

29 
29 
28 
27 
26 

9'99926 
25 
24 
2.3 
2.3 
1 2  

21 
20 

20 

19 

9'99918 
17 
17 
16 
15 

14 
1.3 
1.3 
1 2  

I I  

9'99910 
09 
09 
08 
07 
06 
05 
04 
04 
03 

19.99902 
01 

00 

9'99899 
98 

98 
97 
96 
95 
94 

Bin. 

Sin. 
---- 

8.84.358 
84539 
84718 
84897 
85075 
85252 

8,5429 
85605 
85i80 
85955 
86128 

8'86301 
86474 
86645 
86816 
86987 

87156 
87.325 
87494 
87661 
87829 

8 '8 i995 
all161 
88.326 
8R490 
88654 
88817 
89980 
89142 
89.304 
89464 

8.8962; 
89784 
8994.3 
90102 
90260 

90417 
90574 
907.30 
90885 
91040 

8.91 195 
91349 
91502 
91655 
91807 

91959 
92110 
92261 
92411 
92561 

8.92710 
92859 
9.3007 
9.3154 
9.3301 

9.3448 
9.3594 
9.3i40 
93885 
94030 -- 
Cos. 

80615 
82545 
8439.3 
86166 

87870 
89509 
91098 
92612 
94084 

7.9ssoR 
96887 
gszz.3 
99520 

8'00779 
0 ~ 0 0 2  

03192 
OJ .~SO 

o~- t iR 
06578 

8,07650 
oR6q6 
0 1  

10717 
1169.3 

12647 
1.3581 
14495 
15391 
16268 

8.17128 
17971 
18798 
19610 
20407 
21189 
21nsR 
22i1.3 
2.3456 
24186 
- 

Cos. 

80" 86" 

4 O  

99 
99 
99 
99 

99 
99 
gr) 
98 
98 

9.99998 
98 
98 
98 
98 

98 
97 
9; 
97 
97 

9.99997 

:1 
96 
96 

96 
96 
96 
96 
95 

9.99995 
9.5 
BS 
95 
4 

94 
94 
94 
94 
9.3 

6in. 
- 

C O B  

9 '99894 
9.3 
92 
91  
91 
90 

!: 
!i 
85 

9'99884 
83  
82 
8 1  
80 

79 
79 
78 
77 
76 

9,99875 
i 4  
73 
72 
71 

70 

Eg 
67 
66 

9'99865 
64 
63 
62 
61 

6 0  

2g 
57 

9'99855 
54 
5.3 
52 
51 

50 
48 
47 
46 
45 

9,99844 
4.3 
42 
41 
40 

39 
38 

34 

Bin. 

86" 

( 
60 
59 
68 
57 
66 
65 

64 
63 

Ef 
60 

49 
48 
47 
46 
45 

4.4 
43 
42 
4 l  
40 

99 
38 
37 
36 
35 

34 
33 
32 
91 
30 

29 
28 
27 
26 
25 

24 
23 
22 
21 

5 6 2 0  

19 
18 
I 7  
16 
15 

14 
13 
12 
11 
10 

9 
8 
7 
6 
6 
4 
a 
z 
1 
0 

- 

.3ii50 88 
38276 1 87 
39796 
39.310 

,39818 
40.320 
40816 
41.407 
41791- 

8.42272 
42746 
432'6 
4,3640 
44'39 

44594 
45044 
45489 
45930 
46366 

0.46799 

87 
8; 
86  
86 
86 
83 
85 

9'99985 
84  
84 
84 
8.3 

8.3 
83 
R z  
82 
82 

9.99991 
81 :::::I 81 

4Ro69 
49485 

48896 
40.304 
49708 
50108 
50504 

R.soR97 
51287 
51hi.3 
52055 
524.34 
~ 2 9 1 0  
5.319.3 
5.45s' 
5.3919 
54282 

Ro 
80  

79 
79 
59 
78 
78 

9.99977 
;i 
77 
76 
76 

7s 
75 
74 
74 
74 

Coa. ( Bin. 
- 

88" 
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TABLE LI1.-Logarithmic Sines and Cosines to 5 places of Decimals. 

Biu. Cos S i n . I C o 8 .  Sin. 008. S i n  Coe. Bin. Con. -- ------- 
0 8.94030 9.99834 9.01923 9'99761 9.08589 9'99675 9.14356 9'99575 9'19433 9.99462 60 
1 94174 33 02043 60 08692 74 14445 74 19513 60 69 
2 94317 33 02163 59 08795 72 14535 72 19592 58 68 

6 94746 a9 03520 

6 9488i 28 02639 53 09102 66 14891 65 19909 
52 09.304 64 14980 63 19988 48 53 

0 95170 
9 95.710 24 02992 49 09506 61 15'57 59 20145 

10 95450 23 03109 48 09606 59 15245 57 20223 

11 8.95589 9'99822 9.03226 9'99747 9.09707 9'99658 9'15333 9'99556 9'"302 9.99440 49 
12 95 728 2 1  0.3342 45 09807 56 15421 54 ~ 0 3 8 0  38 48 
13 95867 2 0  03458 44 09907 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
3 1  
35 

36 
37 
38 
39 
40 

41 
42 
43 
44 
% 

46 
47 
49 
4 
60 

61 
52 
63 
64 
66 

66 
67 
68 
69 
60 - 

9600s 
96143 
96280 
96417 
96553 
96689 
96825 

8.96960 
97095 
97229 
9736.3 
97496 

97629 
97762 
97894 
98ozh 
98157 

8.98288 
98419 
98549 
98679 
98808 

989.37 
99066 
99194 
99.321 
99450 

8.99577 
99704 
998.30 
999.56 

9'00081 

0 0 2 0 7  

00332 
00456 
oog.91 
OO;OJ 

9 . 4 1 8  
00951 
01074 
01 196 
01318 

or440 
01561 
01681 
0180.3 
0192.3 

Con. -- 
84" 83" 82" . 

'9 
17 
16 
15 
'4 
1.3 
1 2  

9'99810 
O9 
08 
0 7  
06 

04 
0.3 
02 

01 

oo 

9'99;gR 
97 
96 
95 
9.3 

92 
91 
90 
88 
87 

9.99786 
85 
8.1 
82 
81 

80 
78 
77 
76 
75 

9'9977.3 
7 3  
71 
69 
68 

67 
65 
64 
6.3 
61 

Bm. 
- 

81" 

0.3574 
03690 

03805 
0 . ~ 9 ~ 0  
04034 
04149 
04262 

9.04376 
04490 
04603 
04;15 
04828 

04940 
Oj052 
05164 
05275 
05386 

9.0~49;  
05607 
05717 
0.582; 
oj937 
06046 
06155 
06264 
06.372 
06481 

9.06589 
oh696 
06804 

07018 

07124 
07231 
07337 
07441 
07548 

9.07653 
07758 
0786.3 
07968 
08072 

08176 
oRzXo 
0U.7x.3 
08486 

8 0° 

41 

40 
38 
37 
36 
34 

9'9973.1 
31 
30 
28 
27  

26 
24 
1.3 
21  

20 

9'99718 
17 
16 
14 
1.3 

11 

lo  
08 
07 
05 

9.99704 
o t  
01 

069119'99699 
98 

96 
95 
9.3 
92 
90 

9.99689 
87 
86 
84 
83 
81 
80 
78 
7; 

08589 75 1- 
-c:( 81.. 
- 

10106 

lor05 
10304 
10402 
1050t 
10599 

9'10697 
10795 

' 1089.3 
10990 
11087 

11184 
11281 
11377 
11474 
11570 

9'11666 
11761 
11857 
11952 
12047 
12142 
122.36 
12.331 
12425 
12519 

9.12612 
11706 
12;gg 
12892 
12985 

13078 
1.3171 
1326.3 
1.1355 
13447 

9.13539 
1.76.30 
137" 
1381.3 
1.3904 

1.3994 
1408.5 
14175 
142.6 
14.356 

COB. 

51 

50 
48 
47 
45 
43 

9'99642 
40 
38 
37 
35 

33 
32 
.lo 
29 
a7 

9.99615 
24 
a2 
20 
18 

'7 
I j 
3 
1 2  

l o  

9.99608 
07 
05 
0.3 
01 

oo 
9.99598 

96 
95 
93 

9.99591 
89 
88 
86 
84 
81 
81 
79 
77 
75 

8111. 

1568.3 

15770 
15857 
1.5944 
160.30 
16116 

9.16203 
16289 
16.374 
16460 
16545 

16631 
16716 
16801 
16886 
16970 

9.17055 
'7'39 
17223 
17307 
1739' 

17474 
17558 
17641 
17724 
17807 

9.17890 
1797.3 
18055 
181.37 
18220 

~ R j o z  
18.3R.1 
18465 
18547 
18628 

9.18709 
18790 
18871 
1R9s2 
190.3,7 

19113 
1919.3 
19273 
19353 
194.31 

Con. 
-- 

48 

46 
45 
43 
41 
39 

9'99537 
-35 
3.3 

30 
28 
26 
24 
22 
zo 

9'99518 
17 
15 
13 
1 1  

09 
O; 

0s 
0.3 
01 

9.99499 
O i  
95 
9.1 
92 

90 
813 
86 
84 
82 

9.99480 
78 
76 
74 
72 

70 

66 
64 
62 ------ 

Bin. 

2061.3 

20691 
20768 
20845 
20922 
20999 

9.21076 
2115.3 
21229 
21306 
21382 

21458 
21.534 
21610 
21685 
21761 

9.21836 
21')12 

21987 
~2062  
221.37 
2 1 2 1 1  

22286 
22.361 
22435 
22509 

9.22583 
22657 
227.11 
22805 
22878 

22952 
23025 
z.30~8 
2.3171 
0.3244 

9.23.317 
1.3390 
23462 
2.~535 
2.3607 

2.7679 
1.3752 
8.3823 
2,895 
23967 

Con. 
-- 

35 0 

Sin. / ' - 

32 

29 
27 
25 
23 
21  

9'99419 
17 
1 5  
1.3 
11 

09 
07 
04 
02 
oo 

9'99.798 
96 
94 
92 
90 
88 
85 
8.3 
81 
79 

9.99377 
75 
72 
70 
68 

66 
64 
62 
59 
57 

9'99355 
5 3  
51 
48 
46 

44 
43 

45 

44 
43 
42 
41 
40 

39 
38 
37 
36 
35 

34 
33 
32 
31 
80 

29 
28 
27 
26 
26 

24 
23 
22 
21 
20 

19 

:; 
16 
16 

14 
13 
12 
11 
10 

9 
8 
7 
6 
6 
.I 
3 
a 
1 
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TABLE LI1.-Logarithmic Sines and Cosines to 5 places of Decimals. 

0 
1 
2 
3 
4 
5 

7 
8 
9 
10 

11 
12 
13 
14 
16 

16 
17 
18 
19 
20 

21 
22 
23 
2.b 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
36 

36 
37 
38 
39 
4u 

41 
42 
63  
4,4 
45 

46 
47 
48 
49 
50 

5 1  
52 
68 
64 
65 

66 
67 
68 
159 
GO 
- 

S i n  

9'.31788 
31847 
31907 
31966 
32025 
32084 

3214.7 
.3tzo2 
32261 
32319 
32.378 

9',324.7; 
32495 
32553 
32611 
326;o 

.32786 
32844 
32902 
32060 

9.3.3018 
3.30;s 
36'33 
3.3190 
33248 

33.305 
3,3362 
33420 
33477 
33534 

9.33591 
3364i 
3.7704 
.33;61 
3.3818 

,33874 
.3.39.71 
33987 
34043 
34100 

9'.34156 
j4212 
34268 
.74,324 
34.380 

344.36 
34491 
34547 
34602 
i4658 

9.,74713 
.347% 
34824 
34879 
349.34 

34989 
.75044 
35099 
35154 
35209 

Con. 
-. - .. 

1 
9.23967 

240.39 
24110 
24181 
2425.3 
24324 

24395 
24466 
24536 
24607 
24677 

9.24748 
24815 
24888 
24958 
25028 

25168 
25237 
25307 
25376 

9.25445 
25514 
2558.7 
25651 
25721 

25790 
25858 
2 5 9 ~ i  
25995 
26063 

9'261.31 
26199 
26267 
263.35 
2640.3 

26470 
265.38 
26605 
2 6 6 ; ~  
26i.39 

9.26806 
2687.3 
26940 
2 7 0 0 7  
27oi.1 

27140 
27206 
z;zi.q 
273.39 
27405 

9'27471 
275.77 
27602 
17668 
27734 

27799 
2iR64 
2~9.30 
21995 
tRd~o  

- - - -- .- 

Con. 

79" 

B C o  

12" 

Coe. 

9'99040 
38 
35 
32 
30 
27 

24 
2 2  

19 
16 
13 

9'99011 
08 
05 
02 
00 

3272R9'989~7 
94 
91 
89 
86 

9.98983 
80 
78 
75 
72 

69 
67 
64 
61 
58 

9.98955 
5.3 
50 
4; 
44  

41 
$3 
36 
3.3 
30 

9,95917 
24 
11 

10 
16 

1 3  
10  

0 7  
04 
01 

9.98098 
96 
93 
90 
87 

84 
81 
78 
75 
72 

I Sin. 
. .. - 

9'99.335 
3.3 
3' 
28 
26 
24 
2 2  

19 
17 
15 
13 

9'99310 
00 
06 
04 
01 

250989'99299 
97 
94 
92 
90 

9.99288 
85 
8.3 
81  
78 

76 
7 
71 
69 
6 i  

9'99264 
62 
60 
57 
55 

52 
50 
45 
45 
43 

9'99241 
38 
36 
J.3 
.?I 

29 
26 
2 1  
2 1  

19 

9'99217 
I4 
I 2  

09 

04 
01 

00 

9'99197 
95 - 

Sin. 
- 

.in. 

9'35209 
35263 
35.318 
35373 
35427 
35481 

35536 
35590 
35644 
35698 
35752 

9'35806 
35860 
3.5'114 
35968 
36022 

36075 
36129 
.36182 
362.36 
36289 

9'.36.742 
36.795 
~ ~ 4 4 9  
.76502 
36555 
36608 
.16660 
35i1.3 
36766 
36819 

9'36871 
36924 
,36976 
37028 
37081 

37133 
37185 
372.37 
3iz89 
3i34' 

9'3i.39.3 
37445 
.77497 
37540 
37600 

31652 
37703 
3ii55 
37806 
37858 

9.37909 
,37960 
.7Holl 
3806~ 
i8-.3 

38164 
38215 

38.317 
38368 

Cos. 
- 

77" 

13" 

-8. 

9'98872 
69 
67 
64 
6' 
58 

55 
52 
49 
46 
4.3 

9'98840 
37 
34 
31 
28 

25 
z z  
19 
r 6  
3 

19.98810 
0 7  
O4 
01 

9'90798 

95 
92 

2 
83 

9.98780 
77 
74 
71 
68 

65 
62 
59 

53 

9'98750 
46 
4.1 
40 
37 

34 
31 
28 
25 
2 2  

9'98719 
1s 
1 2  

09 
06 

0.7 
oo 

382669'98697 
94 
90 

I Bin. 

9'28060 
28125 
28190 
~ 8 2 5 4  
28319 
28.384 

28448 
28512 
28577 
28641 
28705 

9.28769 
288.33 
~ 8 ~ 9 6  
28960 
29024 

2905; 
29150 
29214 
29271 
29.740 

9.29403 
29466 
29529 
29591 
29654 

29716 
29179 
29841 
2990.3 
29966 

9.30028 
.7oo90 
.30151 
.zozl.i 
J O Z ; ~  

30.7.36 
30398 
30459 
JOSZI  
30582 

9'.3064.1 
.7o;o4 
.70765 
30826 
3088; 

30947 
j1o08 
31068 
.71129 
31189 

9.31250 
.71.310 
31.370 
.3143o 
31490 

31549 
31609 
.71669 
31728 
.71788 

COR. 
-- 

7 Go 

fiO 
69 
58 
67 
56 
65 

64 
63 
62 
61 
60 

49 
48 
47 
46 
46 

4.4 
43 
42 
41 
40 

39 
38 
37 
36 
35 

34 
33 
3a 
31 
30 

29 
28 
27 
26 
25 

24 
23 
22 
21 
20 

19 
18 
17 
16 
16 

14 
13 
12 
11 
10 

9 
8 
7 
6 
6 

4 
3 
2 
1 

' 
9 4 _ e  

9'99195 
92 
90 
87 
85 
82 

80 
7 7  
15 
72 

70 

9.99167 
65 
62 
60 
57 

55 
52 
50 
47 
45 

9.99142 
40 
37 
35 
32 

30 
27 
24 
2 2  

19 

9'99117 
14 
1 2  

09 
06 

04 
01 

9'99099 
96 
93 

9.99091 
88 
86 
8.3 
80 

78 
75 
7 2  

9.99064 
62 

:g 
54 

51 
48 
46 
4.7 
40 - - 

Bin. 
- - 

78" 

14" 

-- 8 . 4  C.8. 

9'383689.98690 
38418; 
38469 
38519 
38570 
38620 

38670 
38721 
38771 
38821 
.38871 

9'38921 
38971 
39021 
39071 
39121 

. ~ i o  

.~( )zzo  
39270 
39319 
39369 

9.39418 
39467 
395'7 
39.566 
39615 

39664 
3971.3 
39702 
39811 
39860 

9'39909 
39958 
40006 
40055 
4010.3 

401.52 
40200 
40249 
40297 
40346~ 

87 
84 
81 
78 
75 

71 
68 
65 
62 
59 

9'98656 
52 
49 
46 
43 

40 
36 
3.3 
30 
37 

9.98623 
20 

17 
14 
10 

07 
04 
01 

9'98597 
94 

9'98591 
8.3 
84 
81 
78 

74 
71 
68 
65 
61 

9'40.194 
40442 
40490 
405.38 
40586 

40634 
4 0 6 8 ~  
407.70 
40778 
40825 

9.40873 
40921 
40968 
41016 
41063 
41111 
41 158 
41205 
412.52 

9'98558 
55 
51 
48 
45 

41 
-38 
35 
31 
28 

!9'98525 
21 

18 
15 
11 

0.9 
05 
01 

,9'98498 
41.300 

Coe. Sin. i 
75" 
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TABLE LI1.-Logarithmic Sines and Cosines to 5 places of Decimals. 

7 b0 

Sin. 

9,46594 
466.35 
46676 
46717 
46758 
46800 

46841 
46882 
46923 
46964 
47005 

9'47045 
47086 
4717.7 
47168 
47209 

47249 
47290 
47.330 
47371 
47411 

9'47452 
47492 
47533 
4757.3 
45613 

47654 
47694 
47734 
47774 
47814 

9,47854 
47R9.1 
47934 
~ i ~ i 4  
48014 

4805.1 
48094 
48 1.1.3 
4817.3 
48213 

9.48252 
48292 
48.3.32 
48.371 
48411 

48450 
48490 
48519 
4 5 6 8  
4860, 

9'48641 
48686 
48725 
48764 
4880.3 

48842 
48881 
qRp20 
4.959 
48998 

- -- - 

COB. 

Sin. 

9'48998 
490.37 
49076 
49"s 
49153 
49192 

49231 
49269 
49308 
49347 
49385 

9.49424 
49462 
49500 
49539 
49577 

49615 
49654 
49692 
49730 
49768 

9.40806 
49844 
49882 
49920 
49958 

49996 
50034 
S O O ; ~  
50110 
50148 

9.50185 
5022.3 
50261 
ko298 
503.36 

50374 
5041 I 
50449 
50486 
5052.3 

9.50561 
50598 
506.35 
5 0 6 ; ~  
50710 

50747 
50784 
50821 
po8sR 
50896 

9'50933 
5og;o 
51007 
51043 
51080 

51117 
5 ~ 5 4  
5 r l g l  
11227 
~ 1 2 6 4  

Coa .  
- 

1 b0 

73" 72" 7 lo 70" 

17" 
P 

COB. 
-- 
9'98060 

56 
52 
48 
44 
40  

36 
32 
29 
25 
2' 

9.98017 
13 
0 9  
05 
0 1  

9.97997 
9.3 
89 
86 
82 

9.97978 
74 
70 
66 
62 

58 
54 
so 
46 
41  

9'919.38 
34 
30 
26 
22 

18 
IJ 
'0 

06 
02 

9.97898 
94 
90 
86 
82 

78 
74 
70 
66 
61 

9,97857 
5.3 
49 
45 
41 

7 
3.4 
19 
2.5 
21 

/ Sin. 
-- 

18" 
Cos. 

9,97821 
17 
12 
08 
04 
00 

9'97796 
g l  
88 
84  
79 

9'97775 

65 
63 
59 

54 
50 
46 
42 
38 

9.97734 
29 

,25 
21 
17 

13 
08 
04 
00 

9.95696 

9'97691 
87 
8.3 
79 
74 

10 
66 
62 
57 
5.3 

9.97649 
45 
40  
36 
3 2  

28 
13 
19 
15 
l o  

9.97606 
0 2  

9.97597 
9.3 
89 

84 
80 
7 0  
11 
67 
_ 

gin. 
- -- 

Bin. 

