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F O R E W O R D .  

There are five different kinds of latitude that come 
under consideration in the application of mathematical 
analysis to uastions of geodesy and cartogn hy. It is 

various four other kinds of latitude in n series of the sincs 
of the niultiple arcs. This difference in each rase is oh- 
tnined in an espression in the sines of the multiple arcs of 
the geodetic or astronomic latitude and also in a series of 
the sines of the multiple arcs of the other latitude in 
question. 

The analysis connected with the development of both 
the isometric or conformal latitude a and of the authalic 
or equnl-area latitude" is given in some degree of detail. 
since i t  is a good esamp!e of the application of mathemati- 
cal analysis to such questions. 

The series are derived in their general form in the first 
instance in which no geodetic constant appears escept the 
eccentricity. At the end of the text in this publication 
the numerical values of the various coefficients me given 
computed for the Clarke s heroid of 186G. This is the 

America. Finally, tables are iven of the results of the 
computations for this spheroif calculated for every half 
degree of latitude. These results and tables will be use- 
ful in connection with all eodetic and cartographic ques- 

spheroidal sha e of the earth. It is believed that no 

of 1866, at  least none for half de ees of latitude. It is 

science of cartography. It has been applied in the com- 
putation of the elements of an Albers equal-area pro- 
jection for the United States, and i t  has been found 
materially to simplify the calculations to  be performed. 

the aim of %is publication to ex r e s  the di w erence be- 
tween the geodetic or astronomic f atitude and each of the 

spheroid that is used for a 1  P geodetic purposes in North 

tions in which it is desire if to take into consideration the 

previous table Yl as been computed for the Clarke spheroid 

thought that the idea of the auth f ic latitude is new in the 

a For the lul1deftni:ion of these tenns w pp. 8 and 10. 
5 



6 FOREWORD. 

It is thought that  in a 1nt.e.r puhlicatkm on equivalent. or 
equal-area rejections this latitude may be npplicd in the 
theory of t R e various typcs of projection belonging to this 
class. 

I n  addition to the latitude tables there are given lables 
for trtmsformation from 1uLitiide nnd longitudo to  arc 
distance and azimuth from n point on t.he e urltor. After 

azimuthal equal-area wojcction upon a meridional pl:me, 

It is hoped that thc antilysis eniployed in the derivation 
of the formulas may be of intcrcst to those who hare  to 
deal with the applicntions of muthematical theory to such 
problems as arise in prnctice. A few esamples of such 

these is given a t.uble of the ratlisl distnncc P or a Lambert 

and finally a table of t l ‘le coorclinat,cs for such a projection. 

of more value t.lian any amount of the 
the practical worlting out of the results in 
“Learn to do by (loin ” is iz safe maxim st 

a t  times. Finally, the numerical f orni of the results 
should appeal to  those who wish to use these latitudes in 

uestions . of geodesy or cartography. The numerical 
Forms of the expansions are given both in nurnberv and in 
1ogn.rithms. If a niultiplyin macliine is availttble the 
coefficients expressed in num e; ers arc more useful, but in 
case such a machine is not at hand it. is necessary to resort 
to logarithms. With a fire-place table of sines the results 
ou ht  to be good to tonths of a second, and a six-place 
tab 5 e should give results good to hundredths of a second. 
The results of computation iven in the tables were derived 
from an eight-place table o P natural sines. 



LATITUDE DEVELOPMENTS CONNECTED WITH GEODESY 
AND CARTOGRAPHY, WITH TABLES, INCLUDING A TABLE 
FOR LAMBERT EQUAL-AREA MERIDIONAL PROJECI'ION. 

By OSCAR S. ADAYP, 
Geodetic Computer, U. S. Coast and Gccxtetic Surrey. 

DERIVATION OF DRFINIl'IONS. 

In considering subjccts connected with geodeq and 
cartography there are Ere different kinds of latitude 
that are found to he of interest and of use, in prac.ticai 
t~pplications. Wc shall now proceed to apply analpig 
in the deritafion of the definitions of t#hese latitudes. 

If the meridian ellipse is defined by equations in the 
parametric form 

X = U  c~ e 
y = I ,  sin e, 

then e is called the parametria latitude, a is the semi- 
major asis, and b is the semiminor axis of the meridiau 
elli e. 

x e  geodetic or astronomic latitude is the angle which 
the normal at a given point of the ellipse makes with the 
axis of 2. This latitude, denoted by 9, will then be defined 
analytically by the expression 

since it is erpendicular to the tangent at  the point x, y. 
But from t K e paremetric equations we get 

Hence 
a tan cp = tan 8, 

b tan e=- tan (p. a 

or 

7 



s U. 8. COAST AND GEODETIC SURVEY. 

The eccentricity, e, of the ellipse is defined by the equation 

2=-. aa - b2 
a’ 

From this expression we get 

. -=(1-.2)%; b 
a 

therefore 
tan e =  (1 -8F tan (p. 

The geocentric latitude is the angle formed with the 
axis of z by the radius vector from the center of the 
ellipse to the point 2, y. Denoting this 1at.itiide by $, 
we define it by the form 

b 
a =- tan 0 

= (1 -€a)% t n e  

or, in terms of (p, by substituting the value of tan e in 
terms of (p, this becomes 

tan $ = (1 - 8) tan (p. 

In  the theory of the conformal representation of the 
spheroid, the function, x, that-forms with the longitude, h, 
a set of isometric coordinaterr 1s defined by tho integral 

-12 (1-2) dp 
(1 -8 cos1 p )  sin p’ 

in which p is the geodetic co1atitude.a 

-esinpdp c sin p d p  -isp l + € c O s p + i S ,  1-ccosp’  
. ~~~~~ 

e 8ee”CeneralTheory ofthe Lambert CoDformalConh Projectlon,”SpeclslPub~~tlaa 
No. 53, United States Coest and Qecdetlc Survey. 
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On passing to exponentials this becomes 
l + c c o s p  

P= tan . (, - cos p>”’ 

For the sphere, putting c = 0, the corresponding coordinate, 
y; is defined hy the integral 

in which z is the colatitude on the sphere. 

or by integration 
z y = log, tan - 2 

or 
z eY=tan -. 
2 

If we now define z by the equation 
z (1 + F: cos ”>” tan -= tan 2. 
2 2 ,1--e c o s p  ’ 

we shall have determined a conformal representation of 
the spheroid upon a sphere. If we denote the isometric 
latitude by x ,  and in place of : substitute its value - - x  

and tor y its value 5 -q, we get the definition of the iso- 
metric latitude in the forni 

s 
3 

‘R 

tan (‘R -+- x) =tan (r - . I -  p ) . ( l - c s i i i p y  
4 2  4 3 1 + e  sin (p 
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This latitude x ha3 been called the isometric 1at.itude 
because i t  is determined by means of the isometric 
coordinate; 

Besides these latitudes there is another latitude that 
arisos when the spheroid is projected upon a sphere of 
equivalent surface in such a, way that the re resentation 
is equivalent or e ual arqa in every . f he element 
of area upon the sp B eroid IS given by t ?Imt e equation 

The area of a section of a lune of width dA from the Equator 
to the parallel of latitude 4 is given by the following 

' integral multiplied by dX 

By integration this becomes 

-loge (1 --e sin 9)  1 1 
or 

sin cp +%loge( l+-esinp . )] . [ ?(I  --ea sin2 cp)  4 e  1 - e  sin cp 
S=bZ 

If c is the radius of the sphere with area eauivalent 
that of the spheroid, the 'area of a- section 6f a lune 
width dA is e ual to the value of tile following integral 

s = zf 0 ag, 
multiplied by 3 A: 

to 
of 

in which 0 is the latitude on the sphere. 
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By integration this gives 

S’ = Z sin /3. 

If the dh is taken the same in this case as in that  of the 
spheroid, S’ will equal 8 if /3 is defined by the equation 

If the ri&bhand member is developed in a series, it wiU 
be equal to the sum of the series of 1t.s two parta. 

But. we have 

and 
1 
4 e 

[loge(l + e  sin cp)  -log& - e  sin (p)] 

1 .  1 1 1 =2sin p+5e2 sin3cp+-d sins cp+-ee sin7 c p +  - - - 10 14 
Therefore 
c2 si t i  9 = Z J ~  sin cp 1 .t -- sin2 cp + --sin‘ rp+- sin8 cp + - - 
We ran determine the ratio of bZ to 13 by setting both 6 
and P equd to s f  bhus introducing thc condition that the 
latitudes shall be equal for this value. This gives us h e  
valuo 

3 tr 4 8  ( 2z 5 7 

?r 

b, 1 -= 
28 3e‘ 4 8  
3 1 + -- + r+ T+ . . . C-J 

We have, then, as the definit.ion of /3 the equation 

4 E  
7 cp+ - sine p + - - 

ain B = sin cp 

The latitude defined in this manner has been‘ called the 
autlialic latitude to conform to Tissot’s term for equiva- 
lent or equal-area projections used in his “hMmoire sur 
la Repr6sentatioiis des Surfaces.” 
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the sphere of 

with any desircd degree of esactncw upon t.he autlialic 
sphere. 

RECAPITULATION OF DEFINITIONS. 

As we have just shown in considering subjects connected 
with geodesy and c.artogaphy, there are five different 
kinds of latitudc that liave to be dealt. witli. A list of 
the symbols ant1 ddinitions is given as follows: 

1. p = gcodetic or astronomic lati tude. 
3. J, =geocentric latitude. 
3. o = rcduced or parametric latitude. 
4. x = isometric latitude. 
5. = autlialic latitude. 
The last four are defined in terms of the first as 

tan $= (1 -e2)  tan Q, 

tan B =  (1 --e”)’i tan p, 

follows: 

1-ssin (a e/= 

tan (:+$)=tan (:+;)-( 1 + e  sin p > ’  
3 c4 4 2  
5 7 sin? (a+- sin4 Q+- sinEp+ - . - 

Ps? 3s4 4se  
1 + - + 5 + 1 +  3 - - * 

sin fl=sin 4 

I n  the application of these latitudcs i t  is generally 
desirable to have given the difference between (a and the 
various other latitudes. It is most convenient to liave 
this difference espressed in ternis of the sines of the 
multiple arcs. The problem IS then to determine these 
series in the most satisfactory manncr. In most cases 
this can be accomplished by tho use of the principles of 
the functions of a complex variable. We will now pro- 
ceed to apply this process wherever possible. 
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DEVELOPMENT OF p-+ IN TERMS OF (p 

W0 have 
tan cp-  ban $ 

tan ('-+)=1+tancp tan$ 

tan rL=  (1 -e*) tan cp 
but 

13 

Let 

then 

d sin 2 cp 
2 - d + d  cos 2 cp. 

= 

d 
m=- 2 - 8' 

1- m sin 2 cp 
l+mcos2cp 

and 
m' ma 
2 3 ni e -- e4b +- eeC - - - - ==m cos 2 c p + i  m sin !? cp 

. ma ms . m.3 
cos 4 cp-t - sin 4 cp+- cos 6 (p +z - sin 6 Q - - - - 2 3 3 

mz 
2 

Therefore, equating the imaginary pa&, we obtain 

-- 

m3 +T sin 6q- - - - ; 
or, finally, 

?n2 ms 
v - $ = m  sin 2p-- 2 sin 4 v + - s i n 6 ~ -  3 - - 
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DEVELOPMENT OF v-$ M TERM§ OF $. 

If we wish this same quantity expressed in a series of 
the sines of the multiple arcs of #, wo proceed as follows: 

ea sin rL cos 9 
1 -$ cos2 * - 

m sin 2$ 
1--m cos 2* 

3 

NOW 

but 
1 loge ( l - m e * ) - ~ l o g e  (1-2m cos 2$+ma) 

and 

By equating the imaginary parts, we obtain 

m sin 2* ?nz m3 tan-( 1 - m. cos 2*. )=msin2$+, I sin 4#fx sin 6#+ - - - , 

This resuit could have been obtained directly from the 
previous development by changing the sign of .m and by 
interchanging go and $. 
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DEVELOPMENT OF (p-e IN TERMS OF (P. 

By substituting the definition of 0 in the formula foi 
tan (p- e) wc get 

[I - (1 -8)54] sin 2cp - 
-1+(1-€954+[1-(1 -a)%] cos 2p' 

Now let 
1 - (1 -2)s 

n-l + (1 -81% 
then 

nsin 2cp . 
tanip-0)=l+ncos3cp 

Since this expression is similar in form to that which 
gave tan ( c p - # )  in terms of 9, except that we have n in 
place of m., by a similar procedure we get 

nz n3 
2 cp-tJ=n sin 2 ~ - -  sin 41p+~s in  6cp- - - - - 

DEVELOPMENT OF cp-e IN TERMS OF e. 

Whcn tan (cp-0) is expressed in terms of 0, we get 

n sin 28 
1 -n COS 28' tan (cp-0) = 

From the previous development we see that this gives 

n2 na 
2 

q - e  in terms of 0 in the-form 

,p--B=n sin 28+- sin 40+3  sin 6B+ - - - a  

DEVELOPMENT OF e-$ M TERMS OF e AND IN TERMS OF #. 

From the original relations we get 

tan $= (1 -2)s tan 8, 



16 U. S. COAST A N D  GEODETIC SURVEY. 

This relation is tlia same as that which esists between 0 
and p; so wc get .at owe 

11 ns 
I 3 8 - $ = n  sin ?e--, sin 48+- sin 68- - .  - .  

and 
na n3 
a 3 8 - # = = n  sin S$+-- sin 4#+- sin 6$+. - - - 

DEVELOPMENT OF 9-x IN TERMS OF -FIRST MJ3TEOD. 

When w e  come to the isometric latitude, we n.eet 
difliiculties of n different order. I n  the first place let 1) 
be t,he complement of cp and let z be the c.omplement of x .  
The definition then becomes 

2 t a n - = t a n -  - 2 
Let 

then 
2 P tan - =eu tan - 3 2 

Let 

then 
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By analysis similar to that used before, we get 

17 

' Z = q  sin p +- !la sin 2 p +- 9" sin 3 p + 

w - 2  log, (1 +e  rn p ) - 3  log, (1 --Q cos p )  

-2 cos p + g  cosa p + -  cos5 p f  ... ws' p +  - * - a  

; 2 2 3 
but 

e € 

6 P P 
5 7 

and 
e'- 1 v 11 d @ 17v7 ~-- , .+~-tanh --- -E--- +---+.... 

2 2 34 240 40320 
Including terms in the eighth power of e, we get 

d cos p . 6 - g )  cos3 p + (6-g) c-5 p +  e + n - ,  
Hence 

2 - p =[. cos p +G - $) COSJ p +('-') cod p 5 12 

+ $ c o s 7 p ] s i n p + E c o s 2 p + G - $ ) c o s d p  

+- 23E cos" p ]  sin 2p+i(gcoss  p + J  ea cos5 p )  sin 31) 
1 so 
E 
32 t- cos' p sin 4 p +  - - - - .  

When this oxpression is reduced to terms in the sines 
of multiple arcs (see reduction table on p. 88), we get 

2-p=( '+ -+ -+ -+ .  2 58 38  2812 . . .jsin2p+(-+- 5c' 7 8  
24 33 5760 48 80 

.+--+ 6978 - - . ) s i n 4 ~ + ( ~ + ~ ~ +  461C - - -)sin 6p 
11520 

or in terms of (p and x to tbs desired approximation 

.-,=(-+-+-+-)sin t' 56 3P 28W 2p- (5d -+-+- 7P 6972 >,, 4~ 
2 24 32 5760. 48 80 11520 

1237e" 
161280 sin 8p' 6p-- 
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DBVELOPBKENT OF 9 - x  IN TERMS OF p-SECOND METHOD. 

The isometric latitude can be develo ed in terms of cp 
b another method that is v e F  simp P e in application. 
&om the definition 

we obtain at once 
2 t 4  E log. tan z==log. tan E + $  cos p + s  cos3 p + z  COS' p 

+T COST p +  * - - - c 

By Taylor's theorem we have 
. f ( ~ + h ) = f ( O + R ~ ~ + ~ ~ C + ~ [ ~ ~  h.3 

+"Z]+ 4! dh 
. . . -P 

in w iich the brackets denote the values of the deriva-ives 
off@+h.) with respect to h for h,=O.  

Let 
f (g + i )  = log, tan (g + /.I- 

Then 

4 m a p  
sin3 p Eq== -4 cosec p cot p -  - 
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S COS' p 8 p&g = 8 cosec p cot? p + S cosets p = ~ +- siny p s1n3 p 

-80 cosets ( p + 3 h )  cot ( p + 2 h )  
- 16 msec p cot3 p - SO cosec3 p cot p 

16 cos3 p SO cos p -. = -  - 
sin' p sin' p 

Substituting these values in Taylor's series, we get 
loge t.an (g+A)=log, tan -+--- p 3lL 3 cos p n 2  

2 sin p sina p 

Now let us assumr the relation 
2 I = P + a e ~ + b c ( + e P + , J e 8 +  - 2  - - * - 3  

then 
h=ae?+he4+ecB+dr8+ . . . 

Substituting this \-due of 7r and retaining all powers of e 
up to and including the eighth, we obtain 

.> z log, tan 2 + h  =log, tan -=log, tan f + ~ ( a e z  ( " 1  2 2 sin p 
3 cos p + be4 + ec'+dP) - -- (a€' + be4 + CCR + &8)2 sin2 p 

-+-- ) (ae' + be' + CEO + d8)S 
3 sinS p 3 sin3 p 
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2 But in the original series for log. tan 3 we have 

2 P €4 €6 € 8  log, tan b=log, tan %+e2 cos I )+-  dos3 p + - c 0 s 5 p + ~ c ~ 7 p +  - - - - 
I 3 5 i 

These two series must be idcnticaliy equal nnd so we can 
equate the coefficients of the same powers of e. In  this 
way we get 

3 (2. -- sin p - 'Os PJ 

2 b  ?a= cos p cos3.p =- 
sin p sinz 1.) 3 ,  

3-c 4a.b cos p 4a3 cosa p 4a3 cosL p 
sin? p +-B sin3 13 +3 sin3 p 

_- - ~ = -- 
sin p 5 

3-d 2(b* +?ac) cos 11 4a2b c.os2 p 4aab 2a4 cos3 p + ----- + 
sin p sihZ 11 sin3 11 sin3 p 3sin'p 

loa4 COS 1) COST p 
3 sin' p 7 

=-. - 

From these equations, UT can in succession deterrains the 
values of a, b, c,  and d .  

(For the reductions see the reduction table p. 88.) 

1 1 a= ;i sin p cos p = ,  sin 2pJ 
I 

5 5 5 
12 48 96 

l3 sin p cos5 p - -  sin p cos5 p = -  sin a p  

b=-sin p coss p=-- sin 2p+- sin 4pJ 

1 3' 
c=3G 12 64' 

7 13 + - sin 4p + 9 ~ o  sin 6pJ 160 

1237 s inpcos 'p -~~y inpcos5p=-  3 "Sl 
1 1520 sin 2 p  

a=- 
2530 

461 1237 +- 697 sin 4p + 2xo sin 6p + 3mo sin 8p- 23040 
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Substituting thcse ralucs of n, b, c, r~nd (7 ant1 rrtwrrtnge- 
ing, we gct to the dt?sirctl approsimntion 

e = p + ( $ + z , + 3 , + a a  56' 3 6  3 8 1 ~ ~ )  sin . 3p+ ( jC -+- yes 
48  SO 

+-- , 6978 , 5 2 0 )  sin 4 p + ( $ i + m o )  461e8 sir1 6p+----.- 12378 sin 8p.  
161380 

Substitute 

and \-so get, as before, tlw approximation 

DEVELOPMENT OF 9 - x  IN TERMS OF -THIRD METHOD. 

Thr? difTerencc between cp and x can bc devcloped directly 
Lct us takc thc tldnition in the by hlar.laurin's theorem. 

form 

In this exprvssion, sctting r Z = h ,  w e  get 

z 12 hJ 
2 2 A 5 log, tan - =log, tan P + h cos p + ;- cos3 p + - cos6 p 

+- c-1 y +  . . . . 
Differentiating this cxpre.ession, considering z as a function 
of A or tZJ we get in succession 

11.' 
7 

d Z  2 lr. 7kZ 4h3 cosec z -...- cw p + -- cos3 p +I--- cos5 p + --- COS' p, dk - 3 5 7 

13h2 
7 +- cos7 p ,  
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8 2  dz  dzz 
dh.3 dll. ah” cosec 2 .- - 3 cosec 2 cot z -. - -t cmec z cot2 2 

6 34h +oosecs z ($,J = cos6 p + - cos7 p ,  7 

+ 6 COMC z cota z 

--coset 2 cot3 2 ($J -5 coseca 2 cot z 

24 =7 cos7 p. 

Denoti by brackets the values of these successive deriv- 
atives f o 3  = 0, remembering that functions of z become 
functions of p for h = 0, we get. (For the necessary reduc- 
tions see the reduction table, p. 88.) 

til = P, 
1 
2 p cos p = -  sin 3p, 

[$I=: sin p cos3 p - 7  5 sin 2 p + g  5 sin 4p,  
12 

26 
5 

sin 2 p  + a sin 4p + - sin 5p, 

[$I= -sin p cos3 p+- sin p cos5 p 

9 21 13 
80 

= 

2471 ‘+I= -9 sin p cos5 y+- sin p cos7 p 

281 697 461 
Ldh‘ 10.5 

-_ - 240 sin 2 p  + 4B sin 4 p  + 7 sin ~p + 1237 sin ~ p .  
360 6730 

By Maclaurin’s series we have 

in which h is replaced by its value 2. 



LATITUDE DEWLOPMENTS. 23 

By substituting the above values in this series and 
rearranging we get, as before, the approsimn.tion 

(2 5c' 38 2818 ) . (5~' 7 8  6976) z = p +  -+-+-+- sin2p+ sin+ 2 24 32 5760 
+(E+ -) 4616 sin 6p+--  1237~' sin Sp ,  

480 13440 161380 

or in cp and x we get, as before, the approximation 

. IP - x = ( -+-+,-+--- 564 3ee 2518) sin29- . (5€' -+-+ 48 7 8  80 11520 - 6978)sin4cp 
2 24 32 5760 

1237e8 + (iic -+- :;'b) sin 6 ~ -  - 161280 sin "' 

DEVELOPMENT OF cp-x IN TERMS OF r-FODRTH METHOD. 

The isometric latitude cciuld he developed by direct 
daerentiation of the equation in the form 

or in the form 

In fact, Herz in his "Lehrhch  der Ilandkartenprojek- 
tionen" does differentiate the form 

?r [ (5 ') . (1--e -- sin ')"J 
4+i- -1 + c  sin cp, 

g+x=2 tan-' tan 

'He obtains the development to include the term in e'. 
The difficulty lies in the fact that  i t  is necessary to differ- 
mtinte with res ect to 6 ,  although it is evident that x ,  
considered as n f unct.ion of e, is an even function. If one 
wishes to proceed in this manner, it is better to write the 
expression in the form 

e' E z =  2 tan-' tan - esp* €2 cos p + -  cos3 p+-  cos5 p 
L - 2  ( 3 5 

11. 8 
T +- COS72'+ - - * 

*exp I -F  
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or it is still better to develop the expotentid to include 
all powers of e to the eight.h inclusive. 

+ 5  6 
23 cos6 p cos' p)]1 +- - +-- 7 90 

In this form the substitution h . = 2  can he made a n i  the 
development tlttainccl IJV four differentiations instead of 
eight. Thus h careful consideration the formal work 

Using the expression as Herz did, i t  requires nlmost as 
much work to carry the development to e' as it does in 
any of the above forms to carry it to include the term in 8. 
It is also more convenient to differentiate the expression 
not as an arc tangent, but in the form tan -. As an 2 
illustration w e  shall make the development by diff eren- 
tinting successively the expression 

required can o r ten be considerably reduced in amount. 

2 

cos2 $1 coss p )  9 
( 2  +3 

+ 90 
+- +7(4 --+--. +-- 5 6 

I+hcosp+h.? - 
COS' 1 1  cos5 p )  (COS; p cos5 p 23 cose $1 

3 

cos' p cos= p )  
+3h2 ($2.- +- 5 ( c y ;  p + 4h.3 

3 .  
cos5 p 33 cose p 
+6 + 90 

1 2 d*2 1 2 2 dz 2 cos'p 
3 3 secz - -+- sec2 3 tan -(- = tan 5 [cos2 p +  2 dh' 2 2 dh 

+c+)], cos5 p 23 cos0 p 
+6 + 90 
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1 2 $2 3 2 2 dz a22 .z z 3 sec2 3 d ~ + ~  seta - tan - - -+ sec2 - tan8 - 
I 2 2 d h d h  (5 2 2 

+ 4 1- sed ;)($$ = tan f[coss p + 2 cos4 p 

+ 90 

15 

Evaluating these derivatives for h = 0, remembering that 
functions of z become functions of p for h-0 ,  w0 obtain 
(for the necessary reductions see t.he reduction table, p. 88) : 

rz1 = P, 
[$]=sinp cosp=Zsin2p, 1 

5 5 [SI=: sin p cmap-- 12 sin 2 p + -  2 4  sin’4p, 

[$I= -sinpcosap+-gsinpcos6p 26 

= - s i n 2 p + ~ s i n  9 21 4 p + a s i n 6 p ,  13 
16 

pG]= - 9  sin p cos6 p + -  2474 sin p cos’ p 105 
28 1 697 46 1 1237 
240 480 = - sin 2p + - sin 41, + 560 sin 6p + 6720 sin 8p. 
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Substituting these values in Maclaurin's series (see p. 22), 
we get., as before, the approximubion: 

or, in t.erms of tp and x, the approximation, 

697e8 )in 41p ( p - x =  -+-+-9+mo aln2p- --+--+---. , 
5t' 3E 2818) . ( 5s' ?e' 
24 3- 4s Y O  11520, (l$i ' :,i:o) sin 6p------ 1.23 7es sin 8p. 

161280 $. -+- 

DEVELOPMENT OF gp-x IN TERMS OF p-FIFTH METHOD. 

This difference can bo espresscd first in trrnu of p rlirectlJ- 
from the equation of definition hy tlic third, fourth, tifth; 
or sisth mctliod iven later unclcr those developmnllts 
(see pp. 38-55), an 5 then t h  development can he inverted 
into terms of q by Lagrange's theorem. We start with the 
approximation: 

,=,-(C+5t'+-f+- 13~') slnzx- . (7c --+-++-- 29P 8118)sin4x 
2 24 12 360 48 240 11520 

-(E+-) 8 1 €8 sin 6x--sin 42702 
120 1120 161380 8x. 

I n  this case Lagrange's series hecomes: 

in which 

5 d  E' 138) (7d 298 81168 
g(p)=- -+-+-+-- sin2p- -+-+- 24 12 360 48 240 11520 

4279r8 sin 8p. 161280 
--(m+m) 78 818 sin 6p-- 
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In the owem of this iunction we must. wt.ain a!] pcwers 
of e to t l f ?  cnighth, inclusiw. 



x=cp- (g+a+s+go 5e4 E" 1 3 9  sin2p- . (74;; --+=-+- 996" 8 1 1 ~ 9 ) ~ ~ ~ ~ ~  ?40 11530 
-(E +E) sin gs------ 42798 

120 1120 161380 sin " 

7 8 
48 2'4 
€8 e* 
13 6 

($ + g) sin 6cp - 7 2  - sin 8s + - sin 4 ~ -  

-- sin 4s + - sin 8s. 

By collecting and rearranging we get, as before, the 

(58 7e0 6 9 7 ~ ~ ) ~ ~ ~ ~ ~  

approximation 

q - x =  ~+-+-+---- 5e4 38 %le') (f 24 33 5760, 4 8 + S f i l 5 " O  

+ (2; -+- f:::::) sin 6y- 161280 sin 8p. 
1 2 3 7 ~ ~  

DEVELOPMENT OF c-x IN TERMS OF (p-SIXTH METHOD. 

( p - x  can be developed in terms of 9 by Arbogast's 
rule. If the symbol f denotes an arbitrary analytic 
function, we can expand 

in terms of x at once by Taylor's theorem in the form 

1 X 2 X 3 P  
+ijf'(U,) a,-+a -+a  -+a4-+ - - * - 

-+a2g.+u3-+a -+ * * - - 

( l! 2 2 !  33! 4! 
+ip ( a 0 ) ( a , ~ + a 2 ~ + u 3 ~ + a ~ ~ +  2 2' XJ x4 ' '  ' '  

2 2' 3.5 2 4  

3! 44! 
z 2' a3 2' +- (a,) lz -+%-+a - + a , a +  l!? ( ' l !  2! J31 
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The exponents off denote the values of the various suc- 
&ve derivatives off (a,+g) with respect to Q for g=O, 
of, what amounts to tho same thing, the values of the 
various successive derivatives of f (a,) w1t.h respect to a,. 
By expanding the yarious powers of the polynomial in I 
in. the above expression and by rearranglng in pou-ers of x. 
we may determine the coefficients of the various 2 in the 
expansion in a series of terms of z. A more expeditious 

of determining these coefficients is devised in the 
fol "P owing manner: 

Let us define a partial differential operator in the form 

then 

3 5 5  a? X Xa 

z s a ?  2 I' 

+a a2? - +a ' 3 !  -+a 6441 -+ -  - - - ) f ( a o + a l ~ + a , ~  

+a , -+a  3! ' -+- 41 - - - ) = i f ( a 0 + a 1  i?-az ij-! 

) rs x' 
3! ' 4 1  +a, -+a -+- - . 