9.51264 
51301 
513.38 
51374 
51411 
51447 

51484 
51520 
515.57 
51593 
51629 

9'51666 
5 '702 
51738 
51774 
51811 

51847 
5188.3 
51919 
51955 
51931 

9.52027 
52063 
52099 
52135 
52171 

52207 
5224a 
52278 
52.314 
52.350 

9'52.385 
52421 
52456 
52492 
52527 

5256.3 
52598 
526.44 
52669 
SziO5 

9.52740 
52775 
52811 
52846 
j1881 

52016 
52951 
52986 
s.1021 
53056 

9.53091 
5.3126 
5.1161 
53196 
5.32,31 

5.72hh 
$,7.40f 
533.36 
5.3370 
5340.5 

- 

Cor. 

16' 

Bin. Coa. I- COB. 

9'98494 
91 
88 
84 
01  
77 

74 
71 
67 
64 
60 

9.98457 
53 
50 
47 
43 

40 
36 
33 
29 
16 

0 
1 
a 
8 
4 
6 

6 
7 
8 
9 
10 

11 
12 
13 
14 
16 

16 
17 
18 
19 
20 

21 

9'440.34 
44078 
44122 
44166 
44210 
44253 

44297 
44341 
44385 
44428 
44472 

9,44516: 
445.59' 
44602 
44646 
44689 

447.33 
44i76 
44819 
44862 
44905 

9.44948 
44991 
450.:5 

45120 

4516.3 
45206 
45249 
4529' 
45.334 

9'45.177 
45419 
45462 
45504 
45547 

4!5R9 
456.32 
4.5674 
45716 
45758 

9.45801 
45R43 
4;RRj 
45927 
45969 
4601 1 
4 6 ~ 5 3  
4 6 0 ~ 5 .  
461.36 ( 
461;8 

19" 

Coo. --- 
9'97562 

6.7 
58 
54 
50 
45 

JI 
36 
32 
28 
23 

9.97519 
15 
10 
06 
01 

9.97497 
92 
88 
84  
19 

9.97475 
10 
66 
61 
51 

53 
48 
44  
39 
35 

9'974.30 
26 
2' 
17 
12 

08 
0.3 

9'97399 
94 
90 

9.97385 
8 '  
76 
72 
67 

6.1 
g8 
53 
49 
44 

9'97340 
35 
3 1  
26 
zr  

17 
1 2  

08 
03 

9.91299 

Bin. 

Bin. --- 
9'41300 

41347 
41394 
41441 
41488 
41533 

41581 
41618 
41675 
41721 
41768 

9.41815 ; 
41861 
41908 
41954 
42001 

42047 
4209.3 
42140 
42186 
42232 

9.42278i9.98-ia2 

I 9'98284 
81 
77 
73 
70 
66 

62 
59 
55 
51 
48 

9'98244 
40 
j j  
33 
'9 
26 
22 
18 
'5 
11  

9.98207 
04 
00 

450779 '98196 
92 

89 
85 
81 
77 
74 

9'98170 
66 
62 
59 
55 

51 
47 
44 
40 
36 

9.98132 
29 
2 s  
2 1  

1; 

1 3  
10 
06 
02 

9 . 9 8 0 9 8  

= 

' 

60 
59 
68 
67 
66 
56 

64 
63 
52 
61 
60 

49 
48 
47 
46 
45 

4-1 
43 
42 
41 
40 

39 
38 
37 
86 
35 

34 
33 
32 
91 
30 

29 
28 
27 
26 
25 

24 
23 
22 
21 
20 

19 
l a  
17 
lc 
15 

ii 
12 
11 

10 

8 
7 

5 

4 
3 

O 
-- 

- 

29 
23 
24 
25 

26 
27 
2.9 
29 

I 

42.724 1 19 

9.46220 
46161 
4630.3 
46.345 
46.386 

46428 
46469 
46511 
46;;~ 
46594 

-. - - - 

42.370 
42416 
42461 

42507 

33 
34 
35 

36 
37 
38 

9'98094 
90 
87 
8.3 
79 

75 
71 
67 
6.3 
60 

- -- 

15 
12 
09 

0 s  

Cor. Sin. 

4 ,  02 

42599 9'98.198 
42644 / 95 

91 

41816 
42872 
41917 

39 
40 

41 
42 
43 
48 
46 

JR 
47 
4-9 
49 
60 

51 
62 
63 
64 
65 

66 
57 
58 
9 
60 
- 

81 
77 
73 

42962 70 
4,300~ 1 66 
4305.3 6.3 
4.7098 i 50 
4314.1 1 56 

9 .43188;  9.98351 
4323.3 
4,32;8 
43.31.3 
43367 

43411 
43457 
4.3502 
4.7546 
43591 

9'4.36.35 
4.1680 
4.1724 
4.3~69 
43813 

4.1857 

49 
45 
4 1  
38 

34 
3 '  
17 
14 
00 

9.98311 
13 
09 
06 
0 2  

9.98299 
4.3901 1 95 

9 1  ::$( 88 
4~0.44 j 84 - - - -- 
Coo. 1 Bin. 
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TABLE LI1.-Logarithmic Sines and Cosincs to 6 places of Decimals. 

- 
0 
1 
2 
3 
4 
6 

6 
7 
8 
9 
10 

11 
13 
13 
14 
15 

16 
17 
18 
19 
20 

21 
21 
23 
24 
25 

26 
27 
28 
29 
30 

31 
39 
33 
3 1 
35 

36 
37 
38 
39 
4u 

41 
42 
43 
4.& 
45 

4.43 
47 
48 
49 
60 

51 
53 
59 
6 % 
65 

66 
67 
58 
69 
GO 

20" 

Sin  
-- 
9'53405 

uo 
475 
509 
544 
578 

61.3 
647 
682 
716 
751 

9'5.3785 
819 
854 
888 
922 

957 
991 

9'54025 
050 
09.3 

9.54127 
161 
195 
229 
263 

297 
331 
365 
399 
43.3 

9.54466 
500 
5.34 
56; 
601 

635 
668 
7 0 2  
7.5 
769 

9 .5~802  
8.36 
869 
90.3 
9d6 

969 
9'55003 

0.36 
069 
loa 

9'551.36 
169 
1°2 

1.35 
a(l8 

301 
.3.44 
567 
400 
46.3 

Con. 

(j!Io 

21" 

Cos. 
- 
9'97199 

294 
289 
285 
280 
276 

271 
266 
262 
257 
252 

9'97248 
24.3 
2.38 
2.34 
229 

224 
220 

2x5 
210  

206 

9.97201 
196 
192 
l8 i  
182 

178 
'7.3 
168 
163 
159 

9.97154 
149 
145 
140 
1-35 

130 
. 126 

1 2 1  

"6 
1 1 1  

9'97107 
102 

09; 
092 
087 

08.3 
0 ; H  

07.3 

06.3 

9'97059 
054 
O49 
044 
0.39 

0.35 
030 
025 
0 2 0  

015 -- 
sin. 

Sin. - 
9'554.3.3 

466 
499 
532 

597 

6.30 
66.3 
695 
728 
761 

9'5579.3 
826 
858 
891 
923 

956 
988 

9'56021 
05.3 
085 

9.56118 
150 
182 
215 
247 

279 
311 
343 
375 
408 

9.56440 
472 
50.1 
5.36 
568 

599 
6.31 
66.3 
695 
7 2 7  

9'56759 
790 
822 
854 
886 

917 
941) 
080 

0689.57012 
o 

9'57015 
10; 
1.38 

1 0 1  

2.31 
r64 
295 
326 
,158 

Con. 

/ Cop. 

9'97015 
O I O  

005 
001 

5649'96996 
991 

986 
yRt 
976 
971 
966 

9'96962 
957 
952 
947 
942 

937 
9.32 
927 
922 
917 

9.96912 
go; 
90.3 
898 
89.3 
888 
88.3 
8;B 
873 
86H 

9'9686.1 
8.58 
85.3 
848 
84.3 

8.38 
8.3.3 
818 
82.3 
818 

9'96813 
808 
80.1 
798 
79.3 

788 
78.1 
7 7 H  
772 
767 

9,96762 
757 
752 
747 
742 

1.37 
7.32 
7 2 7  
7 
7 1 7  

Bin. 

G 9 O  

22" 
Sin. 

9.57358 
389 
420 
451 
482 
514 

545 
576 
607 
6.38 
669 

9'57700 

:d: 
70.3 
824 

855 
885 
916 
947 
978 

9.58008 
0.39 
0 7 0  
101 

1.31 

162 
192 
223 
253 
184 

9'58.314 
345 
37s 
406 
4.36 

467 
j y j  

5a! 55, 
588 

9.58618 
648 
678 
709 
i.31) 

769 
799 
821) 
RSI) 
Rut) 

9'58919 
IJJIJ 

979 
9.59000 

0.39 

069 
098 
128 
158 
1SR 

Con. 
~ 

Sin. 

9'59189 
218 
247 
277 
307 
336 

366 
306 
425 
455 
484 

9.59514 
543 
57.3 
602 
632 
661 
690 
720 
749 
778 

8.37 
866 
895 
924 

9.54 
983 

5j29.60012 
041 
070 

9.6oogg 
128 
157 
186 
215 

244 
z ; ~  
.302 
3.31 
359 

9'60388 
417 
446 
474 
50.1 

532 
561 
gR9 
61R 
640 

9'606;s 
704 
7.32 
761 
780 
R I R  
846 
875 
90.7 
9.31 

Con. 

1 COY. 

9.96717 
I 

706 
701 
696 
691 
686 
681 
076 
670 
665 

9'96660 
65s 
650 
645 
640 

6.34 
629 
624 
610 
61.4 

9.96608 
60.3 
598 
593 
588 

581 
S i i  

56; 
562 

9.96556 
551 
546 
541 
5.35 

5.30 
52.i 
520 
514 
509 

9,96504 
498 
49.3 
488 
483 

4;; 
472 
46; 
461 
qgb 

9'96451 
445 
440 
4.35 
429 

424 
419 
4 . 3  
408 
40.3 

Sin. 
~p 

07' ( 

23" 

Cm. 

9.96403 
397 
3yz 
387 
381 
376 

370 
365 
360 
354 
349 

9'9634.3 
338 
33.3 
327 
322 

316 
311 
305 
300 
294 

9 ' 5 9 8 0 R 1 y ~ y 6 ~ 8 9  
2 8  
278 
273 
267 
262 
256 
251 
245 
240 

9'962.14 
229 
22.3 
218 
2 1 2  

2 0 7  
zol 
196 

185 

9'96179 
174 
168 
162 
1 

151 
146 
140 
1.35 
129 

9'9611.3 
118 
1 1 2  

107  
101 

095 
O ~ I O  

084 
079 
07.3 

Bin. 

66" 

80 
59 
58 
57 
56 
55 

64 
63 
52 
51 
50 

49 
4.8 
47 
46 
45 

44 
43 
48 
41 
40 

39 
38 
37 
36 
35 

34 
33 
3% 
31 
30 

29 
2H 
27 
2(; 
25 

24 
23 
22 
21 
20 

19 
18 
17 
16 
16 

14 
13 
12 
1: 
10 

9 
8 
7 
8 
6 

4, 
a 
2 
1 
0 

' 

2.4' 

Sin. 

9.609.31 
960 
988 

9'61016 
045 
07.3 
101 
129 
158 
186 
214 

9.61242 
270 
298 

354 

38a 
411 
438 
466 
494 

9.61522 
550 
578 
606 
6.34 
662 
689 
71.1 
745 
7 7  

9.61800 
828 
856 
883 
911 

9.39 
96O 
994 

1009 .6aoz1  
049 

9'62076 
104 
1.31 
1.59 
186 

214 
241 
268 
296 
,313 

r,'61.350 
.3;7 
405 
4 
459 

486 
I 

541 
568 
595 

Cos. 

/ Co). 

9.96073 
067 
062 
056 
050 
045 

0.39 
0.34 
028 
0 2 2  

017 

9.96011 
00s 
ooo 

3269'95994 
988 

982 
977 
971 
96s 
960 

9.95954 
948 
942 
937 
931 

925 
920 
914 
908 
902 

9.95897 
891 
88; 
879 
R7.3 
868 
862 
850 
850 
844 

9'95839 
8.33 
827 
821 
815 
810 
804 
7yR 
792 
7R6 

9.95780 
i j 5  
760 
76.3 
757 

751 
745 
7.39 
733 
728 

Sin. 

66" 
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TABLE LI1.-Logarithmic Sinos and Cosines to 5 places of Decimals. 

2 
Sin. 

9.67161 
18s 
208 
2.32 
256 
280 

303 
327 
350 
3i4 
398 

9.67421 
4 ~ 5  
468 
492 
515 

539 
562 
586 
609 
633 

9'6i656 
680 
70.3 
726 
750 

z7.3 
,96 
820 
843 
866 

9'67890 
913 
9-36 
959 
982 

7539'68006 
029 
052 
075 
098 

9.68121 
144 
167 
190 
21.3 

2.37 
260 
1R.3 
305 
328 

9.68351 
3 
39; 
420 
443 

466 
48,) 
512 

5.3: 55, 

Con. 

0 
1 
2 
3 
4 
6 

G 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
10 
20 

21 
22 
23 
24 
25 

26 
27 
28 
20 
30 

31 
32 
33 
3 1  
35 

36 
37 
38 
30 
40 

41 
42 
43 
4 & 
45 

4C 
47 
48 
49 
50 

51 
62 
53 
5 1  
55  

Sf; 
67 
58 
60 
60 

-- 
' 

1 

60 
69 
68 
57 
66 
65 

54 
63 
62 
51 
60 

40 
48 
47 
46 
45 

4.4 
43 
98 
41 
40 

39 
38 
37 
3G 
36 

34 
33 

9 8 4 3 2  
31 
30 

29 
28 
27 
26 
25 

24 
23 

Siu. 

9'685.57 
580 
603 
625 
648 
671 

694 
716 

it: 
784 

9.68807 
829 
852 
875 
897 

920 
942 
965 
987 

4589.69010 

9.69032 
055 
077 
loo 
la2 

144 
167 
189 
212  

234 

9.69256 
279 
301 
323 
345 

368 
3'P 
412 

8" 

Cos. 

9.94593- 
587 
580 
573 
567 
560 

553 
546 
540 

9.94519 
513 
506 
499 
492 

485 
479 
471 
465 

9 . 9 4 ~ 5 1  
445 
4.38 
4.31 
424 

417 
410 
404 
397 
390 

9'94383 
376 
369 
362 
355 

349 
342 
3.35 
328 
321 

9'94314 
307 
300 
29.3 
286 

279 
173 
266 
259 
252 

9.94245 
238 
I 

114 
2 1 7  

210 

2 0  

196 
189 
182 - 

Rin. 

61" 

29' 

COB. -- 
9.94182 

175 
168 
161 
154 
147 

140 
133 
126 
I,, 
1 1 2  

9.94105 
098 
ogo 
083 
076 

069 
062 
055 
048 
041 

9'940.34 
027 
0 2 0  

0 1 2  

005 

9,93998 
991 

977 
970 

9'93963 
955 
948 
941 
934 

927 

L 

4.34 
456 

9.69479 
501 
523 
545 
567 

589 
611 
6.33 
65.5 
677 

9.69699 
721 
74.3 
7 5  
787 

809 
8.31 
853 
875 
897 

~ o s .  

26" 25" 

Sin. 
---- 

9.65705 
729 
754 
779 
804 
8" 

85.3 
878 
902 
927 
gj2 

9.65976 
9.66001 

025 
050 
Oi5 

099 
124 
148 
1 i3  
197 

9'66221 
246 
Zio 
295 
319 

343 
368 
-392 
416 
441 

9.66465 
489 
51.3 

586 
610  

634 
658 
682 

9.66506 
7.31 
7.55 
779 
80.3 

827 
851 
8;s 
899 
922 

9,66946 
970 
994 

0279'67olR 
041 
066 
ogo 
11.3 

1.3; 
101 - 

~ o n .  

Bin. I 
9.64184 

210  

2.36 
262 
288 
31.3 

339 
363 
301 
417 
442 

9'64-168 
49.1 
519 
545 
57' 

596 
622 
h+i  
6i.z 
698 

9'64724 
i49 
775 
800 
826 

851 
877 
902 
927 
953 

9'64giR 
5.3i9.6500.~ 

O ~ Y  

054 
079 

104 
130 
15.5 
180 
105 

9.65230 
259 
281 
306 
3 3  

3.56 
.3R1 
406 
4.11 
456 

9.65481 
506 
5.31 
556 
580 

605 
6.30 
6.55 
680 
jog 

-. 

~ O R .  

I .  1 -- 
9.6259jI9.95728 

622 
649 
676 
703 
7.30 

757 
784 
811 
8.38 
865 

9.61892 
918 
94; 
972 
999 

9'6.3026 
052 
079 
106 
13.3 

9'631:o 
186 
213 
2.39 
266 

292 
310 
345 
372 
398 

9'h3425 
4.51 
478 
504 
5-31 

557 
SR3 
610 
6 .3  
662 

9'6.3689 
71.5 
741 
76; 
794 
820 
R46 
R;z 
83.9 
924 

9'6.3950 
976 

9.64002 
028 
054 
080 
106 
1.32 

158 
184 
- 
( C n n .  

6-h' 

27" 
COB. 

9'94988 
982 
975 
969 
962 
995 

949 
943 
936 
9.30 
923 

9'94917 
911 
904 
898 
891 

88; 
878 
871 
865 
858 

9.94852 
845 
8.39 
8.32 
826 

819 
81.3 
806 
i99 
79.3 

9'94iR6 
780 
i i 3  
767 
560 

745 
740 
7.34 
72; 

9.94720 
714 
707 
joo 
694 

674 
667 
660 

9.94634 
647 
640 
4 
627 
620 
614 
607 
600 
593 

-. 

Sin. 

62" 

- 
Cos. 

9.95366 
360 
354 
348 
341 
335 

329 
323 
317 
310 
304 

9'95298 
292 
286 
279 
27.3 

267 
261 
254 
248 
242 

9'95236 
229 
223 
21; 
a l l  

104 
198 
192 
183 
179 

9'9517.3 
167 
160 

141 
3 
129 
2 2  

116 

9'95110 
10.1 

097 
000 

084 

078 
071  

065 
059 
051 

9.95046 
0.39 
0.3.1 

0 2 0  

014 
007 
001 

9'94905 
988 - 

Sin. 
- 

63" 

P o .  

722 
716 
710 
704 
698 

9 
686 
6Ro 
674 
668 

9'95663 
637 
651 
645 
6.39 

63.3 
625 
621 
615 
609 

9'9560.3 
597 
5 9  
585 
579 

57.3 
567 
561 
555 
549 

9'9554.3 

5.31 
525 
519 

51.3 
5O7 
500 
494 
488 

9'95482 
476 
4;o 
464 
458 

452 
4 ~ h  
440 
4.34 
427 

9.95421 
415 
409 
40.3 
397 

391 
. ~ R J  
3iR 
3i2 
366 - 

Bin. 

22 

862 

855 
847 
840 
8.3.1 
Raf i  

9.93819 
811 
804 
797 
789 

782 

%28 
760 
753 

.-- 

8io. 

15 

l4 
13 
12 
11 
10 

0 
8 
7 
6 
6 
4 
3 
2 
1 
0 

60' 
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TABLE LI1.-Logarithmic Sines and Cosines to 5 places of Decimals. 

, 

- 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 

16 

18 l7 
10 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
3 k 
35 

36 
37 
38 
80 
4.U 

4 1  

43 
44 
45 

46 
47 
4 R 
49 
60 

5l 
b2 
63 
6 t 
65 

66 
67 
58 
69 
60 
-- 

59' IjsO 5 7 O  56" 55" 

30" 

Bin. 

9'69897 
919 
941 
96.3 
984 

9.70006 

028 
050 
0 7 2  
09.3 
115 

9'70137 
159 
180 
zot 
224 

245 
z67 
288 
310 
332 

9'70353 
3j5 
396 
418 
439 

461 
482 
504 
525 
547 

9.70568 
590 
611 
6.33 
654 

6;s 
69; 
718 
739 
761 

9'70782 
80.3 
824 
846 
867 
888 
900 
931 
9 
973 

9'70994 
9'71015 

0.3 
0.58 
079 
100 

1 2 1  

142 
16.3 
184 

Cor. 
- 

31" 

Cos. 

9'93753 
746 
738 
7 
724 
717 

709 
702 
695 
68; 
680 

9'9367.3 
665 
658 
650 
643 

6.36 
628 
621 
614 
606 

9'93599 
591 
584 
57; 
569 

562 
554 
547 
539 
532 

9'9352; 
51,  
510 
502 
495 

487 
480 
472 
465 

9'93450 
442 
435 
427 
420 

412 
405 
397 
.70° 
382 

9'93.375 
36; 
360 
352 
344 

7 
,329 
322 
314 
307 

Sin. 

Sin .  
------ 

9'71184 
20s 
226 
247 
268 
289 

310 
331 
352 
373 
393 

9'71414 
435 
4.56 
477 
498 

519 
539 
560 
581 
602 

9.71622 
643 
664 
685 
705 

7" 
747 
76; 
788 
809 

9'71829 
850 
Rjo 
801 
9" 

9.32 
952 
973 
904 

4579'720149'92999 

9'72034 
055 
075 
096 
116 

137 
157 
177 
1 9 ~  
218 

9'72q78 
259 
2;O 

299 
320 

340 
360 
381 
401 
421 

Cos. I 

6in. 

9'72421 
4.41 
461 
482 
go2 
522 

542 
562 
582 
602 
6 2  

9.72643 
663 
683 
70.3 
72.3 

743 
76.3 
78.1 
80.3 
82.3 

9'7284.3 
86.3 
883 
902 
922 

942 
. 962 

982 
9'73002 

022  

9'73041 
061 
081 
IOI  

1 2 1  

140 
160 
180 
200 

219 

9'7.3239 
259 
z;R 
298 
318 

33; 
35; 
377 
396 
416 

9'731.35 
455 
4;4 
494 
51.3 

533 
552 
572 
591 
611 

Cos. 

I Cos. 

9'93307 
299 
291 
284 
276 
269 
261 
253 
246 
2.38 
230 

9'93223 
215 
207 
zoo 
192 

184 
1 7 7  

154 

9.93146 
138 
1.31 
12.3 
115 
608 
loo 
092 
084 
077 

9'93069 
061 
0 . 3  
046 
038 

030 
0 2 2  

014 
00; 

9'92991 
98.3 
976 
968 
960 

951 
944 
936 
929 
921 

9'9291.3 
905 
89; 
880 
881 

874 
0 
858 
850 
842 

Rin. 
-- 

32' 

Cos. 

9'92842 
834 
826 
818 
810 
803 

795 
787 
779 
771 
763 

9'92755 
747 
7.39 
731 
723 

715 
707 
699 
691 
68.3 

9.92675 
667 
659 
651 
643 

635 
627 

l ; q  
603 

9'92595 
587 
579 
571 
563 

555 
546 
538 
5-30 
522 

9.92514 
506 
498 
490 
482 

4i3 
465 
457 
449 
441 

9'9246.3 
425 
416 
408 
qoo 

392 
384 
376 
36; 
359 

Bin. 

S in .  

9.736" 
630 
650 
669 
689 
708 

727 

ibZ 
785 
805 

9'73824 
843 
8 
882 
901 

921 
940 
959 
978 
997 

9.74017 
0.36 
055 
074 
093 

11.3 
1.32 
151 
1 7 0  
189 

33" 

Cos. 

9'92359 
351 
34.3 
335 
326 
318 

j10 
302 
29.3 
z8j  
277 

9'92269 
260 
252 

2.35 

2 2 7  
219 
2" 

202 

194 

9.92186 
1 7 7  
169 
161 
152 

14.4 
136 
I" 

1 1 1  

8 iu .  
---- 

9'74756 
775 
794 
812 
831 
850 
868 
887 
906 
924 
943 

9'74961 
980 
999 

2449.75017 
036 

054 
073 
C91 
110 

128 

9'75147 
165 
184 
202 
2 2 1  

239 
258 
276 
2.4 
31.3 

9.74208 
227 
246 
265 
284 

30.3 
.zzz 
341 
360 
379 

9'74398 
417 
436 

4;4 

493 
512 
5.31 
549 
568 

9.74587 
606 
625 
644 
662 

681 
700 
719 
7.37 
756 

120s. 

34" 

832 
823 
815 
806 
798 
789 
781 
772 

9'9176.3 
755 
746 
738 
729 

7 2 0  
712 
70.3 
695 
686 

9'91677 
669 
660 
651 
643 

6.34 
625 
617 
608 
599 

57 
66 
65 

54 
53 
62 
61 
60 

49 
48 
47 
4G 
46 

44 
43 
42 
41 
40 

30 
38 
37 
36 
35 

34 
33 
32 1 31 
30 

9.92102 
094 
086 
0;; 
obg 

060 
052 
044 
035 
02; 

9.92018 
o ~ o  
0 0 2  

4559.9190.3 
985 

9i6 
968 
959 
951 
9 4  

9'919.34 
925 
917 
908 
900 

R ~ I  
883 
874 
866 
857 

Bin. 

9'91591 
582 
57.7 
565 
gjf, 

54; 
538 
530 
5" 
512 

9.91504 
495 
4R6 
477 
469 

460 
451 
442 
4-33 
425 

9.91416 
40; 
398 
389 
381 

.q iz  
363 
354 
345 
3.36 

Bin. 

9.75331 
350 
768 
386 
405 

42.3 
441 
459 
478 
496 

9.75514 
53.3 
551 
569 
587 

605 
624 
642 
660 
6;8 

9.75696 
7 1  4 
733 
751 
769 

787 
805 
82.1 
841 
859 

Cos. 

20 
28 
27 
20 
26 

24 
23 
22 
21 
20 

19 
18 
17 
16 
15 

13 
12 
11 
10 

9 
8 
7 
G 
6 

4 
3 
2 
1 
O 

I 
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TABLE LI1.-Logarithmic Sines and Cosines to 5 places of Decimals. 

38" 3 9 O  35" 

I & n  ( C O B  

6 &O 63" 

sin. ( 
--- 

9'78934 
9.50 
967 
983 
999 

1879'79015 

031 
047 
063 
0;') 
095 

9.79111 
128 
14 
160 
176 

192 
108 
224 
240 
256 

3.79272 
288 
304 
310 
3.35 

351 
367 
3.3 
309 
415 

9.794.31 
447 
463 
4;8 
494 

510 
526 
542 
558 
573 

9.79589 
605 
621 
6 6  
652 
668 
6R4 
699 
71s 
7.31 

9'79746 
;6a 
7;R 
70.3 
809 

82.; 
840 
856 
872 
887 - 

Cos. 

0 
1 
2 
3 
4 
6 
G 
7 
8 
9 

10 

11 
18 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 

3G0 
Bin. 1 COI. 

37" 
sin. 

9'77946 
96.3 
980 
997 

7599'7801.3 
0.30 

047 
06.3 
080 
097 
113 

9.78130 
147 
16.3 
180 
197 

213 
2.40 

246 
26.3 
280 

9'78296 
313 
329 
346 
362 

379 
395 
412 

. 

9.76922 
9.30 
957 
974 
991 

2929'77009 
026 
043 
061 
078 
O95 

62" 6 lo 

cos 

9'89653 
643 
633 
624 
614 
604 

594 '  
584 
574 
564 
554 

0.89514 
5.34 
524 
514 
504 

495 
485 
475 
465 
455 

9.89445 
435 
425 
415 
405 

395 

3;s 
364 
354 

g .Rq .3~  
-334 
32.1 
4 
304 

294 
284 
2;4 
6 
254 

9.89244 
2.3.3 
22.3 
21.3 
20.3 

89.7 
18.3 
17.3 
162 
I j Z  

3.89142 
1.31 
1 2 2  
r ~ a  
101 

091 

071  
060 
050 - 

Bin. 

--- 
9.75859 

877 
895 
913 
931 
949 

967 
985 

9.76003 
0 2 1  

039 

9'76057 
075 
09.3 
1 1 1  

119 

146 
164 
182 
200 

a18 

9'76~.36~9'91149 
253 
2 7 1  

289 
3oi 

324 
342 

COB. 

9'90235 
225 
216 
206 
I97 

178 
168 
159 
149 
139 

9.90130 
120  

111 
101 

091 
082 
072 
063 
05.3 
043 

9'900.34 
024 
014 
005 

9'89995 

985 
976 
966 

428 
445 

9'78461 
4;8 
494 
510 
527 

54.3 
560 
576 
592 
639 

9'78625 
642 
658 
674 
691 

7 0 7  
72.7 
7.39 
756 
771 

9.78788 
Ros 
811 
8.4; 
R5.3 

2 
90' 
918 
9.34 - 

Cos. 

-- 

9'90796 
787 

750 

741 
731 
722 
713 
704 

60" - 

9'91336 
-328 
319 
310 
301 

28.7 
174 
266 
2-57 
148 

9.9'239 
2.30 
2 2 1  
a11 
203 

194 
18s 
176 
167 
158 

141 
1.32 
12.3 

114 

10s 
096 

9'90509 
4 
490 
480 
471 

462 
452 
44.3 
4.14 
424 

9.90415 
405 
396 
386 
377 

3m 
3.58 
349 
3.39 
330 

9'90310 
311 
. ~ O I  

zya 
182 

27.3 
m., 
254 

29 
30 

35 02.3 524 

36 

956 
947 

9.899.3; 
92: 
918 
908 
898 
RHR 
R79 
869 
850 
849 

9.89840 
8.40 
A 2 0  

Rlo 
801 

791 
~ R I  

752 

9.89742 
7.32 
72a 
7 1 2  

701 
69.3 
a h  
67.1 
66.3 
65.4 - 

sin 

9'79887 
90.3 
918 
934 
950 

981 
996 

9.80012 
027 
043 

9.80058 
074 
089 

::: 
136 
151 
166 
182 
197 

9.80213 
228 
244 
259 
274 

290 
305 
320 
3.30 
331 

9.80.366 
. 382 

397 
412 
428 

44.1 
45R 
47.3 
489 
504 

9.80j19 
5 4  
550 
565 
580 

59s 
610 
615 
641 
656 

9.80671 
686 
701 
716 
7.71 

746 
i62 
777 
791 
807 

Cos. 

39 
40 

41 
42 
&3 
44 
46 

46 
47 
4 8  
49 
50 

51 
52 
53 
54 
55 

56 
67 
68 

9.77112 19.90694 
1.30 685 

626 
I J 7  66; :::I 657 

6!4 
GO - 

Cos. 

9.89050 
040 
030 
0 2 0  

oog 
9659'88999 

989 
978 
968 
958 
948 

9.88937 
927 
917 

g;z  
886 
8;s 
865 
855 
844 

9.88834 
824 
813 
80.7 
793 

782 
772 
761 
751 
741 

9.8R7.30 
720 
709 
699 
6R8 

678 
668 
657 
64; 
636 

9.88626 
615 
605 
594 
gR4 

57.3 
56.3 
5 5  
542 
5.31 

9.88521 
510 
499 
4Rg 
478 

46R 
457 
447 
4.36 
425 -- 

Bin. 

199 
216 
2-43 
250 
268 

9'77285 
302 
319 
3.36 
35.3 

370 
.3Ri 

554 
5;' 

9 . ; 6 5 ~  
607 
625 
641 
660 

GO 
69 
58 
67 
66 
55 

54 
53 
58 
51 
50 

49 
48 
47 

:! 
44 
43 
42 
41 
40 

39 
38 
37 
36 
35 

34 
33 
32 
31 
30 

29 
28 

%: 
25 

24 
23 
22 
21 
20 

I9 
18 
17 
16 
15 

I *  
13 
l2 
11 
10 

9 
8 
7 
6 
5 

4 
r 
2 
1 
0 

648 
6.39 
6.30 
620 
611 

9.90602 
592 
58.3 
574 
565 

555 
546 
5.37 

9.301 4 
946 2.5 - 

987 
978 

9'90969 
960 
951 
942 
93.3 

PI 
921 - 

Coa. I Bin. Cos. I Bin. 

592 
609 

9'776l6 
64.3 
660 
677 
694 

805 
796 - 

7" 
718 
744 
761 
778 

9'7779.5 
812 
8x9 
846 
861 

Hi9 
8 9  
91.1 

6 i 7 (  924 
695 915 
7 906 
7 . 3  8y6 
747 

9.76765 
;RI 
800 
817 
8.35 

851 
870 
887 

887 

9.90878 
869 
860 
851 
842 

8.12 
uzr  
814 
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TABLE MI.-Logarithmic Sines and Cosines to 5 places of Decimals. 

40" 43" 44" 
-- 

1 
2 
3 
4 
5 

6 
7 
8 
9 

1 0  

14 
1 5  

1 6  
17 
18 
19 
20 

21 
22 
23 
24  
25 

26 
27 
28 
29 
30 

31 
38 
33 
3 b 
35 

36 
3 i  
38 
30 
40 

41 
4.2 
43 
4.4 
45 

46 
47 
43 
49 
50 

61 
62 
6 :I 50-55 45.3 18; 28,: 40; 08; 774) HOO 
64 f10; 844 4l1i 175 rq; 4S.z 094 766 R;, 
65  621 8.13 481 1h.1 j l o  472 1 1 2  754 R85 5 
56 6.36 822 495 15.1 324 460 123 742 898 9.84999, 
67 
53 

GO - - -- - - .. . .. - -. - - - -- - - - .- . - - 1 Cos. 1 Sin. I .  Bin, . Sin. ('OR. 1 1 Sin.  
- - -  ~ 

~ ~ . 

it!)" 4.8" 47' dGO 85" 

017 
032 

047 
061 
076 
ogl 
106 

9.81121 
136 
151 
166 
180 

195 
210 

2 2 s  
240 
254 

9'81269 
4 
29~) 
1 

328 

4 ,  
35R 
372 
38; 

g ' B l j r ;  
4.31 
44(1 
461 
475 

490 
505 
519 
5.34 
549 

9,815h.1 
5;H 

276 
266 

255 
244 
2.34 
22.3 
2 1 2  

9.88201 

180 
16y 
158 

148 
1 
126 
115 
105 

9.88094 
08.4 
0;2 
061 
051 

040 
0 2 1 1  

018 
00; 

4029'8; ' )9h 

9'8j98.5 
975 
Oh4 
95.3 
941 

9.31 
9" 
900 
809 
8H; 

9.8;R;; 
Hhf~ 

89; 
911 

9-26 
940 
955 
901) 
983 

9.81998 
1 9 1 9 . 8 z 0 1 r  

026 
041 
055 

069 
084 
098 
1 1 2  

126 

.9.81141 
155 
169 
184 
198 
2 1 2  

226 
240 
255 
269 

1)'82zR,z 
29; 
311 
.3lh 
340 

354 
. ~ ( I H  
3U2 
396 
410 

9.82424 
4.39 

624 
I .  

601 
590 
Sit) 
508 
5.5; 

9'8;54(1 
535 
5 
513 
501 

490 
47') 
468 
45; 
446 

9.87434 
42.3 

401 
-390 

378 
0 
3 5 0  
345 
3.14 

~ ) . R ; . Z ~ Z  
311 
.ZOO 
2 X H  

2;; 

~ (41  
255 
2 

232 
2 2 1  

r).R;zor~ 
I 

74; 
; G I  

7;s 
788 
8021 
816 
8.30 

9.82R44 
858 
8;z 
885 
899 

913 
927 
941 
95s 
t)bR 

9 . 8 ~ 9 8 1  
1)9(~ 

4 1 2 9 . 8 j 0 1 0  
02.7 

0;; 

051 
065 
078 
092 
100 

1).8,;1ro 
1.7.7 

147 
101 
174 
11% 
202 

2 1  j 
22,) 

242 

g.H.~t;h 
210 

94; 
936 

924 
91.3 
902 
890 
Big 

9.86867 
H5j 
Hq+ 
3 2  
$21 

809 
798 
;#[I 
;is 
6 ,  

g'86;5a 
740 
728 
71; 
705 

604 
O X 2  

670 
I 

64; 

9 ~ 8 6 6 . ~ 5  
2 

f~12 
Goo 
581) 

5 
565 
554 
541 
5.70 

9.8f1514 
50; 

56; 
581 

594 
608 
621 
634 
6 4  

9.83661 
6;4 
OR8 
i o l  
715 

;28 
741 
755 
;68 
I 

g.8j;g.j 
808 
821 
8 4  

8O1 
4 ;  
88; 
901 
914 

~.8,3q2; 
940 
0.54 
06; 
080 

99.3 
0.Rqo06 

0 2 0  

0.7: 

247 
235 

22.3 
211 

200 
188 
176 

9.86164 
152 
140 
128 
116 

104 
092 
080 
008 
056 

9.86044 
032 
0 2 3  

004 
Hq8')'859,)6 

944 
z 
900 
948 
9.36 

9'85924 
912 
f)oo 
R X H  
8;h 

R64 
851 
8.11) 
82; 

040 I 815 

q.Rjo.<g 9~8580.3 
o ; ~  ;<)I  

760 
373 
385 
718 
411 
424 
437 

9.84450 
46.3 
476 
489 
502 

515 
528 
540 
55.3 
506 

9,84579 
592 
605 
A I R  
630 

043 
656 
bhq 
681 
694 

q'R4;o; 
; lo  
7.1.3 
745 
75.5 

~ 7 1  ,Hq 
796 
ROO 
822 

9.84R.35 
84; 

522 

497 
485 
47.3 
460 
448 

9,85436 
42.3 
411 

46 
5 1 0 4 5  

44 
43  
42 
41 
4U 

39 
38 
37 

074 

9.Rgoha 
049 

10 

9 
8 

3 9 9 1  30 
35 

3.3; 31  

9,85312 
299 
287 
a;4 
262 

250 
2.3; 
215 
2 1 2  

zoo 

p.8518; 
175 
lf12 
150 
13; 

1 2 s  
1 1 2 '  

roo 
087 

30 

29 
28 
27 
26 
25 

24 
23 
?Y 
21 
20 

19 
1s 
17 
1 6  
15 

1 4  
13 
12 
11 



TABLE LIII..-Azimuth and Apparent Altitude of Polaris computed 
with Korth Polar Distance lo 17', and Mean Refraction. 

Horn 
Anglo 

bcforc or 
after 

Cullninn- 

h , , ,  

0 15 
0 .io 
0 4 5  
I o 

1 1 5  
I .{o 
1 45 
2 o 

2 1 5  
2.30 
2 45 
3 0 

3 20  

3 40 
4 0  
4 2 0  

4 40 
5 0 

5 2 0  
E ~ I u , R .  

Elong. at 

6 40 
i 0 

7 20  

7 40 

8 o 
H 2 0  

8 4O 
9 0 

9 15 
9 30 
Y 4.5 

L O  o 

10 15 
10  30 
10 4; 
I I  o 

11 IS 
1 1  30 
1 1  45 

b 

Azimolh. 

0 I 8, 

0 5 3 
o 10 4 
0 15 .3 
o 19  58 

0 24 47 
0 29 31 
0 34 6 
o 1 8  33 

0 42 50 
0 4 6 5 6  
0 50 50 
0 5 4 . 1 1  

0 59 3 
1 3 9 
I 6 4 5  
1 9 51 

I 1 2  25 
1 1 . t 2 6  
1 15 5.3 
1 1 7  3 

h m  8 

5 59 49 
-. - -. 

0 , 3, 

1 1s 52 
I 14 24 
1 1 2  2.3 

9 48 

I 6 42 
I 3 5 
0 59 0 

0 54 27 

0 50 47 
0 4 6 5 . 3  
0 42 47 
0.38.30 

0 34 3 
0 2 9 2 8  
0 24 45 
0 1 9 5 6  

0 1s 1 

0 1 0  .1 
0 5 2  

LATITUDE 

Correc- 
lion for 

Inr r t~ i~rent  
of i n  

N.P.D. 

-- 

+ 0.65 
1'31 
1 . 9 ~  
2.60 

3 . 3  
3.84 
4 '44  
5 ' 0 2  

5 '58  
6 .11  
6.62 
7'09 

7.68 
8 . 2 1  
8 . 6 8  
9.08 

9'42 
9.68 
9 ' 8 i  

10 '01 

8 

- 0 . 0 2  

+ 9.86 
9 ' 0 ;  
9 
9 '07 

8 ' 0 ;  
8 .20  
i . ( l ;  

;'on 

6.60 
6.01) 
5'.;0 
5.00 

4'42 
-3.8.3 
3.22 
2.59 

1.95 
I 
0.65 

2". 

AltiLuda. 

0 , ,I 

.? 29 53 
3 2 9 2 5  
3 2 8 3 7  
3 27 31 

3 26 8 
3 24 25 
3 2 2  27 
3 2 0  10 

3 17.38 
3 1 4 4 8  
.3 I I  44 
3 8 27 

.3 .3 41 
2 5 H . 3 6  
2 5.1 15 
2 47 42 

2 41 50 
2 ,3j 51 
2 20 43 
2 17 13  

2 4 35 
I 58 27 
1 52 35 
' 4 7  2 

1 4 1 4 0  
I .3h.]I 
1.11 42 
I 27 I "  

I 24 5 
I 21  13  
1 1 8 . 3 2  
1 16  9 

1 1.3 57 
I 1 2  r 
I 10 26 
I 9 6 

1 8 2 

1 7 2 0  
I 6 50 

Azimuth. 

0 , "  
0 5 2 
0 10 3 
0 1 . 5  1 

o 19 56 

0 2 4 4 5  
o 29 28 
0 34 4 
o 38 30 

0 4 2 4 7  
0 4 6 5 . 3  
0 50 46 
0 54 27 

0 58 59 
1 3 5 
1 6 4 1  
1 Y 41  

1 1 2  21 
I 14 2.7 

1 ' 5 5 0  
1 17 0 

h m s  

6 o o 

... 

... 

... 

... 

... ... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

0". 

A,lpnrent 
Altitude, 

0 I I ,  

1 3 i  24 
1 . 3 6 5 8  
1.36 1.1 
1 35 13 

I 3.3 52 
I 32 17 
1 30 24 
1 2 8 1 7  

1 2.5 53 
I 23 1 2  
I 20 16 
1 1 7  9 

I 1 2  3R 
I 7 4 6  
I 2 34 
o 5; 7 

0 51 42 
0 4 6  1.3 
0 40 42 
0 29 25 

... 

... 

... 

... 

... 

.., 

... 

... 

... 

... 

... 

... 

... ... ... 

... 

... 

... 

... 

Corrrc- 
Ition rur 

o ~ ~ ~ ~ ?  
N.P.D. 