Therefore, if A, denotes the nth coefficient in the expansion 
of the given function, we have 

Equating the coefficients of the like powers of z in this 
identity, we obtain the recurrence formula 

An+, -C u n .  

Now in the Taylor development we see that 

A, =f (a,;. 



h2 2 
z = 3 tan-' exp* log. tan f + cos p + - - cos3 p ( 2 ! 3  

h hZ h? 6 
3! 5 +- -cos~p+~-c~os 'p+  h4 4: 24 7 - - - - ) = A o + A  ' l !  - + + A  ' 2 1  

in which h = e2. 
In this case 

or 
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IR the function to be expanded, wo am gimn 

31 

a,,-log, tan P 2~ 

a, =cos p ,  

2 
a,=V ,  COS^ p ,  

34 
7 a, =- cos' p. 

With thsc vslucs wo may cornput&? the various A,, and 
mduct? t.hcm Iiy aid of the reduct-ion tablo on page 58. 

A,  = 11, 

1 
2 A ,  =sin 1) cos 11 = :- sin ?p,  

1 3 5 A,= c.os) p sin 2 p +  z 3 3 
5 sin 21, + rq sin 4y, 5 

12 I 

cos3 p sin p=-- sin p coss p 

=..- 

6 
d 5 + cos4 1' sin 2 p  -t - cosb p sin p 

26 
5 = - sin p cosJ p +- sin 1' cos5 1) 

0 21 13 
3 -- sin L'p + - sin 4 p  + ; - sin fir, 16 40 bo 

A, = cos4 p (i sin 51) -sin 21) + 4 cos5 1) sin p cos 3 p  

24 4 + - cos6 p sin p cos p + - cosa p sin p C.QS 11 5 3 
24 2474 +- cos7 p sin p =  - 9  sin p cas5 p + - -  sin p cos7 p 7 105 
3$1 697 46 1 
240 4E.O 560 6720 

= sin 2 p  + - sin 411 + --- - sin 6y + E 7  sin 8 p  
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Substituting these values in the expansion and remember- 
ing that h y e a ?  we get, after rearrangement as the desired 
approximation, 

z = p + ( g + s + z + m  5t' 3e" 2518) sin?p+ . (5" ~ + ~ + ~ 3 ~  7C 6978) sin4p 
' 

(:E :.:;) sin 6p + 1237e8 sin 8p, 
161380 + -+- 

or, in terms of ~p and x, we get, as before, the approxima- 
tion: 

DEVELOPMENT OF (p-x IN TERMS OF x--FIRST METHOD. 

The quaiitit cp-x can be expressed in terms of x by the 
application of E agrange's series. We have given 

Q = X +f(Q>. 

Since f(q1 is a small quantity, Lagrange's series becomea 

But in the series for 7 - x  given above, we see that 

+(%+Eo) sin 69------ 12378 
161280 sin 'V'. 

Squaxing this expression and reducing by aid of the table 
on p. 88, we get 

[f(Q)P = e' - + 5 9  - + 3418 - - (" + 377d3 -) cos 2q - (g +a 5ce 
8 4 8  4608 96 5760 

4Ip+(m+mo)  5P 3778 C o s  6p-23040 437e' 8 ~ )  '5760, 
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and, by cubing and reducing, we get 

58 
256 +--- sin 8q, 

and for the fourth power, by a similar process, we obtain 

3 8  ea E' Lf('~)l'=w~-~ COS 4q+-- cos 89. 128 
d 
& 

a ~ ( x ) ] ~ =  - (y + g) sin 2% + - sin 4% 

377c8 4376' -("+-) 16 960 sin 6x+ 3880 - sin 8x, 

a s  5P 
8 

4 
d' ;~;;j u(x)l'= - 3 8  sin 4x+4c8sin 8x. 

Subtituting these values in Lqrange's series, we get the 
approximation 

0 - x ~  (2 -+-+-+-.- 5C 3te 2818 sln2x- SC -++.-++--- 7@ 697E)sin4x 

+r<+4$) sin 6x-- 58  sin 8x, 

2 24 32 5760 ) e 
1 3e6 46 1 c8 123 7E 

161280 

(48 80 11520 

+ + mo) sin 6x - - sin 8x 

+ (5rl ss+m 377E) sin 2 x + 6 + g + 3 x ! )  2880 sin 4x 

-?+37'1p) 32 1920, sin 6x+ 437aa 5760 sin 8x- ($+E) sin2x 

+ai 5Esin 4 x + ~ ~ + ~ ) s i n 6 x - ~ S i n  16 64 24 8x 

-- sin 4x+ - sin 8x. P 
12 6 
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When similar terms are collected, this approximation 
becomes 

( p - p = ( - + -  d 56' +--+- eo 13E) sinZx+ . (7r' -+- %ee +--)sin4x 811e8 
2 24 12 360 48 340 11530. 

DEVELOPMENT OF C-x  IN TERMS OF x-SECOND METHOD 

The series for (p - x in terms of Q can be expressed in 
terms of the second ar iment by the method of successive 
approximations. In  t I? e series for (p-x, let 

cp=x+a. 

Then a will be equal to a small quantity since we have 
(see above) 

(::; f!:;;) sin 6e - ~ 1 23 72 
161280 sin "' + -+- 

In  the series for e - ~ ,  cp must first be replaced by x+a 
and this developed far enough to include terms in e8. Td 
value of a is thcn substituted, and this introduces terms 
in cp again. These terms are then developed in x and a, 
and the process repertled until all terms m have been 
included. To shorten the work assume 

p=x+A sin 2cp-Bsin 4p+Csin 6cp-D sin 8 ~ .  

Then tho lowest power of e in A is ea; in B is e'; in Cis 8; 
and in D is 8. 

(For tho nermsary reductions see the reduction table, 
p. 88.) 

Substitute for cp in the above series x+a  and we have 

s=x+A sin (2x+2a)-BB sin (4x+4a)+C sin (6x+6u) 

or 

9 = x + A  sin 2% cos % + A  cos 3x sin 2a- B sin 4x.cos 4a 

- D  SUI ( 8 ~ + 8 ~ ) ,  

- B cos 4% sin 4m+ C sin 6x cos 6a + C cos 6% sin 60 
- D sin 8x COS Sa - D cos Sx sin h. 
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Developing the func.tions in n far tinough to  includo all 
terms iri E, we get 

sin 4x-B 4a cos 4x+( ' s in  6x 

+ 17 6n cos 6x - P sin 8x. 

Thest: coeffic.ienls must now be el-aluntad and second 
and third npprosimatkms applied wherever necessary to 
gct. t .h> rc.quire.d txactniss. 
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By a similar procedum, we get 

A (2a-?$)=A [ ( e a + ~ + a .  24 40 
5'' 3 7  sin 2p- (F +E) sin 4v 

+----- 13ee sin 6 ~ -  - (") sins 2p-J 240 3 s  
Olp 

A ( .a-y)=~ [(e~+".g) 12 16 (sin 2x cos 2a 

+ cos Ix sin ?a) - 

1 

1 

13e0 €8 

240 6 +cos 4x sin 4a) f- sin 6x-- sinS 3x , 

A ( . a - y ) = A  [(e2+$+E)(1-?) d 
sin zx 

+ ?a ( e2 + $) cos 2x - ("+E) 34 40, sin 4x 

-4a (E) cos 4x+- sin 6x-- sin3 2x P 
13ee €8 

340 6 

d (. k-- 4 3 Q I ) = ~  [(e2+%+$) sin 2x-- €6 sin3 2x 

-(%+E) sin 4 x - n  5E sin . 2% cos 4% 

A (2. - 4;:) = A  [ (i + $ + g) sin 3x - re - sin3 2x 

3 
5ee 
24 

+(e4+?) sin 3p cos PX- - sin 4x cos 2% 

1 13E E 
240 6 + - -s in6x--  sin3 2x - 

Finally, on developing sin 2q in the above expression, we get 

2 

+ (e4 + 7 )  sin 2x cos 2x + e8 sin 3% cos2 2x 

-- 566 sin 4xcos ~ x - ( E + $ ) s i n ~ x - , 2  5 €6 sin 2% cos Jx 
24 
1 3e6 e 
240 6 1 +- sin 6x-- sinJ2x , 
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( "3) (8 5ea 7 9 3  €8 A 2a- - = -+ -+ .- sin, 2x- - sins 2x 2 12 288 4 
e8 

2 sin 2x cos 2x+ - sin 3x cosz 2x 

13s' €8 - sin 2x cos 4x+ - sin 6x- - sina 2x. 5 2  
24 480 12 

-- 

Reducin this to a series in the sines of multiple arcs 

523e8 
by aid of t f e reduction table on p. 88, we obtain 

A (2. - !$) = (" 2 + 12 + '2) 144 sin 2x+( g+ m) sin 4% 

19e8' 
240 +- sin 6x. 

5e' 78 503t' +kscOs 4x. 48 80 11520 48 B (1 - 8az) = B  (1 - 2e4 sinz 2x) =- + - -- 
4 ~ a  = [(%+E) sin 2cp - - sin 4x 48 5t4 1 

8 
= 4 ~ [ ( 1 +  2 E) 24 sinax+ - 2 sin2x cos 2x - sin 4x1 

35c8 
= (g + igi) sin 3x + - sin 4x. 576 

6Ca=3Cta sin 2x=- sin 2x. 138 
160 

On substituting these values in the original expression, 
we get the approximation 

sin 2x-?? sin 2x 2x 96 
s i n 2 x c o s 4 x + ~ s i n 2 x c o s 6 x  7t8 

c$+ E) sin 4x cos 211 

19c8 (5t' 76 503P)sin 4x +- sin 6x cos 2x- -+--- 240 48 80 11520 

sin 4x cos 4x- (8" 2T+m 377e8) sin 2x cos 4x 58  
48 

576 
138 12378 
160 161280 

_-  

_ -  35c8 sin 4x cos 4x+ 

+ - sin 2x cos 6x - -. sin 8x, 
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or, on reduction and roarrangement, this becomes 

,p-x=(g+g+fi+m sin2x+ 78 -+ 29e6 --- +- Rlla')sin4x 5c '' 13") e 

(48 240 11520 
4279# sin 8x. + c& + 'go) sin 6x + - 161280 

This ap roximation F e e s  with the expression deter- 
mined ~ j y  Eagrangc's wries. 

DEVELOPMENT OF C - X  IN TERMS OF x-THIRD METHOD. 

We can dsvelo p- x in ternis of x Ly a method similar 
to the second niat P iod of developing the same in ternis of cp. 
(See p. 18.1 
Let 

E = Z - ( , , ? + b c + c C t - k 8 + .  . . .). 
2 2  

But 

2 c4 log, tan $=loge tltn 3 - €2 cos p - - cos3 p - - cos6 p 
I 3 5 

€8 -- 7 .  - - .  . . . , cos p 

From the Taylor develo mcnt on p. 19. l ~ y  changing 
the sign of A., and by interc. P ianging 1) and .I, we get 

4 COS' Z 

3 siwq z 
z 2A. 2 cos 2 

2 sin z sinZ a ==log, tan -----hZ- 

4 

By. substituting the value of 1). and by retaining terms to 
the eighth power of c inclusive, we obtain 

z 2  
2 51112 

=log, tan - - 7 (a2 + be4 + tee+ de*) 
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The powers of cos p must now be approximated in terms 
We have of functions of z to include all eighth powers of e. 

Bssumed 

or 
PEZ-SJI.  

COB (~-2A]=cos z cos 2A+sin z sin 2A 
= (1 -2R') cos z+ 2h-- sin z. ( 43 

The approximation does not need to be carried further, 
since powers of B are not required above the sixth, because 
we are approximatin for o2 cos p. 

Substituting the va ue of h, we get 

COS ( z - ~ ~ ) = c o s  p=(1-2dC-40bP) COS Z+ 

(2a2+2Ld+2cr.-- 4a3 8) sin 2, 

3 

COS' p = (1 - 6 ~ ~ 8 )  cos3 2 + 3 (2&+ %e4) sin z COS' z 
+ 12da4 sin; 2 COS Z,  

cos5 p==coe6 z+lO& sin z cos4 z, 

 COS^ P - C O S ~  Z. 

Substituting them vduea in the series for 

loge tan iB 
we get 

log, tan f = log, tan - (2 - 2 a ~ -  4 a ~ )  co8 I 
e 

c 
5 - ( 2 ~ ~ + 2 b P ) s i n z ~ ' 2 - 4 U ~ ~ s i n ~ z ~ z - - c o s "  2 

- 2aE sin .z coe4 2 - - c0sI.z. E 
7 

This series must be identically equal to the series ob- 
tained above by the Taylor development and hence the 
coefficients of similar powers of e must be equal in the 
two series. 
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Equating these coefficients, we get: 

2a 
-7* -COS z, sm z 

2 ~ 4  cos8 3 1 0 ~ 4  C O ~  z 4u8 sin z - - =4ab cos z-2e sin z+- 3 sin‘z 3 sin‘z 3 
+2a3 cos’ z - 2 b  sin z ma z- 4a3 sinz z cos z 

cos’ z - 2a sin z cos‘ z - - . 7 

From these equations in succeasion we obtain the values 
of a, b,  E, and d. 

(For the necessary reductions see the reduction table, 

a = -  sin z COB z=- sin 22, 

p. 88.) 
1 1 
2 4 

b - - s i n z c o s ~ - - - s i n z - ~ z - - s i n 2 ~ - 1 s i n 4 ~ ~  1 7 5 
-2 12 48 96 

1 
2 12 15 E - -  sin 2 COB 2-17 sin 2 -3 e+? sin z d e: 

1 29 7 
24 480 240 

=- sin 22-- sin 42+- sin &, 

4279 *in z -7 z’- 13 811. 42 

4279 sin&. 

,20 sin 22- - 2520 23040 

2240 322560 

-__. 

81 +- sin 6 z - p  
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With these values the series becomes after rearrangement 
the desired approximation 

7d 298 81 It') sin 42 p = z -  -+-+-+- sin22+ -+-+- (g 1"2 360 13") * (48 240 11520 

- ( ( ? c . + - ) s i n 6 z + m  818 427%' sin &; 
120 1120 

or, in terms of y, and x, we get, as before, the approxirna- 
tion 

p-x=(1+5z'+."+- sinax+ 'IC' -+-+- 298 811t8)sin4X 
2 24 12 360 13') (4s 240 11520 

42798 

DEVELOPMENT OF +-x IN TERMS OF x-FOURTH METHOD. 

7 - x  may be developed in terms of x by differentiatino 
the equation of definition considering cp as a function 07 
r* or of h, or by using the more convenient form contain- 
ing p and by considering p as R function of e2 or of 71.. For 
convenience we write the expression in the form 

log. tan2=log,, Z tan E +  ( h + - + - + -  y p ;;) cosp 2 

h' 
448 +- cos 7p. 

Differentiating this expression, considering p as a 
function of h, we get 

[em.. p - ( h + F + ? + E )  4 8 64 sin p - ( F + E + E )  4 16 64 sin 3p 

-(%+a) h3 5h4 sin 5 p - L  sin 7p]$ 

+(-+-) 112 
3h2 hs h? 8o 16 cos 5p+- cos 7 p - 0 ,  
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[cosec p - (  A+ h2 4 +l+ hs 5h4) a sin . p -  (E + 3ha - +- 9") sin 3 p  
4 16 64 

-2[(1+;+7+%) sin p + ( - + -  h 97P +-) 9h3 sin 3p 

+(x+x) 3h2 5hs sin 5p+- hJ sin 

+($+$) cos 5p+- 37b= cos 7p -0 ,  

+cosets p +  h+-+-+-)  h* hS 5h4 sin p 

2 16 16 

16 
+ --t 1 3h +- 1572) cosp+  (1 -+-+- 3h 9h>coa3p 

112 

(2 16 6 8 16 

( 4 8 6 4  
(-+*)sintip 25h' 1%h4 

16 += 64 sin 7p]($)'-a [cosec p cot p 

+(h+;+p+g) cosp+(T+3++s 3h2 9ha 27h4 3p 

- 3 [ ( 1 + ; + 7 + $ )  sin p + ( s + x + x )  h 9h2 9ha sin3p 

+(s+x) 352 5h3 sin ' tip+% h3 sin 7pIdhj  !?P 

-3 I + - + - + -  k 3h2 572) cosy+ (2 2+x+- 27ha 27.h)c0s3p [( 2 8 16 16 
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- f [ ( g f a + ~  '1 M. 1571.2) sin p f  (I g + l + - - )  9: 2i7P sin 311 
16 

3h +(:+?) cos .?p+($+$) cos 5p4-a cos 7 p = O ,  

+ 27h? -e-.+- 81h3 '113h) cos3p+ , (125h3 16 +=) 64 cos s p  ( 4  1 6 + 6 4  

+ 64 cos 71d (2)' - 4 [ cosec p cot p 

) cos 3p 

) sin 3 p  
+4[(1+;+@+@) s i n p + ( , T + T - g + x  '9h sib2 sih3 

8 16 
49hS + (75%' -+- 16 '$?) sin 5 p + X  sin 7p] (dh ,  

cosec p cot2 p+cosecs 
27h3 81h') sill 3p+(Lk7f 135h') sin 5p 

16 +64 + -+-.-+- ("9 16 64 

+64 
3h? , 9hs 27h.' + h + - + - + -  cos y+ -7- +-) cos 3p ( ! iy) ( 4  16 64 
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15h2 25hs 789 a p  a2p +(-ig+x) COS 5 ~ + 3  COS 7~]& a 
-BC(Z+T+x 1 3h 15h) sin . p +  (1 2+ 9; -+- 27h2) sin 3 p  

+(%+=)sin 3h 15ha 

-BC(z+a 1 3h +- 15h*) COS p +  . (,: -+- 37h +=) 81hz COS 3p 

16 

8 

9 3 3 
8 8 + - cos 3 p +  - cos 5p+ 3 cos 7 p  = 0. 

Denoting by brackets the vahies of these derivatives for 
h-0 ,  and remembering that functions of become func- 
tions of z for h=O, we obtain in succession g .v substitution 
and reduction (for the necessary reductions see the reduc- 
tion table, p. 88):  

[ p ]  = 2,. 

1 
2 p$] = -sin z cos z = - - sin 22, 

5 sin 3z+ - 7 sin 42, B]= -2sinzcosz+ sinzcossz- -- 7 
24 3 

~ ~ ] = - 6 s i o z c o s z + 1 7 s i n . c o s ~ z - -  56 sinzcos6z 

7 2o sin 62, 1 29 -- sin 2z+- sin 42-- 
40 

~ ~ ] = - 2 4 s i n ~ c o s ~ + 1 2 0 s i ~ z c - ~ z - ~ s i ~ z c o s k z  5 

81 1 sin 22+- sin 42 13 
15 480 

7 -__  8558 
105 +-- sinzcos 2- 

243 4279 140 sin 62+- 6720 sin &. 
-- 
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But, from ?bf.iaclauren's theorem, we have: 

p = I ' + -  [ ] €2 [""I + - - + - - + - - - +  '4 [""I eR II""] e8 ["'"I . . . . .  
l !  a 2! dh? 3 !  dh.3 4!  dh' 

Substitiitin- the above x-rtlues in this series m d  rearranging, 
we obtain txe npproximntjon sought: 

7e4 298 81 le8 )sin 42 
- + - + - + + -  sin2z+ -+-+- 2 5e' 24 12 " 360 13") . (48 240 11520 

4279t8 -( 120 'c + K) 1120 sill 6 z + m 0  sin 83, 
c 

or, in terms of .cp and x, we obtain, as before, the approxima- 
tion : 

4 2 79'8 + ( -+- lti fico) sin 6x+- 161280 sin 8x- 

DEVELOPMENT OF ( p - x  IN TERMS OF x--FIFTH =OD. 

If we wish t.0 develop 9 - x  in ternis of x, starting with 
the expression : 

cos5 y 2300s~ p 
+ 90 +- 6 

it is more convenient to make the substitution 

sin p 

a d  write it in the form (for the reductions, see table, p. 88.) 

- (I +cos p )  ta.n %+ 1 +-+-+ - ( 8 24 1152 
P P 2 9 7 7  

+(-+-+ h2 11hS -) 7h' sin 4 p + ( s +  ha m) 13h4 sin 5p 

+("+E) 160 84 sin 6 p + m 0  sin 7p+ 896 - sin 8p-0 ,  

24 240 192 
23h' h4 
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We shall now differentiate this expression considering p 
as R function of h or of e2. 

hz h3 29h4 sinp tan 2-t ( I + - + - + -  8 24 1152)cosp 

+ h + - + - + -  cos 2p+ 3hz -+-+-)cos3p 37e 21h4 

'+ --+-+- cos4p+ -+-- 
( 3 :! E) ( 8  16 160 

(6 60 48 48 576 
ha l lhs  7h4) (5h3 65h4) cos 5p 

+c$+g) cos 6p+- 1617~4 5760 'Os 'P'- 112 h4 cos 8 p ] %  

+( hz 13ha) sin 5p+ (3ha *+E  7f) siq 6p+- 33hS sin 7p 
1440 -+- 16 144 

h3 
f 324 sin 8 p  = 0, 

-I-($+:) cos 6p+- ,5760 Mlh4 cos 7p  

+- 7b4 cos 8 p ] 2 +  [ c o s p  tan 2' 2 

-(xi-+) 25hS 395h4 sin 5p-(- 9hJ +-i-> 3h4 siu 6 p  
40 

1127h"- 
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+ ( ~ + ~ ) o o s 5 p + ( ~ . t - j - ) c o s 6 p  5h2 65h3 9hz 2h3 

161h3 +- 1440 
+. -+-+- 1 7h hz sin 2p+ a+-g-+-) sin 3p 

(6 16 2)  
(' 3h 21hz 40 

) sin4p+ (8 -+- 48)sii" 5p 
h 13h2 

23h3 3hZ +c&+$) sin 6p+- 480 sin 7pi-224 sin 8p-0 ,  

+ ( h + ; h ' + E + E ) c o s  2p+(-3+is+m) 312 3h3 21h4 cos 3p 
. 6 48 13 

5h3 65h' + (! -+-+- 'i: it) cos4p+ (4s -+- 576)cm5p 

+rg+i) cos 6p+- 161h' h4 d3P 5760 cos 7P+ 112 '09 a 

- ( m + ~ )  2 7 ~  ish4 cos 6p-- 7889h4 cos 7p 
6760 

z -- cos 8 p ] ( g y + 3  [cos p tan 5 
-(1+s+z+m) hz hs 29h4 sin p - @ + x + x + S )  k 7h3 h4 sin 2 p  

- ( ~ + m  25h3 325h4) sm5p- . r4T -+- 3:) sin6p 

-- 1 1 27h4 sin 7p-n h4 sin 8p] 9 dh &P 
5760 
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+3[(h 4+(+288 hz 29h3) cosp+ ( 1+-+-+- i! 7tJ cos2p 

+(T+x+.w 3h 9~ 2 1 ~  cos 3p+ -+-+-)cos A 1172 7h8 ) (3 20 12 4p 

-(2+j-+x+s 8h 7h2 2h3) sin . 2p- (9: -+-+- 27hz 63h8)sin3p 
16 40 

-(T+T+f ) sin 4p- (T 325h3) 144 sin 5p 
+- 4h llh2 7K 

-c:F -+- 'th3) sin 

+ (3 -+- lo +T)  COS 4P+(-gf3jj-) COS 5P 

+(%+=) 3 21ir sin 3p+(a+K) 11 7h sin 42, 

-E 7 sin 8 p ] ( ~ ~ + 3 [ ( ~ + ~ + ~ ) c o s  p 

1 11h 7h2 5h 65ha 

+(;iii+si-> 9A 6h2 cos 6 p + s  cos 7p 

+e cos 8p]$+(J+w) 1 29h sin p+($+h) sin 2p 
28 

+(sf-%) 1 13h sin 5 p + ( % + ~ )  3 2h sin 6 p + g  sin 71, 

+ c2 sin 8p = 0, 
376 

; ( A* h3 29h4) s i n p  tan-+ 1+-+-+- 8 24 1152 
3ha 3A3 2iA' ( i! E) ( 8  16 160 +(: +-+- l lh8 7h4) cos.4p+ (5h. -+- 65h4) cos5p 

60 48 40 576 
+(a+n) 3hs h4 COS 6p+- COS 7 p + m  COS 8p] ah4 

+[ - c m p  tan %+ ( 

+ h+-+-+- coa2p+ -+-+- 

l6lh' h4 el! 
ti ::E)sinp 

5760 

1+-+-+- 
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t@+T+x+T) 4Az 7h3 2h4 sin 2p 

55223h4 +- 5760 

hz 7ha h4) . (011. 9ha 63h') sin 3 p  -(2s+%+g+a sin 2p-  -+ 8 -+- 16 160 

-(x+T+x 2ha llhs 7h') sin4p- . ("5: 4+- 325h4) sin 5p 576 -c$+y) sin 6p-- l127h4 sin 7p 
5760 

-E 14 sin sp] * dh *+4[(:+:+%) dh3 cos p 

+(1+;+$+;) cos 

+c$+F> cos 6p+,,,0 161hS cos 7p 

3- (t +-+- 1:; 'ha) c o s 4 p f  (5hz -+- 65A") cos5p  
12 16 144 

78897~~ -(x+~> Slh* 72h cos 6p--- 
1440 7 p  



50 IJ. 8. C%lAE!l' AND OEODEmC SURVEY. 

27Aa 27ha 18976' 8hz 44h8 7h4 
- (T + +m)cos 32, - (T + 15 + T )  COB 4p 

(2;: lp) cos 6 p  cos5p- -+- 
-- 7889h4 5760 cos 7p-* 7 cos 8% (gy 2 

c o s p t m 2 -  1+-+-+- """) sin p ( 24 1152 

-(f+T+z 2h* 1172 7h4) sin4p- (25ha -+- 325h4) sin 52, 

-r$+y) sin 6p- -  sin 7 p  

48 576 

-E sin S p ]  (3) '+12[-(i+F+?E)sinp 
14 ah2 4 8 288 -(2+x+x+T) 276 7ha 2h3 sin 2 p - ( T + m + X  9A 27h2 63h3) sin 3 p  

-(x+T+T 4h l l h 2  7h3 

- ( m + ~ )  27h3 l2ha sin 6p--  '::if sin 7 p  

--sin 2~ 8p  1 q a 2 p  a 2 + 6  [(i -+-+- n 29"") 
7 4 4 96 'OSp 

4- -+ +hZ Cos??p+ - f - + ~ ) c o S 3 p  3 9h 63h3 (i 4 ) (4 8 

- - -  (25h+ 325h2) sin 5 p  - (- 27h + 36h2 7) Sh6P 

-- 1 127ha sin 7p - 
8 48 20 

sin 8.1 @y 480 
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+(8+ 9 63h =) cos 3p+(n+T) 11 7h cos 4p 

+(g+ 5 65h 24) cos 5p+(a+ 9 12h 7) cos 6p 

3h 

' +% 21 sin 3p+g  7 sin 4p+- 13 sin 5p+7 2 sin 6 p  
24 

23 3 
240 112 f- sin 7p-t - sin 8p-0. 

Evaluating these derivatives for h = 0 remembering that 
functions of become functions of z {OF k=O, we get by 
sucmssivc au h titution and reduction (for the necessary 
reductions see the reduction table, p. 88) : 

7 
3 12 sin 22 + - 7 sin 42, r2]= -2ssinzwz+- sinzcosaz- -- 24 r&]= - 6  sin z cos z+17 sin z cos3 z- -  56 sin z cos5 z 

39 7 
2 20 

5 
- - -- sin 2 2 + a  sin 42-- sin 62, ra]= -24 sin z cos z+ 120 sin z coss 2-889 sin .=.Cos' 

105 

5 
+'558 sin 2 -7 z _. - I  

81 1 4279 
15 480 140 6720 

= -- l3 sin 22+- sin 42.-% sin 6z+--. sin 62. 

When these values tm substituted in the Maclaurin devel- 
o ment (see p. 46) and rearranged, we obtain, as before, 
t % e desired approximation: 

(" 5c' ea 138) . ( 78 29e6 81 1 8 )  sin 42 a = p +  -+-+-+- sin22- -+-+-- 2 21 12 360 48 240 11520 
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or, in tcrms of cp and x ,  the approximat-ion: 

).. 4x 
q-X=G+g+$+m 138) sin2X+ (7" -+ 29E --+- 8118 

48 240 11520 
+(E+=)& 6x+- 4379t8 sin 8x. 

120 1120, 161280 
DEVELOPXENT OF (p-x IN TERMS OF x-SmTE METHOD. 

cp-x call be developed in terms of x direct1 from the 
equation of definition by the application of Eagrange's 
theorem. Let us take the form: 

log,tan$=log,tan--e~cos 2 p - 3  c m a p - -  E cmsp 
2 5 

€8 

7 
-- -7 p -  . . . . 

2 =log, tan 
In this expression, let 

P 
2 
2 y =log. tan 2' 

and it becomes: 
t 4  8 €8 

3 5 7 c o s 7 p - - - *  X - t J - 2  COS p-- cos3 p-- c o ~ P p -  

The series in €2 is a function of x,  since p is a function of x. 
We might replace. cos p by its value in terms of t, but this 
is not necessary. The problem in hand is to develop the 
function 2 ten-' e.* in terms of y or in terms of z through 
f.Li-  functional relation between y and 2. By-Lagrange's 
the0T-q since the series in ea is a small quantity, the de- 
VelOPmel~t- may be expressed in general terms as follows: 

... 
in whichf (t) denotes the function of z to be develo d 
and g ( ) denotes the series in 2 wit,h 2 replacing p. & 
prime d enotcs difFerentintion with respect to y. 