+ 9.98  
9'91 
9.81 
9.66 

9'47 
9 '24  
8.97 
8 . 6 6  

8 ' 5 1  
7 '93 
7 '5"  
7 ' 0 7  

6 '42 
5 '73  
4 ' 0 9  
4'22 

3 ' 4 l  
7.. ,;8 
1 '73  
0'01 

- 1.7; 
2.60 
3 ' 4.1 
4 '24 

5 '01 
5 '74 
6 .43  
7 '07 

1 '52 
7.0.3 
8..3l 
8.66 

8 '97  
9 '24  
9 ' 4 7  
9 .66  

9.81 
9.91 
9 '98  

1 

LATITVDB 

Corror- 
tion for 

1ncre111t-nt 
of 10" in 

N.P.D. 

+ 0.65 
3 
5 
2 '59  

3.22 
3'8.3 
4 '42  
5 '00 

5.56 
6 .09  
6.60 
7'07 

i . 6 6  
8 . 1 9  
8 .66  
9.06 

9 ' 4 0  
g 'hh  
9 '85  

10.00 

S 

0.00 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... ... 

Correr- 
Ition fur 

I I C ~ V I I N ~ I I ~  

of lu" iu 
X.P.D. 

+ 9.98 
9 . 9 1  
9.81 
9 ' 6 6  

9 '47 
9 4  
8.9;  
8 ' 6 6  

7 
7.9.3 
" ' )  r 3 

7'07 

6.4.3 
5 
5 ' 0 0  
4 '23  

3 '42  
2',;9 
" i 4  
0'00 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 



TABLE LII1.-Azimuth and Apparent Altitude of Polaris computed 
with North Polar Distance lo 17', and Mean Refraction. 

Honr 
A llfil0 

bvfo1.c or  
nfh.r 

Cullnilla- 
tiu,l, 

A m  

o 15 
o 30 
0 4 5  
1 0  

I 15 
I .30 
1 45 
2 0 

2 15 
2 .ZO 

2 4 s  
3 0 

3 2 0  
3 4 0  
4 0  
4 2 0  

4 4 0  
5 0 

5 2 0  
Elung. 

Elong. nt 

6 40 
7 o 
7 2 0  
7 40 

8 0  
8 2 0  
8 40 
9 0 

9 1.5 
9 ,30 
9 45 

10 0 

l o  15 
10 j o  
104.5 
1 1  0 

1 1  15 
11 .10  
114.5 

Azimuth. 

' "' 

o 5 3 
o 10 6 
0 1 5  5 
0 2 0 1  

0 24 51 
0 20 .Z5 
0 .34 1 2  

0 3 8 . 3 9  

0 42 57 
0 4 i  .3 
0 5 0 ~ 8  
0 54 39 

0 5 9 1 2  
1 3 ' 1  
1 6 5 4  
1 1 0  0 

1 1 2 3 4  
1 14 33 
1 1 6  2 
I 17 11 

7b m .r 

5 59 38 

0 , I ,  

I 1 6  o 
1 1 4 . 3 2  
1 1 2 . 3 0  
1 9 55 

1 6 4 8  
1 , 3 1 1  
0 59 4 
0 5 4 . 3 1  

0 PO SO 
0 4(1 56 
0 42 $0 
0.18.3.3 

0 ,34 6 
0 29 ,zo 
0 1 4 4 7  
0 1 9 5 7  

o 15  2 
0 1 0  4 
0 5 2 

Go. 

Comet- 
t k ) ~ ~  for 

~ ! $ ~ ~ ~ ~  %y;;c;L 

N.P.D. I- 
0 I ,, , 
7 23 52 + 9 '98  
7 2.3 23 9 '91  
7 2-4 9 '81  
7 Z I  26 9 '66  

7 2 0  0 9'47 
7 1 8  14 9'23 
7 16 I I  8 .96  
7 13 51 8 . 6 5  

7 1 1  1.3 8 . .ZO 

7 8 19  7 ")2 
7 5 10 7 '5 '  
7 1 4 6  7.06 

6 ~ 6 5 3  6.41 
6 51 38 5.72 
6 4 6  3 4 '98  
6 40 11 4 .21  

6 34 5 3 ' 4 0  
6 27 47 2'57 
(1 2 1  20 1.72 
6 8 2.3 0 . 0 2  

5 55 7 - 1'76 
5 48 41 2.61 
5 42 25 3 ' 4 4  
5 36 21 4'25 

s 30 .32 5 ' 0 2  

5 25 1 5 ' i.5 
5 1 9  48 6 . 4 4  
s '4 59 7.08 

5 11 37 7'53 
5 8 .?I 7 ' 9 t  
5 5 39 R . , Z ~  
5 3 5 8 .6 ;  

5 0 4 5  8 . 9 8  
4 5 8 4 5  9 ' 2 4  
4 5 i  I 9 '47 
4 55 37 9 . 6 6  

4 54 81 9 .81  
4 5.3 42 9'92 
4 53 14 9 '98  

C. 

Altiludo. A1'llm"cnt 

0 1 11 

5 26 z 
5 2 5 3 3  
5 24 45 
5 23 38 

5 2 2  1 2  
5 2 0  28 
5 1 n 2 o  

5 16 7 

5 1.3 30 
5 1: 30 
s , .it 
5 4 1 0  

4 59 2 0  
4 5 4  9 
4 48 .39 
4 42 52 

4 36 52 
4 ,3O 38 
4 24 17 
4 1 1  26 

3 58 21 

3 52 4 
3 45 56 
3 40 1 

.3 34 1 9  

.3 28 54 

.1 2.3 4 i  
3 10 .Z 

3 IS 47 
,I 1 2  4.3 
.3 9 54 
3 7 2 0  

.3 5 5 

.3 .3 5 
3 1 24 
2 59 59 

S R  54 
z 58 6 
2 57 40 

A7,imut.h. 

0 I ,I 

o 5 5 
o 10 8 
0 ' 5  9 
0 2 0  5 

0 24 57 
0 29 42 
0 34 1 9  
0 , 3 8 4 8  

o 4.3 6 
0 4 7  14 
0 51 9 
0 5 4 5 1  

0 59 24 
1 .3 .?.I 

I  7 8 
I l o  15 

1 1 2  49 

51) I 16 I ,  

I 17 z j  

h m a 

5 51) 28 

0 I I, 

I 16 1.3 
I 14 4.4 
1 I 2  42 
I 10 6 

1 6 59 
1 3 2 0  

0 59 1.3 
o 54 40 

0 50 SB 
0 47 3 
o 42 56 
0 3 8 3 8  

o 3 4  I I  

0 29 .ZJ 
0 24 50 
o 20 o 

0 15 4 
o 10 5 
0 5 .3 

LATITCDE 

Correc- 
1io11 for 

I I I C ~ ~ ~ I U P I ~ ~  lo,, ill 

N.P.D. 

+ 0.66 
1 '32  
1 '96 
2.61 

3 ' 2 4  
3'8O 
4'4.5 
5.03 

5 '59  
6 . 1 3  
6 .64  
7.12 

7'71 
8 ' 2 4  
s . 7 1  
9 ' "  

9 ' 4 4  
9 .70  
9 .89  

10.03 

8 

- 0.05 

+ 9.88 
9.09 
9 4  
9 ' 0 0  

8 .21  
7'67 
7.08 

6 .61  
6 .  10 

5 '57 
5 '01  

4 '43  
3'8.r 
3 
2 '59  

1 '95 
1 . j 1  
0.65 

Concc- 
tion Car 

I ~ I C ~ I , I I I C I I ~ ~  
of 10'' ill 

N.l1.1). 

+ 9.98 
9 . 9 1  
9 ' 8 1  
9.66 

9 '4 ;  
9 .24  
8.97 
8 . ( ~ 6  

8 . 3 1  
7 '  
7'51 
7.06 

6.42 
5 ' i '  
4 '09  
4 ' 2 1  

3 '40 
2 ' 5 i  
1.72 
0 . 0 2  

- I . + *  t 

2.60 
3 ' 4 3  
4 . 2 4  

5.01 
5 ' 7 4  
6.44 
7.08 

7'52 
7 '94  
R . , 3 2  
8 '66  

8.q;  
9 '24  
9 '47  
9 .66  

9 .81  
9.91 
9 ' 9 8  

LATITUDE 

Covrec- 
l i<,n for 

t;y;;t, 
hT.P.D. 

I, 

+ 0.60 
1 ' 3 2  
1 '97  
2.62 

3'25 
3 7  
4.45 
5'0.5 

5.61 
k . l 5  

6 .66  
7.14 

1 1 . i  
-.. 
8 . 2 6  
8.7.3 
9'1.1 

9.46 
9.72 
~ ' I ) I  

10.06 

8 

- 0.0; 

+ 9.80 
9 ' ;0  
4 3  
9.10 

8 .69  
8 ' 2 2  
7.68 
7.09 

6 . 6 1  
6 .10  
5 
5 ' 0 '  

4 '43  
3 . 3  
3 '22  
2 '59 

1 '95 
1 ' .?I 
0.65 



TABLE LII1.-Azimuth and Apparent Altitude of Polaris computed 
wit11 Nortli Polar Distance lo 17', and Mean Refraction. 

Hour  
Angle 

bofora or 
aftrr 

Culmina- 
tlon. 

h 9m 

o 15 
0 3 0  
0 4 . 5  
I o 

I I ~  
1.30 
4 5  
2 0 

2 '5 
a 30 
2 4 5  
3 0  

3 2 0  
3 40 
4 0  
q 20  

4 40 
5 o 
5 20 

Eluug. 

Elong. o t  

6 40 
7 0  
7 2 0  
7 4 0  

8 0  
2 0  

8 4 0  
9 0 

9 15 
9 3 0  
9 45 

1 0  0 

1 0 1 5  
10 30 
1 0  45 
I I O  

1 1 1 5  
11.30 
1 1 4 5  

Azimuth. 

' " 

o 5 6 
o l o r r  
0 1 5 1 . 3  
0 2 0 1 1  

0 2 s  4 
o z r ) . ; ~  
0.34.ZO 
0 38 59 

0 4.3 19 
o 47 28 
0 5 1 3 4  
0 5 5  7 

0 5 9 4 1  
1 3 49 
1 7 2 7  
I 10 34 

1 1.1 9 
1 1 , s  10  

1 16 57 
I I 7 4 j  

-. -- 

h m 8  

5 59 I ;  

0 I I ,  

1 16 . 3 ~  
1 1 5 . 3  
11-5')  
1 l o a . z  

1 7 1 4  
1 ,1 35 
0 5 9 2 7  
0 54 5' 

0 51 9 
0 4 7 1 . 3  
0 4.3 s 
0 38 47 

0 3 4 1 R  
o 19 40 
0 24 5 5  
0 2 0  4 

0 x 5  A 
0 1 0  ; 
0 5 4  

A z i ~ u t l l .  

0 I 0 

o 5 8 
o l o  15 
o 15  19  
o 2 0  1 9  

0 2.5 14 
0 30 a 
0 . f ~  43 
0 39 I 4  

0 43 15 
0 47 45 
0 5 1 4 3  
0 55 27 

I o -3 
I 4 1 2  

1 7 5 1  
1 10 59 

1 I.Z.<4 
1 1 j . 3 6  
1 1 7  $3 
r  1 8  1 1  

h nl r 

5 5 9  6 
. . .. 

0 I I ,  

I 16 5; 
I 15 2; 
1 1.3 2 2  

1 10 45 

1 7 35 
1 3 54 
0 59 45 
o g j  8 

0 51 24 
0 4 i  27 
0 4 3  18 
o j 8  $3 

0 .I4 2R 
0 29 40 
0 25 3 
o 20 10 

0 1 5  1.z 

o l o  10 

0 5 6 

LATITUD~ 

Corrue- 
tion Tor 

Incren~unt  
of 10" in 

N.F.D. 

,I 

+ 0.6; 
1 '33  
l ' q 8  
2.64 

3 
3 ' 9 0  
4 '50  
5 ' 0 9  

5 '65  
6 ' 1 9  
6 .70  
7.19 

7'78 
8'.3l 
8.71) 
9 ' 1 9  

9'52 
g';R 
9 

1 0 . 1 0  

8 

- 0.09 

+ 9.94  
9 ' 7  
9 .48  
9 ' 1 4  

8 . i . ~  
R , ? h  

7';- 
7.12 

6 . 6 4  
6 . 1 3  
5 ' ; s  
5'0.3 

4'4,; 
3 .  
3 
2.60 

9 
I 
0 .65  

94 

~ ~ / : ~ : ~ ~ ~  

0 I I ,  

9 2 2  29 
9 2 2  0 

9 2 1  1 1  

9 2 0  3 

9 18 36 
9 16 49 
9 14 46 
9 1 2  34 

9 9 4 6  
9 6 50 
9 3 4 0  
9 0 1.5 

R 5 5 2 0  
8 50 4 
H 44 26 
8 .38 32 

8 32 24 
8 2 6  4 
'3 19 34 
8 6 35 

7 53 9 
7 4 6 4 1  
7 40 2 1  

i .?J 16 

7 28 2.3 
7 2 2  48 

1 7  34 
7 1 2  42 

: 8 :: 
7 .3 17 
7 0 4 0  

6 5'3 2 0  
6 56 18 
6 54.3.1 
6 5 3  7 

6 5 2  o 
6 5 1  1 1  

6 s o  4.1 

LATITUDE 

Col.~rc- 
tinn for 

I I I ( . I . P I ~ I C ~ ~  
of ,",, i l l  

N.l'.D. 

I 

+ 0.67 
1 '34  
2 . 0 0  

2.65 

3 '30  
3.92 
4'5.3 
5 ' 1 2 1 1  

5.69 
6.2.3 
6 .75  
i'2.3 

7'8.3 
8'.3; 
8 '84  
9 .24  

9.58 
9'R+ 

l o . o ?  
1 0 . 1 6  

6 

- 0 . 1 2  

+ l 0 . 0 0  
9.80 
3 
9 ' 1 0  

R... 1 

8 . 2 9  
r r5 ..- 
i ' 1 5  

6 . M  
6.15 
5.6- 
~ ' o j  

4 '47 
3 .86  
3 
6 

1.9; 
2 

0.66 

10". 

AppRrCnt 
dltiludo. 

0 I #I 

rr  21 32 
1 1  21 3 
1 1  20 14 
1 1  1 9  5 

11 17 38 
1 1  15 52 
II 1.3 47 

1 1 2 5  

11 8 4 6  
1 1  5 51 
11 2 39 
1 0  59 14 

1 0  54 18 
1 0  49 0 

l o  4.7 2 2  
10 37 26 

l o  31  16 
l Q  2 4 5 4  
l o  1 8  23 
l o  5 25 

9 51 52 
9 45 2.3 
9 3 9  3 

9 31 54 

9 2 ;  0 

9 2 1  a4 
9 l 6  

9 I I  15 

9 7 51 
9 4 4 1  

1 47 
8 59 10 

'3 56 50 
8 54 46 
1 1 
8 51 35 

R 50 26 
n 49 3~ 
R 49 9 

Correc- 
tion for 

III(.YCIIICII~ 
of 10" in 

N.P.D. 

,I 

+ 9.98 
9 . 9 1  
~ ' R I  
9 .66  

9 '47 
9'2.1 
8 .96  
8 '65  

8'.30 
9 
7 '50  
7'05 

6.41 
5 .71  
4'9'3 
4.20 

3'39 
2.56 
1 . j ~  

0.03 

- 1 - 7 6  
2.61 
3 ' 4 4  
4 '15  

5 '02  
5'7.; 
6 '45 
7.01) 

7 ' 5 .  
7'9.5 
8.3.3 
8 .6 ;  

8.0'3 
9 '24  
9'4; 
g.bh 

9.Rr 
9 . 9 2  
9 '98  

Corruc- 
tion for  

I I I I I ' I . ~ ~ I I I P I I ~  
of l ~ "  in 

N.P.D. 

- 

, 
+ 9.98  

9.01 
9.Rl 
9.66 

9.4; 
9'2.1 
8 .96  
8 .65  

8 ' 3 0  
i . 9 2  
7 ' 5 0  
7.0.: 

6 ' 4 0  
5 . 7 '  
4'97 
4 ' 1 9  

.3 ' 38 
2'55 
1.70 
0.04 

- 1.77 
2 .62  
3'4.; 
4 .26  

5'0.3 
5 '76  
6.45 
; '09 

7'5.3 
7 '95  
u..i.1 
8 .67  

8 . 9 8  
9 '  24 
9 '4 ;  
9 ' 6 6  

9 .81  
9 '0 '  
9 ' 9 8  



TABLE LII1.-Azimuth and Apparent Altitude of Polaris computed 
with North Polar Distance lo 17', and Mean Refraction. 

Holu 
Angle 

beforo or 
aftel. 

Cul~uinn 
i o n  

9 

o 15 
0 30 
0 45 
I o 

1 15 
1.30 
1 45 
2 0 

a 1 5  
2 30 
2 4 5  
3 0 

3 2 0  
3 40 
4 0  
4 2 0  

4 4 0  
5 0  
5 2 0  

Elong. 

Elong. a t  

6 4 0  
7 0 

7 2 0  
7 40 

8 0  
8 2 0  
8 4 0  
9 0 

9 15 
9 30 
9 45 

10 o 

10 1.5 
10.30 
3 0  4s 
1 1  o 

1 1 1 5  
11.30 
1145  

~ z i m u t ~ t .  

0 I I ,  

o 5 13 
0 lo  25 
O I s  34 
0 2 0 3 9  

0 25 39 
030 .12  
0 35 1 7  

0 99 53 

o 44 18 
0 48 32 
0 ~"33 
o 56 2 0  

I I I 

1 5 1 3  
1 8 5 5  
1 1 2  6 

1144 .3  
I 16 46 
I 18 14 
I 19 2 1  

h +n E 

5 58 43 

0 I ,I 

1 1 8  5 
I 1 6 3 3  
I 14 26 
I I 1  45 

' 8 3 2  
1 4 48 
1 0 35 
0 5 5 . 5 4  

0 52 7 
0 4 8  6 
04.3 53 
0 39 .30 

0 3 4 5 6  
0 30 1.3 
0 25 2.3 
o 2 0  zh 

o 15 24 
o lo  I R  
o 5 10 

LATITUDE 

Corroc- 
tion for 

1,;13~;t 
N.P.D. 

+ 0'69 
1'36 
2.03 
2.70 

3'36 
3'99 
4'61 
5.22 

5'79 
6'.14 
6'86 
7'36 

7.96 
8.51 
8.99 
9'40 

9'74 
10.00 

10.18 
10.31 

8 

- 0.17 

+ 10.14 
9'94 
9'66 
9'31 

R.89 
8.40 
7.85 
7'24 

6.75 
6.2.4 
5'68 
5'11 

4'52 
3'91 
3'29 
2.64 

1'99 
1'3.3 
0.67 

himu,  

' " 

o 5 10 

o lo 2 0  

0 15 26 
o 20 28 

0 25 2.5 
0 . 3 0 1 6  
0 34 58 
0 39 32 

0 4 . 3 5 5  
0 48 7 
0 5 2  6 
0 55 51 

1 0 . 3 0  
1 4 40 
1 8 2 0  
1 1 1 2 9  

1 1 4  6 
1 1 6 R  
1 1 7 3 5  
I 18 43 

?A 9n 8 

5 58 55 

0 , I ,  

1 1 7 2 8  
1 15 57 
1 13 51 
1 1 1  I 2  

I R 1  

I 4 1 9  
1 0 7  
0 5 5  29 

0 51 43 
0 47 45 
0 43 .14 
o 39 1 2  

0 34 40 
0 . 4 0  o 
0 25 1 2  

o zo 17 

0 1 5 1 7  
0 1 0 1 4  
0 5 8  

14'. 

x;;! 
~ 

0 I I ,  

15 20 19 
15 19 49 
15 19 I 

15 17 52 

15 16 23 
15 14 37 
15 1 2  32 
15 10 10 

15 7 29 
15 4 33 
15 I 2 2  

14 57 55 

14 52 58 
14 47 38 
14 41 59 
14 36 2 

'4 29 51 
14 2.3 27 
14 10 j j  
14 4 1 

1 .35017 
13 43 46 
13 37 25 
'3 31 '5 

13 25 20 
13 19 43 
1.3 14 26 
13 9 .31 

13 6 6 
13 a 56 
1.3 o 2 
1 2  57 2) 

1 2  ss 3 
1 2  52 59 
1 2  5' '4 
1 2 4 0 4 8  

1 2  48 39 
1 2  47 SO 
1 2  47 2 1  

LATITUDE 

Correc- 
tion for 

~ n ~ ~ n , ~ n t  of in 

N.P.D. 

+ 0.68 
1 5  
2 ' 0 1  

2.67 

.z..v 
3'0.5 
4'56 
5.16 

5'73 
6.27 
6.79 
;.28 

7'88 
8.42 
8 '90 
9'30 

9.64 
9'90 

10.08 
10'2.3 

8 

- 0'14 

+ 10.05 
9'85 
9-58 
9'2.3 

R.81 
8,.3.3 
7'79 
~ . I H  

6.69 
6'18 
5.64 
5'07 

4'49 
3.88 
3.26 
1.62 

I ' ~ R  
1 ' .?2 
0.66 

12'. 

'ppamnt ~ ~ t , i l u d c .  

e I I ,  

13 20 51 
13 2 0  " 
1.3 19 32 
13 18 24 

13 16 56 
1.1 15 10 

13 1.3 4 
1 3 1 0 4 2  

1.3 8 .1 
13 s 7 
1.3 1 5 6  
1 2 5 8 2 9  

1253.32 
1 2  4R 13 
1 2  42 35 
12  36 38 

1 2  .lo 2 7  

1 2  24 4 
1217.32 
rz 4 37 

1 1 5 0 5 8  
1 1  44 2 7  
11.18 6 
I t  31 57 

1 1  26 2 

I I 20 26 
1 1  IS 9 
11 10 15 

1 1  6 50 
1 1  3 41 
11 o 46 
lo 58 8 

10 5s 47 
10 5.4 44 
1 0  51 59 
10 50 .32 

1 0 4 q z ~  
10 4R JS 
10 48 6 

Corrcc- 

$,";>; 
N.P.D. 

+ g'gR 
9'9' 
9.81 
9'66 

9'47 
9'23 
8.96 
8'65 

8.30 
7'91 
7:49 
7 O4 

6 ..39 
5'70 

:::: 
3'37 
2'53 
I .68 
0.06 

- 1.79 
2.64 
3'47 
4'  2 7  

5'04 
5'77 
6.46 
7 Y O  

7'54 
7 '9s- 
8.33 
8.67 

8.98 
9'24 
9.47 
9'66 

9'81 
9'92 
9'98 

Correc- 

1z2;t in 

N.P.1). 

+ 9.98 
9'91 
9.81 
9.66 

9'4; 
9 '23 
8.96 
8.65 

8..30 
7'92 . . r 50 
7.05 

6'40 
5'70 
4.96 
4.18 

3'.17 
2.54 
1.69 
0.05 

- 1.78 
z.h,? 
3.46 
4'27 

5'04 
5'77 
6.45 
7'0') 

7'53 
7'95 
3 
8'07 

8.98 
9.24 
9'47 
9.66 

~ ' R I  
r) .~jr 
9'98 



TABLE LII1.-Azimuth and Apparent Altitude of Polaris computed 
with North Polar Distance lo 17', and Mean Refraction. 

Hour 
Angle 

before or 
after 

Cul~uina- 
tion. 

h 9n 

o r 5  
o 30 
0 4 5  
I o 

1 15 
I .;o 
1 4 5  
a o 

2 1 5  
2 30 
2 45 
3 0 

3 2 0  
3 4 0  
4 O  
4 2 0  

4 4 0  
5 O 

$ 20 
Elong. 

Elong. at 

6 40 
7 0 

7 2 0  
7 4 0  

8 0  
2 0  

8 4 0  
9 0 

9 1 5  
9 
9 4 s  

lo o 

10 15 
10 .lo 
10 45 
11 o 

11 15 
1 1 3 0  
1 1  4.1 

Azimuth. 

o r n  

o j a o  
0 10 39 
0 15 55 
o 21 6 

o 26 13 
0 31 1 2  

0 36 3 
0 4 0 4 5  

o 45 16 
0 49 35 
0 5.1 41 
0 57 33 

1 2 19 
I 6 3 6  
1 10 22 

1 ' 3 s 6  

r 16 16 
1 18 2 1  

I 19 50 
I 20  58 

h m  a 

5 58 ao 

0 , P 

I 19 38 
I 18 3 
1 15 53 
I 13 9 

1 9 5' 
1 6 3 . 
I 1 4 4  
0 5 6 5 8  

0 53 6 
0 4 9  1 

0 4 4 4 3  
0 4 0 1 4  

0 JS 33 
0 30 47 
0 2 s  51 
o 20 49 

0 IS 41 
0 10 30 
0 5 15 

Azimuth. 

' " 

o 5 1 6  
o l o  31 
0 1 5 4 4  
o ao 52 

0 25 55 
o 30 50 
0 3 5 3 8  
0 4 0 1 7  

0 4 4 4 5  
0 49 1 

0 53 5 
0 56 SJ 

I 1 3 i  
1 5 5 2  
1 9 j 6  
1 1 2 4 8  

1 1 5 2 6  
117.70 
I 18 58 
1 2 0 6  

h m  r 

5 58 32 

0 , ,I 

I 18 48 
1 17 15 
1 1 5  6 
1 1 2 2 4  

1 9 9  
1 5 2.3 
1 1 7  
0 56 2.3 

0 5 2 . 3 4  
048 .3 '  
0 4 4 1 6  
0 3 9 5 0  

0 35 14 
0 30 29 
0 2.5 .76 
0 2 0 3 6  

0 15 31 
0 1 0 2 3  
o 5 11 

18". 

Apparent 
bltitude. 

0 I I ,  

1 9 1 9 3 5  
19 V 5 
19 18 16 
19 1 7  6 

19 15 38 
19 13 52 
19 11 46 
19 9 23 

19 6 43 
19 3 46 
19 0 34 
18 57 6 

18 52 9 
18 46 48 
18 41 8 
'8 35 l o  

18 28 58 
18 2 2  34 
18 16 1 

18 3 14 

17 49 11 
17 42 49 
'7 36 27 
1 7 3 0 1 7  

1 7  24 22 

1; 18 44 
1 7  13 27 
17 8 33 

17 5 6 
17 1 5 7  
16 59 1 
16 56 a4 

16 54 2 
16 51 59 
16 50 13 
16 48 47 

16 47 39 
16 46 50 
16 46 11 

LATIT~B 

Corrcc- 
tion for 

Ineremcnt 
of 10" in 
N.P.D. 

+ 0.70 
3 9  
2.08 
a.76 

3'43 
4.08 
4.71 
5.33 

5'92 
6.48 
7.01 
7 5  

8.13 
8'69 
9'17 
9 '59 

9'93 
10.19 
10'38 
10.52 

8 

- o'aa 

, 
+ 10.33 

10 .12  

9 '83 
9 

9'04 
8'54 
7'98 
7'36 

6,86 
6.3.3 
5'77 
5.19 

4'59 
3'97 
3'34 
3.68 

3 . 0 2  

1 . 5  
0.68 

LATITUDB 

Corroc- 
tion for 

Increment 
of in 
N.P.D. 

+ 0.69 
1.38 
2'06 
2.73 

3'39 
4.04 
4'66 
5.27 

5.86 
6.41 
6'94 
7.43 

8.05 
8.00 
9'08 
9'49 

9.83 
10.00 

10.28 
10.41 

8 

- 0.19 

+ 10.24 
10.03 
9';s 
9'39 

8'96 

7 
7'30 

6.80 
6.28 
5'73 
5'15 

4'56 
3'94 
3 . 7  
1.66 

2.01 

1 ' . ~  
0'67 

16". 

*pparcnt 
Altitude. 

0 I I ,  

1 7 1 9 5 5  
17 19 25 
17 18 36 
17 17 27 

17 15 58 
17 14 12  

17 11 7 
17 9 43 

17 7 4 
17 4 8 
17 0 55 
16 57 18 

16 52 31 
16 47 1 1  

16 41 31 
l 6  35 3.3 

16 19 21 
16 2 2  38 
16 16 25 
1 6 3 3 5  

15 49 46 
15 4.3 14 
'5 36 53 
15 30 42 

15 24 4 i  
15 19 10 

15 1.1 53 
15 8 58 

15 5 33 
15 a 2.3 
14 59 28 
14 56 50 

14 54 29 
14 52 26 
14 50 40 
14 49 13 

14 48 5 
14 47 16 
14 46 47 

Correc- 

I;,":IE,t 
of 10" in 
N.P.D. 

+ 9.98 
9'91 
9.80 
9'65 

9'46 
9'23 
8.95 
8.64 

8.29 
7'90 
7'48 
7'03 

6.38 
5'69 
4'95 
4']7 

3-36 
2 . j ~  

I .67 
0.07 

- 1-80 
1.65 
3'48 
4'aR 

5 '05 
5'78 
6'47 
7.11 

7'55 
7'96 
8.34 
8.68 

8.98 
9'25 
9.48 
9'66 

9 '81 
9.92 
9'98 

- 

Correc- 
tion for 

Increment 
in 

N.P.D. 

+ 9.98 
9'01 
9.80 
9.65 

9.46 
9:23 
8 95 
8.64 

8.20 
7'91 
7'49 
7'04 

6 . , ~  
5.69 
4.95 
4 ' l7  

.z'jh 
2.53 
1'68 
0.06 

- 1 9  
1.64 
3'47 
4'28 

5'0.5 
s';A 
6.46 
7.10 

7'54 
7.96 
8.34 
8.68 

8.98 
9'25 
9'48 
9.66 

9.81 
9:92 
9 9 8  



TABLE LII1.-Azimuth and Apparent Altitude of Polaris computed 
with North Polar Distance lo 17', and Mean Refraction. 

Hour 
Anglo 

bcforu or 
after 

Culmina- 
tion, 

h m  

o 15 
o 30 
0 4 5  
r o  

1 15 
1.30 
1 4 5  
z o 

2 1 5  
2.30 
2 45 
3 0 

3 2 0  
.3 40 
4 o 
4 1 0  

4 40 
k 0 

5 2 0  
Elong. 

Elong. s t  

6 40 
7 o 
7 zo 
7 40 

8 o 
R 20 

8 40 
9 0 

9 15 
9 30 
9 4 5  

10 o 

10 1s 

80.30 
lo 45 
I r  o 

181.5 
11.30 
1 1 4 5  

Azimuth. 

0 I ,I 

o 5 2') 
0 10 56 
o 16 2 1  
o 11 41 

o 26 56 
0 32 3 
O 37 1 

o 41 51 

o 46 30 
0 50 56 
0 55 8 
0 5 9  6 

I q o 
I 8 a j  
1 1 2  15 
1 15 33 

I 18 17 
1 2 0  24 
I ar 55 
I 13 3 

A m  s 

5 51 56 

" I I ,  

I 21 39 
I 20 2 

I 1 7  48 
I 14 59 

111.36 
1 7 4 1  
1 3 15 
o 58 11 

0 54 23 
o 50 1 2  

0 45 48 
o 41 1 2  

0 3 6 2 6  
0 31 31 
o 26 18 
o a1 19 

o 16 4 
0 10 45 
0 51.3 

Correc- 
Ition for 
ncrcmrnt 

of lo,, in 
N.P.D. 

+ 9.98 
9.91 
9.80 
9.65 

9'46 
9'23 
8'95 
8.64 

8.20 
7 9  
7'4H 
7'03 

6.38 
5'68 
4'94 
4'16 

3.35 
2.51 
1.66 
0.08 

- 1.81 
1.66 
3'49 
4.29 

5.06 
5'79 
6.4; 
I 

7'55 
7.96 
8 '34 
8.68 

8.98 
9'25 
9.48 
9'66 

9'81 
' 2  

9'98 

Azimuth. 

O ' "  

o 5 14 
o 10 47 
0 1 6  7 
0 2 1 2 3  

0 a6 33 
0 .3136  
036 .31  
o 41 16 

0 4 5 5 0  
0 5 0 1 3  
0 54 a2 
0 5 8 1 7  

1 .3 6 
1 7 26 
1 1 1 1 5  
1 1 4 3 1  

1 17 13 
I 19 19 
1 20 49 
I 2 1  57 

h ai s 

5 58 8 

0 , I ,  

I 20 35 
1 18 59 
I 16 47 
1 14 I 

I l o  qr 
I 6 40 
I 2 a: 
0 57 37 

0 5.3 42 
0 49 34 
0 4 5 1 . 1  
o 40 41 

0 35 59 
0 R 
o zh 8 
o 11 3 

0 1 5 5 1  
0 1 0 . ~ ;  

0 5 ' 9  

LATITUDE 

Correc- 
tion for 

Incrc~nent 
of in 
N.P.D. 

, 
+ 0.72 

1'44 
2.15 
1.85 

3'54 
4.21 
4'86 
5'49 

6.10 
6.67 
1 

7'74 

8.38 
8.94 
9'44 
9'86 

10.22 
10'48 
10.67 
10.79 

8 

- 0 .27  

, 
+ 10.60 

10'39 
10'09 
9.72 

9'27 
8.76 
8.18 
7'54 

7.03 
6'48 
5'91 
5'32 

4'70 
4.06 
6'41 
a.75 

1.07 
1'.38 
0.69 

22'. 

Apparent 
Altitude. 

0 , I ,  

23 19 4 
23 18 35 
2.3 17 45 
23 16 36 

23 1s 8 
2.3 1.3 20 
23 11  14 
23 8 51 

13 6 11 

2.3 3 13 
23 o o 
2 2 5 6 3 3  

22 51 34 
2 2  46 14 
1-40 3.3 
2 2  34 . i ~  

22 28 21 
2 2  21 57 
za 15 23 
za a 44 

21 48 43 
21 42 lo 
21 35 48 
21 Z Y  37 

212.343 
11 18 4 
11 1 2  47 
11 7 53 

2 1  4 2 8  
21 I 18 
20 58 a3 
'0 55 45 

2 0  53 24 
20 51 ar 
2 0  49 35 
l o  48 8 

2 0  47 o 
20 46 1 1  

10 45 4.1 

Correc- 
Ition for 
ncreniont 
of lo,, in 
N.P.D. 

+ 9'98 
9'91 
9.80 
9.65 

9'46 
9'2.3 
8'95 
8.64 

R'zg 
7'90 
7'48 
7.02 

6.37 
5'67 
4'93 
4'15 

3.34 
2.50 
I .65 
0.09 

- 1'82 
1.67 
3'50 
4.30 

5 '07 
5.80 
6.48 
7.11 

7'55 
7'96 
8.34 
8.68 

8.98 
9'25 
9'48 
9'66 

9.81 
9'91 
9'98 

LATITUDE 

Comec- 
tion for 

Increment 
oP in  
N.P.D. 

+ 0 ' 7 1  

1'41 
2 . 1 1  

2.80 

-3.48 
4'14 
4.78 
5'41 

6.01 
6.58 
I 

7'62 

8.25 
8.82 
9.31 
9 ' i 3  

10.0; 
0 

10'53 
10'65 

s 

- 0'24 

+ 10.47 
10'25 
9'96 
9.59 

9 . 1 6  
8.65 
8.08 
7'45 

6.94 
6.41 
5-84 
5'25 

4'65 
4'02 
.1'.3R 
2.71 

1.05 
1.3; 
0.69 

20". 

Altiludo. 

0 , I ,  

21 19 18 
zr 18 48 
2 1  17 58 
21  16 60 

2 1  15 1 2  

2 1  13 34 
21 1 1  19 
2 1  9 6 

21  6 25 
21  3 28 
11 0 1 6  
2 0  56 48 

2 0  51 50 
zo 46 29 
" 4 0 4 9  
2034.51 

20 28 38 
2 0  2 2  14 
2 0  15 41 
t o  a 57 

19 49 o 
11) 42 18 
19 36 5 
'9 19 55 

rg a4 o 
10 18 2.3 

19 1.3 5 
19 8 10 

19 4 45 
I Q  1 35 
18 58 41 
18 56 a 

18 5.3 42 
18 51 .3R 
18 49 5 2  
18 48 15 

I R  47 18 
18 46 19 
18 46 o 



TABLE LII1.-Azimuth and Apparent Altitude of Polaris computed 
with North Polar Distance lo 17', and Mean Refraction. 

Hour 
Angle 

beforo or 
aftor 

Culn~inn. 
, ion,  

h 

0 15 
0 3 0  
0 45 
1 0  

I 15 
1 30 
1 45 
n o 

2 1s 

2 3 0  
1 4 5  
3 0  

3 2 0  

3 4 0  
4 0 

4 2 0  

4 40 
5 0 

5 20 
Elong. 

Elong. a t  

6 4 0  
7 0 

7 10 

7 4 0  

R o 
8 20 

8 4 0  
9 0 

9 1.5 
9 30 
9 4 5  

lo  o 

10 1s 

10.30 
104.6 
I I  o 

11 15 
1 1  30 
1 1 4 5  

Azimuth. 

0 I I ,  

0 5 40 
o 1 1  18 
o 16 54 
o 2 2  25 

0 27 50 
0 3 3  7 
o 38 16 
0 43 15 

0 4 8  2 

0 52 37 
0 56 58 
I I 3 

I 6 6 
I 10 37 
I I 4 36 
I 18 o 

I 20 48 
1 2 2  59 
124 .12  
I 25 40 

h n~ s 

5 57 30 

0 , ,I 

1 1 4 1 2  
1 2 2  31 
I ao 1 2  

1 17  1 7  

1 1 . 3 4 1  
1 9 45 
I 5 1 0  

1 0  7 

0 56 a 
0 51 43 
0 47 1 0  
0 4 2 1 6  

0 37 32 
0 32 28 
0 27 16 
o 2 1  jl 

o 16 32 
0 1 1  4 
0 5.33 

LATITUDE 

Correc- 
tion for 

Increnlml 
lo,, il l  

N.P.D. 

+ 0.75 
1'49 
2'22 
2.95 

3'66 
4.36 
5'03 
5'68 

6.31 
6.91 
7'48 
8.01 

8.67 
9'25 
9'76 

10.19 

10'56 
10.8.3 
11 .02  

11.13 

8 

- 0'33 

,I 

+ 10.93 
l o ' j l  
10.40 
10.01 

9'55 
9.02 
8.42 
7'76 

7.23 
6.67 
6.08 
5'4; 

4'84 
4 . 1 8  
3'51 
1.83 

1'13 
1'41 
0 . 7 1  

269 

Altitude. 

" , N 

27 18 42 
27 18 12 
2 7 1 7 2 3  
27 16 14 

27 14 4s 
2 7  1 2  58 
27 10 52 
q 8 28 

27 5 46 
2 7  2 50 
26 59 36 
26 56 8 

26 51 10 

26 45 48 
26 40 6 
26 34 8 

26 27 55 
26 2 1  29 
26 14 56 
26 2 2 4  

254.913 
25 41 42 
2; 35 19 
25 29 9 

2 .52313  
2 s  I ;  36 
25 1 2  19 
25 7 25 

1.5 4 0 

25 o 50 
24 5; 56 
24 55 18 

24 52 57 
24 50 53 
24 49 8 
14 47 41 

2446.14 
24 45 45 
24 45 16 

himu, .  

O ' "  

0 5 34 
0 1 1  7 
0 16 37 
0 2 2  a 

o 2 7  2 1  

0 33 34 
0 37 37 
0 4 2 3 1  

0 47 13 
o S l J . 3  
0 5 6  o 
1 0 1  

I 4 59 
1 9 ' 7  
1 13 2 2  

I 16 43 

I 19 28 
1 2 1  37 
1 23 9 
I 24 1 7  

h m  s 

5 57 43 

- , ,, 

1 2 ~ 5 ~  
I 2 1  1 2  
1 18 56 
1 1 6  4 

1 1 1 3 8  
I 8 39 
1 4 1 0  
0 5 9 1 1  

0 5 5  10 

0 50 55 
0 4 6 2 7  
o 41 47 

0 36 57 
0 3 1 5 8  
0 2 6 5 1  
o 2 1  37 

o 16 17 
0 lo 54 
o ~ r 8  

Comoc- 
tion for 

Increnlmt 
of 10" in 
N.P.D. 

+ 9'98 
9'91 
9.80 
9'65 

9'46 
9 . 2 2  

8.94 
8.63 

8.28 
7'89 

7 ' 0 1  
7'47 

6.36 
5.66 
4'92 
4 '  14 

3.32 
2'49 
1 ' 6.3 
0' I I 

- 1'84 
2'69 
3'51 
4.31 

5.08 
5 .81  
6.49 
7.12 

7 '56 
7'97 
8..?5 
8.69 

8.99 
9.26 
9.48 
9.67 

9.81 
9'92 
9.98 

LATITUDE 

Conec- 
tion for 

2;;;;t 
N.P.D. 

,I 

+ 0'73 
1'46 
2.18 
2.89 

3'59 
4'27 
4'9.3 
5'57 

6.19 
6'77 
7 
7'85 

8.50 
9.0; 
9'58 

10.00 

10.36 
10'6.3 
10.82 
10.95 

8 

- 0'30 

+ 10.74 
10'52 
1 0 . 2 2  

9'84 

9'39 
R.8; 
8.28 
1.63 

7 ' l l  
6.56 
5'98 
5'38 

4.76 
4.11 
3.45 
2'78 

1 .10  
1'40 
0.70 

2C. 

I 

2~::;~ 
-- 

I 

0 I #I 

25 18 53 
25 18 2.z 
25 17 3.3 
25 16 24 

25 14 55 
25 13 8 
25 1 1  2 

25 8 39 

25 5 58 
15 3 I 
24 59 47 
24 56 2 0  

24 51 at 
24 46 o 
24 40 18 
24 34 2 0  

24 28 7 
24 2 1  42 
2.4 15 9 
24 2 33 

1 3 4 8 2 6  
2.3 41 55 
2.3 35 33 
2.3 29 2 2  

23 23 1 7  
23 I ;  SO 
2.3 11 3a 
13 7 38 

2.3 4 1.3 
23 I 2 

2 2  58 9 
2 2  55 30 

2 1  5.1 9 
a 1  51 5 
2 2  49 " 
21 41 54 

2 2 4 6 4 6  
1 2  45 57 
2 2 4 5 1 8  

Correc- 
tion Tor 

I i l l m n ~ ~ r ~ t  
of 10" in 
N.P.D. 