2 
2 2  

2 tan 3 2er =2 sin - cos z=sin 2. f ( Y ) - i q y 5 -  880'9 2 2 
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Retaining all powers of c up to the eighth iiiclusive, we 
get: 

€4 €0 

5 g (y) = - (. cos z + 8 W S J  z + - cos6 z + f cos7 2 )  

9 8 dain z co8 z - t s  sin z cos'z+g sinzcossz 
Q 
7 +- sin z cos7 2 

238 b(y>p f (y> =E' sin z cos2 z + 7 sin z cm4 z + 45 sin zcoB'z 

[g(y)p= -8 coss 2-8 cos5 2, 

[s(y)18..f' (y) = - d sin z coss z - c8 sin z c o s 6  2, 

[g(y)]' = €8 cos' 2, 

[S(y)pf (y) = t? sin z cos4 z. 

To differentiate these expressions with respect to y we 
may differentiate with respect to z and multiply by - or 
sin 2, since f (y) is equal to 2. For successive differen- 
tiations, we differentiate with respect to z and multiply by 
sin z ;  then differentiate with respect to z again and multiply 
by sin z again, and so on for the remainin differentiations. 

With, this understanding, we get by diierentiation and 
reduction : 

t 
a!/ 
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a 2  -{[g(y)]*f (y)} = -e6 sin z cos5 z+4P sins z c a s  z 

+ 96' sins z coss z - 6ee sins. z cos z - h sin z COB' z 
+ 68 sinS z cos5 z + 158 sin' z cos5 z - 208 sins z cos' z 
= - 68ain z w z  + (258 - 208)ain z coss z- (208 - 618) 
sin z ma5 z - 42e8 sin z cos7 2, 

d?t  

--(b(y)rf as (y)}-~8sinzcos7z-6Psinsz codz 
dy3 - 518 sins z casz + 688 sin5 z cos% + 60E sins z coss z 

- 248 ain7z coe z = - 248 sin z COB z + 2008 sin z coss z 
- 3858 sin z c0s5z + 2 108 sin z cos7 z. 

Substituting these values in Lagrange's development, we 

p -- z - ez sin z cos z - - sinzcos~z - - sin z cos5 z - $ sin z c o s 7  z 
get 

t 4  E 
3 5 

-Csinzcos z+ c l  --- y)  sin z c a s  a 

5 8  238 + --- ( 1 5 ) s i n z o o s 5 z + ~ s i n z ~ 7 z - ~ s i n e c o s z  90 
sin 2 toss 2- cy --- 'i') sin z cos5 z 

-78  sin z -7 2 - 8  sin z co8 z+y sin z COS) z 

-- 3856 sin z cos~ z +39 sin z cos7 a.  
24 

By collecting like terms, this becornea 

p = z - (8 + 8 + 8+ a) sin z COB z + 

Substituting the reductions from the tablemon page 88 
and rearranging, we obtain the desired approxlmation 

-+-+-+- 5 d  P 138) sin . 2z+ (7" 4&240+11520 298 8118)sin42 
2 24 12 360 -(%+:si) sin 62+- 42798 sin 82. 

161280 
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In terms of q and x this becomes, as before, the approxi- 
mation 

d 58  P 138 
2 24 12 360. (p - x = (- + - + - + - )sin 2x + 

818 427969 (E+-) 120 1120 sin 6 x + m  sin 8x. 

DEVELOPMENT OF (p-x IN TERMS OF x-SEVENTH METHOD. 

9- x can be developed in terms of x by the ap lication 
pf Arbogast's rule (see p. 28). Tht! function to be $ eveloped 
in this case is 

z h  h2 2 p = 2  tan-' exp* 2 I !  cos P-g 3 cos= P 

-fi ha 6 cmti p-a h4 24 cos' p -  - - . . )=A ,+A,  h 

(For the necessary reductions in the following work con- 
sult the table on p. 88.) 

but 
Z ao=loge tan 2' 
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or 
a2 =sin 2; 

hence 

f (a,) =sin 2, 

a2 f ( a J = c o s z  --=sinzcosg da, 
a2 f” (a,) =cos 22 --sin z cos 22, 

h 0  

a2 f’ bo) = (COB z coo 22-2 sin z sin 22) - 
h 0  

=sin z cos z cos 22 - 1 sin2 z sin 22. 
Also 

a,= -cos p ,  
2 a, = - cosJ p ,  
6 a,= -- cos6 p ,  5 
24 
7 a,- - - cos7 P- 

The A’s could now be computed, but they would con- 
tain a combination of functions of z and of $1, since the 
a’s are functions of 2). 

It is necessary, then, to approximate these functions 
in terms of z. a, must include terms in ce or h3; 4, in ha; 
and a,, terms in h. a, needs only to have p replaced by 2. 
In order to obtain this approximation we must develop the 
tunc tion 

hZ h3 

-Ti 5 . ‘2! 331 cos5 p - .  . . ) ]=A,+A,  + ,+A - + A  -.+ ---. . .  ha 6 

We have now 
2 %=loge tan 3’ 



LATITUDE DEVELOPB€ENTB. 57 

f(%) =cos 2, 
dz f'(4)- - i n  z -= - s i n 2  2, da, 

dz 
f 2  (4) = -sin 22 - = -sin z sin 22, da, 

az f~(~)=(-CosZsin22-2Sinzcos22)  - da, 
= -sin z COS z sin 22-2 sinz z cos 22. 

Also 
(L1= --COS p ,  

-- ; cossp. 

"heredore 

A,=- 2. 

A, =sin* z COS p ,  

A,= (sin z sin 22 cosz p + b  sin' z)  cosa p ,  2 

A,=(& z 008 z sin 22+2 sinz z COS 22) COS' p 
6 
5 - 2  sin e sin 22 cos4 p + -  sin2 z cossp. 

By substituting these vduea, we obtain 

s i n ~ 2 c o s p + ~ ( - s i n 2 s i n 2 2 c o s ~ p  hz cos.p=cos 2+fl  
2 ha +% sin* z c d  p )  +% [(sin z COS e sin 22 

+2  sin* ;z cos 22) cosa 8 - 2  sin z sin 22 cos4 p 
6 +z sin, 2 C O B S  p] .  

As an approximation with the first power of 5, we get 
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Substituting this in the above expression for OOB P 
and retaining the second powers of h, we get 

cosp=cos z + h  sin2 z cos z+Ksin4 z cosz 

+: (-sin z sin 22 cos2 z+: sin’ z cos’ 2). 

approximation in the expression 
all third powera of h, we get the 

cos p = cos z + k sin’ z cos z + h2 sin4 z COS z + hs sine z cos 2 

ha 2 
2 
h’ 

hZ 
3 
hS 
6 

+r ( - s in3zs in2zcos~z+~  sin4zcoesz) 

+ B  (-sin z sin 22 coszz)+hs (-sins z sin 22 cog’z) 

+- sin2 z coss z+ha sin4 z coss z 

+- (sin z cos4 z sin 2z+2 sinz z coss z cos 22 

- 2 sin z cos4 z sin 22 + 5 sinz z cos’ z) ,  6 

or 
8 5 p-cos z + h  sin2 z cos z+K (COS z - ~  cos3 2+3 m6 z)  

36 16 
5 5 +hs (COS 2-5 COS3Z+- COS5 2 - -  COS7 Z ) ,  

p = c o s S  z+3h sin’z coss z+hz (6 coss 2-14 cog5 z 
+ 8  cos7 z) ,  

cos5 p = cos5 z t 5h sin2 z cos5 2, 
0 0 8 7  p=cos’z .  

If these values are substituted in the expressions for 
the a.’s on page 56, we get 
a,= -[cos z+hsinZzcosz+K - 

36 
5 COS 2 - 5  C O S ~ Z + -  cos5 

2 
3 a,= -- [cos” z+3hsin2 z coss z+hz  (6 cos3 2-14 cos5 z 

+8 cos7 211, 
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us= -E (cos6 z+5h sin2 z cos5 z) ,  

24 a,= -7 cos7 z. 

With fhese values and the values of the derivatives of 
f (a,) on age 56, we get by retaining all requisite powers of 
h the fol r owing approximations 

A, = L, 
A,- - [ s inzcosz+71 , s in~zdosz+k~  (sinzcosz 

5 -- sin z cos3 z + - sin z cos5 2 )  + hs (sin z cos z 
3 3 

36 
5 

A, =sin z cos3 z + 2h sin3 z cos3 z + 11,: (3 sin z cos3 z 

- 5 sin z cos3z+ - sin z cos5 z -  sin 2: cos7 211, 

22 13 2 
3 3 3 -- sin z cos5 z +- sin z cos7 z )  - - [sin z cos' z 

+3h sins z coss z+hz (6 sin z cos3 2-14 sin z cod5 z 
+ 8 sin z cos7 211, 

A3= - (sin z cos3 z cos 32 +3h sin3 z cos3 z cos 22) 

+ 2 (sin e cos52 + 4h sin3 z cos5 z )  - 
+ 5h sinS z coss z) ,  

6 
5 (sin z cos5 z 

A, =sin z cos5 z cos 22 - 2 sinZ z cos' z sin 22 
24 4 
5 3 - 4  sinzcos5zcos2z+- s inzcos7z+-s inzcos~z  

- 24 -- sin z cos7 2. 
7 

Substituting these values and-reducing by use of the table 
on p. Y8, we get the approximation 

sin z cos 2 +A.  sin z cos z - 7i.sinz cos3 z 

) s 5 
3 3 

+ h.2 ( sin z cos z - sin z cos3 r + ;; sin z cos5 z 
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-- l6 sin 2 cos7 z)]+$ [i sin z c o s ~  z - ~  (sin z cos32 

1 

5 

-2  sin z cos5 z+sin z cos7 z)]+h3;;[ sin z cos3 z 

-- 5sinzcos5z+A (3sinzcos3z-7sinzcos3z 6 

74 ] ;( 105 +4  sinz cos7 z )  + - -sin z coss z+- sin z cos7 z 

Rearranging this in powers of W or t2, we get 

p = z - 8 sin z cos z + €4 -sin z cos z+ - sin z coss z 7 ( 6 

+ea -sinzcosz+ysinzcossz-2gsinz 15 cos52 

+#(-sin z cos z + 5 sin z cos3 z - - sin z cos6 z 889 
120 

( 

+4g sin z cos7 z ) 
Making the reductions by tis8 of the table on p. 88 and 

rearranging, wo get the approximation 
p=z-(r+--+-+- e* 5e' e" 138) sin . 22+ (-7" -+- 29ee +---;-)sin42 8118 

I 2 4  12 360 48 240 11520 

- (K + "*) sin 62 + -- sin 82. 4279~" 
120 1120 161280 

In terms of cp and x this becomes; as before, the approxi- 
mation sought 

-+-+-+- 5e4 ea 138) sin2x+ . (7" -+--+- 298 811P)Jin4x 
2 24 12 360 4 8  240 11520 

DEVELOPMENT OF 9-9 IN TERMS OF p F m S T  METHOD. 

In  the equation of definition of authalic latitude (see 
p. 121, if the fractional part is' divided out up to and includ- 
ing the tcrm in e", we get 
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Now let 

then 
sin @=a sin (p, 

If 
b b bZ 6 8  6 4  

¶'2-b-2 4 8 16 
--+-+-+-+ * .  . . 

we get, as in former developmenta (see p. 13): 

(p-@=qsin2(p-f'sin 4(p+-sin n" 6 ~ -  - - - -  

-(E5 -2 (pa+- sin2 (p c o s 2  (p+- sin4 (p cos' (p)+ - - - - - 
or arranged in powers of cosz (p, this becomes 

2 3 
Now 

3 
5 cos2 (p-(& cos2 (p+- sin2 (p cos2 29 

3 
a=1-- 

6 4 
35 7 

2* 34p 766d3 cos2 (p+ 3d -+- 468 -4 (p 

a=l -(T+-+- 45 945 ) (5f 35) 

d 68d 15329 c o S Z ( p +  (74d -+- 34368) -+-+- 3 45 945 aa=1-(" 45 945 co94 (p 

-- 68c6 cos? (p 

(I -aa) tsn' (p = (- +- + -) sins (p 

35 
49 688 15328 
\3 45 945 
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or, when arranged in powers of cos2 Q, 

,166 544~’ (3: 1 1 ~ ~ ’ ’ )  

135 

[ ( l -d)  tan2 c p y = ~ + -  - -+- 135 

648 64E c-2 cp+- 64E c-4 cp-- 64ee c-8 
9 27 [(l -a’) t a d  py=--- 27 9 

4P 388) (2i3 :i4 -+-+- + -+- 

(- 76 +-) 408 cos4 cp+945 648 cme cp, 

(“3 4c‘ 38E) ( g4 42) 

348 
945 

1 
[1+ (1 -a2) tan2p]4 3 45 945 

+’E) 31 5 coszp- 45 189 

a .  - = I -  - + - 4 -  - -+- cos2cp 
[1+ (1 -d) tsnlcplt 3 45 945 15 63 

+- cos4 cp. 

Theref ore 

34ee 
945 COS’ (p-- cos4 p. 

But to the approximation required, we have 

cp-p=(%+:+g)sin2 cp-( i+g)s in4  cp+-sin6cp. bs 
24 

4s‘ 168 4e‘ 
9 135 45 P=-+-+- cos’ cp, 

ha=--.  a 8  
27 
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or, finally, on reduction (for reductions, see table p. 88) 
we get the approximation 

+-- 383e0 sin 6 (p. 45360 

DEVELOPMENT OF C-8 IN TERMS OF tp4BCOND METHOD 

The expansion of B in terms of cp can be carried through 

Set e* = h and the equation for sin B becomes (see p. 60) 

in a somewhat shorter way by the following method: 

cosap+-sinacpcosacp)p 3 
5 

1 - .  . . . 

Differentiating this expression, considering p as a func- 
tion of h, we get in succession 

6 
5 cos' cp- '14 cos3 p+- sin' cp cos2 

=sin p [ - (g cos2 p+- 5 sin'qcos2q) 

12 1s 
35 7 

(45 

Cosa cp+ - sin2 cp cos2 p+- sin4 cp cos' cp 

ab 2 av G -sin p (a) +cos 0 
36 24 
35 -(E cos2 tp+ - sins v cos3 cp+ 7 sin' p cos2 

-cos p ( 3 - 3  sin B ab av a + c o s  p a30 - 
aha 

36 24 sin cp c o s 2  p-- sins cp cos' cp-7 sins cp cos' cp. 
128 
3 15 35 

-- 

These expressions must now be evaluated for h = 0. 
(For the necessary reductions see the reduction table, 

p. 88.) 
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Denoting the value for 8-0  by brackets we get 

[81= P, 

664 1533 
945 945 2s sin p cos y, - - sins cp cos p-- sin6 p cos (p 

61 383 sin 2 (p+- sin 4 (p-7m sin 6 p. 
177 
280 210 

- -- 
By Maclaurin's series we have, on replacing 7s by 8, 

By substituting the values in this expansion we obtain the 
desired approximat.ion 

3 it' 17e4 . 
180 360 sin 4p-- !ti sin 2p Ig=p-%sin d Pp-- sin %.p+-.- 

or, as before, we obtain the approximation 

v-~-("+-+-) 31k 59C sin2p- (m+mo)sin 178 618 40  3 180 560 

DEVELOPMENT OF (p--8 IN TERXS OF (p--THwD METHOD. 

We can develop the authalic latitude in terms of (p by a 
method similar to that used for the isome&ic latitude on 
Page 18. 

sin (y,+h) -sin p cos 8+cm (p sin 8. 
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If we assume 
h=ad+bC+cee+ * - - - , 

and if we wish to carry the a proximation-only far enough 
to include the sixth powers 

After substitution of the .value of h we obtain the ap- 
proximation 

- F ) C O s r .  a8e8 

Now, letting 

we get 
f l=p+h=(p+a t '+bd+cP+.  . . ., 

If the equation of definition of authalic latitude is re- 
duced to the form approximated to ea, inclusive, 

3P 34e4 7668 cosl (p 

sin 8-sin (p [I - ( y + T + a  ) 
t ("5" -+- 4~;)aoe'r--cos'p 4ee 7 1 I 

we may equate the coefficients of like powem of e in the two 
series, since the two series must be identically equal. In 
this way we may obtain equations for the determinations 
of the values of a, 6 ,  and e. 

2 u c ~ s ( p = - - s i n p ~ ~ ( p ,  3 

-3 sin cp+ b cos p= - d' . 34 3 sin (p cos' p+ -skip cos' (p, 5 
aa 766 

945 -absin(p+ cwp-g cos cp= -- sin p c d c p  

46 4 
35 7 +- sin (p 008' p-- sin (p cose yp* 
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F'rom these equations we obtain :.ho values (for the 
necessary reductions so8 the reduction tal!a, p. 8s). 

3 .  1 .  a=-,-sin cpc&g=----s1n2 Q, 3 3 
17 

360 31 sin'~q+--sin4cp, 8 17 . b =  s i n ~ ~ ~ + - s i n ~ c o s ~ ~ = - -  15 45 180 
86 1864 . 766 
189 2835 3833 c = - -sin Q cos Q+- sin Q cos3 9-:---.; sin Q coss 9 

383 sin 61pp 59 61 = -- 560 sin ?Q+-- sin 4 Q---- 
1260 45360 

Whcn t h s c  values arc substituted and rearranged we get, 
as before, thc approsirnation 

31e' 59r') . ( 1 7 ~ ~  6 1 ~ " )  -+-+- sinBv- -+T.T s i n 4 ~  3 180 560 360 1-60 

+4si sin 6 Q. 

DEVELOPMENT OF r-8 IN TERMS OF -FOURTH METEOD. 

The dcvelopment of Q - B in terms of 13 can first be made 
by thc third, fourth, or fifth method (we pp. 72-79), and 
thm this ex rcssion may bc changed into t e r m  of Q by 
La range's t R eorem. 

b o  are given the approximation 

~ , r - G + ~ + ~ 1 7 E )  31e4 sin 2 p--(3m+3-)sin 23e4 2516 i B 
80 5040 7 80 

- 761ee sin 6 8. 
45360 

By Lagrange's theorem we have 

g ((0)- -(f+32+517p)sin 2q-(-+-)sin 238 251P 4p 3 180 5040 360 3780 
-- 761e' sin 69. 

45360. 
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By squaring this expression: we get 

and by cubing it we obtain 

Differentiating and reducing by the table on p. 88, we get 

(q)p=c++6g)  sin 20 cos 2p+--- 23P cos 2psin 4Q 
& 270 

23re 
135 .+-sin 2p cos 4p 

23 ea 
180 sin 4Q+- sin 6p, . =-- 

540 

Substituting these values in Lagrange’s series, we get 
the approximation 

- 76 1 e8 sin 69-----. 23ee sin ~p+(:+~:) sin 4Q 
45360 1080 970 
93ee e8 €6 

360 54 18 +> sin 0p-k- sin 2p-- sin 6p. 

By collecting and retmanging we get, as before, the 
approximation 

+E sin 6 p. 15360 
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DEVELOPXENT OF 9-8 IN TERMS OF I~--.FIFTH METHOD. 

cp-8 can be developed in tcrms of p by hbogast’s rule 
In this case the function to l e  developed is (see p. 28). 

762 h2 ‘14 fi  =sin-’ sin cp - - - sin cp cos2 cp - - -- sin tp cosi cp [ 1!3 Y !  (45 

In this function we have 

or 

f (a,) =v, 
av f (a,) =&-=sec  (P, 

acp f (a,) =sec (p tan (p -=sed cp tan p, 

f” (4,) =(2 secz cp tan2 tp+sec’ cp) -- -2 sec.3 cp tan’ (P 

da, a9 
da, 

+sed Q, 
2 -- sin cp COS~ (o, 

6 
5 
36 24 
35 7 

l4 sin cp cos2 cp - - sins cp m a  cp, 45 

12* sin cp cos2 cp - - sin’ cp cos’ cp-- sin6 cp -2 9. 315 

a2= -- 

al)= -- 
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Substitutin these values in the expressions for the A's 
and reducing f y aid of the table on page 88, we get 

A o = p ,  
1 AI= -2 sin (p cos (p= -3 sin 2(p, 

AI= - sin' (p cos (p-- sin (p cos (p-- sins (p cos (p 

16 34 
45 

3 
4 14 6 
9 45 5 

= - sin q7 008 (p+- sin (p COSJ Q 

31 17 - -m sin 2(p+wO sin 4(p, 

8 AI= - 8 sina (p (p (2 sec3 (p tan2 (p-i-sed (p) 

14 +2 sin (p cos' p(z, sin (p c o B 2  (p 

36 24 

8 28 sins(pcoe (p--sin* (pcos (p+-sin'(pcos (p 27 45 

+- eins (p cos (p-3T5 sin (p cos (p-- sin' ( 0 ~ 0 8  (p 

16 
27 
12 128 36 
5 35 

s -- 

-- 
664 sin# (p cos (p - 1532 sins (p 008 (p 315sh(p- '-945 945 

128 

177 61 

E -- 
I-- 280 sin 2 ( p + ~ ~  sin 4(p-% sin 6(p. 

7560 

Substituting these values for the A's in the development 
, we get, after rearrangement, the and re lacing h b 

desired. 
value o \ tained by t c2 other methods as the approximation 
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DEVELOPMEIPT'OP (F-8 IN TERMS OF 8-FIRST METHOD. 

U. 8. COAST AND QEODETIC SURVEY. 

This quantity can now be expressed in terms of 8 by 
In t h  the application of Lagrange's aerie8 (see page 32). 

C8SB 

LSquaring this and reducing by aid of the table on page 
88, we get 

also by cubing and reducing 

€ 6  E 
[ I ( ~ ) ] ~ = ~  sin 29-- 108 sin 6p. 

sin 6Bi 17C 

a= d - [f(p)p= -: sin 2 8 + 3  sin 68. dgs 

Substituting these values in Lagrange's series, wo obtain 
the approximation 

p-8=(g+m+sm t2 31k 598) sin . 28- (17C - +-)sin 618 48 

+ 4 m  sin 68+= 1080 sin 2 8 + 6 + g )  sin 41p 

360 1260 

P P 
360 54 18 

-- 17Esin 6B-- sin 28+- sin 68, 

or, after collecting similar terms, the approximation 

sin 2fl+(z3$+22t!) sin 48 
360 3780 

76i P 
45360 +---. sin 66. 
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DEVELOPMENT OF p-B I14 TERMS OF &SECOND METHOD. 

In  the series for v -. B in terms of Y, (see p. 69), let cp = p+ 2. 
Then 

3S3@ sin (6/3+62), -(17e4 ~ 61E) 

or 

P - B = ( ~ + = + = )  3 180 560 (sin 28 cos 2r+cos 28sin 22) 

360 1260 sin ( 4 B + 4 2 ) + m 0  

- &+ g) (sin 48 cos 42 +cos 48 sin 42) 

+ 3839 
45360 (sin 6s cos 62 +cos 60 sin 6z), 

or, including all terms in €6, 

sin Sg. 17P 

But 

z= 3 -+-+- 31e' 598) sm2v- . (17C -+--)sin+ 61E 
(3 180 560 360 1260 

+- 383p sin 6cp. 45360 

Substituting this value and retaining all sixth powers of 
e, we get 

28 
27 sin 2 p - -  sin3 20 

17e6 
540 sin 2cp cos 38 - - sin 48 cos 38 + -+- -+- 

270 

(8 31e4)(y 3;;) 
3 180 

17@sin33cos4/3+---- 383P sin6p. - (.$; + so) sin 40 - - 45360 

To the required approximation we get 

B i n  2tp-sin 2 g + E  sin 28 cos 28. 3 
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Substituting this value, we get the approximation 

178 61ee -- 17fesin 48 cos 2/3-(m+m0) sin 48 
540 

Reduced to sines of multiple arcs (see reduction table, 
p. 88), this becomes the desired approximation 

This result agrees with that already obtained. 

DEVELOPMENT OF (p-p IN TERMS OF 6 T H I R D  METHOD. 

(p- /3 can be developed in terms of 8 by B method similar 
to the third method of developing the same in terms of 

38  468 48 -( -g- +=) sin (p co8' cp+ - sin cp cose (p' 7 

Assume 
(p=fi-h=fi-a$-&&-C&-. . . ., 

then 

or approximately 

sin q-sin (8-h) =sin B COB 76-cos 8 sin h, 

sin (p-(l-F) sin b- (h - ; )  cos g 
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00s cp = cos (8 - A) = cos 8 cos A + sin /3 sin A, 
or approximately 

73 

No powers of c beyond the fourth are needed in this 
approximation. 

cos2 cp = c o 8 2  B $2eZa sin B cos 8 + €4 (a2 sin' B + 2b sin B cos 8 - uz cos2 L?), 

sin cp cos2 cp = sin 8 cosz 8 + d (2a sin2 8 cos 8 - a cos' 8) 
7a2 
2 +(c4(a~ins8+2bsin2Bcos~---.sin B c o s Z f i  

- b  cos' 8), 

sin p cos' cp =sin #? cos' 8 + cz (4a sin2 8 cos3 p- a cod j), 

sin (p cos8 cp=sin 8 

for sin cp, we get 

2 9  

8. 
Substituting these approximations in the expression 

2a 

4b 
sincp=sin B+Tsinflcos2B+t? toes#? 

+G 34 sin 8 cos2 8)+ €8 (2;: sin? 8+ 

- 7d _- sin 8 cos~  8 - 2 cos~  p +% sin2 8 CoB 8 

sin2 8 co8 /3 

3 3 

4 
7 +- sin B cos6 8. 

But this series in a must be identically equal to the 
series already determined in the form 
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Equating the coefficienb of like powers of e, we et the 
equations 

2 - a m  p=-s inBmzB,  3 

-- sin 0-6 cos 8=e Bin2 a' 2a 
2 3 3 

45 

, cos 8-- CoBs 6 
+-sin 34 @ ~ o s a p - ~ s i n B c o s ~ 8 ,  3 

-- 7a' sin 0 cos* 6 -3 c o s ~  6 +% sin2 8 cos 6 

- a ~ s i n ~ - c c o s ~ + - - c o s ~ = - s s i n ~ ~ + ~ s i n ' ~ m ~  aS 2aS 
6 3 

3 3 

3a 46 4 
5 35 7 +- cod 8-- sin 8 cod b+- sin j3 cuse 8- 

From these equations by successive substitutions and 
reductions (see reduction table, p. 88) we. derive the 
valuc9 of a, 6, and c. 

1 
3 sin 8 00s B- -- sin 2g, 2 

3 
a=  -- 

761 sin 66- 351 sin 28-3786 sin 4p-- 517 
5040 45360 

= -- 

By substit8uting these values and rearranging we get, 
as before, the desmd approximation 

. (238 2518)sin48 
-+- 360 3780 
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DEVELOPMENT. OF p-8 IN TERMS OF fi-FOURTH METHOD. 
The diffeiencc htween the geodetic Iatitudc? and. the 

autbelic latitude can bo developed by direct differentie 
tion. Let 11s write the approximate c uation of definition 
in tho form (for the reductions, see talle p. 88) 

41 25ih -- 3hz cos 7p] G-(- +- ) sin cp 
16 dh 180 504- 
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- (E 11 +so)sin 797b . 3p +(&+%)sin 5tp - 3h sin 79  = 0, 

h 

360 3024 

h 41h2 251P 

80 

16 6 180 1008 
-(2+ 3 11h -g-+m) 71h2 sin 3 p + c $ + 3 g )  sin 5 9  

-22sin7p]($$ + 3 [ - ( ~ + 3 ~ ) m p  41 251h 

-- 49" 7p] ($J - 3 [ - (L +41;h +25111f) sin 

16 

-? co8 7p] dh G~0-251 504s ina--  :& sin 3p 

+- sin 5p-a  sin 7p-0. 63 3 .  
280 

Denoting by brackets the value of the derivatives for 
8-0, and remembering that all functions of p become 
functions of B for h=O, we obtain by successive substitu- 
tions and reductions (for the reductions see the reduction 
table, p. 88). 
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46 31 23 E$]= -& sin cos B + a s i n  B cos3 B = -sin 28 +-sin 48, 90 180 " 

761 sin SB. 
25 1 

8 4 0  630 7560 
= 517 sin 2 ~ + -  sin 4~+-  

By Maclaurin's theorem, wo have 

-. 
By substituting the above values in this scries and mar- 

ranging we obtain, as before, the approximation 

ea 31C' 5 1 7 ~ ~ )  (23C 3 5 1 ~ ~ )  sin 4e V-8= --+--+-- sin2B+ -+- (3 180 5040 360 3700 

+- 761d sin 6g. 45360 

DEVELOPMENT OF p j ¶  IN TERMS OF /%-FIFTH IETHCD. 

By Lagran 's thcorem v-3 can be expressed in terms 
of B directly r rom the equation of defhiiion. Let us take 
the equation in the form 

z=y+(T+*-+--- 2eZ 34c4 766ro) s inpcos~p-r$+~S)s in  Ioos4p 
45 945 

4 re 
7 +- sin cp mm cp, 

in which z =sin cp and =sin 8. 
The series in e2 is n, function of z through the functional 

relation between cp and x. We could wbstitute for the 
func.tions of p their values in terms of x, but this is not 
n o c e s s q .  

We wish to clevelo the function sin-% in terms of y or in 
terms of 6 through t e functional relation between y and 8. 
Since the series in rz is a small quantit , Lagrange's series 
may bo expressed in general t.erms in t E e form . 
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in which (z) represent-s the function of x to be developed, 
and 9 (y If reprciscmts tlic scrim in (1 with cp replaced by 8. 
The prime denotes differentiation with respect to y. 
But 

f (y) = sin-'y, 

-mc8. 1 
.f (Y) = ( m i = K b -  

Retsiiiing all powen of c up to the sixth, inclusive, we get 

'3e' 46C 4 to -(3-+3c) sin fi  -3 8+- 7 sin B cos5 8, 

88 
27 b(v;T==- sinS8 coso 8, 

[g(y)13f (y> =E sin3 0 cos6 8. 

To differentiate these expressions with respect to  y, we 
a8 
&j merely daerentiate with respect to 8 and multiply by 

But b = j  (y); so that $=f (y) =sec 8. 

wit; Y 1 rcspct to 
for the remaining differentiatioIis. 

For succcssire diffe entiations we differentiate with 

and multiply again by sec 0, and so on 
res .ct to /3 and multip f y bg scc 8, then differentiate agaifi 
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With this understanding, wc get 

- r[ 'z) sin3 8 cos 8 - Sd sin B cos6 8+ 4resin~ ~ c o s s  B -+- 
= -r< + I -) 36te sin 8 cos 8+ c+ +%) sin 8 cos3 8 

45 
-- "e sin 8 cost 8, 

5 
a' 168 
-i- {b(y)r j" (y) j =T sin 8 cos6 /3-'% sins 19 cos8 /3 
dYZ 27 

+4+ sini 8 cos B 

=$fsinBcosD-- 520c 37 sin 8 cos3 19 

+- 44s8 sin B cos5 8. 27 

Substituting thcse values in the Lagrange series above, 
we get the approximation 

(p = 8-+ r$ +=+ --)sin 9 4 5 ,  p cos 8- rG +*6f) 45 I sin B cos3 
34t4 7668 

+7 4 sin 8 cos5 p-($-'-!-6g)sin 8 cos 8+ 

+ ~ ) s i n ~ c o s 3 8 - 1 4 r . s i n ~ c o s 5 8 + ~ - s i n ~  2 oe cos8 
27 5 

260P 
81 sin p cos3 sin B cos6 8. -- 

By collecting similar terms, this becomes 

sin /3 cos p + cz - 2835, -- ''')sin 8 cos3 B 

+E sin B cos6 8. 2835 

On reduction by the tablc on . age SS and aftw xymange- 
ment thls becomes, us heforc, t tl e desired approximation 

a 31c4 5 1 i c 6 )  sin ?o+ ( 9 7 ~ ~  2.- +:- 9513 sin 48 +-+- 3 180 3040 360 3780 

+- i616 sin 60. 45360 
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DEVELOPMENT OF (p-p IN TERMS OF +SIXTH METHOD. 

The difference between the geodetic latitude and the 
authalic latitude can be devcloped in terms of the authnlic 
latitude bv Arbogast's rule. (See 28.) We may 
define the function to be developed in tfe form 

h 2  [ 1!3 cp=sin-l sin @+- - sin cp cosz cp 

h' h3 +A,g+A337+ * - - - * . .  

or 

f !a,> -8, 
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6 
45 5 aa=E sin (p cos2 (p+- sins v cos2 (p, 

128 36 24 
35 7 a,-3T6 sin (p (p+- sin3 (p ma (a+- sin6 (p cos* (p. 

With these valuesof the a's and the above valuesof the 
derivatives off (a,) we could compute the values of the 
A's, but if we should do so at this stage we should have 
a combination of functions of (p and fl in the develop- 
ment. .To obviate this d j c u l t  we must obtain approsi- 

of h. The expression for a, must include all first and 
second powers of h and the expression for a, must include 
all first powers of h. In a3 we need only to replace (p by B 
in the even ex msion. 

sea that the approximation. to the first power of h for 
a h  (p iS given by the expression 

2 sin q=sin P + -  h sin B cos, B. 3 

Substituting this value for sin (p in the espression for 
sin (p and retaining all second powers of h, a4 well as the 
b t  powers, we get 

2 4 sin cp=sin /3+3 h sin B ma 8 - -  ha sin3 fl cos' B 3 

+s 71,s sin B cosa B+- ha sin B cuez B 

+ - K sina B cosa B, 

mations for the Q'S in terms of P unctions of fl and powers 

From the de E ition of the function to be: expanded we 

4 7 
45 

3 
5 

or 

11 
15 -- ha sin3 B cas, 8. 
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Substituting this approximation in the expressions for 
the a's, we get, to the requwed degrw of exactnm, 

With these a proximations, the approximations for 
the A's become {or the reductions see table p. 88) 

A,=& 
~ , = ~ ( s i n ~ c o . ~ + g ~ s ~ ~ c o s 8 - 2 ~ s i n ' ~ c o s ~  2 

3 58 
5 15 +- WJ sin 8 008 8-- WJsins B cos 8 
53 
15 +- sin6 B cos B), 

4 8 cos 8+g Asins B cos 8-4Asins 8 cos 8 

me 14 6 +-sin B cos 8+- sins 6 co8 8+% w sin 45 5 315 
16 +- A sin' 6 cos 8-4A sins 8 cos 9 
14 74 28 
3- sin 8 cos 8+- sinS 8 cos 8 + 1 x  A sin 6 cos 8 45 45 

64 52 +- A sin' cos 8-- Wain6 0 008 8, 27 9 
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8 AI=% sina @ cos' 8 (2 sed 8 ten3 B+Mc' 8) 

128 36 24 
35 

10 8 28 
27 27 
12 128 36 

24 

+3T5 sin 8 cos 8+- sins 8 cos B+y sin' 8 cos 8 

=- sins 8 cos 8+- sins 8 cos f l + ~  sins 8 cos 8 

+x sin6 8 cos 8 + 3 ~ 5  sin 8 cos 8+% sins 8 cos 8 

+B sin5 B cos 8 

=E sin 8 cos e+$ sins 8 CoB B 

+6x8 sins B cos 8. 
315 

945 

the approximation 
Substituting these values in the development, we get 

2 8 ms 8+3  h sin 8 cos 8-2h sins 8 008 8 
3 58 +5 hzsin 8 cos p - f i  ha sins 8 cos 8 

74 28 
45 135 +-.sins 8 cos 8+ -- h sin 6 cos fl 

+BhsinaflcosB--g-hsin58 64 52 cos8 

368 
1 89 128 sin B cos 8+ -- sin3 8 cos 8 

6068 
945 

the approximation 

cp= @+ - sin 8 ma B+C 

+-- sin5 B cos 8). 

Rearranging in powers of h and replacing h by d we get 

2 d 23 
3 

8 cos 8-G sina f l  COB 

+P($ainBcos8--sins8cos8 3028 

+- sin6 8 cos 8 )  
2835 

1522 
2835 
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Making the reductions. by aid of the table on page 88 
and rearranging, we obtrun, as before, the desired approxi- 
mation 

TABULATIOX OF ALL THE DEVELOPMENTS. 

For convenience of reference we shall now list all of the 
developments in a general table. 

€2 
m"'2-c' 

m2 m* 
2 3 

ma ma 

cp-#=m sin 2cp-- sin 4p+- sin 6q- .  - 
cp-#-.m sin 21)+3- sin 4 # + ~  sin 6#+ - 

1 - (1 -31% 
naiw 

nz na 
3 cp-9-a sin 2' -3 sin 4p+- sin 6p- 9 

na na 
3 

na na 

s-e3msin  st^+^ sin 4e+- sin 6e+ .. .. 
8-lt-n sin 2 1 9 - ~  sin 4 1 3 + ~  sin 68- - 
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(p-x' -+--+-+-+. x;' ;; . . .) sin 2x 

+-+. 'la' . . . ) sin sx 1120 

( p - ~ = ( ~ + ~ + m +  8 318 598 .. -) sin 2 . - ( 2  

. . . .) sin 69-. . . . 3838 +-+.... sin 49+ - ) (45360+ 
61P 
1260 

251P+ 37L(o . - .) sin 4 / 3 + ( m 0 +  7618 - - - -) sin 6/3+ - .  +- 
If the various difforences of latitude were computed as 

they are here given, the results would be expressed in 
radians. It is most convenient to  have them expressed in 
seconds of arc; the results would therefore hnve to be 
divided by the arc of one second or by the sine of one 
second, since the arc and sine of one second are much more 
nearly equal than the a proximation fequires. In-prac- 
tice it is bether to d i v d  each of the coefficients in the 
above developments b the sine of one second, since. in this 

by one operation. The various coefficients will then be 
ex ressed in seconds and the result of any computation 

DETERMINATION OF TEE NUMERICAL VALUE OF THE 
COEFFICIENTS IN THE DRVELOPMENTS FOR CLARKE 
SPHEROID OF 1866. 

For computation purposes it is necessary to have the 
coefficients in these developments expressed as numbers 
or as lo arithms. 

The fivision of oach of the coefficients by sin 1" is in- 
dicated in the first development given below, and the same 
rocem must be applied in the case of each of the other 

manner we may trans s orm from radians to seconds of arc 

wi P 1 be in seconds of arc. 

tIeVdOp~*tS. 
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We assume e2 tu defined by 

log8 = 7.83050257 - 10 ; 

e' = 0.006768658 
hence 

e' 
2 - €2 

mu- 

log m- 7.53094486 - 10. 

If p-# is to be axpressed in seconds, we get 

m3 
11Shl  6 ~ -  * * p - # = m s i n 2 p -  2 -- sin 1" ~ i " + + 3 ~ h 1  

m mz 

or, 

9 - # = 700!4385 sin 2p - 19893 sin 4q7 + 09027 sin tip, 

or in terms of logarithms 

p - + = r2.84537001 sin 2p - r0.0752851 sin 49 + r7.430 - 101 sin 6p. 

cp - # = 700!4385 sin 2# + 1!'1893 sin 4#f+ 0!'00!27 sin 6# 

A l S O  

and 

I - # = [2.8453700] sin 2# + [0.0?5285] sin 4# + [7.430 - 101 shl  6#. 

Furthermore 

1 - (1 -2p €2 e4 58 7 c  
I %=-+-+-+-+. . . . 

l + ( l - e )  4 8 84 128 n= 

log TI = 7.22991610 - 10, 

cp - B = 3509202 sin 2p - 02973 sin 4p + O%O03 sin 6p, 

p-B=[2.5443412] sin 2cp- 19.47323 - 101 sin 4p + [6.627 - 101 & 8p. 
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Also 
(p - 8 = 350?2202 sin 28 + 0?2973 sin 48 + 0?0003 sin 68, 

(p-8==[2.5443412] sin 20+[9.47323- 101 sin 48 
+[G.527- 101 sin 6B. 

In a similar manner we have 
8- # = 3509202 sin 28 - 02973 i n  48 + 0?0003 sin 68, 

8-#=[2.5443412] sin 28-[9.47323- 101 sin 48 

and 
0 - # = 3509202 Sin 2# + 0?2973 sin 4# + 0?0003 crin w, 
C-#=[2.5443412] sin 2#+[9.47323- 101 sin.4# 

(p - x = 700F0427 sin 2(p - 0?9900 sin 4(p + 0!0017 sin G(p, 

(p - x = r2.845124551 sin 2(p - [9.99563 - 101 sin 4(p 
+ [7.238 - 101 sin G(p, 

(p - x = 700F0420 sin -3x 4- 1?3859 sin 4% + 0?0037 sin k, 
(p-x=[2.84512413] sin 2x+[O.l4172G] sin 4x 

t- [7.573 - 101 sin Gx, 
(p - B = 467!0129 sin 2(p - OF4494 sin 4(p + WOO05 sin 6(p, 

(p - /3 = [2.6693289] sin 2(p - [9.G5258 - 101 sin 41p 

and 
p - /3 = 467f0137 sin 28 + OF6080 sin 48 + 0?0011 sin 68, 
(p - 8 = [2.6693387] sin 28 + [9.78390 - 101 sin 48 

+[6.527- 101 sin 68, 

+ p.527 - 101 sin 6#, 

+ [8.732 - lo] sin 6(p, 

+ E7.031- 101 sin GB. 

The radius of the sphere uivalent in area to the 
ellipsoid of revolution is defined "b y the formula 

in which a is the equatorial radius of the ellipsoid. 
For the Clarke ellipsoid of 1866 

log R = 6.80420742 
R = 6370997.2 meters. 
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By using the authalic latitudes and this value of R, the 
spheroid can be'treated as a sphere in all questions of 
equivalent or ec ual-mea ma ping. 

aro computed for the Clarke spheroid of 1866. Inter- 
polation could be made with the table by the considera- 
tion of second differences to a de ee of acouraoy sufficient 
for ordinary urposes. The cr ifferenoes are given in 

between adjacent values may be better preserved. The 
table of t-ransformation to isometric latitude is given in a 
form somewhat different from the others. The isometrio 
oolatitudc. is given and in another column this value 
divided, by two. This is done because in the most 
importmt applications of this latitudo it is most convenient 
to use the semicolatitude. The table thus gives at  once 
the valuo that is needed for use. 

The nppende d :.able3 of t R e various latitude differences 

thousa.ndt-hs o P a second in order that the differences 

REDUCTION TABLE. 

1 
4 sinJ a==- (3  sin a - sin 3a) 

1 
16 sinSa=- (10 sin a-5 sin 3a+sin sa) 

1 
32 

1 
64 

sin6a---.(10-15 cos 2a+6 cos 4a-cos 6a) 

sin's==- (35 sin a-31 sin 3a+7 sin 5a-sin 7a) 

1 
2 cosaa=-(l+cOS 2a) 

cosa =j ( 3  cos a+cm 3a) 

C08'aag (3+4 cos 2a+cos 4a) 
1 
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1 
16 c&a-- ( I O  cos a+5 cos 3 a + m  sa) 

1 
32 coana=- (l0+15 COB 2a+6 cos 4a+cos 6a) 

sin 2a-2 sin a cos a, 

sin 3a=4 sin a cosz a-sin a, 

sin 4a-8 sin a cosa a--4 sin a oos a,- 

sin 5a- 16 sin a cos' a-  12 sin a cosz a + s h  a, 

Sin 6a-32 sin a cos5 a-32 sin a cos' a+(:  sin a cos a, 

Sin 7a-64 sin a cos6 a.-80 sin a cos4 a+21 sin a cos3 a 

sin 8a-128 sin a cos' a- 192 sin a cos5 a+80 sin a cos3 a 

008 2 0 . ~ 2  cos2 a- 1, 

~083a=4cos~a-3oosa ,  

oos4a-8cos4a-ScosSa+l, 

~ 0 8 5 a = 1 6 ~ ~ a - - 2 0 c o s ~ a S 5 c ~ a ,  

009 6a = 32 cos6 a-48 cos' a+ 18 cos* a- 1, 

c o s 7 a = 6 4 ~ 7 a - l 1 2  cos5a+56cos3a-7cosa, 

cos&-128 cos8 a-256 cos6 aS160 cos4 a-32  cosz a + l ,  

-sin a,, 

+S sin a 008 a, 

1 sin a 008 6-2 [sin (a+b)+sin (a-b) ] ,  a>b,  

sin a ms b=ij  [sin (b+a)  -sin (b-a)], &>a,  

ooe (I 008 b- -  [cos (a -h )  +cos (a+b)] ,  

1 

1 
2 
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1 
2 sin a sin b - -  [cos (a-6) -cos (a+b)],  

a tan sin a-1 -cog a, 

ma 3 sina a -2  ( 1  --cos, a), 

sin a+sin 5 3 2  sin 2 (a+&) cm 3 (a.-b), 

a 

1 1 

1 1 
coe a + m  b = 2  009 % ( a + b )  008% (a-b) ,  

cos a-cos 6 -  - 2  sin 9 (a+b) sin 3 (a-b) ,  

sin a cos a=- sin Za, 

1 1 

1 
2 

1 1 sin a cos% a s z  sin 2a+g sin 4a, 

sin a a x 3 4  a=g sin a+- sin 3 a + 3  sin 5a, 

sin a ooss a==- sin 2a+g sin 4a+- sin 6u, 

sin a ma a=- sin a + g  sin 3a+ - sin 5a+- sin 7a, 

sin a cog' a=- sin 2 a + ~  sin 4a+- sin 6a+- sin 8a. 

1 3 1 
16 

5 1 1 
32 32 

5 9 5 1 
64 64 64 

7 7 3 1 
64 64 128 



Qeodeti 
Irrtitudc 

0 0 0  c 3c 
1 0 0  
1 30 
2 0 0  

2 30 
3 L x  
3 3 c  
4 0 0  
4 30 

5 0 0  
5 3 0  
8 0 0  

30 
# 0 0  

7 3 0  
R O O  
8 3 0  
9 0 0  
9 3 0  

10 00 
10 a0 
11 00 
11 30 
12 00 

12 eo 
13 00 
la 30 
11 oc 
14 30 

IS 00 
I5 30 
16 00 
Id 30 
1; 00 

17 30 
18 00 
18 3c 
19 00 
I9 30 

2 0 0 0  
!m3G 
21 M; 
21 30 
a00 
2230 

10 57.431 
11 01.544 

11 On. 166 
11 a 5 . 4 ~  

LATITUDE DEVEKOPMLNTB. 

LATITUDE TRANSFORMATION. 

Geodetic to geocentric. 

34 49 02.57 
35 1s %..le 
36 18 50 R3 
35 4s 54.54 

0 00.W 
0 12.18s 
c 24.362 
0 38.534 
0 48.695 
1 00.W1 
1 12.w 
I 25.015 
1 37.158 
1 4 9 . m  

2 01.224 
2 1 2 . m  
2 2% 147 
2 37.015 
2 48 m5 

3 00.694 
3 12.430 a 24.138 
3 35.550 
3 47.311 

3 58.802 
I 10.221 
4 21.565 
4 32,830 
4 44.013 

4 55.110 
5 00.117 
5 17.033 

7 9.w 
7 38.354 
'r 47.50: 
7 50.513 
E 05.379 
8 11.087 

0 00 00.00 22 30 
0 '29 47.82 23 00 c 59 35.84 22 .w) 
1 a9 s . 4 1  !& 00 
1 59 11.30 24 30 

2 28 59.16 , 25 00 
2 58. 47.02 25 30 a 2e 34.92 I a 00 
3 58 %.a 26 30 
4 28 13.m 1 27 00 

4 57 68.78 27 80 
5 27 48.79 28 Oir 
5 57 3 4 . S  I 30 
6 27 2Z.N 2s 00 e 57 11 11 N 30 
7 26 59.31 30 00 
1 56 47.56 30 30 
P ae 35.87 31 00 
8 56 '24.25 31 30 
9 !20 13.69 32 00 

9 56 01.20 32 30 
10 25 49.78 33 00 
10 55 38.43 33 30 
11 a5 27.17 84 00 
11 55 15.99 34 90 

12 25 04.89 35 00 
12 54 53.m 3: 30 
13 24 42.97 

a0 2% 21. 
#; si 
21 n 03.48 
21 51 54.62 11 % 
!a ?I 45.w 45 00 

Oendetic 
miniis 

geooentrlc. 

I I ,  

8 11.097 
8 22.666 
8 31.084 
8 39.346 
8 47.451 

R 55.397 
9 w. 181 
9 10.800 
9 1P.253 
9 25.536 

9 32.649 
9 39.m 
9 46.351 
9 h2.937 
9 59.343 

10 05.W 
10 11.809 
10 17.464 
10 23.133 
10 28.612 

IO' 33.901 
10 3 s . m  
10 43.800 
10 48.808 
10 53.119 

Geocentric 
latitude. 

# 

D , I ,  

22 21 45.90 
22 51 37.33 
23 21 28.92 
23 51 20.65 
w 21 1a.s 

24 51 04.60 
25 20 58.81 

za 2c 41.15 
28 50 34.16 

zs 50 49.m 

29 49 54.43 
30 19 48.36 
3C 4s 42.54 
31 19 %.a7 
31 .19 31.39 

32 19 28.10 
32 49 21.00 
33 19 16.10 
32 49 11.39 
34 19 06.88 

11 19.672 i Ji is 40:93 
11 21.903 3R 18 3R.M 
11 24.6i6 38 45 35.35 
11 27.122 39 18 32.88 

11 29 368 ! 39 48 30 61 
11 31.445 i 40 18 28.58 
11 83.292 f 40 48 28:X 
11 34.927 I 1  18 25.07 
11 36.352 11 45 23.65 

11 37.581 41 1s 22.44 
11 3R.554 42 48 21.44 
11 39 352 43 l R  20.85 
11 39.826 43 I8 20.07 
11 40.288 44 I8 19.71 
11 40.438 44 45 19.50 

91 
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LATITUDE TRANSFORMATION-Continued. 
Geodetie to gewclltric-Continud. 

- - 
e e t k  
Irrtude. 

P - 
e ,  

45 00 
45 30 
40 00 
46 30 
47 00 

47 30 
48 00 
48 30 
49 00 
48 30 

5 0 0 0  
50 30 
51 00 
51 30 
52 00 

52 30 
53ou 
53 30 
54 00 
54 30 

55 00 
55 30 
5 6 0 0  
5030 
57 00 

5 i  30 
5 8 0 0  
58 30 
59 00 
69 30 

B o 0 0  
B o a 0  
61 al 
61 30 
62 00 

62 30 
0 3 0 0  
63 30 
6 4 0 0  
6 4 3 0  

05 00 
6530 
6 6 0 0  
66 30 
0 i  al 
67 30 

Qeodetic 
mlnus 

m t r i c .  

P 4  

11 40.436 
I1  40.Si1 
11 40.092 
11 3 9 . m  
11 38.895 

11 37.977 
11 36.5IO 
11 35.5m 
11 33.947 
11 32.1sO 

11 30.202 

11 25.614 
11 23.008 
11 10.189 

11 s.013 

11 17.164 
11 13.933 
11 10.480 
11 06.851 
11 03.m 
10 58.960 
10 54.710 
10 50.m 
10 45.612 
10 40.765 

10 35.723 
10 30.487 
10 25.057 
10 19.438 
10 13.620 

10 07.628 
10 01.43 
9 55.075 
9 48.524 
9 41.793 

9 34.884 
9 27.799 
9 10.539 
9 13.108 
9 05.508 

8 67.740 
8 49.807 
8 41. 712 
8 33.450 
8 25.044 
8 16.476 

Geacentric 
latitude. 

rb 

. I .I 

44 48 19.58 
45 18 19.63 
45 18 19.91 
46 18 20.40 
46 45 21.10 

47 18 22.02 
&7 48 23.15 
45 18 24.50 
48 48 26.05 
49 18 27.82 

40 4R 29.m 
50 18 31.99 
50 48 31.39 
51 18 36.99 
51 48 39.81 

52 18 42.84 

63 18 49.50 
53 48 53.15 
54 18 50.99 

52 48 40.07 

54 49 01.04 
55 19 0j:B 
55 49 09.74 
56 19 14.39 
58 49 19.23 

57 19 24.29 
57 49 29.51 
58 19 34.94 
58 49 40.56 
59 19 40.37 

59 49 52.37 
80 19 58.56 
Bo 50 04.03 
61 20 11.48 
61 50 19.21 

ria 10 25.12 
62 50 32.20 
a? 20 3 9 . 4 ~  
63 50 40.89 
el4 20 54.49 

64 51 02.28 
6J 21 10.19 
05 51 18.29 
88 21 26.54 
66 51 34 .N 
01 21 43.52 

Geodetic 
latitude. 

P 

0 ,  

67 30 
8 8 0 0  
ea30 
I 9  00 
09 30 

7 0 0 0  
70 30 
71 00 
71 30 
72 00 

72 30 
73 MI 
73 30 
74 00 
74 30 

75 00 
75 30 
76 00 
70 30 
77 00 

77 30 
78 00 
78 3u 
79 00 
79 30 

8 0 0 0  
H o 3 0  
$1 M) 
61 30 
82 00 

82 30 
8 3 0 0  
8 3 3 0  
84M) 
8430 

85 00 
85 30 
8 6 0 0  
8 6 3 0  
87 M) 

a7 30 
8 8 0 0  
8 8 3 0  
89 00 
89 30 
90 00 - 

Geodetic 
minus 

:eocentrk. 
4 

I I ,  

8 16.470 
S 07.7% 
7 55.888 
7 49.570 
7 40.708 

7 31.407 
21.966 
12.390 i 02.6Ro 

6 52.841 

0 42.875 
0 32.7F5 
I 22.555 
0 12.248 
0 01.805 

5 51.252 
5 40.591 
5 29.8% 
5 18.957 
5 07.992 

4 .%.932 
4 4b.7?4 
4 34.541 
4 23.218 
4 11.813 

4 00.331 
3 48.775 
3 37.149 
3 25.436 
3 13.099 

3 oi.aq 
2 50.012 
2 38.088 
2 S.115 
2 14.087 

2 02.038 
1 49.941 
1 37.811 
1 25.651 
1 13.464 

1 01.m 
0 49.026 
0 30.783 
0 24.528 
0 12.266 
0 00.o0o 

-- 
Geocentric 
latitude. 

$ 

D , I ,  

07 21 43.52 
07 51 52.24 
68 22 01.11 
68 52 10.13 
69 22 19.29 

69 52 S . 5 9  

70 52 4i.61 
41 22 57.32 

n ?? 3s.w 

71 53 O i .  18 

72 23 17.12 
72 53 27.21 
73 23 37.42 
i 3  53 47.75 
i 4  23 58.!9 

74 51 08.75 
15 24 19.41 
i 5  54 30.17 
70 14 41.04 
i 0  54 52.01 

77 25 03.07 
i 7  55 14.22 
78 25 25.40 

,9 25 48.19 
78 55 36.78 

79 55 59.67 
80 26 11.22 
80 56 23.05 
81 as 34.54 
81 56 46.30 

52 26 58.12 
92 57 09.99 
83 2 i  21.91 
83 57 33.88 
84 27 45.90 

84 57 5i.90 
85 28 10.06 
85 58 22.19 
86 28 34.35 
86 58 46.54 

81 28 5815 
97 59 10.97 
Bs 29 23.22 
88 59 35.47 
89 29 47.73 
90 MI 00.00 
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LATITUDE TRANSFORMATION-Continued. 

Geocentrk lo gcodclic. - - 
(3eooeq- 
i rk  lati- 
tude. 

* 
m ,  

0 0 0  
0 3 0  
1. 00 
l a 0  
2 0 0  

2 3 0  
3 0 0  
3 3 0  
4 0 0  
4 3 0  

5 0 0  
5 3 0  
6 0 0  
6 3 0  
7 0 0  

7 3 0  
8 0 0  
8 30 
9 0 0  
9 3 0  

10 00 
10 80 
11 00 
11 30 
12 00 

12 30 
13 00 
13 350 
14 00 
I4 30 

15 00 
15 30 
16 00 
16 30 
1: 00 

17 30 
18 00 
18 30 
19 00 
19 30 

2 0 0 0  

2 1 0 0  
2130 
2 1 0 0  
2130 

m a  

- 

Qeqdetic 
minus 

geocentric. 

w-* 

, I #  

0 00.ooo 
0 12.m 

0 36.783 
0 19.026 

1 01.254 
1 13.464 
1 2'1.651 
1 37.811 
1 4Y.941 

2 0z.m 
2 14.087 
2 26.115 
2 38.088 
2 m.012 

3 01.683 
3 13.689 
3 25.456 
3 37.149 
3 48.775 

4 00331 
4 11.813 
4 23.218 
4 34.541 
4 45.780 

4 56.932 

5 18.957 
5 29.825 
5 40.591 

5 51.252 
6 01.805 
6 12.248 
6 23.575 
6 32.7R8 

6 42.875 
6 52.841 
7 02.680 
7 12.390 
7 2l.m 

7 3 1 . W  
7 4 0 . m  
7 49.870 
7 58.886 
8 07.756 
8 16.476 

o %(.am 

5 n 7 . m  

Geodetic 
latitude. 

e 

* , I ,  

0 00 u0.m 
0 30 12.27 
1 00 24.53 
1 30 36.78 
2 00 49.03 

2 31 Ul.25 
3 01 13.46 
3 31 25.65 
4 01 37.81 
4 31 49.94 

5 02 02.04 
5 32 14.10 
6 02 26.12 
6 32 38.09 
7 02 50.01 

7 33 01 .1  
8 03 13.70 
8 33 25.46 
9 03 37.15 
9 33 48.78 

10 04 00.33 
10 34 11.81 
11 04 23.23 
11 34 34.54 
12 01 45.78 

12 34 56.93 
13 05 07.99 
13 35 1 8 . S  
14 05 29.83 
14 35 40.59 

15 05 51.25 
15 36 01.81 
16 MI 12.25 
16 36 23.M 
17 OB 32.79 

17 I 42.88 
18 06 52.84 

19 07 12.39 
19 37 21.97 

#) 07 31.41 

P 07 40.81 
21 37 50.88 
21 OB M.7fl 
21 38 16.48 

18 37 m.ea 

20 81 40.71 

- - 
?Foeen- 
.nc lati- 
tude. 

t5 

a ,  

2230 
2 3 0 0  
23350 
2 4 0 0  
2 4 3 0  
2 5 0 0  
2530 
2 e 0 0  
2830 w o o  
2 7 3 0  
2 8 0 0  
28 30 
moo 
29 30 

3000 
3 0 3 0  
31 00 
31 30 
3 2 0 0  

3230 
3300 
3330 
3100 
3430 

3500 
3 5 3 0  
3 6 u o  
3 6 3 0  
37 00 

37 a0 
3800 
38 30 
3900 
39 30 

40 00 
4030 
41 00 
41 30 
42 00 

12 30 
43 00 
43 30 
44 00 
44 30 
45 00 

Ceocietic 
mlnus 

geocentric. 

e-* 

P ,I 

8 16.476 
8 25,044 
8 33.456 
8 41.712 
8 4 9 . m  

8 57.740 
9 05.- 
9 13.108 

9 27.79) 

9 34.m 
9 41.793 
9 48.524 
9 55.075 

10 01.443 

10 07.628 
10 13.6% 
10 19.430 
10 25.057 
10 30.497 

10 35.723 
10 40.7E.5 
10 45.612 
10 50.260 
10 54.710 

I 1  03.1108 
11  n6.w 
11 10.498 
11 13.9.29 

11 17.164 

11 a3.008 
I 1  25.614 
11 28.013 

11 30.203 
11 32.lpO 
11 33.or17 
11 35.503 
11 36.M6 

I1  37.977 
11 3R.m 
11 3o.lioo 
11 40.002 
11 40.371 
11 40.486 

9 a0.m 

in s.9610 

11 m i 8 9  

Geodetic 
iatltude. 

e 

e I ,, 
23 38 16.48 
23 08 25.01 
23 ;rS 33.46 
24 08 41.71 
24 39 49.81 

25 08 5 i . i 4  
25 39 05.51 
!23 08 13.11 
26 39 m.54 a 09 27.80 

21 39 34.88 
28 09 41.79 m 39 48.52 
29 09 55.07 
29 40 01.44 

30 10 07.63 
30 40 13.63 
31 10 19.44 
31 40 25.06 
32 10 30.49 

32 40 35.72 
33 10 40.77 
33 40 45.61 
34 10 50.28 
34 40 54.71 

35 10 58.96 
35 41 03.01 
36 I 1  06.85 
36 4 1  10.50 
37 11 13 .0  

37 41 17.16 
38 11 20.19 
38 41 23.01 
39 I 1  25.61 

40 11 30.20 

41 11 33.85 
41 41 35.50 
42 11 36.1 

42 41 37.ea 
43 11 38.90 
43 41 59.60 
44 11 40.m 
44 41 40.81 
4s 11 40.44 

~9 11 as.oi 

40 41 a2 in 



94 

0!3Ocfm 
tric lntl 

tunc. 
I 

0 ,  

45w 
45 30 
46 00 
46 30 
17 00 

47 30 
18 00 

.19 00 
49 30 

5 0 0 0  
5 0 3 0  
51 00 
51 30 
52 00 

52 30 
5 3 0 0  
5 3 3 0  
5 4 0 0  
5 4 3 0  

5 5 0 0  
5 5 3 0  
5 8 0 0  
5830 
57 00 

57 30 
5 8 0 0  
5830 
59 !nl 
59 30 

so00 
6030 
61 00 
81 30 
6 3 0 0  

62 30 
6 3 0 0  
63 30 
6 4 0 0  
64 30 

a m  
85 -30 
6000 
8630 
67 00 
67 30 

4a 30 

U. 8. COAST AND QEODETIC SURVEY. 

LATITUDE hIVSFORMATION-Continnued. 