+ 9'98 
9.91 
g.Ro 
9.65 

9'46 
9'23 
8.95 
8.64 

8.28 
7'89 
7'47 
7 ' 0 2  

6.37 
5.67 
2 

I 

3 . 3  
2.49 
1'64 
0.10 

- 1.R.q 
2.68 
3 
4'31 

5'08 
5'80 
6.48 
7.12 

7.56 
7'97 
8.34 
8.68 

8.98 
9'25 
9'4R 
9.66 

9.81 
9'92 
9.98 



TABLE LII1.-Azimuth and Apparent Altitude of Polaris computed 
with Pu'orth Polar Distance lo 17', and Mean Refraction. 

Hour 
Angle 

before or 
after 

Cullnine- 
tion. 

A,  

o 15 
o 30 
0 4 5  
I 0 

I 15 
I 30 
1 45 
1 0  

2 x 5  
2 30 
2 45 
3 0  

3 2 0  
3 40 
4 O 

4 zo 

4 4 0  
5 0 
5 20 

Elong. 

Elong.at 

6 40 
7 o 
7 2 0  
7 40 

8 0  
8 20 

8 4 0  
9 0  

9 '5 
9.30 
9 45 

10 o 

10 15 
1 0 . 3 0  

1045  
11 o 

11  15 
11 30 
1145  

Azimuth. 

0 1 11 

o 5 54 
0 11 45 
0 17 34 
0 2.3 18 

0 2 8 5 6  
o 34 26 
0 39 47 
0 4 4 5 8  

0 49 56 
0 54 42 
0 59 1 2  
1 3 27 

I 8 41 
1 13 2.3 
I 17 30 
1 21 I 

1 2.3 55 
1 2 6 1 0  
I 27 45 
I 28 55 

.- 

h m  s 

5 57 2 

0 I ,I 

I 27 2 2  

I 2 s  36 
1 2.1 1 1  

1 7.0 9 

1 16 .30 
I 1 2  18 
1 73.3 
I a 18 

0 58 4 
0 5.3 .as 
0 4 8  5.1 
0 4.1 58 

0 .3R 5.3 
0 3.3 ,4R 
o 28 14 
0 2 2  44 

o 17 R 
o 1 1  18 
0 5 45 

LATITUDE 

Correc. 
tion lor 

Increment 
of in 
N.P.D. 
-- 

+ 0.78 
1 . j ~  
z . .~ l  
3'07 

3.81 
4'53 
5'2.3 
5 '9 '  

6.56 
7.18 
7'7i 
8.32 

9'00 
9 60 

1 0 '  l.1 
10'58 

1°'95 
11.23 
11 '41 
11'55 

d 

- 0.39 

+ I I . . , ~  

11.08 
10,;s 
10..35 

9.8; 
9'32 
H.;o 
8'02 

7 '4 i  
6 . ~ 9  
6.28 
5.65 

4.99 
4 
j . 6 ~  
2.92 

a 'zo 
1'4; 
O'i4 

0 , , /  

o 5 46 
o 11 31 
0171.3 
0 2 2  50 

o 28 21 

0 3.1 45 
0 .39 0 

0 4 4 4  

0 4 8 5 6  
0 5.3 36 
0 58 1 

1 1 1 2  

I 7 1 9  
1 11 56 
I IS 59 
I 19 26 

1 2 1 1 f  
1 24 30 
1 26 3 
I 27 13 

h m 8  

5 5 7  16 

0 I I, 

I 25 41 
1 23 58 
121 .17  
I 18 38 

1 1 5 5  
I 10 57 
I 6 1 8  
" 9  

0 57 0 

052.36 
0 47 59 
o 43 10 

o 38 10  
0 3 3  1 

0 2 7 4 . 3  
o z l  19 

o 16 49 
0 Il 15 
0 5 3 8  

309 

i Correo- 

A~prcnt Ition 'Or 

Altitude. 1 ~ ~ ~ e ~ '  

28". 

App~re11t 
Altitude. 

0 , #I 

29 18 34 
29 18 4 
29 17 14 
29 16 5 

29 14 36 
29 1 2  48 
29 10 42 
29 8 18 

29 5 37 
29 2 40 
28 59 26 
1 8 5 5 5 8  

2 8 5 0 5 8  
28 45 37 
28 39 55 
28 33 57 

28 2 7  43 
zR 21 18 
zR 14 43 
28 a 1 6  

2 7  48 I 

27 41 30 
27 35 7 
2 7  28 57 

27 23 2 

27  1 7  25 
27 1 2  7 
27  7 1.3 

27 3 49 
27 0 39 
26 57 44 
26 55 6 

16 51 45 
26 50 4.1 
26 48 57 
26 47 31 

26 46 1.1 
16 45 34 
16 45 5 ' 

LATITUDE 

Correc- 
tion for 

Increment 
of in 
N.P.D. 

I 

+ 0.76 
1.52 
2.2;  

3 '01 

3.74 
4'44 
5 . 3  
5'80 

6.44 
7'04 
7.62 
8.16 

8.83 
9'42 
9'95 

10.39 

'O'7.5 
11.03 
1 1 . 2 2  

11.33 

- 0'35 

+ 11 .13  
lo.Rg 
10'5i 
10.18 

9'71 
9.17 
8.56 
7'89 

7'35 
6.78 
6.18 
5.56 

4'91 
4'25 
3'56 
1.87 

2 ' 1 7  

4 5  
0'7.3 

0 1 11 

31 18 26 
31 17 56 
31 17 6 
31 15 57 

31 14 28 
31 1 2  40 
.31 10 34 
31 8 9 

.31 5 28 
31 2 31 
. lo5917  
30 55 49 

.lo 50 49 
30 45 28 
,30 39 4.5 
30 33 46 

3O 27 33 
3 0 2 1  7 
30 14 33 
30 a ro 

zp 47 50 
29 41 10 
29 34 56 
29 28 46 

29 2 2  51 
2'1 1 7  14 
2 9 1 1 5 7  
19 7 2 

29 3 39 
21) o 29 
28 57 35 
28 54 57 

2 8 5 2 3 6  
28 50 32 
~ 8 4 8 4 9  
28 47 21 

z R 4 6 1 4  
28 45 25 
28 44 56 

Corroc- 
I t ion for 
ncremmt 

of 10" in 
K.F.D. 

, 
+ 9.98 

9.91 
9 '80 
9'65 

9.46 
9.22 
8.94 
8.63 

8.27 
7.88 
7'46 
7'01 

6.36 
5.66 
4'91 
4'13 

3.3' 
2.48 
1.62 
0 . 1 2  

- 1.85 
2.70 
3'52 
4.32 

5.09 
5.81 
6.49 
7.13 

7'57 
7.93 
8.35 
A'(19 

8 . w  
9 .  26 
9.48 
9'67 

9.R1 
q.92 
9.98 

N.P.D. 

8, 

+ 9.98 
9.91 
9.80 
9.65 

9'46 
9'22 
8.94 
8.63 

8.27 
7 '88 
7'46 
7'00 

6.35 
5 '65 
4'90 
4.12 

3'J0 
2'47 
I .61 
0 .  13 

- 1.86 
2.71 
.3' 5.1 
4'3.3 

5'10 
5.81 
6.50 
7 ' 3  

7.57 
7'9@ 
8'.1.5 
8 . 6 ~  

8.99 
9'16 
9'48 
9'67 

9'81 
9'9' 
9'98 



TSBLE LII1.-Azimuth and Apparent Alti t,uclc! of Polaris computed 
with North Polar Distance lo 17', and Mean Ilcfraction. 

Hour 
An~lr?  

bcforc or 
d t r r  

Cull~ririn- 
tion, 

A m  

o 15 
0 3 0  
0 4 5  
I o 

1 ' 5  
1.30 
1 45 
2 0 

2 15 
2 30 
1 1 s  
3 0  

3 2 0  
3 4 0  
4 o 
4 2 0  

4 40 
5 0  
5 2 0  

Elong. 

Elong. a t  

6 4 0  
7 0 

7 2 0  

7 40 

8 0  
8 2 0  
R 40 
9 0  

9 1.5 
1) ,TO 
94.; 

10 o 

I :  

1 0  j0 

10 45 
1 1  0 

1 1  15 
11.30 
1 1 4 5  

Azimuth. 

0 I 0 

o 6 lo  
o 1 2  19 
o I R  24 
0 24 24 

0 . 3 0 1 8  
0 36 3 
0 41 39 
0 47 4 

o 52 16 
o 57 14 
1 1 57 
1 6 2.3 

1 11 51 
1.16 45 
1 21 3 
1 2 4 4 3  

1 2 7  44 
1 3 0  4 
1 .31 42 
r 32 53 

h m  8 

5 56 32 

0 I I #  

1 .3113  
I 29 27. 

1 26 49 
I 2.3 38 

1 19 50 
I 15 26 
I lo 28 
1 4 5 9  

1 0 3 3  
0 55 5.1 
0 50 58 
0 45 51 

o 40 ,3a 
0 3 5  4 
0 2 9 2 6  
0 2.3 41 

o 17 51 
0 1 1  57 
0 5 59 

Azimuth. 

I 

O I Y  

o 6 I 

O I Z  I 

0 1 7 6 8  
0 23 50 

0 2 9 3 5  
0 3 , ; r z  
0 40 40 
0 45 58 

0 51 3 
0 55 54 
1 0 . 3 0  
1 4 5 1  

1 1 0 x 1  

1 1 4 5 9  
1 1 9 1 1  
I 2 2  47 

1 25 44 
1 2 8 1  
I 29 38 
1 .TO 48 

h 1t8 a 

j 56 48 
.~ 

0 I I ,  

1 2 ( ) 1 z  
1 2 7  2.3 
1 Z J  5s 
I 2 1  48 

1 1 8 5  
1 1 . 3 4 7  
I R 5 0  
1 3 3 5  

0 59 '5 
0 54 40 
0 4 9 5 2  
o 44 52 

0 3 0 ~ 0  
0 . i l  18 
o 2 8  48 
0 23 1 1  

o 1 7  a9 
0 1 1 4 1  
0 5 5 '  

3C. 

Appnrent 
Altitude. 

0 , "  
3s 18 12 
95 17 42 
.?j 16 52 
35 15 41 

35 14 11 
.35 1 2  25 
3.5 10 20 

35 7 55 

35 5 13 
35 2 15 
,3459 1 

.34 55 32 

34 50 33 
34 45 10 

34 39 27 
3 4 3 3 2 7  

34 27 14 
34 20 48 
34 14 13 
34 a I 

3 .34731 
33 40 59 
33 34 37 
3.3 28 27 

33 2 2  .I2 
33 16 56 
3.3 1 1  39 
33 6 45 

3.3 3 21 

33 0 1 1  

32 57 18 
32 54 40 

32 51 20 

32 50 17 
.la 48 32 
.I2 47 5 

32 45 57 
32 45 9 
32 44 40 

LATITUDE 

Correc- 
t,ion for 

Inrrernrnt 
in 

N.P.D. 

, 
+ 0.82 

1.63 
2'43 
3'22 

4'00 
4.76 
5'50 
6.21 

6.89 
7'54 
8.16 
8.74 

9'45 
~ o . o R  
10.6.3 
"'10 

11'48 
11.7; 
11'97 
12'07 

3 

- 0'45 

I t  

+ I I ' R J  
1 1  '50 
1 1 . 2 4  

10'82 

lO'.Zl 
9'7.3 
9'0H 
8.3; 

7.80 
7'19 
6.55 
5.89 

5'20 
4'50 
3.78 
3'O4 

1.29 
1'53 
0'77 

32'. 

Altitude. 

0 1 1, 

33 18 18 
3 3 1 7 4 9  
3 3 1 6 5 9  
33 15 49 

33 14 2 0  

3.3 12 33 
33 1 0 2 6  
33 8 2 

3.3 5 20 
3.3 2 2 2  

32 59 9 
32 55 40 

32 so 40 
32 45 18 
,32 39 36 
.v 33 37 

.?Z 27 27. 
31 20 57 
ja  14 2.3 
32 2 4 

. z14741  
31 41 8 
31 34 47 
31 a8 36 

,?I 22  41 
31 1 7  s 
j l  1 1  48 
.11 6 53 

31 .3 29 
31 o 2 0  

30 57 26 
30 54 48 

30 51 27 
. i o S o 2 4  
.io 48 39 
30471.3 

,7046 6 
30 45 17 
30 44 48 

LATITUDE 

COITCC- 
tion b r  

Incrcrnent, 
of lo,, in 
N.P.D. 

, 
+ 0.80 

1.59 
2..37 
3.15 

3.91 
4.65 
5.36 
6.06 

6 ' i l  
7'36 
7'96 
8'5.3 

9'22 
9'84 

10'38 
1 0 . 8 ~  

1 1 ' 2 1  

11'50 
11.69 
11.80 

a 

- 0.42 

+ 1 1 . g R  

11'3.3 
11 '00  

10'58 

10'09 
9'5.3 
8.81) 
8.19 

7.6.3 
7'04 
6 ,42  
5'77 

5.10 
4'41 
.I';o 
2'g8 

2.2.; 
1'50 
0'75 

Correc- 
Ition for 
ncrement 
of in 

N.P.D. 

,, 
+ 9.98 

9.91 
9.80 
9'65 

9'46 
9.22 
8.94 
8.62 

8.26 
i.87 
7'45 
6.99 

6.33 
5'6.3 
4.88 
4'  10 

3'2R 
2'45 
1'59 
0.15 

- 1'88 
a'7.1 
3'55 
4'35 

5'12 
5.84 
6.52 
7'14 

7'58 
7'99 
8 ..36 
R. ;o  

8.99 
g 26 
9'48 
9'67 

9.R1 
9'92 
9'98 

Cowoc- 
Ition for 
ncreli~ent 

in 
N.P.1). 

,, 
+ 9'98 

9.91 
9.80 
9'65 

9.46 
9.22 
8.94 
8'63 

8.27 
7.88 
7'45 
6'99 

6.34 
5.64 
4'89 
4'11 

3'29 
2.46 
1.60 
0.14 

- 1'87 
2.72 
3'54 
4'34 

5.11 
5'8.3 
6.51 
7 '14  

7'58 
7'98 
R'.Js 
8'69 

8.99 
9 ' zh  
9.48 
9'67 

9.81 
9'92 
9.98 



TABLE LII1.-Azimuth and Apparent Altitude of Polaris computed 
with North Polar Distance lo 17', and Mean Refraction. 

Hour  
Angle 

bofore or 
after 

Culmina- 

A m  

o 15 
o 30 
o 45 
1 0  

I 15 
1 30 
1 45 

o 

2 1 5  
2 30 
2 45 
3 0  

3 20 
3 4 0  
4 0  
4 2 0  

4 4 0  
5 0 

5 2 0  
Elong. 

Elong.et  

6 40 
7 0 

7 2 0  

7 40 

A o 
R 2 0  

R q o  
9 o 

0 1 5  
9 30 
94 .5  

10 o 

1 0  15 
10 30 
10 45 
I I  o 

1 1 1 s  

1 1  30 
1 1 4 5  

Azimuth. 

O ' "  

o 6 20  

o 12.38 
o 18 52 
0 2 5 2  

0 .71 5 
0 36 59 
0 42 43 
0 4 8 1 6  

0 5 . 3 3 6  
0 58 42 
1 3 32 
1 8 5  

I 13 41 
1 1 8 4 2  
12.3 6 
1 2 6 5 1  

1 2 9 5 6  
I 32 19 
1 33 59 
I 35 1 I 

h m s  

5 5 6 1 6  

0 I It  

I .3,3 2R 

1 . 7 1 3 3  
I 2H 56 
1 25 40 

I 2 1  46 
I 17 15 
1 1 2  9 
I 6.3a 

1 2 . 3  
0 57 ' 2  
0 5 2 1 1  
0 4 6 5 6  

0 41 .30 
0 35 5.1 
0 .lo 8 
0 2 4 1 5  

0 1 8 1 7  
o I Z  14  
0 6 8  

Azimutl~.  

0 , ,I 

o 6 .3o 
0 1 2  59 
o 1 9  a4 
0 25 44 

0 31 Sf 
o 38 I 

0 4.3 55 
0 49 37 

0 5 5  6 
I o 20 

1 5 1 7  
I 9 58 

1 1s 42 
I 20 51 
1 25 2 2  

r 29 1.3 

I 32 2 2  

1 34 4R 
1 36 31 
1 37 43 

A m  s 

5 55 59 

0 I # I  

1 .15 56 
1 3.1 57 
1 J I  16 
1 27 54  

1 2 . 3 5 3  
1 19 15 
I 14 I 

I 8 1.5 

1 3 3 6  
0 58 40 
0 5 . 3 3 1  
0 4 8  R 

0 4 2 . 3 . 1  
0 , 7 6 4 8  
0 30 54 
o ZJ 52 

o 111 JF; 
o 1 2  .It 
o 6 17 

LATITUDE 

Correc- 
tion ior 

2 ~ ; c n t  
N.P.D. 

+ o.Rj  
1'67 
2'49 
3.30 

4 ' 1 0  
4'R8 
5'6.1 
6 . 3 6  

7'06 
7'72 
8..35 
8 ' 9 5  

9 '6 ;  
1 0 . . ~ 2  

10.88 
11..36 

11.74 
12.04 
12.24 
12'.37 

8 

- 0.48 

+ 1 2 . 1 0  

" '84  
1 I ' J ~  
11.05 

10.5.1 
9 ' 9 4  
9'27 
8 .54  

7.06 
7 '64  
6 . 6 0  
6 .01  

S'.71 
4'6'1 
3 ' 8 6  
3 '10  

2'34 
1 . 5 ~  
0 ' 7 8  

3Ga. 

2;::: 

0 I ,I 

37 1 8  6 
3 7 1 7 3 6  
.3i 36 46 
37 15 36 

37 14 8 
.3; 1 2  20 
37 1 0  1.3 
37 7 48 

37 5 7 
37 2 8 
36 58 54 
36 55 25 

3 6 5 0 2 5  
36 45 2 
3 6 3 9 1 9  
3 6 3 3 1 9  

3 6 2 7 6  
j h  2 0  39 
36 14 s 
36 1 5 8  

.35 47 2 2  

35 40 50 
3.5 34 28 
d5 28 19 

.35 2 2  24 
d5 '(1 47 
.!s 1 1  31 
,75 6 .3R 

35 .3 1.3 
35 0 4 
.34 5 ;  1 0  

34 54 ,1.3 

,14 52 1 2  

3 4 5 0 1 0  
34 0 2 s  

34 40 59 

, 3 4 4 5 5 1  
34 4.5 3 
34 44 34 

LATITUDB 

Correc- 
tion for 

Incrernenl 
of in 

N.P.D. 

+ 0.87 
1.72 
2'57 
3 '41  

4 '23 
5.03 
5.81 
6 . 5 6  

7'28 
1.96 
8 . 6 1  
9 .22  

9.96 
10.6.3 
I r . zo  
11.69 

12.08 
I2'.39 
12'59 
12.70 

8 

- 0 '52  

,I 

+ 12'44 
12'16 
1 1  .Ro 
11'35 

10.81 
1 0 . 2 1  

9.52 
8 .77  

8 .1 ;  
- . -  
i 3.3 
6 . 8 6  
6.17 

5'45 
4.71 
3 ' 9 6  
.3 '1R 

2.40 
1 . 6 0  
0 . 8 0  

Correc- 
tion for 

Incri;n~cnt 
of 10" in 

N.P.D. 

+ 9.98 
9 9  
9.80 
9 '65  

9 '45  
9.21 
8 .93  
8.62 

8.26 
7 . R ;  
7 '44  
6 . 9 8  

7 3  
5'6.7 
4.88 
4.09 

3'27 
2'43 
1 '57 
0 .16  

- 1'90 
2'74 
3.50 
4 '36  

5 '12 
5.84 
6 .52  
7.15 

7'59 
j '9q 
8 . 3 6  
R,;o 

9 ' 0 0  
9 
9'49 
9 

9 . ~ 1  
1)'112 
9 ' 9 8  

38". 

Appnrent 
Allituda. 

0 I I ,  

,3g I R  I 
39 17 31 
.W 16 41 
39 15 31 

1 9  14 1 
39 17. 13 

l o  6 
39 7 4.3 

39 5 1 
39 2 2 

.38 58 48 
38 55 18 

38 s o  17 
38 44 55 
.qR 39 1 2  

38 33 1 2  

,38 26 5 7  
38 2 0  32 
3n 13 57 
38 1 54 

37 47 14 
31 40 42 
37 3.b 20 
3 7 2 8 1 1  

37 a2 16 
, l j  16 39 
.I; 1 1  24 
3'1 6 30 

3; 3 6 
,3(1 59 5 7  
.3fi 57 1 
.7h 54 26 

365" 
36 SO 4 
.7648 1 9  
3 6 4 6 5 . 3  

36 45 43 
36 44 57 
3 6 4 4 z R  

Corree- 
It'ion lor 

or 10" in 
N.P.D. 

+ 9.98 
9'91 
9 .80  
9'6.5 

9 '45 
9 '21 
8.9.1 
8 . 6 1  

8.25 
7 '86 
7 '44 
6.98 

6.32 
5.62 
4'87 
4.08 

3'26 
2.42 
I .56 
0.18 

- 1.91  
2'7.5 
.3 ' .! 7 
4'37 

5'1.1 
5.85 
6.5.1 
7'15 

7 '59 
8 . 0 0  
8.37 
8 . 7 1  

9'O0 
9 '  2; 

9'41) 
9 '67 

0 . 8 1  
9'92 
9 . 9 8  



TABLE LII1.-Azimuth and Apparent Altitude of Polaris computed 
with North Polar Distance lo 17', and Mean Refraction. 