Gencmh.ic to gunietic4ontinued. 
--- 

Oeodctic 
mlniis 

gooceatrlc. 

*-I 

I I ,  

11 40.436 
11 4 0 . N  
11 39.9% 
11 39.352 
I1 Lq.564 

11 37.564 
11 36.352 
11 34.927 
11 33.292 
11 31.445 

11 29.388 
11 n.lP 
11 %.a6 
11 2 1 . 9 9  
11 10.072 

11 15.975 
11 12.673 
11 09.166 
11 05 .456  
11 01.544 

10 57.431 
10 53.119 
10 4s.sm 
10 43.900 
10 38.998 

10 33.m 
10 2x.612 
10 23.133 
10 17.464 
10 11.809 

9 59.313 
9 52.937 
9 4G.Sl 
0 3 9 . m  

9 32.(149 

9 18.2% 
9 10.800 
9 03.181 

8 55.m 
8 47.451 
8 39.346 
8 31.tW 
8 22.666 
8 1 4 . m  

10 n s . m  

a .=..sa 

Q e o d s t i C  
latltuda 

P 

0 , ,I 

45 11 40.44 
15 41 40.29 
46 11 39 L)3 
46 41 39.35 
I7 11 3.5U 

17 4 1  3 7 . u  
48 11 36.35 
I S  41 31.93 
19 11 33.29 
49 41 31.41 

50 I1 29.39 
50 41 27.12 
51 11 24.65 
51 91 21.96 
52 11 19.07 

52 41 15.9H 
!3 11 12.67 

54 11 05.46 
54 41 01.54 

55 10 57.43 
55 40 53.12 
56 10 4S.til :w 10 43.90 
57 10 39.00 

57 40 33.90 
.w 10 %.Rl 
5x 40 23.13 
59 10 17.(1i 
59 40 11.61 

60 10 m.57 
GO 39 59.31 
G l  n9 52.94 
til 39 ni.35 
li2 09 39.59 

6'2 '39 32.65 
13 09 %..% 
53 39 1R.25 

64 39 03.18 

lis 38 47.45 

66 3s 31.08 
67 08 Yi.67 
67 34 14.10 

:>3 JI 09.17 

64 m 1n.w 

fi5 OR ~ 5 . 4 0  

MI na 39.35 

--- 

- 
Geoean 
trlc latl 
tilde. 

I -- 
0 ,  

67 30 
6 8 0 0  
68 30 
69 !Ul 
G9 30 

70 00 
70 30 
71 !IO 
71 30 
i 2  00 

22 30 
13 00 
73 30 
74 00 
74 30 

75 Ml 
75 30 
76 00 
76 30 
77 00 

77 30 
78 no 
78 30 
79 no 
79 30 

8 0 0 0  

Rl (io 
80 3n 

~ l i  30 
82 im 

RJ 30 
S.I im 

K2 30 
63 MI 

$4 30 
%5 00 
W 30 
I n 0  
RB 30 
87 00 

s7 30 
SR 00 
88 30 
89 00 
119 30 
!mono 
.- 

-- 
Gucdetic 
minus 

geocantrlc. 

P-I  

I ,  

8 1 4 . W  
9 05.379 
7 56.513 
7 47.504 
7 38.354 

7 29.0114 
7 19.639 
7 i O . W Z  
7 00.394 
6 50.579 

6 40.640 
6 30.5110 
5 m.402 

5 59.705 

5 49.192 
5 38 573 
5 2i.lX3 
5 17.nx1 
5 OR.117 

4 55.110 
4 44.013 
4 3?.P3n 
4 21.515 
1 1 0 . m  

3 5 a . m  
3 47.:111 
3 3.i.i:io 
3 54.12ri 
3 12.139 

3 M.tm 
2 4s.soc 
2 37.Bl.5 
2 25.117 
2 13.2nll 

1 01.24 
1 4n.Wi 
I :3 i , lS ,  
1 25.075 
1 12.WI9 

1 00.f41 
0 4S.695 
0 1.534 
0 2 1 . 3 1  
0 12.183 
0 0.m 

6 io.110 

D I ,I 

ti7 38 14.10 
I 08 05.38 
08 37 56.51 
09 07 47.50 
09 37 %.a5 
70 07 a.06 
70 37 19.64 
71 !I 10.08 
71 37 W.39 
72 Os 50.58 

72 36 40.64 
73 06 3n.58 
73 36 m.40 

74 35 59.71 

75 %I s . 5 7  
76 05 27.85 
76 35' 17.03 

97 31 55.11 
78 It4 44.01 
7s  31 32.m 
79 04 21.S7 
79 31 10.22 

03 5S.W 
W 33 47.31 

SI 33 21.13 
S2 (13 12.44 

VL' 33 no.fi9 
s3 ir2 4s.89 
E3 I:! 3i .M 
64 112 25. 15 
81 32 13.21 

s5 !I2 01.22 
R.5 31 49 21 
s4i !'I 37.16 
*M 31 25.08 
67 CI 12.97 

87 31 OO.W 
9H 30 48.70 
R8 30 36.53 
89 00 24.36 
ng 80 12.18 
90 00 00.00 

74 uli in.11 

75 as 49.19 

77 05 06.12 

RI 03 35.79 



- 
Geodetic 
latitude. 

v 

0 ,  

0 0 0  
0 30 
I n 0  
1 3 0  
2 0 0  

2 30 
3 9 0  
3 30 

E 
s n o  
5 3n 
6 0 0  
t i  30 
7 M )  

LATITUDE DEVELOFMENTB. 

LATITUDE TRANSFORMATIOR-Continued. 

Geodetic to ~mmnetric. 

Pnmctric 
latitude. 

e 

- 
Ceacictk 
minus 

pmmctric. 

*-e 

I I ,  

0 o.Oo0 
0 o(i.103 
0 12.m2 
0 IS.% 
0 24.m 

, 
I (;ewictic I latilude. 

f P  

0 30.472 
0 3 L S 4 R  
0 4 2 . m  
0 48.659 
0 54.w5 

4 Td 1.0 
5 ap 53.29 
5 5p 47.31 
6 223 41.55 

1 ou.711 
1 (l(i.714 
1 12.w4 

I 27 30 
; 2R p 28 30 1 21) 00 I 1s.vm 

1 24.587 

1 XI. 49.5 

9 M1.41 
10 27 54.69 
10 57 49.01 
11 ‘27 43.37 
11 57 3i.77 

1 3l;,3?7 
1 4 2 . m  
1 4 9 . m  
1 53.838 

i 32 30 
! 33 00 

j 34 00 
! 33 30 

, 34 30 

I 59.592 
2 05.309 
2 Ill. 989 
2 1fi.Iw 
2 22.m 

12 57 I.71 
13 27 21.24 
13 57 15.83 
1i 27 10.40 

14 57 05.15 
15 26 50.89 
:s 56 5 4 . 1  
Ili 2(i 48.53 
16 JG 44.43 i 

2 27.iP2 
2 33.292 
2 S.75ti 
2 44.172 
2 49.538 

35 30 

311 30 
3 i  00 

37 30 
I S  00 
38 30 
39 MI 
39 30 

3fi 00 

2 54.851 
3 m.114 
3 03.321 

3 15.Bi5 
3 in..iSz’ 

3 1111.599 

3 m i i n  

3 25.5i2 
3 30.462 
3 35.329 

3 44.835 
3 49.471 
3 54.048 
3 58.553 
4 02.987 
4 07.346 

0 00 00.00 I 22 30 
0 29 -9.80 i 23 (HI 
0 59 4 i . M  

2 29 29..% 25 00 
2 59 23.45 25 30 
3 2R l i . 3 9  1 24 0 
3 59 11.14 20 30 
4 29 05.31 2i 00 

I 9  56 15.18 42 30 
20 26 

10.53 /j j; E 2 J  56 05.05 
21 26 01.45 44 00 
21 5.5 57.01 44 30 
22 25 52.65 li  45 00 

-.- 
Geodetic 
minu. 

yardmetric. 

cp-e 

, ,I 

4 07.346 
4 I1.Fifo 
4 15.KW 
4 19969 
i koa 
4 21.993 
4 31.882 
4 35.669 
4 39.413 
4 43.052 

4 4’ rn 
i s0.ii;o 
4 53.448 
4 .VI. i36 
.I 59.935 

5 03 042 
5 Uli.057 
5 m .m 
5 ll.m 
5 14.MI 

5 li 180 
5 19.721 
5 22.lfvi 
5 24.512 
5 26.iMJ 

5 p3.905 
5 30.957 
5 ’tam 
5 34.ihl 
5 36.q96 

5 37.138 
5 39.Gi7 
5 41.114 
5 42.44G 
5 43.Gi4 

5 44.799 
5 45.816 
5 4G.730 
5 4 7 . m  
5 48.240 

5 4 8 . M  
5 49.3L5 
5 19.709 
5 49.986 
5 50.156 
5 50.210 

95 

P m c t r i c  
latitude. 

e 

. I I ,  

22 25 52.fi5 
22 55 48.37 
23 25 41.16 
z( 5s 40.03 
24 25 35.90 

21 55 32.01 
25 25 B . 1 2  

26 55 16.85 

a5 55 24.31 
I 25 20.58 

27 25 13.40 

28 25 W.55 

29 25 00.08 

n 55 09.93 

as 55 03.21 

29 51 5 6 . l  
30 24 53.94 
30 S4 5 1 . 8  
31 24 18.19 
31 54 45.46 

32 24 42.P2 
32 54 40.28 
33 2.1 31.84 
33 51 35.49 
34 24 3x24 

34 54 31.09 
35 24 e.04 

3h 24 %.a 
I 54 21.50 

35 54 27.10 

37 2.1 21.80 

38 24 1 8 . 1  
38 54 17.55 
39 21 16.33 

37 51 20.32 

39 54 15.20 
40 24 14.18 
40 51 13.n 
41 2.1 12.46 
41 54 11.76 

42 2.1 11.16 
42 54 10.67 
43 24 10.29 
43 54 10.01 
44 24 09.84 
44 54 #.ia 



- - 
eodetle 
.citude. 

C 
- 

0 ,  

45 no 
4s 33 
46 on 
4 i  00 

4 i  30 
48 no 
I S  30 
I0 00 
49 30 

5 0 0 0  
5 0 3 0  
SI 00 
51 30 
52 00 

53 00 
5 3 3 0  
54 no 
5 4 5 0  

55 00 
55 30 
56 00 
5630 
5 i  00 

57 30 
58 00 
58 30 
59 00 
s9 30 

m l m  
6030 
61 00 
61 30 
62 00 

62 30 
MOO 
6 3 9 0  
64 00 
64 30 

6 5 0 0  
65 30 
66 00 

67 00 
ti7 30 

46 30 

53 30 

M 3n 

49 54 15.00 
50 24 16.10 
50 54 17.31 
51 24 18.M I 
51 54 20.04 

U. 8. COAST AND GEODETIC SURVEY. 

LATITUDE TRANSFORMATION-Continued. 

Geodetic to paranut&?-Continued. 

72 30 
53 M, 
73 30 

'l: 2 

Geodetic 
minus 

#munerric. 

5 i  21 42.36 ' 
57 54 44.99 
58 24 47.71 
58 54 r&l . l  
59 a4 53.44 

59 54 S3.44 
W 24 59.64 
60 55 02.73 
61 35 08.01 
61 55 09.38 

62 35 12.84 
62 55 16.38 

63 55 9 . 7 3  
04 25 27.54 

64 55 31.42 
65 2.5 35.39 
6.5 55 39.44 
66 2.5 43.57 
66 55 4 7 . 3  

63 25 m o a  

P--8 

80 00 
80 80 
81 00 
81 30 
83 OD 

82 30 
83 00 
83 30 
84 00 
84 30 

85 M) 
85 30 

86 30 
fi7 on 
87 30 
88 @I 
88 39 
89 On 
A9 30 

86 00 

I II 

67 25 52.06 

5 jn.220 ; .500.1i7 
i) 50.027 
1 49.7i l  
5 49.4% 

I 90 W 

5 45.1139 
5 48.363 
5 4 i . W  
5 46.694 
5 4 6 . W  

; 45.001 
J 43.m- 
5 4 2 . W  
5 41.374 
5 39.Y57 

5 38.435 

5 35.m 
5 33.251 
5 31.322 

5 a6.811 

5 7,Q.m 
5 27.1.58 
5 24.925 
5 22.583 
5 'XLl63 

5 17.635 

s 12.289 
5 09 473 
5 06.562 

5 15.1110 

5. 03.55i 
5 (10.460 
4 57.271 
4 53.991 
4 50.622 

4 47.163 
4 43.617 
4 39.984 
4 38.246 
4 32.463 

1 28.5 i i  
4 W.WB 
il 16.132 
4 12.225 
4 07.941 

4 a0.m 

rarametrie Geodetic 
latitudo. I latitude. 

II lo 

.52 24 21.56 1 75 00 
52 54 23. I 9  75 30 
53 21 24.92 /1 76 Iw) 
53 54 X .75  76 30 
54 24 ILR.68 1 77 00 

-- -- 
Geodetic 
mlnus 

acamelric. 

Ip--8 

* ,, 
4 07.941 
4 03.5P1 
3 .%. 146 
3 5 1 . m  
3 50.m 

3 45.410 
3 40.692 
a 35.m 
3 31.054 
3 a. 137 

3 21.158 
3 Ili. 117 

3 u5.m 
3 110.640 

3 1 i . m  

2 5 5 . m  
2 .W.M2 
2 44.665 
2 39.237 
2 33.761 

2 23.m 
2 2a.w 
2 li.OS6 
2 11.402 
2 05.707 

1 59.974 
1 5 4 . m  
1 48.309 
1 42.561 
1 3 6 . 8 2  

1 30.iY2 
1 24.866 
1 18.913 
1 12.936 
1 (38.937 

1 00.917 
0 54.878 
0 48.823 
0 42.753 
0 36.670 

0 30.575 
0 24.472 
0 18.360 
0 12.243 
0 06.123 
0 OO.m 

-- 
Parametric 
latitude. 

e 

0 , . I  

67 25 52.W 
67 55 545.42 
1 26 00.G 

69 25 09.94 
cfi 56 05.31; 

E9 56 14.59 
no 26 19.31 
i o  5fl 24.08 
71 ar, ILR.95 
71 5G 33.M 

i 2  16 38.M 
i 2  56 43.m 
i 3  25 4 8 . 1  
73 56 51.11 
i 4  U 59.36 

i d  5: n 4 . u  . . -. - .. - 
71 27 09.96 
75 57 15.34 
76 27 20.76 
76 5 i  %.?I 

77 27 31.76 
i 7  57 3i.33 
i 8  27 42.94 
3 57 4s.60 
i 9  27 54.29 

i R  58 o(1.03 

80 58 1 l .W 

81 58 23.31 

sn m 0s.w 
R I  m 17.44 

82 28 29.21 
82 58 35.13 
83 2.9 41.09 
63 SS 4i.06 
P4 I 53.06 

84 58 59.09 
85 29 05.12 
85 59 11.18 
86 29 l i .25 
86 59 9 . 3 3  

$7 29 29.42 
87 59 35.53 
I% 29 41.64 
AA 59 47.76 
89 29 53.85 
Bo 00 00.00 



Para- 
metric 

latitude. 

0 00 00.00 
0 30 06.12 
1 00 12.24 
1 30 18.36 
2 00 24.47 

2 30 30.58 
3 00 36.67 
3 30 42.75 
4 00 4S.82 
4 30 54.88 

5 01 00.92 
5 31 06.94 
1 01 12.94 

0 ,  

O M 1  
0 30 
1 w  
1 30 
2 00 

2 30 
3 00 
3 30 
4 0 0  
4 30 

22 30 
23 00 
23 30 
24 00 
24 30 

25 00 
25 30 
26 00 
26 30 
27 00 

27 30 
28 00 
28 30 6 0 0  

6 30 
7 0 0  

7 30 
$ 0 0  
8 30 
9 0 0  
9 30 

10 00 
10 30 
11 00 
11 30 
12 00 

13 30 
13 a1 

14 30 

6 31 18.91 
7 01 24.87 I 

15 UO 
15 30 
16 00 
16 30 
17 00 

29 00 
29 30 

17 30 

19 00 I 19 30 

7 31 30.m 
8 01 36.69 
8 31 42.50 
9 01 48.40 
9 31 54.10 

21 00 
21 30 1;: 

30 00 
30 30 
31 00 
31 30 
32 M) 

LATITUDE DEVELOPMENTS. 

LATITUDE TRANSFORMATION-Continusd. 

Parmetric li, podetie. 

12 33 28.24 
13 02 33.76 
13 32 39.24 
14 02 44.66 
14 32 50.04 

Ceqdetie 
nunus 

parametric. 

I 35 00 
35 30 
36 00 
36 30 
37 00 

P-0 

20 93 45.11 
20 33 .5o.WJ 
21 OH 54.64 
21 33 59.15 
22 04 a3.S 
23 34 07.94 

0 oO.Oo0 
0 O f i . l ! B  
0 12.243 
0 18.360 
0 24.472 

42  30 
43 00 
43 30 
44 00 
44 30 
45 00 

B 30.575 
0 36.670 
0 42 .73  
0 49.823 
0 54.878 

1 00.917 
1 ofJ.ca7 
1 12.936 
1 19.913 
1 24.866 

1 30.792 
1 36.692 
1 43.561 
1 49.399 
1 54.104 

1 59.974 
2 05.707 
2 11.402 
2 17.056 
2 22.669 

2 %.a38 
2 33.761 
2 39.237 
a 44.665 
2 50.042 

2 5x368 
3 00.610 
3 05.858 
3 11.016 
3 16.117 

3 21.158 
3 26.137 
3 31.054 
3 35.906 
3 40.G92 

3 45.410 
3 50.0130 
3 54.639 
3 59.141 
4 M.581 
4 07.941 

Geodetic 1 para- 
latitude. ,$;:& 

v e 

0 I I ,  I1 D I 

10 01 59.97 32 30 
10 32 05.71 33 00 

11 32 17.06 1 31 
00 

12 02 22.67 34 30 

11 02 ?1.40 33 30 

Geodetic 
minus 

parametric. 

9-0 

, , I  

4 07.941 
4 ii:& 
4 16.432 
4 10.580 
4 24.609 

4 28.577 
4 32.463 
4 36.288 
4 39.884 
4 43.617 

4 47.lm 
4 s0:eZz 
4 53.991 
4 57.271 
5 w.400 
5 03.557 
5 08.582 
5 09.473 
5 12.289 
5 15.010 

5 17.635 
5 20.163 
5 22.593 
5 24.925 
5 27.158 

5 2 0 . m  
5 31.322 
5 33.254 
5 35.083 

5 38.435 
5 39.957 
5 41.3i4 
5 42.688 
5 43.897 

5 45.001 
5 46.000 
5 46.894 
5 47.681 
5 48.363 

5 48.939 
5 49.408 
5 49.771 
5 50.021 
5 50.177 
5 5o.m 

97 

Geodetic - 
latitude. 

Ip 

0 I I1 

22 34 07.94 
23 04 12.m 
a3 34 16.43 
24 04 20.56 
24 34 24.61 

25 04 28.58 
25 34 32.46 
26 04 36.27 
26 34 39.88 
27 04 43.62 

27 34 47.16 
28 04 50.62 
9M 34 53.99 
29 04 57.27 
29 35 00.46 

30 05 W.58 
30 35 06.58 
31 05 09.47 
31 35 12.20 
32 05 15.01 

32 35 17.64 
33 05 aO.16 
33 35 23.59 
34 05 24.92 
34 35 27.16 

35 05 28.29 
35 35 31.32 
36 05 33.25 
36 35 35.08 
37 05 36.81 

37 35 38.44 
38 05 39.96 
38 35 41.37 
39 05 42.68 
39 35 43.00 

40 05 45.00 
40 35 K.00 
41 05 46.89 
41 35 47.68 
42 05 49.36 

12 35 49.94 
43 05 49.41 
43 35 49.77 
44 05 50.03 
14 35 50.18 
45 05 50.22 



98 U. 8. COAST AND QEODETIC SURVEY. 

. LATITUDE TRANSFORMATION-Cdinued. 

Parametric to qeadetMontinned. 

17 35 48.84 
t8 05 48.24 
18 35 47.54 
D 05 4R.73 
19 35 45.82 

= 
Para- 
wtric 
titude. 

e 

70 00 
70 30 
71 00 
71 30 
72 00 

D ,  

1500 
I5 30 
M O O  
I6 30 
17 00 

17 30 
18 00 
10 30 
19 00 
19 30 

5 0 0 0  
5030 
51 00 
51 30 
52 00 

52 30 
5 3 0 0  
53 30 
54 00 
51 30 

55 00 
55 30 
5 6 0 0  
56 30 
57 00 

Q 30 
5 8 0 0  
58 30 
5 9 0 0  
5930 

eo00 
8030 
61 M) 
61 30 
62 M 

62 30 
6 7 0 0  
6330 
6 4 0 0  

&5 00 
65 30 
66w 
8 0 N  
67 CU 
67 3(: 

64 30 

55 oj as.91 
55 35 215.76 
58 05 21.51 
56 35 22.16 
67 05 19.72 

-c_ 

Geodetic 
minus 

brametric. 

+--e 

n 30 
78 00 
78 30 
79 00 
79 30 

I I ,  

5 50.m 
5 50.156 
5 49.w 
5 49.709 
b 19.325 

62 34 4e.m 
63 M 43.05 
63 34 39.41 
64 04 35.69 
64 31 31.88 

5 48.836 
5 4s.240 
5 47.538 
5 46.730 
5 45.816 

as a 
85 3 
86 lN 
a6 3( 
87 a 

5 44.798 
5 43.674 
5 42.446 
5 41.114 
5 39.677 

5 38.130 
5 36.496 
5 34.751 
5 3 2 . w  
5 30.957 

5 28.808 
5 26.760 
5 21.512 
6 22.165 
5 19.721 

5 17.1W 
5 14.541 
5 11.808 
5 w.w 
5 06.057 

5 09.041 
4 59.w 
4 56.73t 
4 53.44s 
4 5o.Ox 

4 46.w 
4 43.0s 
4 38.411 
4 35.68! 
4 31.88: 

4 m.99: 
4 24.QJ 
4 19.w 
4 1s.m 
1 II.p;H 
4 07.34 

67 30 

Ceqdetic 
mums 

arametrlc. 

0-0 

, I, 

4 07.346 
4 02.987 
3 59.553 
3 54.048 
3 49.471 

3 14.825 
3 40.\\0 
3 35.339 
3 30 482 
3 s.572 

3 20.m 
3 15.565 
3 10.472 
3 05.321 
3 O0.114 

2 51.853 
2 49.538 
2 44.172 
2 38.758 
2 33.m 
2 27 .71  
2 22.m 
2 16.628 
2 1 o . m  
2 05.308 
1 59.593 
1 53.838 
I 48.050 
1 42.m 
1 36.377 

1 30.495 
1 24.587 
1 18.652 
1 12.694 
1 06.714 

1 00.114 
0 54.w 
0 48.6% 
0 4 2 . a  
0 36.w 

0 30.475 
0 arlilii 
0 l 8 . N  
0 1 2 . w  
0 06.10: 
0 oo.oo( 

Geodetic 
latitude. 

(P 

D , ,e 

i'l 34 07.35 
38 04 02.89 
1 33 68.55 
59 03 64.05 
io 33 49.47 

10 03 41.m 
70 33 40.11 
71 03 35.33 
71 33 30.48 
72 03 25.57 

72 33 2o.m 
73 03 15.57 
73 %3 10.47 
74 03 05.32 
74 33 0O.u 

75 02 54.84 

76 3a 38.76 

75 32 49.54 
76 02 44.17 

17 02 '3.29 

77 32 27.i8 
78 02 22.23 
78 32 16.67 
79 02 10.99 
79 32 0531 

80 01 59.59 
SO 31 53.84 
81 01 48.05 
01 31 42.23 
82 01 36.38 

82 31 30.50 
83 01 24.59 
83 31 18.65 
84 01 12.69 
84 31 06.71 

85 M 00.71 
85 30 54.69 
86 00 4a.w 
86 30 4261 
87 00 36.55 

87 30 30.47 
88 00 24.99 
88 30 18.30 
88 00 12.10 

yo 00 OO.M 
89 30 06.10 



- - 
Para- 
netric 
tltudc. 

0 * 
D , I ,  

0 00 00.00 
0 29 53.90 
0 59 47.80 
1 29 41.70 
1 59 35:61 

0 ,  

o m  
0 3 0  
1 0 0  
1 30 
2 w  

2 30 
3 0 0  
3 30 
4 0 0  
1 30 

5 0 0  
5 30 
6 0 0  
6 30 
7 0 0  

7 30 
$ 3 0  
S 30 
9 0 0  
9 30 

10 Iw) 
10 30 
11 00 
11 30 
12 00 

I 2  30 
13 00 
13 30 
14 M 
14 30 

15 00 
15 30 
16 00 
16 30 
17 00 

17 30 
18 00 
18 30 
19 w 
19 3C 

a o w  
21 w 
21 30 
22 oc 
22 3c 

m 3 c  

e 

0 ,  

22 30 
23 00 
21 30 
24 00 
24 30 I 

LATITUDE DEVELOPMENTS. 

LATITUDE TRANSFORMAT.ION-Continued. 

Paramfric ~JJ !leucent&. 

i 
9 58 00.41 

10 27 54.69 
10 57 49.01 
11 27 43.37 
11 57 37.77 

99 

32 30 
33 00 
33 30 
34 00 
34 30 

'arsmelzic 
ininus 

eoeentric. 

0-* 

_. ,I 

0 00.m 

0 12.m 
0 18.398 
0 24.m 

r) 06.103 

19 26 19.89 ! 
I9 56 15.18 
20 28 10.53 
20 56 05.95 I 
21 26 01.45 j 
21 55 57.01 

0 30.472 
0 1.546 
0 42.w)9 
0 48.659 
0 54.695 

42 00 

42 30 
43 00 
43 30 
44 00 
44 30 

1 00.714 
1 08.714 
1 12.694 
1 18.652 
1 24.587 

1 30.495 
1 36.377 
1 42.m 
1 48.050 
1 53.838 

1 D.592 
2 05.309 

2 16.628 
2 22.m 

2 1 n . w  

2 27.782 
2 33.292 
2 39.756 
2 .:4.172 
2 49.538 

2 54.&53 
3 00.114 
3 oj.321 
3 10.472 
3 1.5.565 

3 m.:i99 
a 25.572 
3 30.4RI 
3 35.3% 
3 40.11( 

3 44.82 
3 19.471 
3 54.04s 
3 58.51 
4 02.981 

4 07.344 

cieocentric 

3300 

6 58 35.41 

30 00 $ // 30 30 

R 58 11.95 1 31 30 
9 28 06.16 1 33 00 

8 as 17.77 31 00 

35 00 
12 57 26.71 35 30 :: r:: I 36 00 
13 57 15.83 36 30 
14 27 10.46 37 00 

'ammetric 
1nin1ls 

encentric. 

e-+ 
~ 

I ,I 

4 07.346 
4 11.630 
4 15.638 
4 19.969 
4 24.020 

4 27.992 
4 31.M2 
4 35.689 
4 39.413 
4 IB.052 

4 46.604 
4 50.070 
4 .53.448 
4 50.736 
1 59.935 

5 03.042 
5 06.057 
5 0B.W 
5 11.m 
5 1 4 . M  

5 17.180 
5 19.721 
5 22.165 
5 24.512 
5 a .760 

5 28.908 
5 30.957 
5 3 2 . W  
5 34.751 
5 36.496 

5 38.138 
5 39.677 
5 41.114 
5 42.446 
5 43.674 

5 44.798 
5 45.818 
5 48.730 
5 47.53 
5 4a.240 

5 4.836 
5 49.325 
5 49.709 
5 49.986 
5 50.158 

5 50.220 

22 25 52.65 aa 55 4.9.37 
!23 25 44.10 
23 t.5 40.M 
24 25 35.% 

24 55 32.01 

25 55 24.31 
26 2s 20.59 
24 55 16.95 

25 25 %.la 

27 25 13.40 
27 55 09.93 
28 25 08.55 
28 55 03.16 as 25 00.06 

29 54 56.96 
30 44 53.94 
30 54 51.U2 
31 24 48.19 
31. 54 45.46 

32 24 42.82 
32 54 40.B 
33 24 37.84 
53 54 35.49 
34 24 33.24 

a4 54 ~ 1 . m  3s ac as:M 
35 54 27.10 
36 ?.I 'fi.25 
36 .i4 21.50 

37 21 21.88 
37 54 m.32 
38 a4 I R . 8 9  
38 54 17.55 
39 24 16.33 

39 51 15.20 
40 24 14.18 
40 M 13.27 
41 44 12.46 
41 54 11.76 

42 24 11.16 
42 54 10.87 
43 24 10.29 
43 54 10.01 
44 ?4 09.84 

44 54 09.iS 



100 

47 ?I 11.06 
47 54 11.81 
45 24 12.82 
4S 51 13.11 
49 a 11.00 

U. 8. COAST AND GEODETIC, SURVEY. 

LATITUDE TRANSFORMATION-Continued. 

I’nruiriclrir to !;rrrc~ntnc-OontinIrrr.!. 

70 00 
i 70 30 

: 71 30 
1 71 w 
, 7’2 (m 

Pars- I Parametric 
rlietric i minus 
ttitiide. geocentric. 

49 54 15.00 
50 24 18.1U 
5n 5l 17.31 
51 24 1.3.63 
51 54 20.04 

a 

47 00 I 5 49.4m 

.72 30 
i 71( 00 
’ 73 30 

1 74 30 
I 74 00 

50 00 
50 30 
51 00 
51 30 
52 00 

5 36.511 

5 45.Mll 
5 43.897 
5 42.68s 
5 41.374 
5 39.957 

55 00 
5S 30 
56 00 
56 30 
57 00 

5 15.010 
5 12.289 

5 29.290 
5 21.155 
5 24.925 
5 22.593 
5 20.163 

5 03.557 

54 54 30.71 
55 w 32.84 
55 54 35.08 
56 24 37.41 
56 54 39.84 

77 30 
78 00 
78 30 
79 00 
79 30 

57 21 42.36 
57 54 44.99 
58 24 47.71 
.58 54 50.53 
59 ZL 53.44 

45 24 Iw).S2 88 00 
.15 54 gs 97 68 30 
46 21 I b : 2 3  i 69 00 
4ti 5% 10.59 i 69 30 

i 80 00 
80 34 I 81 00 
81 30 1 82 00 

59 54 b6.44 
60 24 59.54 
Bo 55 02.73 
61 25 06.01 
61 55 09.39 

82 30 
83 00 
83 30 
84 00 1 84 30 

62 30 
03 00 
63 30 
64 00 
64 30 

4 47.163 
4 43.617 
4 39.984 
4 36.286 
4 32.463 

65 00 
65 30 
66 00 
66 30 
67 00 

e; 30 

62 25 12.84 / /  
62 55 16.38 95 30 
63 25 30.04 
63 55 23.73 I 86 30 
64 25 27.54 I/ 87 M1 

4 a8.577 
4 24.609 
4 20.560 
4 16.432 
4 12.23 

4 0 7 . ~ 1  

64 55 31 42 !’ 57 30 
65 25 35:39 ;I 58 00 
65 55 39 44 88 30 

66 55 47.78 I $9 3 BF, %5 43:57 /I 89 

Parainerric 
minus 

geocentric. 

e-+ 

I I, 

4 07.941 
4 03.581 
3 59.146 
3 .%.a9 
3 50.060 

3 45.410 
3 40.692 
3 3 5 . m  
3 31.054 
3 B.137 

3 21.158 
3 16.117 
3 11.016 
3 05.856 
3 W.MO 

2 55.36R 
2 511.042 
2 44.065 
2 89.?37 
2 33.i61 

2 %.38 
2 22.869 
2 17.056 
2 11.402 
2 05.707 

1 59.974 
1 54.204 
1 48.399 
1 43.561 
1 36.692 

1 30.792 
1 W.SB6 
1 18.913 
1 12.936 
1 08.937 

1 00.917 
0 54.878 
0 45.823 
0 42.753 
0 36.670 

0 30.575 
0 21.4Y.a 
0 18.360 
0 12.W3 
0 06.1% 

0 OO.m 

.__- --- 
1 hcentr ic  
latitudc. 

6 --_ 
0 * I ,  

67 25 52.08 
67 55 56.4? 
68 26 W.85 
63 56 05.31 
69 26 Q9.94 

69 56 14.33 
70 26 1 Y . X  
70 56 21.09 
71 26 L . 9 5  
71 33 33.41 

72 28 38.81 
72 56 43.M 
73 26 4S.08 
73 58 54.14 
74 26 b . 3 6  

74 57 01.fi3 

75 57 15.34 

76 57 26.24 

77 27 31.76 
77 57 37.33 

18 57 4 s . m  

75 27 09.96 

76 27 2IJ.iR 

p 27 t2.94 

79 n 54.29 

79 58 110.03 
80 ?& 05.411 
80 58 11.611 
61 28 17..14 
81 58 23.31 

32 3 23.21 
82 58 35.13 
83 28 41.09 
83 58 47.w 
8L 25 53.136 

84 5s 50.0s 
85 20 05.12 
85 .w 11.1s 
I 29 li .25 
88 59 2 3 . z  

S i  aS 29.42 

ns 20 11.64 
ss 59 47.76 
89 29 5 3 , s  

90 00 w.00 

n7 59 3 5 . ~ 7  

e-+- +350012203 sin 2 8-012973 sin 4 8+01oo03 sin 6 8. 
e-+=[ 2.54434121 sin 2 8--(9.47323-10] sin 4 e;[6.527-10] sin ti 8. 



- 
!homn- 

tric 
st?tude. 

+ 
- 
e ,  

0 0 0  
0 8 0  
1 0 0  
1 3 0  
l o o  
2 3 0  
3 0 0  
3 3 0  
4 0 0  
4 3 0  

6 0 0  
6 3 0  
6 0 0  
6 3 0  
7 0 0  

7 3 0  
3 0 0  
8 3 0  
9 0 0  
9 3 0  

10 00 
10 30 
11 00 
11 30 
12 M) 

12 30 
13 00 
13 SO 
14 00 
14 30 
15 00 
15 30 
16 00 
16 30 
17 00 

17 30 
18 00 
18 30 
19 00 
19 30 

m o o  m 30 a i  00 a i  30 
2 2 0 0  
B 30 - 

0 00 00.00 
0 30 08.12 
1 00 12.24 
1 3 0  18.36 
2 00 a4.47 

2 30 30.58 
3 00 36.67 
3 30 42.75 
4 00 48.82 
4 30 54.89 

5 31 06.94 
6 01 12.94 
6 31 18.91 
7 01 24.87 

7 31 30.79 
8 01 36.69 
8 31 4 2 . 1  
9 01 4R.40 
9 31 54.20 

10 01 59.97 
IO 32 05.71 
11 E? 11.40 
11 32 17:W 
12 62 23.67 

5 01 w . s a  

LATITUDE DEVELOPMENTS. 

LATITUDE TRANSFORMATION-Cmti~d. 

Ccomh.ic tn pammetric. 

2a 30 
23 00 
23 30 
a4 00 
24 90 

25 00 
25 30 
!Z 00 
26 30 
27 00 

28 00 
28 30 
ZI 00 
29 30 

30 00 
30 3n 
31 00 
31 30 
32 00 

32 30 
33 00 
33 30 
34 00 
34 30 

n 30 

101 

12 32 28.24 
13 02 33.76 
I3 32 39.24 
14 02 44.66 
14 3? 50.04 

Parametric 
minus - 
e-+ 

35 00 
35 30 
36 00 
3C 30 
37 00 

P I t  

0 00.ooo 
0 0 8 . 1 8  
0 1 2 . w  
0 18.360 
0 84.478 

0 30.575 
0 36.670 
0 4a.753 
0 48.873 
0 54.878 

1 00.817 
1 08.517 
1 1 2 . m  
1 18.913 
1 24.- 

1 3o.m 
1 36.w 
1 42.561 
1 4a399 
1 54.m 
1 59.974 
2 0 5 . ~ 7  
2 11.403 
2 17.056 
2 22.669 

2 28.238 
2 33.761 
2 39.237 
2 44.665 
2 50.042 

2 55.368 
3 00.640 

3 11.016 
3 16.117 

3 21.158 
3 aO.137 
3 31.054 
3 35.806 
3 40.692 

3 45.410 
3 50.060 
3 54.639 
3 59.146 
4 M.581 
4 07.941 

3 o 5 . B  

15 02 55.37 
15 33 00.64 
I6 03 05.86 
I6 33 11.62 
17 ll3 16.12 

17 33 21.16 
18 00 S . 1 4  
1R 33 31.05 
19 03 35.91 
19 33 40.69 

II + 

37 30 
38 00 
38 30 
39 00 
39 30 
40 00 
40 30 
41 00 
41 30 
42 00 

20 (B 45.41 
20 33 5U.m 
21 03 54.64 
21 33 59.15 
22 04 M..W 
22 34 07.94 

42 30 
43 00 
43 30 
44 00 
44 30 
45 00 

# I I  

4 07.941 
4 12.225 
4 16.432 
4 20.560 
4 1.809 

4 B.577 
4 93.463 
4 %.a66 
4 39.954 
4 43.617 

4 47.163 
4 50.622 
4 EaW1 

5 00.460 

5 03.557 
5 08.5GZ 
5 09.473 
5 12.2&9 
5 15.010 

5 17 .85  
5 20.163 
5 %XLI 
5 24.92s 
5 27.158 

5 29.m 
5 31.322 
5 33.2-54 
5 3 0 . m  
5 3li.811 

5 35.435 
5 39.957 
5 41.374 
5 42.688 
5 43.m 

5 15.001 
5 4G.000 
5 46.894 
5 47.681 
5 48.363 

5 48.939 
5 49.408 
5 49.771 
5 50.u27 
5 50.177 
5 50.220 

4 5 7 . n i  

0 ,, 
22 34 07.94 
8 01 12.22 
23 34 15.43 
24 04 a0.s 
a4 34 24.61 

25 04 28.58 
25 34 32.46 
26 o( 36.27 
28 34 39.98 
27 ok 43.m 

n 34 47.15 
28 04 50.62 
28 34 S3.!t9 
29 01 57.27 
29 35 00.46 

30 05 03.56 
30 35 06.50 
31 05 09.47 
31 3.5 12.29 
32 05 15.01 

32 3.5 17.64 
33 115 20.16 
33 35 22.59 
34 05 24.92 
34 35 27.16 

35 05 29.29 
35 35 31.32 
36 05 33.25 
36 35 35.08 
37 05 36.N 

37 35 38.44 
38 05 39.96 
38 35 41.37 
39 05 45.139 
39 35 -43.90 

40 a5 45.00 
40 35 46.00 
41 05 4 6 , s  
41 3.5 47.6s 
42 05 43i.36 

42 35 4R.94 
43 a? 49.41 
43 35 49.Z 
44 05 5u.M 
44 35 5u.18 
45 0.5 50.22 



loa 

&7 35 48.84 
48 05 48.21 
48 35 47.51 
49 05 4 6 . 3  
49 35 45.82 

50 05 44.M 

- -. 

Isocea- 
trio 

nitude. 

$ - 
0 ,  

15 00 
L5 30 
16 00 
16 30 
17 00 

$7 30 
18 00 
18 30 
49 00 
49 30 

50ooo 
50 30 
51 00 
51 30 

52 30 
5 3 0 0  
53 30 
5 4 0 0  
54 30 

5 5 0 0  
55 30 
3 3 0 0  
-50 30 
57 00 

57 30 
58 00 
58 30 
59 00 
59 30 

e n 0 0  
60 30 
61 00 
61 30 
62 00 

62 30 
6 3 0 0  
63 30 
6 4 0 0  
64 30 

65 00 
65 30 
6000 
66 30 
67 00 
67 30 

5a 00 

- 

I 70 00 
70 30 
71 0 
71 30 
7'2 00 

72 30 

U. 8. COAST AND QEODETIG SURVEY. 

LATITUDE T R A N S F O R M A T I O H .  

Geocentric to parcmteWont inuwJ .  

50 35 43.6; ' 

51 35 41.11 
52 05 39.69 I 51 05 42.45 ! 

?nnmet.rie 
minus 

geocentric. 

73 00 

74 00 
34 30 

73 30 

e--$ 
-- 
I e, 

5 .w.m 
5 50.156 
5 4 9 . 8 1  
5 49.709 
5 49.325 

5 48.836 
5 48.240 
5 47.538 
5 48.730 
5 45.816 

52 35 38.14 
53 05 30.50 
53 36 34.75 
.SI 05 32.93 
W 35 30.86 

5 44.798 
5 1:3.674 
5 42.4441) 
5 41.114 
5 30.637 

75 00 
75 30 
70 00 
76 30 
77 00 

5 38.138 
5 3G.496 
5 34.751 
5 3 2 . W  
5 30.957 

5 28.908 
5 26.760 
6 24.512 
5 9 . l f i i  
5 19.721 

E5 05 28.91 
55 35 26.70 
56 US 24.51 
I 35 B.16  
57 05 19.72 

57 35 17.18 
58 05 14.54 
58 35 11.81 
59 05 08.96 
59 35 06.06 

60 34 59.94 
GI 04 56.74 
61 34 53.45 
62 04 50.07 

62 34 46.60 
63 04 43.05 
63 34 39.41 
64 04 33.69 
64 34 31.88 

en 05 m:w 

5 17.180 
5 14.5(1 
5 11.rnR 
5 IlS.980 
5 00.057 

z7 30 
r8 00 
7R 30 
79 W 
79 30 

80 00 
1 80 

30 
81 W 
81 30 
8a 00 

83 00 
I 90 
84 00 
84 30 

85 W 
Pj 30 
66 00 
86 30 
87 UO 

90 5 a3.(u2 
4 5 9 . 4 5  
4 56.i36 
4 53.448 
4 50.070 

4 4 6 . W  
4 13.052 
4 39.413 

4 31.882 
I 3 5 . 6 ~  

65 34 zJ:m 
66 04 19.97 
I 34 15.M 
67 M 11.63 
87 34 07.36 

4 27.932 
4 24.m 
4 19.969 
4 15.819 
4 1l.WIl 
4 07.34G 

1 as 00 I 30 
89 00 
89 30 

, I ,  

4 07.346 
4 02.987 
3 5 s . m  
3 54.045 
3 49.471 

3 44.825 
3 40.110 
3 35.324 
3 30.482 
3 25.572 

3 20.599 
I 1 5 . m  
3 ii.472 
3 05.321 
3 00.114 

2 51.853 
2 49.538 
2 41.172 
2 38.756 
2 33.- 

2 2 7 . 7 1  
2 22.227 
2 16.638 
2 1 o . w  
2 05.309 

1 59.592 
1 53.838 
1 45.050 
1 42.228 
1 36.377 

1 30.495 
1 W.587 
1 iS.652 
1 12.641 
1 06.714 

1 00.714 
0 54.095 
0 48.6.32 

0 30.546 
o 4 a . w  

0 80.472 
0 % . 3 S  
0 111.298 
0 1 2 . m  
0 oF1.1ua 
u 00.oM) 

-_- --_- 
Parametric 

latitude. 

e 

67 34 07.35 
68 04 02 .9  
68 33 5S.Q 
69 03 51.05 
69 33 49.47 

50 03 44.82 
10 33 40.11 
6 1  a3 35.33 
7? 33 W.4P 
72 03 25.57 

72 33 20.60 
73 M 15.57 
i3  33 10.47 
74 03 05.32 
74 33 00.11 

75 M 51.s 
75 32 4 9 . s  
76 W 44.17 
76 32 8 Y . X  
77 02 33.29 

17 32 27.78 
r8 02 22.23 
38 32 16.63 
79 02 10.89 
79 32 05.31 

so 01 59.59 
80 31 53.84 
81 01 48.05 
81 31 42.23 
82 01 36.38 

82 31 30.513 
83 01 24.I 
83 31 18.65 
% 01 12.69 
84 31 06.71 

85 01 00.71 
85 30 54.69 
66 00 48.60 
86 30 42.61 
s7 00 36.55 

87 30 30.45 
$8 CHI 24.39 
W8 30 1X.30 
s9 00 12.20 
s9 30 WI.10 
'x) w @Loo 

9-+ +350!#322 sin 24+0:2973 sin 4++0!OM)3 sin 6C. 
Y-$- [2.5pL3412] sin 21+[9.47323-10] sin 41+16.52i- lo] sin 61. 



LATITUDE DEVELOPMENTS. 

LATITUDE T R A n S F O R M A T I O n - C o d .  

Geodetic to isornehic. 
- 
_I 

Oeodetic 
atitude. 

v 

0 ,  

0 0 0  
0 3 0  
1 0 0  
1 3 0  
2 0 0  

2 3 0  
3 0 0  
3 3 0  
4 0 0  
4 3 0  

5 0 0  
5 3 0  
6 0 0  
G 30 
7 0 0  

7 3 0  
8 0 0  
8 3 0  
9 0 0  
9 a o  

10 30 
11 00 
11 30 
12 00 

12 30 
13 00 
13 30 
14 00 
14 .?o 

15 C@ 
15 30 
16 00 
10 30 
17 00 

18 00 
18 30 
19 00 
19 30 

2030 
21 00 
21 30 
2 2 0 0  
2 2 3 0  

in 00 

17 313 

m o o  

- 

- - 
Geodetic 
colati- 
tude 

P 

w o o  
8 9 8 0  
m a l  
8830 
R B 0 0  

a730 
go(, 
8630 
8 6 0 0  
8530 

8 5 0 0  
84 30 
84 00 
R 3 3 0  
8 3 0 0  

82 30 
82 00 
81 30 
81 00 
8030 

8 0 0 0  
79 30 
79 00 
78 30 
78 00 

77 30 
77 00 
76 30 
70 00 
75 30 

75 00 
74 30 
74 00 
73 30 
73 00 

72 30 
72 00 
.?I 30 
71 00 
70 30 

70 00 
fl 30 
G S M )  
0 8 3 0  
G x 0 0  
h i  30 

Gendetlc 
minus 

Isometric. 

P-X 

I I ,  

0 00.m 
0 12.183 
0 24.362 
0 36.534 
0 48.695 

1 00.841 
1 12.969 
1 25.075 
1 37.155 
1 49.206 

2 01.223 
2 13.204 
2 25.145 
2 37.042 
2 48.892 

3 00.691 
3 12.435 
3 24.120 
3 35.746 
3 47.304 

3 58.794 
4 10.212 
4 51.551 
4 32.818 
4 43.999 

4 55.094 
5 w.100 
5 17.014 
5 27.031 
5 38.550 

5 49.1M 
5 59.Wli 
6 10.078 

6 30.543 

6 40.599 
6 50..533 
7 00.340 

7 19.584 

7 29.oCri 

7 47.43; 
7 56.912 
8 05.312 
A 14.016 

6 m.m 

7 1 o . m  

7 3s.m 

-- 
Isometric 
colatitude. 

2 

m , ,I 

90 00 00.00 
89 30 12.18 
89 00 2436 
88 30 36.53 
88 00 48.70 

87 31 00.84 
87 01 l2.W 
88 31 25.08 
86 01 37.16 
E5 31 49.21 

85 02 0 1 . a  
84 32 13.20 
84 02 25.14 
83 32 37.01 
88 02 48.89 

82 33 00.69 
82 01 12.44 
81 33 24.12 
81 03 35.75 
80 33 47.30 

80 01 58.79 
79 34 10.21 
79 04 21.55 
78 34 32.82 
78 04 44.00 

77 31 55.09 n 05 06.10 
70 I 17.01 
7G 05 27,s 
75 35 38.55 

75 05 49.17 
74 35 59.08 
54 W 10.08 
53 30 20.37 
73 ffi 30.54 

72 36 40.133 
72 OF, 50.54 
71 37 00.35 
71 07 10.01 
70 37 19.58 

50 07 29.m 
f l  3i 38.29 
f i  07 47.44 
f i  37 56.44 
6% IN ui.30 
IG 38 14.02 -- 

I 
2 
- 

e , I ,  

45 00 00.00 
44 45 06.09 
44 30 12.18 
44 15 18.27 
44 00 24.55 

43 45 30.42 
43 30 36.48 
43 15 42.M 
43 00 48.58 
42 45 54.60 

42 31 00.61 
42 16 06.60 
42 01 12.57 
41 46 18.52 
41 31 24.45 

41 16 30.35 

40 46 42.06 
40 31 47.67 
40 1G 53.65 

40 01 59.40 
39 47 05.11 
39 32 10.i8 
39 17 16.41 
39 02 22.00 

38 32 33.U 
38 17 38.51 
38 02 43.92 

37 32 54.58 
37 17 59.84 
37 03 05.w 
36 4R 10.18 

36 1R 20.30 
3G M 25.n 
35 48 30.17 
I 33 35.02 
35 I8 39.79 

35 03 44.50 
34 48 49.15 
34 33 53.72 
34 18 5 s . a  
34 04 02.65 
33 49 07.01 

41 oi 3n.22 

38 47 27.55 

w 47 49.18 

36 33 15.27 

103 

q-~-+i[lo:l)427 sin 2q--O!'!I!Mll sin .IC +0!'0017 sin 4. 
q-,y=[2.8&512455] sin 2,e--[9.!49%3--ln) sin 4 q  +[7.?3S-lO]sin e. 



104 U. 8. COAST AND QEODETtC SURVEY. 

LATITUDE TRILNSFORMATION-Continued. 

Geodetic to isometric-Continued. 

D ,  

2230 
2 3 0 0  
2330 
2400 
2430 

2 5 0 0  
25 30 
a 6 0 0  
2680 
2 7 0 0  

2 7 3 0  

2 9 0 0  
2 9 3 0  

3 0 0 0  
3 0 3 0  
31 00 
31 30 
32 00 

32 30 
3 3 0 0  
3 3 3 0  
3400 
3430 

a500 
3530 
36 00 
3 6 3 0  
3 7 0 0  

37 30 
3800 
3830 
3900 
a930 

4000 
4030 
41 00 
41 30 
42 00 

m o o  
m 3 o  

42 30 
4 3 0 0  
4 3 3 0  
4400 
4430 
4 5 0 0  

_I - 
leodetic 
colati- 
tude 

P 

0 ,  

67 30 
67 00 
6630 
6 6 0 0  
6530 

6500 
6 4 3 0  
6 4 0 0  
63 30 
6 3 0 0  

62 30 
62 00 
61 30 
61 00 

6 0 0 0  
59 30 
59 00 
58 30 
58 00 

57 30 
57 00 
56 30 
56 00 
5 5 3 0  

5 5 0 0  
54 30 
54 00 
5330 
5 3 0 0  

52 30 
52 00 
51 30 
51 00 
5030 

50 00 
49 30 
49 00 
4s30 
4 0 0  

47 30 
47 00 
46 30 
46 00 
4530 
4 5 0 0  

o 30 

Geqdetic 
minus 

isometric. 

*-X 

8 14.016 
s 22.580 
8 30.892 
8 39.250 
B 47.349 

8 5 5 . m  
9 03.068 

9 18.128 
9 25.405 

9 in.6si 

9 32.512 
9 39.444 

9 52.780 
9 S9.179 

P 4fi.mi 

10 05.397 ' 

10 11.431 
10 1 7 . W  
10 22.941 
10 25.411 

10 33.m 
10 3 8 . i S  
10 4 3 . m  
10 4.M 
10 52.883 

10 57.188 
11 01.293 
11 05.198 
11 0B.m 
11 12.388 

11 15.693 
11 lS.782 
11 2l.W 
11 24.341 
11 26.809 

11 29.067 
11 31.117 
11 32.855 
11 34.581 
11 36.m 

11 3 7 . m  
11 38.198 
11 38.978 
11 39.546 
11 38.900 
11 40.011 

- 
Isometric 
colatitude. 

z 

D I , I  

G i  38 14.02 
67 08 2 .5s  
G6 38 30.99 
60 08 39.25 
65 38 47.35 

is ns s . 2 9  
64 39 03.01 
64 09 10.68 
63 39 18.13 
63 09 25.41 

A2 39 32.51 
62 09 39.44 

61 09 52.73 
60 39 59.18 

01 a 4n.m 

la 10 oj.40 
59 40 11.43 
59 10 l i .28  

38 10 !B.41 
'la 40 22.94 

57 40 33.70 
57 10 38.78 
56 40 43.68 
56 10 48.38 
55 40 5'2.88 

55 IO 57.19 
54 41 01.29 

53 41 05.90 
53 11 12.40 

54 11 05.20 

52 41 15.69 
52 11 18.78 
51 41 21.66 
51 11 24.34 
50 41 26.81 

50 11 29.M 
49 41 31.12 
49 11 32.96 
48 41 34.58 
4s 11 36.00 

47 41 37.m 
47 11 38.20 
46 41 38.96 
40 11 39.55 
45 41 39.90 
45 11 40.M 

z - 
2 

33 49 07.01 
33 31 11.29 
33 19 15.50 
33 01 19.62 
32 49 23.67 

32 31 27.64 
33 19 31.53 
32 04 .75.31 
31 49 39.W 
31 34 42.70 

31 19 46% 
31 04 49.72 
30 49 53.10 
30 34 56.39 
30 19 59.59 

30 05 02.70 
!29 50 05.72 
29 35 09.64 
29 P 11.47 
29 05 14.21 

28 50 16.85 
39 35 19.39 

9 05 24.lY 
n 50 26.44 

25 m 21.84 

27 35 9.59 

27 05 32.60 
26 50 34.45 

n m 30.65 

26 35 36.10 

aci 20 37.85 
26 05 39.39 
25 50 40.88 
25 35 42.17 
25 20 43.40 

25 05 44.53 
24 50 45.60 
24 35 46.48 
x m 47.29 zi 05 4.00 

23 50 48.60 
P 35 40.10 
23 05 49.77 
22 50 49.95 az 35 50.02 

r r ~  m 49.49 

(p-x-+7CO!a(n sin 2v-OZ9900 sin 4(p+OI0017 sin Sp. 
(p-X- [2.8451ppssl sln ~-p.ssss3-10] sin 4p+[7.r)8-10] sin 6. 



LATXTUDE DEVELOPMENTS. 

LATITUDE TRANSFORMATION--Continued. 

Geodetic: to bmrct&-Continued. 
- - 
teodetlc 
rtitude 

P 
- 

0 ,  

4500 
4 5 3 0  
4 6 0 0  
46 30 
47 00 

47 30 
48 00 
48 30 
49 00 
49 30 

5 0 0 0  
5030 
51 00 
51 30 
5 1 0 0  

52 30 
5 3 0 0  
5330 
5 4 0 0  
5 4 3 0  

5 5 0 0  
5 6 3 0  
5 R 0 0  
5830 
57 00 

51 30 
6 8 0 0  
58 30 
5 9 0 0  
59 30 

0 0 0  
0 3 0  
61 00 
61 30 m o o  
4 3 0  
6 3 0 0  
6330 
6 4 0 0  
6130 
( 1 8 0 0  
65m 
e600 
66I 
67 00 
67 30 - 

1 ,  

4500 
44 30 
44 00 
4 3 3 0  
43 00 

42 30 
42 00 
41 30 
41 00 
40 30 

40 00 
3 9 3 0  
39 00 
3.5 30 
38 00 

37 30 
37 00 
36 30 
36 00 
35 30 

35 00 
34 30 
34 OG 

3300 

32 30 
32 00 
31 30 
31 00 
3030 

30 00 
2930 
an 00 
28 30 
28 00 

a 7 3 0  
27 00 
26 90 
26 00 
2530 
25 00 
2430 
24 00 
2 3 3 0  
2 3 0 0  
22 30 

33 313 

-- 

Geodetic 
minus 

lsometrlc. 