H o w  
Angle 

before or 
after 

Culmins- 

A,,, 

o 15 
0 30 
0 4 5  
I o 

1 5  
1 30 
1 4 5  
2 0  

f 15 
2 3 0  
2 4 5  
3 o 

3 zo 
3 4 0  
4 0 
4 1 0  

4 40 
5 O 
5 1 0  

Elong. 

Elong. s t  

6 4 0  
7 0 

7 2 0  
7 4 0  

8 o 
8 l o  
8 4 0  
9 0  

9 15 
q 30 
9 45 

lo  o 

1 0 1 5  
10 30 
1 0 4 5  
1 1  0 

1 1 1 5  
1 1  30 
1 1 4 5  

Azimuth. 

0 ' "  
o 6 41 
0 13 2 2  

0 1 9 5 9  
0 26 30 

0 3 1 5 4  
0 39 9 
0 4 5 1 3  
0 5 1 6  

0 56 44 
I f 7  
1 7 1 4  
1 1 1  a 

I 17 56 
1 1 3 1 4  
1 1 7  51 
1 3 1 4 9  

1 35 3 
I 37 33 
1 3 9 1 8  
1 4 0 3 1  

h m  J 

5 55 41 

0 I ,  

8.3839 
1 36 37 
1.3.351 
1 3 o z a  

1 1 6 1 4  
I 2 1  2 7  

1 1 6  5 
1 1 0 9  

1 5 21 
I o 18 
0 54 59 
o 49 a7 

0 4 3 4 4  
0 37 49 
0 3 ' 4 5  
0 2 5 3 3  

0 1 9 1 5  
o ~l 5.1 
o 6 a 7  

LATITUDE 

Correc- 
tion for 

Increment 
of in 
N.P.D. 

+ 0.89 
1'77 
2.64 
3.51 

4'35 
5'18 
5.98 
6.75 

7'49 
8 '19  
8.86 
9'48 

10.25 
10'93 
11'52 
11.01 

I f  '42 
12'73 
12.94 
13.06 

8 

- 0.56 

It  

+ 13'77 
11.48 
1 2 . 1 1  

11.64 

11.09 
10.47 
9.76 
8.99 

8.37 
7'71 
7.03 
6.32 

5'59 
4'R.l 
4'0.5 
3.16 

1.46 
1.64 
0'82 

.PO0. 

Altitude. 

0 , ,I 

41 17 56 
41 17 26 
41 16 36 
41 15 26 

41 13 56 
41 12  9 
41 lo  a 
41 7 37 

41 4 55 
41 I 56 
40 58 41 
40 55 1 1  

40 50 11 

40 44 48 
40 39 5 
40 33 4 

40 26 49 
40 20  14 
4 0 1 3 4 9  
40 1 5 1  

3 9 4 7  6 
39 40 34 
39 . l . ~  12  

39 2 8  3 

j q z t  9 
39 16 31 
3 9 1 1 1 6  
39 6 2 4  

39 .3 0 

38 59 5' 
38 56 57 
3 8 5 4 1 0  

38 52 0 
3 8 4 9 5 7  

48 13 
38 46 47 

38 45 39 
38 e, 51 
.?A 44 3.3 

Correc- 
Ition for 
ncrement 
ol in 
N.P.D. 

+ 9-98 
9.9' 
9'80 
9'65 

9'45 
9.21 
8.93 
8.61 

8 '1s  
7'86 
7'43 
6.97 

6.31 
5'61 
4'86 
4'07 

3.25 
1.41 
1'55 
0 .19  

- I .9a 
2.76 
3 '58 
4'38 

5" 4 
5.86 
6.54 
7.16 

7.60 
8.00 
8..z7 
8.71 

9'00 
9'27 
9'49 
9'67 

9.81 
9'9' 
9'98 
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TABTJE LIV.-Elements of Circumpolar Stars for 1st J:cnuai*y 1887. 

h m  s 

... . . . . . .  ... ... ... ... 8 8 4 2 2 1 *  

... ... 
... 

... ... 

. ... 
21 Groom. 1418 6 R 2 1  47.13 + 1 6 . i h t  - 2.168 + I r  ... 
22 Groun~. 1-t31 6 A 25 g z ' i h  + 1 1 , 3 i j 1  - 0.889 o ... ... 

26 Groom. 1782 6 11 23 50.9R + 4'520 - 0.396 + 18 ... ... 
2 i  Uroorn. 1815 6 I 4 2 . 3  + , 2 9 0  - 0 6  + 2 ... 
28 Oroom. 1850 6 11  59 .  3.1.1 + 3.156 - 0.474 + 57 ... 

... . .  

31 
32 
33 
34 
35 

36 
7 
38 

>) 

0 

41 
52 

Grnon~. 1892 
(11,oom. 1923 
(+rno111. 1 9 3  
Hrnrllabyli30 
Urndley 1731 

G ~ ~ n o m .  2006 
r o ~ .  7 
Pi11aeiXIII.2li3 
Uronln. 219G 
u o ~  2 1 3  

(?ronm. 2283 
T~nlnn. (F)?77l  

6 
6 
6 

5-6 
5-6 

; 
6 
6 
5 
6 

6 
7.0.11' 

43 1 Uasx h l t v ,  r 
41.1 U R S R  hflx. 8 
45'UrsreJlioorisBl~ 

46 RndcliRr,l.2UR 
47 U I ~ P I B  ~ 1 1 ~ .  h 
J H ' C F : I ' I I I I I ~ ~ H ~ ( \ . .  
49/Orui1111.:1212 
5 0 1  1)rnoonia 75 

4.5'16 q i  ,34 4" 

4-5118.8 jh  
6 '18  rz .z ; .g~  

.-6 I R  51 47.88 
i1-7119 .qh 48 * 
5 120 i 0  ; : 2 R  

~ . ; Z O I ~ ~ ~ Z I - R . I I ~ -  
6 z o j j  17.71 

6 7 ! 0 4 ~  I 

6 2 0 < 0 4 2 . 9 . ~  
6 I 2 2  2 44 
7 z 2 1 5  
6 1 2  z 21.44  I '  , -  9 9 2  2 1  11'4s 
5 47 51'0.3 

5.6,22 55 1 h . 2 ~ 1 -  

5 1  
2 

1 2  2 0  18.95 
1 2  37 . q ; . ~ h  
1 2  41  33.68 
1 2 4 8  1o.51 
1 2  48 18.22 

1.3 6 29.46 
13 19 14.04 
rjqs js.~61-- 
14 5; 58.0; 
15 3 6.82 

15 1.35.1.22 
o o , ~ ;  

i f l  7 
I n  7 

... 
. . . .  

-21' .321 

- 18.629 
, 

- s i . 1 9 4  

- 3.530 

53 1 (~1~00111. 9518 
6 %  l lndlcy 2935 
65 (*rdom.3iU9 

6 d r y  9 
87 / llrndlpp 3O:IR 
5 8  I3rnillcg 3U58 
591 Hrudlry 41,%7 
0 0 ;  Rrudluy :iI94 

c 1.936 
+ 0.81); 
+ 1.50; 
+ 0.403 
+ 0.309 

- 9.487 
4 
2.002 

- 4.533 
- 6-618 

-21 .481 
- 12,058 

... 

... 
- 0,474 

- 1.455 
... 

-35.542 
1 . 0 5 0 -  

- 0.393 

R6 41 a . ~ o l + ~ ~ ~ ~ ~ h ' - o . o o ~  + 0.00 

R6 4 . ? 7 ~ r ) . q l + ~ o . 0 4 i / - o ~ o ~ 8  - 28 ... I 91 

0 .2,3 2; 4q.S;l 0 .156: -  0 ,561 

- j -  0 - 4-022'- 0.5,;o 
1 0  I 

- 0.071 
+ 0 . 1 2 ;  

+ 0.009 
+ o . 2 1 ~  
+ 0 , 2 1 2  

+ 6.755 + I 

+ o.g.15 
+ 0.09; 
+ 1 , 1 4 0  

+ j.298 
+ 1.741 

- 1 2 : ~ o . o R o  

... 
+ 142 

+ 65 

- 770 
g 

+ z 

6-711.3 54 lo.7S/;  a.577!+ 0 . 2 0 -  + g ' + o . o ~ l  
) I  

+ 5 
+ 5 
- I 

- 20 
- 5 
- 21  

o 
o 

- 770 
- o 
- 2; 
- 10 
- 46 

- 1.36 - 2 2  

- I I -  

. . . . . .  
. 

i.o.oR5 

... 
. . . . . .  

... 

... 
t o.oog 

. . . . . .  ... 

... 

... ... 

... 

. .  
+0.006 

... 

... 

... 

... 
-0.oo6 
-0.017 

... 

... 
-0.028 

... 

. 

... 

... 

Rz h42.H4 + 15.gq41+0.41:'- 20 0.00 

86.34 4.14 + I ~ . ~ ; ( I ~ +  1 . 0 2 j l -  66 ... 
. 82 I O I ~ ~ O ~ + I ; ~ ~ ~ ~ ( + O . I ~ -  10, ... 

R J  g 16.67 
Rq 15 50.49 
R I  14 20.2; 
R4 I 5,;.6; 
84 I $3 .12  

R R  rg 20,;s  

R I  l r ) ,3 j .91 '+  17.401) +0 .122/ -  J Y  -0.03 

85 32 1 9 ' 1 ( +  1 ~ ~ s , 6 ! + 0 ~ 1 . 7 s ~ +  j + o ' o l  
Rz .3,3 14.6;. + 1 9 ~ 0 6 ~ ~ - o ~ o o 4  - r ) + 0 . 0 g  
8.3 @ Z ~ . O R ; +  ~ ~ j . z ; B ; + o . o o j  + 9 + o . o s  

- 1.801 - 0.421 - 14 

-19 '974-0 '016  
-19.78.3 -0.01.3 
- 1 9 . j 2 4  -0.031 
- ~ l ) . O ~ ~ , - o . o o ~  
-19.Ooy'-o~ooi(l- 

i - ~ r ) . r l q l + o . ~ o q  

+ o . o l ;  

$5 2042.04 

- 14 

- 4 ' 0 2 i  1.261 - .q;+0'0jfl 

- 1 8 . 8 h h ' + 0 . 1 , ~ 1  

... 

+ g1 ... 
12  -0.09 

- O . O ~ , ~ I -  o :  Z,;I 

o..315!- o 5 1 7  

- 51 ... 
+ I I 

+ 5 1  +0 :02  
111+o.o4  

+ 131 ... 

+ 25 
+ 17 

+ I I J  
+ 69 

- 9 +o.ooh 
+ I Z ; + O . O ~ I )  

... 

.,. 

... 

. . .  

83 10 8-811- I ; . , $ I z  + o . I ~ R I -  
$2 58 3 4 ' 0 1 -  14..qo+ + 0 . 4 ; 0  
8 4 ~ 3 ; 5 ~ ~ , ~ - ~ 3 ~ 9 R 6  + o . i o l  

87 3956.0.7 
8s  37 27'44 

I 
- I ~ . z I ) ~ / + z . ~ . ~ I  
- 10.026;+  1.52; 



2 Sin" t 
TABLE LV.-Values of w- for the Reduction of Circum-meridian 

Observations for Latitude. 

Hour Anglen h Time. 
Beoonds. - - 

0 ~ I 1 ~ 1 ~ ~ I ~ ~ ( 4 ~ ~ \ 5 ~ 1 ~ ~ ) i ~ [ a ~ 1 9 ~ ~ i i 0 ~ j 1 1 m 1 l ~ / 1 3 m 1 1 ~ I 1 5 - 1 1 6 = 1 l r m / 1 a - 1 1 g -  
I - -- - - 

0 o 2 8 18 3 1  49 7 1  96 126 159 

9 

11 0 

14 
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TABLE LV1.-Factors for Bessel's Probable Error Formul~e. 



TABLE LVI1.-Quadrilateral Surfaces of 15' in Latitude and in Longitude 
on the Terrestrial Ellipsoid. 

Latitude. 

0 I 0 I 

27 0 t o  27 15 
97 15 , 27 3 1  
27 30 ,, 27 45 
27 45 ,, 28 0 

28 0 ,, 28 15 
28 15 ,, 28 30 
.?830 ,, 2 8 4 5  
2 8 4 5  ,, 29 O 

29 0 ,, 20 15 
29 15 ,, 20 30 
29 30 ,, 29 45 
2 0 4 5  ,, 30 0 

30 0 ,, 30 15 
30 15 ,, 3u 30 
30 30 ,, 31) 45 
30 45 ,, 31 0 

31 0 ,, 31 15 
31 15 ,, 31  30 
31 30 ,, 31 45 
3 1 4 5  ,, 39 0 

32 0 ,, 3 2 1 5  
32 15 ,, 32 30 
:i2 30 ,, 32 43 
32 45 ,, 33 0 

33 0 ,, 3 3 1 5  
33 15 ,, 33 30 
3:1 30 ,, 33 .15 
3 3 4 5  ,, 3& 0 

3 0 , 3 I 
:JJ 15 ,, 34 30 
3b 30 ,, 34 . I J  
3b 45 ,, 35 0 

35 0 ,, 35 15 
33 15 ,, 33 :iO 
35 30 ,, 35 ,L5 
3 , 3 0 

36 O ,, 36 I.5 
36 15 ,, 3(i 90 
31; 30 ,, 36 .13 
3 6 4 5  ,, 3 i  0 

37 0 ,, 07 15 
3 7 1 5  ,, 3 7 3 0  
37 30 ,, 3 i  15 
3 7 4 5  ,, St) 0 

3R 0 ,, 3.9 15 
38 15 ,, 38 :LO 
38 30 ,, sn 45 
88 45 ,, 89 0 

39 0 ,, 39 15 
30 15 t, 3!) 30 
39 30 ,, 39 43 
3 9 4 5  ,, 4U 0 

Arm 
in Yqunre 

Iv[ilus. 

288.213 
z R i . 9 1 ~  
~ 8 ; ' 5 1 ) 5  
287.27.3 

286.946 
286.61.3 
286.2;s 
2R5'9.52 

285.58.3 
2H5.229 
284,869 
284.504 

284.155 
2X,3.;39 
I 
zRz.r)i)t 

2Rz.Go1 
~ R a . ? o g  
2 % 1  802 
zR1..396 

zRo.98,3 
~ 8 0 . ~ 6 0  

, 280.142 
279.71 4 

z ; ~ . ; R I  
278.842 
2;8,.398 
~ 7 7 . 0 4 9  

2 

z; j .o,{j  
276 .5 io  

I 
2;h.loo 

- 
Arcn 

in Sql~ore 
Miles. 

-- 

zhg.042 
~ 6 4 . ~ 5 9  
z 6 j . R j z  
20.3 2;9 

1 6 z . 6 8 ~  
262.070 
2h1.472 
260.860 

2'60.242 
2,50~O20 
258.903 
258.361 

257.723 
zj7.0R1 
256.435 
255.7H.3 

255.126 
154-46; 
25.3. 708 
25.3',127 

Z S Z . J S I  
251'770 
251 .oRq 
z jo .394 

249.699 
z4n-999 
z + n . ~ ~ ) 4  
247.584 

2 ~ 6 ' 8 7 0  
246.151 
2 4 5 . ~ 2 ;  
24j'f19c) 

243'965 
24.3.2213 
242.4R5 
2 4 1 . ; ~ 8  

240.9H6 
240.2.10 
z~tj . jOR 
2.38.70.3 

1.37.9.13 
2,,;.15H 
z,zh,,(;H 
2.35.504 

~ 3 j . R o h  
2,1~.01,3 
2.33.215 
z ~ z . 4 1 j  

231 .()oh 
z,?o.;95 
229.0Uo 
zzr).rho 

Latitude. 

- 
0 I 0 I 

0 0 to  0 15 
0 15 ,, 0 30 
0 30 ,, 0 45 
0 45 ,, 1 0 

1 0 ,, 1 15 
1 15 , 1 30 
1 3 0  ,, 1 4 5  
1 4 5  ,, 2 0 

2 0 ,, 2 15 
2 15 ,, 2 30 
2 30 ,, 2 45 
2 4 5  ,, 3 0 

3 0 ,, 3 15 
3 15 ,, 3 30 
3 30 ,, 3 45 
3 45 ,, 4 0 

4 0 ,, 4 15 
4 15 ,, 4 00 
4 30 ,, 4 45 
4 , 5 0 

5 0 ,, 5 1 5  
5 5 , 5 30 
5 ,, 5 4.5 
5 45 ,, 6 0 

6 0 .,, 6 1 3  
6 15 ,, R 30 
0 30 ,, (i 45 
6 4 6  ,, 7 0 

7 0 ,, 7 15 
7 15 ,, i :iO 
7 30 ,, 7 45 
7 45 ,, 8 

8 0 ,, 8 1 8  
8 15 ,, 8 :in 
8 30 ,, H ,1.5 
8 , 9 0 

9 I-I ,, !l Is 
9 IS  ,, 9 30 
9 30 ,, 9 1.5 
9b5 ,, 10 0 

10 0 ,, 10 15 
1 1  , I 
10 30 ,, 11) 1.5 
l U 4 5  ,, 11 0 

11 0 ,, 11 15 
I 15 , 1 30 
11 30 ,, 11 ,L5 
11 46 ,, 12 0 

12 0 ,, 12 15 
2 6 , 1 3 
12 30 ,, 12 'b5 
1 2 4 5  ,, 13 U 

13 0 ,, 13 15 
1 5 , 13 30 
1:3 30 ,, 13 45 
1 3 4 5  ,, 14 0 

296.973 
296,967 
296'957 
296.940 

296.9rR 
296.891 
296.8j;  
296-819 

296.775 
296 725 
296.671 
296.610 

296.544 
296.473 
296.j06 
296.313 

296.225 
I 

~ g 6 . 0 . 1 ~  
295.928 

z ~ s . R I R  
zr)5.;ot 
z 
295.455 

z 9 ~ . 3 2 3  
29j.186 
295.04,3 
294.894 

29+';41 
294.5R1 
2ij4.417 
2l)4'24i 

Jatitude. 

0 I 0 3 

14 0 to 14  15 
1-b 15 ,, 1.1 30 
14 30 ,, 14 45 
14 45 ,, 15 0 

15 0 ,, 15 15 
15 15 ,, 15 30 
3 5 3 0  ,, 1 5 4 5  
1 5 4 5  ,, 16 0 

16 0 ,, 16 15 
16 15 ,, 16 30 
16 30 ,, 16 45 
1 6 4 5  ,, 17 0 

17 0 ,, 17 15 
17 15 , 17 30 
17 30 ,, 17 45 
17 45 ,, 18 0 

18 0 ,, 18 I 5  
1.9 15 ,, I8  30 
18 30 ,, 18 46 
1 8 4 5  ,, 19 0 

19 0 ,, 1 9 1 5  
19 15 ,, 19 30 
19 30 ,, 19 45 
19 45 ,, 20 0 

20 0 ,, 1 0 1 5  
90 15 ,, 20 30 
PO :lo ,, 20 45 
4 5  , 21 0 

31 0 ,, 21 15 
P I  I , I 30 
PI 90 ,, 21 45 
21 22 O 

294.671 
O R  
2tr.3' 70.3 
20.3'511 

Z I J J ' , ~ I ~  
2 9  1 1 0  

zqz.qot 
292.688 

2q2.469 
Z O ? . Z ) +  
292.014 
291.77H 

z ~ I . ; , { ;  
z ~ I ' " ) I  

zr)1.0,1q 
ZI)O.;RI 

Z C ) O . F ~ I I J  
2r)o'Zsl 
zR0.#);7 
18g.hr)r) 

2Rrj.414 
2R9 124 
2Rd.Rzq 
zRR.529 

22 0 ,, .22 16 1 275.625 
22 1.5 ,, 22 a0 275.144 
29 3U ,, 22 45 ! 274.050 
2 2 4 6  ,, 23 O 174.108 

23 0 ,, 23 15 1 Z ; , ~ . ~ ; Z  
23 15 ,, 23 30 
23 30 ,, 23 45 
9 3 4 5  ,, 28 0 

27.3. 171 
z;t.Ofig 
272.153 

24 0 ,, 21. 13 1 271.637 
2 4 1 6  ,, 2 t 3 0  / 2 ; ~ ~ r ' l h  
2L 30 ,, 2 1  4.5 I n;o.sRg 
2 , l ~ l h  ,, 23 0 

25 0 ,, 25 15 
23 16 ,, 2,; 30 
2X :I0 ,, 5 45 
25 45 ,, 26 0 

2(: 0 ,, 21; 15 
26 1.5 ,, 21; 30  
21; 30 ,, 21; ,1j 
9 6 4 5  ,, 27 0 

zjo'o.j7 

269.510 
n68.1);R 
z h H . ~ , ~ r  
zh;.R;8 

267.311 ! 266';gr) 
266. 1112 

265.619 



TABLE LV1II.-Semi-diurnal and Semi-nocturnal Arcs, showing the time 
of the rising and setting of the Sun, Moon, or Equatorial Stars. 
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TABLE L1X.-Corrections for reducing Apparent to Mean Solar Time. 

Beb. Xarcl~. Nov. 

m 

- 1 6  

16 

16 

16 

16 

16 

16 

16 

16 

16 

16 

16 

16 

'5 

15 

15 

15 

15 

14 

14 

14 

14 

13 

13 

13 

1 2  

I D  

la 

I I  

1 1  

... 