P-X 

I I ,  

11 40.041 
11 39.- 
11 39.w 
11 39.185 
I1 3a4?4 

11 31.549 
11 36.412 
11 35.0m 
I1 33.501 
11 31.728 

11 29.745 
11 27.550 
11 25.146 
11 22.533 
11 19.712 

11 16.683 
11 13.418 
11 10.001 
11 ffi.W 
11 03.512 

10 5s.461 
10 54.m 
10 49.755 
10 45 104 
10 40.256 

10 35 212 
10 29.974 
10 2 4 . M  
10 18822 
10 13.111 

10 07.112 
10 00.928 
9 .s4.560 
9 4R010 
9 41.2W 

9 27.288 
9 !a031 
9 12.602 
9 05.m 

9 a.372 

R 57.2413 a iKiio 
8 41.219 
8 32.868 
8 24.559 
8 15.m 

___- 

Isometric 
colatitude. 

2 

45 11 40.04 
44 41 39.97 
44 11 39.68 
43 41 39.18 
43 11 a 4 7  

42 41 37.55 
42 11 38.41 
41 41 35.06 
41 11 33.M 
40 41 31.78 

40 11 29.74 

39 11 25.15 
38 41 22.63 
38 11 19.71 

39 41 n.55 

a7 41 ILB~ 
37 11 13.45 
36 41 10.01 
36 11 06.86 
35 41 02.61 

35 10 58.46 
34 40 M.21 
34 10 49.76 
33 40 45.10 
33 10 40.26 

32 40 852  
32 10 29.d 
31 40 24.54 

30 40 13.11 
31 io :am 

a0 10 01.11 

29 O9 54.66 
28 39 48.01 
28 (w, 41.28 

29 40 00.93 

27 39 34.37 

26 39 20.03 
27 09 n.xa 
ae O9 12.60 
25 59 MOO 
25 OS 51.24 
24 31) 49.31 
24 OS 41.22 
23 38 32.97 
a3 OS 24.56 
22 38 16.00 

I 

2 

22 35 50.02 
22 20 49.89 
22 05 49.81 
21 50 48.58 
21 35 49.24 

21 20 a n  
21 05 46.21 
20 50 47. I 
20 35 46.75 
20 20 4 5 . s  

20 05 44.87 
19 50 43.7s 
19 35 42.67 
19 20 41.25 
19 05 39.M 

18 50 3834 
18 ai 36.73 
18 20 35.00 
18 05 33.18 

17 35 29.23 
17 20 27.10 
17 05 24.88 
I6 50 22.55 

16 20 17.61 
16 05 14.99 
15 50 12.27 
15 35 08.46 
15 20 06.56 

17 50 ai.26 

in 35 m.13 

15 05 03.58 
14 50 00.46 
14 34 57.28 
14 19 54.00 
14 04 5O.M 

13 49 47.19 
13 34 43.64 

13 04 Jg30 
12 49 32.50 
13 19 a m  

12 34 2562 
12 19 ?&sa 
11 49 16.46 
11 34 12.28 
11 19 oa00 

12 04 a 6 1  

105 



106 U. 9. COAST AND GEODETIC SURVEY. 

LATITUDE TRANSFORMATION-Continued. 

CeoLtic LO C~oirietricl-Coutinued. 

:eodetic 
atltudc. 

V 

m ,  

67 30 
6 8 0 0  
6830 
8800 
6930 

70 30 
71 00 
71 30 
zoo 
72 30 
73 00 
73 30 
74 00 
74 : o  
75 00 
75 30 
70 00 
76 30 

77 30 
78 MI 
78 30 
7 9 0 0  
7930 

8 0 3 0  
81 00 
81 so 
8 2 0 0  

8230 
8 3 0 0  
8330 
8 4 0 0  
M 3 0  

8 5 0 0  
8530 

8830 
S i  M) 

87 30 
1 0 0  
8930 
8 8 0 0  
8830 w o o  

m o o  

noo 

m o o  

m o o  

- 

- - 
hodetic 
colati- 
tudo 

P 

0 ,  

22 30 
22 00 
21 30 
21 00 
2030 

20 00 
19 30 
19 00 
18 30 
I8 00 

1; 30 
17 00 
16 30 
16 00 
15 30 

15 00 
14 30 
14 00 
13 30 
13 00 

12 30 
12 00 
11 30 
11 00 
10 30 

10 00 
9 3 0  
9 0 0  
8 3 0  
8 0 0  

7 3 0  
7 0 0  
6 3 0  
6 0 0  
5 3 0  

5 0 0  
4 3 0  

3 3 0  
3 0 0  

2 3 0  
2 0 0  
1 3 0  
1 0 0  
0 3 0  
0 0 0  

4 m  

- 

-- 
Geodetic 
minus 

isometric. 

v-x 

I ,I 

8 15.996 
8 07.281 
7 58.417 
7 49.m 
7 (0.251 

7 30.9.55 
7 21.521 
7 11.952 
7 02.249 
0 52.418 

6 42.460 
6 32.378 
6 22.1i7 
6 1 l . W  
0 01.424 

5 50.880 
5 4.m 
5 29.472 
5 18.615 
5 07.660 

4 !&I311 
4 45.470 
4 34.242 
4 a2.930 
4 11.537 

4 00.067 
3 4R522 
3 36.907 
3 25.225 
3 13.484 

3 01.881 
2 40.822 
2 37.910 
2 25.861 
2 13.045 

2 0l.W)o 
1 40.818 
1 37.701 
1 25.554 
I i3.3ai 

1 01 .11  
0 48.971 
0 a 7 4 1  
0 24.500 
0 12.2.a 
0 00.m 

Isometric 
colatitude. 

z 

0 , .I 

22 30 i e m  
22 os 07.28 
21 37 58.42 
21 07 49.41 
20 37 443.25 

20 oi 30.96 
19 37 21.52 
19 07 11.95 
18 37 02.25 
18 06 52.42 

17 3'3 42.46 
l i  OB 31311 
16 36 22.111 
16 06 11.m 
15 30 01 42 

15 05 50.W 
14 35 40.23 
I4 05 29.47 

13 05 07.66 

12 34 E6.61 
12 01 45.47 
11 34 34.24 
11 04 22.83 
10 34 11.54 

10 04 00.07 
9 33 48.52 
9 03 36.91 
8 33 2523 
8 03 13.48 

7 33 01.88 
7 m 49.82 
6 32 S7.01 
6 02 25.95 
5 32 13.94 

5 m 01.90 
4 31 49.82 
4 01 37.70 
3 31 25.55 
3 01 13.38 

2 31 01.18 
2 00 4a.97 
1 30 36.71 
1 00 24.50 
0 30 12.25 
0 00 oo.00 

13 35 18.62 

D , I ,  

11 19 a m  
11 04 03.64 
10 4s 59.21 
10 33 54.10 
10 1s 50.13 

9 48 (0.76 
9 33 35.911 
9 18 31.12 
9 03 2621 

8 48 21.23 
8 33 16.19 
8 18 11.09 
8 03 05.93 

7 32 55.44 
7 17 50.11 
7 02 44.74 
6 47 39.31 
6 32 33.83 

6 17 2931 
6 02 22.74 
5 47 17.12 
5 32 11.46 
5 17 05.77 

5 02 00.03 
4 46 54.26 
4 31 4645 
4 16 42.61 
4 01 36.71 

3 46 30.M 
3 31 24.91 

3 01 12.98 
2 46 rm.97 

2 31 00.95 
2 15 54.91 
2 00 4 R S  
1 45 42.78 
1 30 36.8 

1 15 30.59 
1 00 24.49 
0 45 1837 
0 30 12.25 
0 15 08.13 
0 00 m.00 

IO 03 4 5 . 4 ~  

7 4s 00.71 

s u iawi 



- - 
DmeG 
o lati- ,a. 

X - 
. I  

0 0 0  
o m  
1 0 0  
1 9 0  
2 0 0  

2 30 
3 o u  
3 %  
4 0 0  
4 3 0  

5 0 0  
5 3 0  
6 0 0  
6 3 0  
7 0 0  

7 3 0  
8 0 0  
8 30. 
9 0 0  
9 3 0  

10 00 
10 30 
11 00 
11 30 
12 00 

12 30 
13 00 
13 30 
14 00 

15 00 
15 30 
16 00 
I6 30 
17 00 

17 30 
I8 00 
18 30 
19 00 
I9 30 

! B o n  
3030 
21 00 
21 24 
Boo 
213n 

14 30 

- 

2 31 01.2; 
3 01 13.4ti 
3 31 25.65 
4 01 3i.Rl 
4 31 49.94 

5 02 02.04 
5 32 14.10 

6 32 3S.M 
7 M 50.01 

G 02 a8.11 

LA-E DEVELOPMENTS. 

LATITUDE TWSFORMATIOI'-Continued. 

25 00 
25 30 
26 M 
I 30 
27 00 

27 30 
2S 00 

27 MI 
29 30 

m .w 

L 

Qeodeth 
mmw 

sometric. 

P-X 

I ,I 

0 o.Oo0 
0 12.%Ii 
0 21.53'4 
0 3 c . m  
0 49.025 

1 01.254 
I 13.463 
1 %.Go 
I 3i.!310 
1 19.041 

2 03.037 
2 14.097 
2 a6.113 
2 38.085 
2 50.008 

3 01.880 
3 13.69.i 
3 25.450 
3 37.142 
3 48.iGR 

4 00.322 
4 11.803 
4 23.m 
4 34.529 
4 45.780 

I 56.916 
5 Oi.9i4 
5 18.937 
5 29.Ro3 
5 40.5GG 

5 51.225 
6 01.776 
6 12.215 
G 22.540 
6 32.747 

0 42.831 
G 52.796 
7 01.G31 
7 12.337 
7 21.91C 

7 31.341 
7 40.Li41 
7 40.801 
7 cIs.812 

R 16.39: 
R n7.~7$ 

7 33 01.811 

8 33 25.45 
9 03 37.14 
0 33 48.77 

8 03 13.70 I 

I m t r i c  to geodetic. 

30 00 

31 00 
91 30 
32 00 

30 30 

P 

8 , I ,  

10 04 00.32 

11 0.1 23.21 
11 3.1 34.93 
I2 M 45.i7 

12 34 OI.92 
13 05 Oi.97 
13 35 14.91 
14 us 29.80 
14 35 40.57 

15 u5 5 1 . 2  
15 36 01.78 
1G 06 12.22 
10 30 22.54 
1; W 32.75 

17 aG 4 2 . e  

18 37 02.85 
19 07 12.31 
19 37 21.91 

in 34 11.m 

1s os 5 2 . ~ 0  

32 30 

33 30 
31 00 
3.1 30 

35 00 
35 30 
36 00 
36 30 
37 M 

37 30 
34 UO 
38 30 
39 00 
39 30 

40 00 

41 on 
41 30 
42 00 

33 M) 

40 30 

Ceodetlc 
minue 

isometric. 

P-X 

I #I 

8 16.393 
8 24.m 
8 33.3G3 
8 4l.ti13 
8 49.7oa 

8 57.630 
9 05.392 
9 12.0117 
9 20.412 
0 27.WB5 

9 34.744 
9 41.617 
9 48.3i1 
9 54.915 

10 01.277 

IO 07.454 
10 13.41G 
10 19.249 
10 24.SF83 
10 30.285 

10 35.514 
10 10.'549 
10 45.338 
10 50.029 
10 54.471 

10 5B.713 
11 02.i54 
11 Iyi...W2 
11 111.226 
11 l 3 . W  

11 16.879 
11 lO.aSci 
11 22.705 
11 25.30s 
11 27.m 

I1 29.878 
11 31.848 
11 33.007 
11 35.15t 
11 W;.492 

11 37.G15 
11 S.5% 
11 39.221 
11 .W.i09 
I1 3 9 . w  
I 1  40.084 

107 

Gcpdetlc 
latitude. 

yo 

. I I, 

22 38 16.39 
21 98 24.00 

24 o(I 41.hI 
24 38 49.70 

25 08 57.63 
25 39 05.39 

27 09 2 7 . 1  

27 39 31.74 
28 09 41.05 

39 48.37 
09 54.92 

.m 40 0l .B 

30 10 07.45 
30 40 13.45 
31 10 19.2.; 
31 40 24.86 
32 10 30.23 

32 40 35.51 
33 10 4n.65 

34 10 50.03 
34 40 54.47 

35 10 5B.X 
35 41 02.75 
36 11 06.59 
30 I1 10.23 
3: 11 13.M 

37 41 16.88 
38 11 19.90 
38 41 22.70 
39 11 25.30 
39 41 27.70 

LO 11 23.88 
40 41 31.85 
41 11 S . 0 1  
41 41 35.16 

27 38 33.36 

WJ 09 12.99 s 39 m.41 

33 40 45.39 

42 11 wJ.49 

42 41 37.62 
4.7 11 w . 5 3  
43 41 30. P 
,I4 11 39.71 
44 41 39.9s 
4.5 1 1  m o r  



10s 

47 41 37.13 I 
4& 11 35.92 I 
48 41 31.44 
49 11 33.M 
49 41 30.99 

I o ,  

70 110 
70 30 
71 OIl 
71 30 
72 (10 

45 M) 
45 30 
46 00 
46 a0 
47 00 

47 30 
48 00 
48 30 
49 00 
49 3n 

5 0 0 0  
.50 30 
51 00 
51 30 
52 00 

52 4 1  15.49 I 
53 41 06.68 
51 11 04.91; 
51 41 01.05 

s3 11 12.19 ' 52 30 
53 00 
53 30 
51 00 
54 30 

75 GO 
75 :m 
71: 00 
ifi 30 
77 00 

55 00 
55 30 
56 UO 
56 30 
57 00 

57 30 
5 8 0 0  
B 30 
5 8 0 0  
5 9 3 0  

Go 30 
61 00 
GI 30 
c;2 00 

62 30 

ria 00 

c5 00 

IX 
66 30 1 67 

00 
67 30 

U. 8. COAST AND QEODETIC SURVEY. 

LATITUDE TRANSFORMATION-Continued. 

I s m ~ t r i c  to geo&~ic--c'ontiulle?. 

Oeodctlc 
minus 

tsomtric. 

(P-X 

, I, 

11 40.038 
11 39.883 
11 39.515 
11 38.934 
11 38.140 

11 3i.131 
11 35.916 
11 34.485 
11 32.R.14 
11 3 0 . ~ 2  

11 2a.m 
11 %.F,5S 
11 24.178 
11 21.490 
11 18.595 

11 15.4!!3 
11 12.187 
11 @8.6iti 
11 04.oG3 
11 01.048 

10 56.932 
10 52.C17 
10 48.103 
10 43.39.1 

10 33.391 

10 22.ti20 
10 16.951 
10 11.0115 

10 h5.054 
9 58.KiO 
9 52.424 
9 45..939 
9 39.077 

in 3t7.489 

io z3.m 

9 32.140 
9 25.028 
9 17.748 
9 10.Zl7 
9 02.ljSl 

8 54.m 
8 4G.95X 
8 38.85i 
8 3o.Fi98 
8 2?.I.s(, 
R 13.1;21 

Immet- // riclati- 
tude. 

* II 

Geodetic 
minus 

isometric. 

C - X  

I I ,  

8 13.621 
8 04.908 
7 50.04s 

47.014 
I 3i.SOU 

7 2s.61? 
7 19.19s 
7 09.648 
8 59.967 
8 -50 1Ml 

ti 50.229 
6 W.li7 
G 211.1108 
0 m.724 
5 59 .38  

5 48.821 
5 38.216 
5 27.544 
5 10.G95 
5 05.790 

3 :iX.S~ll 
3 47.061 
3 33.:,13 
3 23.m 
3 12.22R 

R 00.494 
2 4s. 707 

2 24. L98S 
2 3li.R70 

i 49; ik i  
1 37.ING 
1 21.9so 
1 12.W 

I i M . i i S  
0 4 S . W  
0 3G.4Od 
0 24.335 n 12,lIi!l 
u on.noo 

Geodetic 
latitude. 

* 
0 I ,I 

67 38 13.62 
GB OS 04.91 
fiS 37 56.05 

li9 37 37.90 
GI) 07 47.04 

70 I l i  B.62 
70 37 19.20 
71 07 09.65 
71 313 59.97 
i 2  Ofi 50.18 

72 3G 40.23 
73 80.18 

r4 08 09.72 
74 36 .w.33 

13 3~ 2o.m 

75 n5 ~ 8 2  
i 6  3s 3s.22 
i t i  05 Zi.50 
76 35 11;. 7u 
77 OS 05.i9 

i 7  34 54.79 
i s  04 43.71 
I$ 34 33.54 
d9 04 2J.S 
i 9  34 09.95 

Rn 03 69.51 
so 33 4 i . m  
S1 03 Tn.51 
SI 33 23.90 
82 IJ3 12.23 

R2 3Y m.49 w *2 4S.il 
X3 33 % . S i  
I4 02 24.W 
81 $2 13.W~ 

85 02 01 .w 
85 31 49.04 
Ri 01 37.05 
Sli 31 24.98 
R7 01 12.89 

8 i  31 0u.i; 
89 00 IR.64 
SS 30 1 . 4 9  
89 00 24.34 
*9 30 12.1; 
YO 00 00.00 



. I  

0 0 0  
0 3 0  
1 0 0  
1 3 0  
2 0 0  

2 3 0  
3 0 0  
3 3 0  
4 0 0  
4 3 0  

5 0 0  
5 3 0  
6 0 0  
6 30 
7 0 0  

7 30 
8 0 0  
8 30 
9 0 0  
9 3 0  

10 00 
10 so 
11 00 
11 30 
12 00 

12 30 
13 00 
13 30 
14 00 
14 30 

15 00 
15 30 
16 00 
16 30 
17 00 

17 30 
18 00 
18 30 
19 00 
19 30 

2000 

21 00 
21 30 
2 2 0 0  
2 2 3 0  

2030 
10 55 00.25 
20 24 54.06 
20 51 47.05 
21 24 41.95 
21 54 36.03 
22 24 30.22 

LATITUDE DEVELOPMENTS. 

LATITUDE TRANSFORMATION-Chhued. 

4? 30 
43 00 
43 30 
44 00 
44 30 
45 00 

Geodetic 
minus 

authdlc. 

(P--8 

, I #  

0 00.oLm 
0 08.135 
0 16.*267 
0 24.3%5 
0 32.515 

0 40.625 
0 48.721 
0 56.806 
1 W.872 
1 12.918 

1 20.942 

1 52.7'10 

1 25.943 
1 36.915 
1 44.858 

2 00.648 
2 08.498 
2 16.290 
2 24.051 
2 31.7MI 

2 39.439 
2 47.062 
2 51.631 
3 n?.lM 
3 09.618 

3 17.024 
3 24.371 
3 3 1 . H  
3 38.871 
3 46.032 

3 53.118 
4 00.133 
4 07.076 
4 13.944 
4 2 o . w  

I 27.446 
4 34.076 
4 40.624 
4 47.088 
I 53.462 

4 59.748 
5 05.944 
5 12.046 
5 18.054 
5 23.966 
5 29.779 

Authalic 
latitude. 

B 
~- 
0 I ,I 

0 00 00.00 
0 29 51.87 
0 59 43.73 
1 29 35.61 
1 59 27.49 

2 29 19.38 
I 59 11.3  
3 29 03.19 
3 $8 55.13 
4 28 17.08 

4 58 3Y.06 
5 28 31.06 
5 58 8 . 0 8  
6 48 15.14 
6 53 07.23 

7 27 59.35 
7 57 51.51 
8 27 43.71 
8 57 35.95 
9 27 28.23 

9 57 20.56 
10 37 12.94 
10 57 05.37 
11 26 57.85 
11 56 50.38 

12 26 42.98 
12 56 35.63 

13 66 21.12 
14 26 13.97 

13 as 28.34 

14 56 06.88 
15 25 59.81 
15 55 52 .a  

16 55 39.21 

17 25 32.U 
17 55 25.92 
18 25 19.3: 
18 55 12.91 
19 25 06 ,s  

16 25 4 6 . 0 ~  

Geodetic 
lati tude. 

(P 

0 ,  

2 2 3 0  
2 3 0 0  
2 3 3 0  
24 00 
24 30 

25 00 
25 30 
2 6 0 0  
26 30 
27 00 

27 30 
28 00 
28 30 
2 9 0 0  
29 30 

3 0 0 0  
30 30 
31 00 
31 30 

, 32 00 

3230 
33 00 
3 3 3 0  
34 00 
34 30 

3s 00 
35 30 
36 00 
36 30 
37 00 

47 30 
38 00 
38 30 
39 00 
39 30 

40 00 
40 30 

42 00 

-- 
Geodetic 
minus 

nuthalic. 

YP-8 

I I ,  

5 29.779 
5 35.492 
5 41.104 
5 46.612 
5 52.014 

5 57.310 
6 0?.498 
6 07.575 
6 1"..511 
6 17.394 

6 ?2.132 
6 26.755 
6 3 1 . a  
6 35.646 
6 39.911 

e 44.056 
6 48.078 
6 51.975 
6 55.748 
a 59.394 

7 02.913 
7 06.m 
7 09.564 
7 12.604 
7 15.6% 

7 18.580 
7 1 . 2 9 3  
7 23.891 
7 26.355 
7 28.683 

7 30.875 
7 32.929 
7 34.El6 
7 36.624 
7 38.264 

7 39.764 
7 41.124 
7 42.344 
7 43.423 
7 44.361 

7 45.157 
7 45.812 
7 46.325 
7 46.696 
7 46.9% 
7 47.012 

109 

Authallc 
latitude. 

B 

22 24 30.22 
E 54 24.51 
3 24 16.90 
23 54 13.39 
24 2.1 07.89 

!?d 54 02.69 -. .~ .~ . 
25 23 57.50 
25 53 .52.42 
26 8 47.46 
26 53 42.61 

27 23 37.87 

28 23 28.74 
28 53 24.35 
29 23 20.09 

n 53 33.24 

28 53 15.94 
30 23 11.92 
30 53 08.02 
31 8 04.21, 
31 53 00.61 

32 22 57.09 
32 52 53.70 
33 22 50.44 
33 52 47.31 
34 22 41.31 

34 52 41.44 
35 22 38.71 
35 52 36.11 
36 22 33.64 
36 52 31.32 

37 22 m.ia 
37 52 27.07 
38 22 25.15 
38 52 23.38 
39 22 21.74 

39 52 20.21 
40 22 18.B 
40 52 17.M 
4 1  22 16.S 
4 1  52 15.64 

42 22 14.84 
42 52 14.19 
43 22 13.68 
43 52 13.30 
44 22 13.07 
44 52 12.99 

p-B=+46720129sin 2p-O!4494sin 4(~+0!00a5ain 6p. 
p-B-[a.66tB288] sin 29-p.65255-10] sm dp+[6.i32--10] sin 6 ~ .  
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. ,  
45 00 
4: :ul 
46 00 
.I6 31 
4 i  IW 

47 30 
18 w 
4E 3c 
.IO i10 
49 30 

5ll M 
5 0 Q  
51 00 
51 30 
52 00 

52 .u) 
suo 
Sr :io 
51 00 
51 .w 
55  00 
.% 30 
.woe 
5E 30 
55 00 

57 30 
5 8 0 0  
.sR 30 .w 00 
59 30 

w BC 
61 ui) 
61 30 
62 00 

li2 30 
6 3 o n  
C! 30 
61 nG 

61 M1 
6.5 30 
Rli 00 
lie 30 
li OIl 
l i i  :W 

r i  00 

6.1 :{a 

U. 6. COAST AND QEODETIC SURVEY. 

LATITUDE TRANSFORMATION-Continued. 
Ccockf if! to muuUlcrli~-Continu~rI. 

GecBdotir 
miU1l.r 

authlir. 

c--8 

I ,I 

7 4 7 . n ~  
7 46.967 
7 40 .78  
7 4fi.419 
7 45.93i 

7 45.313 
7 44.547 
7 43.640 
7 42.591 
7 41.402 

- rn 071 i 3im) 
7 3ti.m 
7 :35.240 
7 Z3.351 

7 31.324 
7 LZ.1.59 
i 2 6 . W  
i 24.419 
i 21.646 

7 19.137 
7 16 .31  
7 13.319 

7 r)ti.Q71 
7 in  

7 03.311 
7 u ( I . i O Y  
ti 56.475 
G 5 2 . m  
6 48.64C 

0 44.834 
G 40.705 
fi 36.48  
0 3 2 . M  
6 27.588 

6 2 .977 
G 18.249 
6 13.405 
6 08.447 
fi 03.377 

58.195 

4i.505 
5 52.904 

I iendetic 
minus 

nuthnlic. 

u-P 

, I ,  

5 20.078 
5 24.861 
5 18.951 
5 12.Y.IlJ 
5 ug.833 

5 00.633 
I 54.341 
4 47.9% 
1 41.4% 
4 34.931 

4 2s.m 
4 ?1.%7 
4 14.7ti4 
4 07.K! 
4 W . E 7  

3 csl.b% 
3 4R.794 
3 :39.622 
9 32.:751 
3 25.080 

3 17.713 
3 lo.2N; 
3 u?.w 
2 55 .28  
2 .17.m:c 

2 4n.OIi 
2 X.X? 
0 24.579 

2 os.965 
i 16.793 

Aiit.halk 
latitilde. 

B 

61 ?I 53.17 

68 54 s9.::7 
70 25 W.6R 
70 S5 12, II.! 
iI 25 19.51 
i l  .S5 25.07 

I -  2.: :C1.71 
i:! S5 :is. 4 3  
73 2s 45.24 
.7:i % ,v. I? 
i l  25 3J.m 

-. , 

79 S i  19.98 
WI) 27 ? i . A P  
#I Si  :;S, .13 
41 ?i 4'<.?1 
X I  Si 5l.n.l 

X I  5Y 3n.75 
fiF: 25 4 6 , s  
85 58 54.w 
4 2'J OLl.9$ 
S6 w 1I.W 

s; 29 19.n: 
S i  39 27.30 
.*: 2S 3.551 
S.. 53 43.67 
S!l 3 61. s7 
::I> 110 nn. on, 



- - 
uthdic 
titiidc. 

8 

Geodetic 
htitudc. 

Q 
-- 

e # I#  

o on n0.m 

I 00 19.34 
0 30 OR.17 

. ,  
n o n  

I xn 

2 3n 

3 3n 

4 3n 

5 3n 

0 30 
1 0 0  

2 0 0  

3 M  

c o n  

5 n n  

6 O n  
6 311 
7 0 0  

8 0 0  
R 30 
9 0 0  
9 3 0  

IO 00 

11 on 
11 30 
12 no 

13 R) 

I4 0 
14 30 

15 M 
15 30 
I6 00 
16 30 
17 00 

17 30 
18 00 
18 30 
19 00 
IS 30 

2 0 0 0  
2030 
21 00 
21 30 
?2 (10 
?2 30 

7 3n 

IO 3n 

12 3n 

13 30 

Authalic 
latitude. 

8 - 
0 ,  

22 3n 

23 3n 
23 00 

LATI!CUDE DEVEIX)PMENTS. 

LATITUDE TRANSFORMATION-Continued. 

Aiduilic to gendetic. 

s ni 21.30 
5 SI 29.34 
I ni 37.31 
6 31 45 32 
7 01 53127 

Qeodetic 
minus 

authalic. 

r-8 

27 30 
2s no I 2s 30 

I E 

I #I 

0 00.m 
n w.1~ 
n 16.341 
n 24..ws 
0 3?.W? 

7 P nt.18 
R rn m.ns I 
9 In 24.67 1 X 32 16.W ' 
9 32 32.42 1 

(r 4 n . n  i 
IO 3; 4i.77 1 
11 02 55.37 
11 33 n2.S 1 
12 n3 10.40 I 
12 33 17.84 i 
13 03 25.20 : 

14 R? 39.75 ! 
13 33 32.51 1 

14 33 46 .S I 

n m.,m n 4 s . w  
0 S7.M2 
I M.IRI 
1 13.245 

30 00 
30 30 

31 30 
31 00 

32 00 

32 30 
33 00 
33 30 

34 30 

3s nn 
3s 30 

34 M 

36 M 
36 30 
37 00 

1 ?1.3n4 
1 3.339 
1 3i.345 
1 45.3?? 
1 53.267 

20 05 0 0 . P ~  ] 
20 35 06.w 
21 OS 13.10 
21 35 19.11 
?? a5 2j.m 
22 3.5 3n.84 

2 01.177 
2 m.w 
2 IA.RR2 
2 24.673 
2 32.42a 

42 30 
4a 00 
43 30 
44 00 
44 3n 
45 00 

2 4 n . m  
2 47.770 
2 55.31 
3 02.91: 
3 10.4M 

3 17.R?! 
3 25.2n: 
3 32.511 
3 33.754 
3 46.93 

3 M.W 
4 01.08; 
4 os.(12; 
4 14.911 
4 21.71! 

4 I8.M 
4 35.08: 
4 41.64 
4 48.11: 
4 51.49( 

5 00.7% 
5 w.99: 
5 13.W 
5 19.1a 
5 ?502: 
5 30.W 

2 30 4 0 . ~ 1  I! 25 00 

3 an 57.06 I/ zfi oo 
4 ni ns.16 26 30 

3 M 4'4.94 25 30 

4 31 13.24 27 (10 

1R 04 3S.M 

19 M 45.11 

Gc4NiCtlC 
minus 

authalic. 

r-8 
-- 
, I d  

s 3n.w7 
5 36.549 
5 42.1.59 
5 47.RB 
5 53.062 

5 5R.352 
6 03.53" 

6 13 5.- 
6 18.400 

G n s . m  

13 23 i26 
6 2i.735 
6 32.225 
6 36..W 
6 40.R15 

6 44.971 
6 4R.974 
6 52.U52 
6 56.603 
7 (10.217 

7 (L3.723 
7 07.on9 
7 111.124 
7 13.429 
7 16.400 

7 13.239 
7 21.913 
7 24.s12 
7 2fi.948 

7 XI r m  
? 29.?43 

i 3a:iii 
7 3 7 . 0 ~ ~  
7 35.309 

7 38.659 

7 40.125 
7 41.450 
7 4 2 . W  
7 43.673 
7 41.580 

7 85.340 
7 45.93 
7 46.435 

4fi.770 , 41.962 
7 47.011 

111 

Geodetic 
latitude. 