April. May. Jnue. Ji~ly.  Augunt, Sept. Oct. Dec. 

m 

- 1 1  

10 

lo 

9 

9 

9 

8 

8 

7 

7 

6 

6 

5 

5 

4 

4 

3 

3 

3 

a 

a 

1 

I 

o 

0 

+ I  

I 

a 

a 

3 

3 

" ' i J a , , . l  Afoutll. 1 i 1 1  1 1  
m *I 

I I 
m m 1)1 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

IS 

13 

14 

15 

16 

17 

10 

19 

20 

21 

2a 

23 

24 

25 

26 

27 

as 

29 

30 

31 

- 

+ 4 

4 

3 

3 

3 

a 

z 

2 

z 

I 

I 

I 

o 

0 

o 

o 

- I 

I 

I 

I 

I 

z 

a 

'1 

a 

a 

a 

3 

3 

3 

... 

+ 4 

4 

4 

5 

5 

6 

6 

7 

7 

8 

8 

8 

9 

9 

9 

10 

10 

1 1  

1 1  

1 1  

1 1  

~a 

1 1  

l a  

11 

13 

'3 

'3 

13 

13 

14 

m 

- 3 

3 

3 

3 

3 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

3 

3 

3 

3 

3 

3 

3 

3 

3 

1)) m 

+ 1 4  

14 

14 

14 

14 

14 

14 

14 

14 

14 

rj 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

13 

13 

13 

13 

13 

... 

.,. 

m 

+ I Z  

12 

12 

1 2  

1 1  

1 1  

1 1  

1 1  

1 1  

10 

10 

10 

1 0  

9 

9 

9 

8 

8 

8 

8 

7 

7 

7 

6 

6 

6 

S 

5 

5 

4 

4 

111 

- a 

a 

z 

1 

a 

a 

I 

I 

I 

I 

I 

o 

o 

0 

o 

o 

4 + 1  

I 

I 

I 

a 

a 

a 

a 

'1 

3 

3 

3 

3 

... 

+ 4 

4 

4 

4 

4 

4 

5 

5 

5 

5 

5 

5 

5 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

3 6  

6 

6 

6 

- 1 0  

11  

1 1  

1 1  

12 

la 

ra 

13 

13 

13 

13 

14 

14 

14 

14 

14 

15 

15 

15 

15 

15 

16 

16 

16 

16 

16 

16 

16 

16 

16 

16 

+ 6 

6 

6 

6 

6 

6 

5 

5 

5 

5 

5 

5 

5 

4 

4 

4 

4 

4 

3 

( 3  

3 

3 

a 

a 

z 

a 

1 

I 

I 

o 

o 

- o 

I 

I 

I 

z 

z 

a 

3 

3 

3 

4 

4 

4 

5 

5 

5 

6 

6 

6 

7 

7 

7 

8 

8 

9 

9 

9 

10 

10 

10 

... 



TABLE LX.-Showing 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 Versts and Kilometres into Miles 
and vice vers6. 

Verata. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 Mile = I .Go93296 Kilometren. 

1 Vent = 3500 Foet. 

Miloa. 

0.6629 

1,3258 

I .9886 

2.6515 

3'5144 

3'9773 

4.6402 

5 ' 30.30 

5 '9659 

6.6188 

Milan. 

1 

8 

3 

4 

6 

6 

7 

8 

9 

10 

Kilomel.reu. Milea. I Versts. 

I .so86 

3.0171 

4'5257 

6'054.3 

7'5429 

9'0514 

10.5600 

12.0686 

13'5771 

15'0857 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Kilomctres. 

I ' 6093 

3'2187 

4.8180 

6'4.373 

8'0466 

9,6560 

11.a65j 

12'8746 

14.4840 

16,0933 

0.6214 

1.1428 

r ,8641 

3'4855 

J ' 1069 

.?'7283 

4'3496 

4'9710 

5'5914 

6.a138 
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TABLE LXI1.-For the conversion of French into English Measures. 

TABLE LXII1.-For the conversion of English into French Measures. 

Meneure of Length. 

1 .  
1 Millirnetro = -039370432 Inches o r  nbouL -; mch. 

2a 

1 Centimctro = . j93;043a ,, 

1 Decimetre = 3'9370432 ,, 
1 Metre = 39.j;043zf ,, or 3'2809 f t .  nearlj .  

1 Kilomctre = 393;0.4ja ,, or rog;.6 yds. :, 

Mensure of Weiglit or Muss. 

1 Milligraulme = '01543a.349 Grains. 

1 Centigramme = a 154.32349 ,, 
1 Decigranimo = I '5432349 ,, 

1 Grnmme = 15'4.32349 ,, 
1 Kilogramme = 15432.349 ,, 

or 2.20462 I z j l b ~ .  Avo i~ .  

Sce "C 'o~npnr i~ol~  of t l ~ c  Slnndl~rde of Lengths," Ilp Captain A. H. Clnrkc, R.E., 18GG, pugc 280. 

Mensure of Volume. 

The  Litre u a d  for liquids = 1 cuhic dccimetre = I .;6168 Imperial pints. 

Mensore of Longth. Ncusurc of Weight or Naes. 

1 Inch = 2'5399772 Centimctrcs. 

1 Foot = 30.4;9;264 ,, 

1 Tnrd = 91 ' 4391792 ,, 

1 JIilo = I .601)jzqG Kilomrtrrs. 

1 Gmin = .064799 Qrammcs. 

1 oz. Avoir. = 28,34954 

1 1 .  = 451'59265 ,, 

1 Ton = 1016.05 I<i lo~nnimcs .  

3Irar111.r of F o l o n ~ r .  

1 I'iuL = '5656400 Litres. 

l C i n l l o n =  4-54112 ,, 

1 nllbllcl = 36.32896 .. 







ADDENDUM LVD CORRIGENDUM SLIP. 

Third Edition Auxiliary Tubles of the Survey of India Department, 

Page 17. At the bottom of the page two values of the Latitude, Longitudc and Azi- 
muth of t l ~ e  deduccd Station B are given. I t  should bc uotcd that the 
upper value (:36s0 15' 89".2G'J) is the directly computcd Aziinuth of 
Bhaorksa at Handiapriro, and that the lower value (358' 15' 39If.269) 
although opposite the name of Phrclho is the h i m u t h  of UhaorBsa at 
HandiapIro computed thus :- 

0 I II 

Azimuth of PBrLho at HandiapBro directly computed - - 62 45 30.345 

Spherical Anglc at HandiapEro between PIrdho and Bhaorirsa = - 5 J  29 51 -076 

Azimuth of Bhaorksa at Handiapitro - - 358 15 30.269 

Page 18. The Mean Azimuths at the bottom of the page are obtaincd as follows :- 
0 I It 

Azimuth at KingriBli of Malkni = B - - 308 48 32 

Angle at Kingrikli between Malilni and Shadau = + 60 14 15 

Azimuth at King~iBli of Shadau resulting = 7 247 

>> JJ directly computcd above = 7 2 49 

Mean Azimuth = 7 2 48 

The Mean Azimuth at Kingririli of Mal6ni is ohtained in a similar manner from 
the directly computed Azlluuth of Shadau by making-usc of tke angle GO0 14' 15" with 
opposite sign. 

Page 82. I n  the Example of Compntation of Clinometric Heights the sign of (i - s) in 
line (7) appears to havc given rise to errors ; it  has bcen understood hy some 
cornputcrs that in this table i 110s hecn assnmcd 's the height of plane- 
tahle = 4 fect, nncl s as the lcvel of ground = 0 Ecet ; this aa~sanmption is 
not in accordancc wit11 thc foot-note. As howevcr the table has proved 
mislcding, it should 11e notcd that in thc four examples given thc sigual 
(s) is 4 feet highcr than the instrument (i), say i = 4 feet, a = 8 Icet. 

Page 37. Add to Tablc XXII aftcr the words I1e t ea  degrees of cero" ae follows :- 
Correction for Refraciion to an ohscrved altitude is suhtractivo, to an 

ohseivcrl Zenith I~istnncc additive. I n  computing the nnzounl of the 
Rcf~action, the following rulcs hold :-Enter column 1 witli the nearest 
Altitude, and take out Refraction from column 2. If nearc~t altitude is 
less than the actual altitude, sltbtract from thc Refraction thc corrcction 
from column 3; if greater, add it : if the Darometer r e d s  hiylrer then 
30 inches, add correction from 4th column; if lorucr, subtract i t :  if 
'I'hcrmomctcr reacls higher than 60') subtract correction from 5th column; 
if lower, add it. 

. 
,, Add to Tsblc XXIII  as follows :-Parallax is alwaye additive to altitudts. 

Page 40. Erase 7th and 8th lines and mbatilute 

In setting for R star on (or very near) the meridian it aliould be remembered 
that in North Latitudca 

eenith distance = co-latitude - N.P.D. for stare s t  Upper Culmination, 

I) 3 co-latitudo + N.P.D. ,, Lower ,, 
a negative result signifies that the star ie south of the zenith. 

Nots lhal, on pagoo 60, 63,73, 76, 70, 80 end 81 and wherever else l , l~e spmbol t is used to e x p w  time 
it miut be romembored lbnt before making we of time interralo in Bphericd Trianglar, they must k reduwd 
to Aro meaaurea by multiplying by 16. 

Where t is usccl ea an nrgnment in a Tnblo (as LV for clrsmple) the amngemwt of the Table ia much 
that time inlcrvelr ond not arc mcruursa are to be undmtood. 



Page 63, Table LV. FoY the formula therein given for finding the latitude, substitute 
the follorring :- 

If h' = true co-latitude, 

C = ,, meridian zenith distance (negative when south), 

56 = nu observed ex-meridian zenith distance (negative when south) cor- 
rected for refraction, and in the case of the sun or a planet also for 
semi-diameter and parallax, 

p = north polar distance of sun or star, 

A', = an approximate value of X', 

= & + p for Upper Culmination and {, - p for Lower, 

t = hour angle reduced to arc, 

then { = - Am for Upper Culmination, 

G + Am ,, Lower ,, 
sin X', sin p sina 4 2 

where A = and m = - sin 1" 
regard being had to the sign of sin 56, 

sin r o  

and A' = t + p for Upper Culmination, 

C- P J, Lower J, 

Page 77. The para. two-thirds d o m  the page commencing "The same solution * * * 
* * " should read not as at present but as follows :-"The same solution will 
apply to two altitudes of the sun and thc elapsed time, provided thie 
elapsed interval be rcckoned in mean time.* The declination of the sun 
may be considered constant." 

,, Foot of page. 
For A,, = 8 + &, write 

A', = to + p for stars at Upper Culmination, 

t-P ,, Lower ,, 
where A', is the approximate CO-latitude nncl p the north polar distance for 
the mean of the times, the true lucridian clistancc S is given by the 
expression 

"" ''o ""P, regard being had to the sign of sin b, C = &, - A m, where A = sin &, 

and the co-latitude = c + p for stars at Upper Culmination, 

S - P  1 ,  Lower ,, 
c and G being coneidered negative when south. 

rage 77. ~ ~ O ~ O T B .  Tbon~h  thin is not rigornu8 it is ~ l l ~ c i e n t l y  comect for all pracliasl ur the 
ehsnge in interral due ta eqlietion of time being too smdl to be worth notice. ft lrould be 
noticed that the formulm sbo~e given ere spplicable to north Latitude only. 



Pages 78 and 79. Substitute the following ss the 3rd Method. Given the time and lati- 
tude approximately. Observe the angles illl and M, between the referring 
mark and two circumpolar stars at their respective elongations, selecting 
stars which are nearly in opposition or nearly in conjunction and will attain 
their maximum elongations uearly at the same time, and noting that the 
angles MI and M, arc always obtained by subtracting the readings of the 
referring mark from those of the first and second star respectively. 

Let thc azimuths from north (negative if towards the west) of the two stars in 
order of observation be A, and A2 and their declinations 8, and 82, 

Then M, - M, = A, - A,, 

and tan 4 (A, + A,) = tan f (A, - 4) tan f (6, + 8,) tan 4 (6, - 8,). 

The azimuth of the referring mark from north will be 

a nrgative result showing that the mark falls to the west of north. 

E x \ J I P L E . - ~ ~ ) s ~ ~ v ~ ~ ~ o ~ ~  for Azimuth were made at Dehra New Observatory on 
thc kt11 June 18HG, to 8 Ursre AIinoris at Eastern Elongation and Cephei 51 (Hcv.) at 
1Yestcrn Elongation. The o b s e ~ e d  angles were :- 

o 1 n  

S Ursre RIinoris = M, = + 3 56 53 
Bctwecn Referring Mark and 

5lCephei = M , = - 3 1 1 4 6  

M, - M, = A, - A, = + 7 8 39 

0  I I/ 

f (A, - A,) = + 3 34 20 . . . Log tan 2.7933791 

t ( S 2  - & , ) = +  0 18 19 . . . ,, 3.7265767 

Sum = Log tan f (A, + A,) = + 3.7906776 

4 (A, + A,) = + 0' 21' 14M 

f (Al - A,) = + 3 34 20 

Azimuth of R. M. from north = A, - M, = - 0 1 19 

Page 82. For the para. "There are two triangles * * * must be neglected," read 
"There are two triangles fillfilling the given conditions, one of which 
map however make c either greater than 180' or negative and must there- 
fore be neglected." 

The foot-note to the Star Charts following page 86 which were originally pub- 
lished in 1873 is wrong. Some Stars wl~ose nanies are under-lined no longer find place 
in tile Nautical Almanac, whilst several Nautical Almanac Stars are not under-lined on 
the Chart. 

DEHU D ~ N ,  1 G. STRAHAN, LIEUT.-COLONEL, R.E., 

4th January, 1889. J O f g .  Deputy Surveyor General, 

In charge Trigonometrical Branch. 




	Denv2 105.tif
	Denv2 106_1L.tif
	Denv2 106_2R.tif
	Denv2 107_1L.tif
	Denv2 107_2R.tif
	Denv2 108_1L.tif
	Denv2 108_2R.tif
	Denv2 109_1L.tif
	Denv2 109_2R.tif
	Denv2 110_1L.tif
	Denv2 110_2R.tif
	Denv2 111_1L.tif
	Denv2 111_2R.tif
	Denv2 112_1L.tif
	Denv2 112_2R.tif
	Denv2 113_1L.tif
	Denv2 113_2R.tif
	Denv2 114_1L.tif
	Denv2 114_2R.tif
	Denv2 115_1L.tif
	Denv2 115_2R.tif
	Denv2 116_1L.tif
	Denv2 116_2R.tif
	Denv2 117_1L.tif
	Denv2 117_2R.tif
	Denv2 118_1L.tif
	Denv2 118_2R.tif
	Denv2 119_1L.tif
	Denv2 119_2R.tif
	Denv2 120_1L.tif
	Denv2 120_2R.tif
	Denv2 121_1L.tif
	Denv2 121_2R.tif
	Denv2 122_1L.tif
	Denv2 122_2R.tif
	Denv2 123_1L.tif
	Denv2 123_2R.tif
	Denv2 124_1L.tif
	Denv2 124_2R.tif
	Denv2 125_1L.tif
	Denv2 125_2R.tif
	Denv2 126_1L.tif
	Denv2 126_2R.tif
	Denv2 127_1L.tif
	Denv2 127_2R.tif
	Denv2 128_1L.tif
	Denv2 128_2R.tif
	Denv2 129_1L.tif
	Denv2 129_2R.tif
	Denv2 130_1L.tif
	Denv2 130_2R.tif
	Denv2 131_1L.tif
	Denv2 131_2R.tif
	Denv2 132_1L.tif
	Denv2 132_2R.tif
	Denv2 133_1L.tif
	Denv2 133_2R.tif
	Denv2 134_1L.tif
	Denv2 134_2R.tif
	Denv2 135_1L.tif
	Denv2 135_2R.tif
	Denv2 136_1L.tif
	Denv2 136_2R.tif
	Denv2 137_1L.tif
	Denv2 137_2R.tif
	Denv2 138_1L.tif
	Denv2 138_2R.tif
	Denv2 139_1L.tif
	Denv2 139_2R.tif
	Denv2 140_2R.tif
	Denv2 141_1L.tif
	Denv2 141_2R.tif
	Denv2 142_1L.tif
	Denv2 142_2R.tif
	Denv2 143_1L.tif
	Denv2 143_2R.tif
	Denv2 144_1L.tif
	Denv2 144_2R.tif
	Denv2 145_1L.tif
	Denv2 145_2R.tif
	Denv2 146_1L.tif
	Denv2 146_2R.tif
	Denv2 147_1L.tif
	Denv2 147_2R.tif
	Denv2 148_1L.tif
	Denv2 148_2R.tif
	Denv2 149_1L.tif
	Denv2 149_2R.tif
	Denv2 150_1L.tif
	Denv2 150_2R.tif
	Denv2 151_1L.tif
	Denv2 151_2R.tif
	Denv2 152_1L.tif
	Denv2 152_2R.tif
	Denv2 153_1L.tif
	Denv2 153_2R.tif
	Denv2 154_1L.tif
	Denv2 154_2R.tif
	Denv2 155_1L.tif
	Denv2 155_2R.tif
	Denv2 156_1L.tif
	Denv2 156_2R.tif
	Denv2 157_1L.tif
	Denv2 157_2R.tif
	Denv2 158_1L.tif
	Denv2 158_2R.tif
	Denv2 159_1L.tif
	Denv2 159_2R.tif
	Denv2 160_1L.tif
	Denv2 160_2R.tif
	Denv2 161_1L.tif
	Denv2 161_2R.tif
	Denv2 162_1L.tif
	Denv2 162_2R.tif
	Denv2 163_1L.tif
	Denv2 163_2R.tif
	Denv2 164_1L.tif
	Denv2 164_2R.tif
	Denv2 165_1L.tif
	Denv2 165_2R.tif
	Denv2 166_1L.tif
	Denv2 166_2R.tif
	Denv2 167_1L.tif
	Denv2 167_2R.tif
	Denv2 168_1L.tif
	Denv2 168_2R.tif
	Denv2 169_1L.tif
	Denv2 169_2R.tif
	Denv2 170_1L.tif
	Denv2 170_2R.tif
	Denv2 171_1L.tif
	Denv2 171_2R.tif
	Denv2 172_1L.tif
	Denv2 172_2R.tif
	Denv2 173_1L.tif
	Denv2 173_2R.tif
	Denv2 174_1L.tif
	Denv2 174_2R.tif
	Denv2 175_1L.tif
	Denv2 175_2R.tif
	Denv2 176_1L.tif
	Denv2 176_2R.tif
	Denv2 177_1L.tif
	Denv2 177_2R.tif
	Denv2 178_1L.tif
	Denv2 178_2R.tif
	Denv2 179_1L.tif
	Denv2 179_2R.tif
	Denv2 180_1L.tif
	Denv2 180_2R.tif
	Denv2 181_1L.tif
	Denv2 181_2R.tif
	Denv2 182_1L.tif
	Denv2 182_2R.tif
	Denv2 183_1L.tif
	Denv2 183_2R.tif
	Denv2 184_1L.tif
	Denv2 184_2R.tif
	Denv2 185_1L.tif
	Denv2 185_2R.tif
	Denv2 186_1L.tif
	Denv2 186_2R.tif
	Denv2 187_1L.tif
	Denv2 187_2R.tif
	Denv2 188_1L.tif
	Denv2 188_2R.tif
	Denv2 189_1L.tif
	Denv2 189_2R.tif
	Denv2 190_1L.tif
	Denv2 190_2R.tif
	Denv2 191_1L.tif
	Denv2 191_2R.tif
	Denv2 192_1L.tif
	Denv2 192_2R.tif
	Denv2 193_1L.tif
	Denv2 193_2R.tif
	Denv2 194_1L.tif
	Denv2 194_2R.tif
	Denv2 195_1L.tif
	Denv2 195_2R.tif
	Denv2 196_1L.tif
	Denv2 196_2R.tif
	Denv2 197_1L.tif
	Denv2 197_2R.tif
	Denv2 198_1L.tif
	Denv2 198_2R.tif
	Denv2 199_1L.tif
	Denv2 199_2R.tif
	Denv2 200_1L.tif
	Denv2 200_2R.tif
	Denv2 201_1L.tif
	Denv2 201_2R.tif
	Denv2 202_1L.tif
	Denv2 202_2R.tif
	Denv2 203_1L.tif
	Denv2 203_2R.tif
	Denv2 204_1L.tif
	Denv2 204_2R.tif
	Denv2 205_1L.tif
	Denv2 205_2R.tif
	Denv2 206_1L.tif
	Denv2 206_2R.tif
	Denv2 207_1L.tif
	Denv2 207_2R.tif
	Denv2 208_1L.tif
	Denv2 208_2R.tif
	Denv2 209_1L.tif
	Denv2 209_2R.tif
	Denv2 210_1L.tif
	Denv2 210_2R.tif
	Denv2 211_1L.tif
	Denv2 211_2R.tif
	Denv2 212_1L.tif
	Denv2 212_2R.tif
	Denv2 213_1L.tif
	Denv2 213_2R.tif
	Denv2 214_1L.tif
	Denv2 214_2R.tif
	Denv2 215_1L.tif
	Denv2 215_2R.tif
	Denv2 216_1L.tif
	Denv2 217_1L.tif
	Denv2 217_2R.tif