Q 

D , I, 

22 35 30.84 
23 OS 36.55 
23 35 42.16 

24 35 53.06 
24 os 47.86 

25 05 5s.35 
25 3fi 03.53 
21 Ml 08.60 
26 36 13.N 
27 06 18.40 

27 36 23.!3 
23 06 27.84 
28 36 3?.22 
29 OF, 36.M 
29 3e 4 n . ~  

3n M 4.1.97 
30 36 48.97 
31 MI 5!!.R5 
31 38 .%.f4l 
32 07 00.23 

32 37 03.73 
33 M 07.09 
33 37 10.32 
34 07 13.43 
34 37 16.10 

35 07 19.24 
35 37 21.94 
36 M 24.51 
36 37 26.95 
37 07 29.24 

37 3 i  31.40 
3R 07 33.42 
311 37 si.31 
39 07 37.05 
39 37 3R.M 

40 07 40.12 
40 37 41.a5 
41 07 42.63 
41 37 43.68 
u 07 44.58 

42 37 45.34 
43 07 45.96 
43 37 46.44 
44 07 46.77 

45 07 47.01 
44 37 4e.90 
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Geodetic 
latitude. 

Y 

0 ,  

- 

A uthali, 
lntitudm 

8 
-.- 

e ,  

4s 00 
4-5 30 
4ti 0 

IS 00 

4 i  30 
4s 00 

49 00 
49 30 

m o o  
SO 30 
51 110 
51 30 
52 00 

52 30 
5 3 0 0  

51 (0 
54 30 

5 5 0 0  
55 30 
5 6 0 0  
58 30 
57 00 

57 30 
I W  
.w 00 
59 30 

6 0 0 0  
60 30 
61 00 
61 30 
62 00 

6 2 3 0  
6 3 0 0  
ba 30 
6 4 0 0  
6 4 3 0  

8 5 0 0  
6530 
6 6 0 0  
6630 
67 00 
67 30 

41; 30 

49 30 

53 30 

I 30 

- 

I 

j Aitthdic 
latitude 

I 

, B  
I 

I , ! - ,  

U. S. COAST AND GEODETIC SURVEY. 

LATITUDE TRANSFORMATICN-Continued. 

i l  uthalic io ~ ~ . ~ ~ l i c i ! o n t . j n n e r l .  

4 i  37 45.13 
48 07 44.33 
I S  3 i  43.38 

43 37 41.07 
49 07 42.30 

so n7 39.71 

Geodetic 
minus 

nntbolic. 

'1 70 00 
70 30 
71 00 

72 00 
71 30 

7z 30 

9-8 
-- 
, ,I 

7 47.012 
7 46.919 

7 4fi.mq 
7 45.m 

7 4 6 . w  

50 37 3R.20 I 
51 07 3G.S I 

52 07 32.65 1 
51 37 31 7% 

7 45.12Y 
7 44.327 
7 4 . 3 8 4  
7 42.39 
7 41.074 

I 35.205 
7 36.559 
7 34.776 

1 39.709 
73 00 
73 30 
71 30 
A 00 

7 3 3 . w  

7 1.539 
7 26.26G 
7 23.796 
7 21.1M 

i 30.795 

57 37 n2.78 
58 1)6 59.27 I 
5ff 31 55.62 
59 06 5 1 A  
59 30 47.M 

7 18.U7 
7 15.58; 
7 12.554 
7 09.450 
7 06.185 

80 00 
80 30 
81 00 
81 30 
82 03 

7 02.791 
6 59.28  
6 55.619 
6 51.844 
6 47.943 

82 36 21.9R 
63 08 17.24 
63 36 12.39 
54 OB 07.45 
M 36 02.34 

6 43.918 
6 39.771 
6 35.333 
6 31.115 
6 26.608 

85 00 
A5 30 
88 00 
rvI 30 
8 i  00 

6 21.993 
6 17.243 
6 12389 
6 07.122 
6 02.343 

65 n5 57.15 
55 35 51.86 
% 05 46.45 
% 35 40.95 i! 05 Z5.33 
I,  3.5 29.62 

5 57.154 
5 51.858 
5 46.454 
5 40.916 
5 35.334 
5 29.621 

87 30 
88 00 
SS 30 
89 00 
89 30 
90 00 

41; 37 44.31 69 00 
47 07 45.78 j 69 3o 

52 3 i  30.,80 25 00 
53 07 28.60 r5 30 

G e e t i c  
rnmm 

autmic.  

r-8 
-- 

8 I ,  

5 23.621 
5 23.m 
5 1 7 . M  
5 Il.&W 
5 05.787 

4 59.592 

4 46.933 

4 33.926 

4 53.307 

4 dn..tiz 

4 2i.197 
4 20.5?(8 
4 13.i99 
4 ~.~ 
3 5Y.m 

3 52.9SI 
3 45.sm 
3 38.i16 
3 31.529 
3 24.?47 

3 16.9a3 
3 w . 5 m  
3 02.010 
2 54.525 
2 46.957 

2 39.338 
2 31.671 
2 23.958 
2 16.202 
2 08.405 

2 00.563 
1 52.698 
1 44.789 
1 % . I 1  
1 28.88a 

I 12.870 
1 04.a 
0 56.768 
0 4 8 . W  

0 40.598 
0 32.493 
0 24.378 
0 16.258 
0 08.129 
0 oO.Oo0 

1 m.m 

Geodetic 
latitude. 

P 

0 I ,I 

87 35 29.62 
68 05 23.U 
6S 35 17.90 
69 05 11.m 
8 35 05.i9 

70 @I 59.59 

# I  BI .It;.% 
i l  31 40.47 
72 04 33.93 

i2  31 27.30 
73 111 2n.59 
73 31 13.80 

r4 38 59.m 

75 113 S?.W 
i4 Y3 15 9n 
iF,  0.3 3R.75 
76 '9 31.43 
77 .J 21.23 

!o 3.1 53.31 

24 IN n6.m 

ii 8 16.91) 
78 lh? 09.50 
ix 8 m.nr 
79 32 46.96 
i a  02 51.52 

80 n2 39.31 
80 32 31.67 
81 02 23.98 
81 31 16.20 
82 02 08.40 

83 01 52.70 
83 31 41.79 
84 01 3&1 
84 31 24.38 

a5 01 20.89 
&5 31 12.87 
B6 01 04.83 
86 30 56.77 
87 00 4a.m 
87 30 40.60 
58 00 32.49 
58 30 21.3s 
89 00 16.26 
39 30 m.13 

sz 3a 00.57 

30 m w.00 
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TUNSFORMATION =OM OEocIRbpHICAL TO AZIMUTHAL 
COORDINATES-CEIPTER ON TEE EQUATOR. 

V a l w  of the pwt  eirclc Gatral diituw, I .  cos f=cos ma 9. 

o... 
6-.. 
10 ... 
lS... m... 
26.- 
30... 
35... 
m... 
45 ... 

0 00 mo 
6 00 00.0 
10 00 00.0 
15 00 W.0 
a0 00 00.0 

26 00 00.0 
30 00 00.0 
36 00 00.0 
40 00 00.0 
4s 00 mo 

so... 50 00 00.0 e... sa 00 00.0 
do... do 00 00.0 a... 85 00 00 0 I '  M...J M 00 i o  

0.. . 26 00 00.0 
L.. 26 a 48.8 
10 ... 26 48 21.4 
15.. . 28 M 16.4 
ZO... 31 36 30.0 

%... 34 46 81.6 
aO... 38 17 23.7 

40... 46 01 50.7 
35.. . 4a 03 48.3 

u... 50 02 oaa 
so... 54 n ma as... I 40 43.3 
do... 63 03 13.6 
65... 61 28 44.4 
M... 71 56 32.1 

75 ... 76 28 01.6 
EO... 80 66 42.8 

!a8 10.2 

I i Lat.25'. 

i E::: X 00 00.0 

a. 60. 

e , 0, 

6 00 00.0 
7 04 00.0 
11 10 08.2 
l5 47 36.7 
Xl 36 !&6 

SO 22 31.8 
36 18 36.7 
40 16 32.9 
46 13 03.4 

60 10 67.7 
66 09 09.1 
do 01 32.9 
66 08 05.8 
70 04 45.6 

i5 03 30.3 

86 01 08.7 
90 00 00.0 

xi n a 8  

80 02 la4 

Lat. 80.. 

30 00 00.0 
30 22 31.8 
31 28 29.8 
33 13 33.4 
35 31 52.9 

38 17 23.7 
41 24 34.7 
44 48 48.1 
48 28 21.2 
52 14 19.6 

66 10 27.0 
0 12 67.6 
64 m 28.0 
I 31 61.6 
12 46 14.2 

81 21 03.0 
85 40 16.6 
90 00 00.0 

n 02 s a g  

Lat. 10". 

. , ,, 
IO 00 00.0 
11 10 a2 
14 08 21.6 
17 SI 49.8 
2!J 10 07.4 

81 28 29.8 

I1 01 35.2 
46 61 50.3 

50 43 36.6 
66 36 26.1 
Bo 30 04.6 

i o  19 69.4 

i 6  13 69.2 
80 09 12.4 
85 U4 34.1 
90 00 00.0 

OB 48 ai.4 

as 13 28.3 

65 w la8 

Lat. 35'. 

35 00 00.0 
35 I8 36.7 
36 13 28.3 
37 41 54.4 
39 40 08.4 

42 03 48.3 

17 51 17.7 
51 08 00.9 

58 13 40.7 
61 58 32.4 
65 45 44.9 
69 44 44.3 
73 43 47.5 

77 45 34.9 
81 49 20.2 
$5 54 21.4 
90 00 00.0 

44 48 4ai 

m 38 13.5 

Let. 15'. 

# ,, 
li 00 00.0 

24 48 61.1 

xi ia 33.4 

16 47 3&7 
17 67 49.8 
11 05 26.0 

% M 16.4 

37 41 54.1 
4 16 24.6 
46 56 13.7 

51 37 (19.1 
56 21 21.3 
61 07 16.3 
66 M 26.4 
70 42 32.4 

75 31 21.0 
80 20 38.0 
86 10 14.8 
90 00 00.0 

Lat. 400. 

40 00 00.0 
40 15 32.9 
41 01 35.2 
42 16 24.0 
43 57 29.0 

46 01 50.7 
48 26 21.2 
51 08 00.9 
M 04 04.9 
57 12 0g.l 

do 30 04.6 
63 66 07.3 
67 28 44.4 
71 08 37.7 
74 48 39.9 

78 33 51.7 
82 21 20.6 
88 10 18.4 
90 00 00.0 

Lat. 20'. 

. # e, 

10 00 00.0 
20 36 ! a 6  
P 16 07.4 
a4 48 61.2 n 59 27.3 
31 30 30.0 
35 31 1.9 
39 40 ofL4 
43 67 !2&6 
48 11 31.9 

I 50 29.2 

66 36 03.7 
71 15 1040 

75 5s 26.1 
80 36 31.4 
85 18 08.1 
90 00 mo 

m a3 01.4 
61 I 3a.4 

Lat. 450. 

45 00 00.0 
46 13 03.4 
45 61 50.3 
46 55 13.7 
48 21 31.9 

Kl 02 02.2 
52 14 19.6 
54 36 13.5 

do 00 00.0 

62 57 57.5 
66 04 21.1 
69 17 42.7 

76 00 16.4 

79 21 16.9 
82 W 49.1 

90 00 00.0 

57 ia ai 

72 36 u.a 

88 aa h a  
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TRANSFORMATION FROM GEOGRAPHICAL TO AZIMUTHAL 
COORDINATES-CENTER ON THE EQUATOR-Continued. 

I'altccn  the yreat circle centnil di.utnw.t., I. cos +OM x cos ~ C o n t i n n e d .  

sn nn nn.0 
90 00 00.0 

mg. I L3t.. 454. 

61 0 , ,, 

1 

o... 
5... 
IO ... 
15 ... 
ZO... 

%... 
SO.... 
35... 
40... 
45... 

50... 
55... 
60... 
65... 
70 ... 

45 00 00.0 
45 13 09. 4 
45 51 50.3 
48 55 13. 7 
48 21 31.9 

50 02 02.2 
52 14 18. 5 
54 36 13.5 
5; 12 08. 1 
60 00 00.0 

62 57 57.5 
86 04 21. 1 
69 17 42.7 
72 36 44.2 
76 00 10.4 

75.. . 
W... 
I%... 
Bo... 

79 27 16.9 
82 56 49.1 
86 28 w . 2  
Bo 00 00.0 

o... 
5... 

10 ... 
15 ... 
20... 

50 00 00.0 
50 10 57.7 
50 43 35.6 
51 37 09.1 
52 50. 29.2 

70 00 00.n 
70 04 45.0 
70 18 59.4 
70 42 32.4 
71 15 10.0 

54 22 OR.2 
56 10 27.0 
58 13 40.7 
Bo 30 04.6 
82 57 5 i .5  

25... 
30 ... 
35... 
40 ... e... 

65 35 43.8 
88 21 55.0 
r l  15 IO. 0 
i 4  14 14.3 n 1s 00.0 

i 1  56 32.1 
72 40 14.2 
i 3  43 4 i . 5  
74 46 39.9 
76 00 16.4 

80 25 24.3 
83 35 2Y.9 
911 47 lS.5 
Bo 00 00.0 

m... 
S... 
W... 
65... 
70... 

15 ... so... 
85... 
Qn... 

Lat. 750. 

77 18 00.0 
78 41 11.9 
80 09 12.4 
81 41 20.9 
83 16 56.2 

84 55 17.2 
88 35 4?.5 
88 li 30.5 
90 00 00.0 

25 00 00.0 
,R nR :tn.r . - . . . . . 
75 13 3 . 2  
75 31 21.0 
75 55 26.1 

i G  26 01.5 
57 02 50.9 

rs  33 51.7 
79 27 16.9 

Po 25 24.3 
81 27 15.9 
X'Z 33 52.8 
83 43 13.2 
R1 55 17.2 

Ri 09 32.5 
S7 25 !?G.6 
SS 42 W1.Y 
90 00 00.0 

I7 45 34.9 

55 on 00.0 
55 09 09.1 
55 36 28.1 
56 21 21.1 
57 23 07.4 

5Y 40 43.3 
60 12 57.6 
GI 58 32.4 
63 56 07.3 
ti6 0.1 21.1 

68 21 55.0 
io  47 33.1 
73 20 03.2 
75 5s l i . 5  
78 41 11.9 

81 27 45.9 
84 17 01.8 
87 08 05.4 
90 00 o(I.0 

IAt. 80". 

80 00 00.0 
80 03 1 5 4  
80 OB 12.4 

So 36 31.4 

SO 56 42.8 

til 49 20.2 
82 91 20.6 
82 54 49.1 

$3 35 2R.9 
*A 17 n1.s 

so 20 38.6 

81 21 03.0 

k3 oi 0S.i 
$5 47 29.2 
86 35 42.5 

87 25 25.6 
RY I6 19.4 
89 07 5A.2 
90 00 00.0 

L3t. 600. 
-- 
e I I ,  

60 w 00.0 
g0. 07 32.9 
60 30 04.6 
81 07 15.3 
61 55 32.4 

63 03 13.6 
84 20 28.0 
65 45 44.9 
67 2R 44.4 
69 17 42.1 

71 15 10.0 
73 20 03.2 
75 31 21.0 
77 4R 03.3 
80 09 13.4 

82 33 52.3 
85 01 08.7 
87 30 08.6 
90 ou 00.0 

I&. 850. 

e.5 00 00.0 
85 01 08.7 
85 04 34.1 
85 10 14.8 
85 1s 05.1 

I 28 10.2 
s 5  .in ie.5 
R5 54 21.4 
86 10 lS.4 
86 28 00.2 

ti6 47 1R.S 
87 08 04.4 
87 80 OP.6 
s7 53 20.8 
88 17 30.5 

68 42 26.8 
89 07 58.2 
89 38 53.2 
90 00 00.0 

Lat. 6S0. 

66 00 00.0 
65 06 05.8 
65 24 18.8 
65 54 26.4 
66 36 03.7 

67 28 44.4 
68 31 51.5 
69 44 44.3 
71 06 3i.7 
72 36 44.2 

74 14 14.3 
75 &q 17.5 
77 48 03.3 
79 42 41.1 
81 41 20.9 

83 43 13.2 
I 47 28.2 
87 53 20.8 
Bo 00 00.0 

rant. 900. 

m 00 0n.o 

00 on 0n.o 
90 00 m.0 
!m 00 00.0 

90 00 t a n  
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0.. - 
5... 

10 ... 
15 ... m... 

TRANSFORMATION FROM GEOGRAPHICAL TO AZIMUTHAL 
COORDINATES-CENTER OB THE EQUATOR-Continued. 

. . . . . . . . . . . . . . . . 
Bo 00 00.0 
Bo 00 00.0 
90 00 00.0 
90 00 00.0 

Palm of the azimuth reckoned from the ywrfh, a. tun a=sin cot 9 

2s ... 
30 ... 
35 ... 
40 ... 
45 ... 

-- 
me. I L?t.OO. 
- 
. I . ,  I, 

00 OI? 00.0 
90 00 00.0 
90 00 00.0 
99 00 00.0 
9J 00 00.0 

50... 
55... fa:.. 
G5 ... 
70 ... 
75 ... 

90 00 00.0 
w 00 00.0 
90 00 00.0 
Bo WJ 00.0 
Bo 00 00.0 

90 00 m.0 

o... 
5... 

IO... 
15 ... 
ZU... 

25 ... 
30 ... 
35 ... 
40 ... 
45 ... 
W...  
5L.. 
M)... 
05 ... 
i O  ... 
75 ... 
So... w... 
W... 

Lst. 250. --- 
0 00 00.0 

10 35 12.4 w 2s 29.3 
29 01 55.2 
36 15 31.4 

42 11 10.6 
46 5Y 49.0 
50 53 23.2 
51 02 28.1 
56 35 4R.5 

53 40 12.9 
60 10 56.5 
61 41 59.8 
62 46 24.8 
63 36 28.2 

64 A9 44.6 
64 51 56.4 
65 MI 00.0 

64 !3 50.7 

-- 
ut. 50. 

0 I I#  

0 00 00.0 
44 53 26.3 
63 15 35.3 
71 19 23.5 
75 39 05.2 

78 18 14.7 so 04 30.0 
81 19 3s.7 
R2 1.1 57.1 
52 56 48.4 

s3 29 M.5 
83 54 13.3 
84 13 52.9 
44 29 10.1 
84 4u 51.2 

s4 49 28.4 
M 55 23.8 
84 5s 51.6 
85 00 00.0 

L3t. 300. 

0 00 00.0 
8 35 04.0 

16 44 22.5 
W 08 46.0 
30 38 32.4 

36 12 14.4 
40 53 36.2 
44 4s 43.7 
45 04 11.6 
50 48 06.5 

52 59 43.8 
54 49 23.7 
56 18 35.8 
57 30 05.1 
I 25 59.8 

55 07 57.1 
59 37 07.5 
59 54 19.1 
60 00 00.0 

-~ 
Lat. 100. 

0 I ,I 

0 00 00.0 
a6 1s 08.9 

55 44 03.7 
62 43 36.6 

67 21 10.4 
70 34 28.6 
72 54 42.1 
i4 39 36.7 
75 59 53.0 

7i 02 15.1 
77 51 Oi.7 
78 29 29.8 
78 59 25.2 

79 39 17.0 
79 50 56.1 
79 57 $5.3 
80 00 (i0.0 

Lei. 35". 

44 33 4i.a 

79 z. 20.7 

~ 

0 00 00.0 
7 OT, 42.7 

18 55 41.1 
M 17 09.3 
a0 02 00.4 

31 06 4S.8 
36 31 46.7 
39 19 21.7 
4% 33 06.5 
45 1fi 51.2 

47 34 15.4 
49 2s 34.8 
51 02 36.3 
5Z 18 38.0 
53 18 30.7 

54 lB 40.8 
51 35 12.5 
54 53 50.3 
55 00 w.0 

Lat. 15O. 

0 , I ,  

0 00 00.0 
18 01 05.3 
32 56 44.0 
44 00 25.3 
51 55 25.5 

57 37 27.9 
61 48 47.6 
64 25 36.5 
87 ..- 15.4 
69 14 47.1 

70 43 15.1 
il 53 12 4 
72 4S 28.4 
73 31 47.0 
74 05 05.0 

74 29 45.3 
74 46 45.3 
74 56 13.1 
75 00 00.0 

Ut. 40'. 

0 00 00.0 
6 55 47.S 

11 41 31.5 
17 OS 32.3 
22 10 33.6 

2R 43 56.8 
30 47 2 3 0  
34 21 18 1 
37 27 13.4 
40 07 14.7 

42 23 38.7 
44 18 38.9 
45 54 16.9 
47 la 18.5 

49 01 09.11 
49 34 03.2 
49 53 32.7 
50 00 00.0 

4 s  14 12.1 

Lat. 20". 

0 I I ,  

o  or^ cm.n 

u 13 w n  

13 27 -59.0 
25 30 20.n 
35 ZL 5 9 8  

4!3 15 50.7 
61 56 3 . 4  
57 36 flx.3 
60 28 4 i . 4  
61 45 49.3 

ti4 35 10.4 
66 02 33.5 
67 12 14.8 
68 07 11.2 
68 49 37.8 

69 21 11.2 
69 42 59.2 
69 55 46.9 
70 00 00.0 

Lat. 4*. 
--_ 

0 00 00.0 
4 58 51.8 
9 51 M.9 

14 3U 38.S 
18 52 54.2 

22 54 35.3 
26 33 54.2 
29 50 15.2 
32 43 b . 7  
35 15 51.3 

37 2 i  13.4 

40 53 36.2 
42 11 10.5 
43 13 09.0 

44 00 25.3 
44 33 41.2 
44 53 a8.R 
45 00 00.0 

a9 19 21.7 
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ong. 
- 

0 

0. .. 
5... 

10 ... 
15 ... 
ZO... 

"RAPTSFORMATIOPT FROM GEOGRAPHICAL TO AZIMUTHAL 
COORDINATES-CENTER ON THE EQUATOR-Continued. 

Lat. 450. Lnt. 50". 
- 

. , , I  * I  I ,  

o 00 00.1-1 o no 00.0 
4 58 61.8 4 10 5i.S 
9 51 03.9 d 17 24.4 

14 30 38.9 12 15 10.6 
I& 52 W.2 16 hl 46.4 

Values of the azimuth reckomd rom the north, U. tan u=sin cot Q- 

(Jontinued. 

25 ... 
W... 
35... 
M... 
45 ... 
.SO... 
55... 
GO... 
65 ... 

22 54 3A.3 19 31 31.7 
26 33 -51.2 22 45 37.7 
29 50 15.2 25 42 03.1 
32 43 56.7 28 20 26.11 
35 15 51.8 30 .u) 55.4 

3 i  27 13.4 32 43 56.7 
39 19 21.7 34 30 09.7 
40 53 36.2 36 0 18.8 
42 11 10.5 37 15 08.5 

70 ...I 43 13 09.0 

- I Lat.Mo. I Lat. 750. 

38 15 20.3 

0. .. 
5... 

10 ... 
15 ... 
ZO... 

25. .. 
W... 
85.. . 
40... 
45 ... 
50... 
55... 
M... 
65... 
70... 

0 00 00.0 0 00 u0.0 
1 49 01.0 1 20 16.1 
3 36 59.2 a 39 50.4 
5 22 53.5 3 58 01.7 
7 05 45.5 5 14 10.3 

8 44 41.0 6 '27 38.4 
10 18 50.8 7 37 50.7 
11 47 31.1 8 44 14.6 
13 10 04.2 9 40 aO.7 
14 25 57.9 10 43 42.9 

15 34 45.8 11 35 68.1 
16 36 06.4 12 22 45.6 
1 7 2 9 4 2 . 0  13 03M.5 
18 15 22.0 13 38 69.0 
18 53 #.a 14 07 57.8 

Lat. 55'. 

75 ... 19 22 12.2 
1...1 19 43 11.1 

m...j 20 00 00.0 
a... 19 55 47.8 

0 8 V I  

0 00 00.0 
3 29 32.2 
G 55 57.2 

10 16 19.4 
13 28 04.2 

16 29 04.4 
19 17 43.2 
21 .5a 53.4 
24 13 54:4 
26 20 27.6 

14 30 39.0 
14 46 55.8 

15 00 00.0 
14 56 43.7 

28 12 31.2 
29 50 15.2 
31 13 57.1 
32 23 57.7 
33 m 38.8 

34 04 aO.6 
84 35 20.3 
34 53 50.8 
35 00 00.0 

Lat. 80'. 

0 00 00.0 
0 53 49.6 
1 45 13.6 
2 36 48.7 
3 n 04.2 

4 15 42.3 
5 02 18.1 
5 46 30.3 
6 27 58.9 
7 06 25.5 

7 41 33.5 
8 13 08.0 
8 40 55.9 
9 04 46.1 
9 24 a8.0 

9 39 56.9 
9 51 03.9 
9 57 45.8 

10 00 00.0 

Lat. 60'. 

0 , ,I 

0 00 00.0 
2 s3 50.4 
5 43 30.4 
8 29 .%.e 

11 i n  12.8 

13 42 43.8 
16 08 117.0 
18 19 21.1 
20 21 38.1 
22 12 27.8 

23 51 31.2 
a5 151 40.4 
26 33 54.2 
27 37 16.1 
2s 2s 52.5 

29 08 50.7 
29 3 i  151.0 
29 54 19.8 an 00 00.0 

Lat. 85'. 

0 00 00.0 
0 26 12.8 
0 68 13.4 
1 17 49.8 
1 42 50.2 

-- 

2 07 03.0 
2 30 17.2 
a 5a 22.0 
3 13 07.4 
3 32 24.1 

3 50 03.3 
4 05 57.1 
4 19 58.3 
4 32. 00.9 
4 41 59.5 

4 49 49.6 
4 55 27.9 
4 58 51.8 
5 00 00.0 

Lat. 65'. 

e I ,, 
0 00 00.0 
2 19 8S.Y 
4 37 4.5.6 
6 I a . 1  
9 03 41.7 

11 08 54.3 
13 07 27.4 
14 58 1 . 4  
16 41 07.5 
19 14 56.0 

19 39 26.5 
20 54 20.5 
21 59 26.0 
22 fd 35.3 
23 39 14.5 

Zl 14 51.7 
ZI 39 56.5 
24 54 M . 1  
25 00 GO.0 

Lnt. 90". 

0 00 00.0 
0 00 u0.0 
0 00 00.0 
0 00 00.0 
0 00 00.0 

0 00 0n.o 
0 00 00.0 
0 00 00.0 
0 00 00.0 
0 00 00.0 

0 00 00.0 
0 00 00.0 
0 00 00.0 
0 00 00.0 
0 00 00.0 

0 00 00.0 
0 00 00.0 
0 00 00.0 
0 00 00.0 
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0.9i9D62 
1.003263 
1.039112 
1.058881 

LAMBERT'S AZIMUTHAL E UIVALENT PROJECTION-CENTER 
ON !i! HREQUATOR. 

1.045-i 
1.084883 
1 .08sm 
1.110836 

h f k d  dislrmcs in units of the earlh's radius, p. 

25 ......_ 
W ..___._ 
35... -. . . 
40 ....... 
45 ..._... 
50 ....... 
55 ......- 
Bo ....... 
65 ..-.... 
70 ....... 

0 ....... 0 
5 ..._._. 0.081338 

10 ......_ 0.174311 
15 ....... U.281052 

I I m ..._.._ o . ~ m  
0.433819 
0.5176% 
0. MI1412 
0.684040 
0.765367 

0.815237 
0.923497 
1.00000 
1.074m 
1.147153 

75 ....___ 
80 ....... 
85 ..-.._. 
90 ....... 

1,217523 
1.a85515 
1.35llW 
1.414214 

ZO....... 

25 __._.__ 
30 ....-.. 
35 .... . .. 

0.610249 

0 . W 8  
0.707107 
0.762356 

-- 

1.- 

1.123665 
1.158457 
1.104330 
1.2309a2 
1 . 2 8 m  

1.W-5027 
1.341939 
1378411 
1.414214 

Let. 58 

1.137055 

1.164895 
1.194390 
1.224715 
1.2556138 
1.287626 

1.319539 
1.351426 
l.383058 
1.414214 

0. a m 3 9  
0.123258 
0.194626 

0. ab7444 

0.52391)6 
0.606573 
0.888a88 
0.76R871 

0.848125 
0.835858 
1.001901 
1.076095 
1.148287 

1.218332 
1. !Ma39 
1.351426 
1.414214 

o.nr7m 

0. 440774 

-- 
Let. 350 

0.601412 
0. m 7 3  
0.621780 
0.648158 
0.678800 

0.717770 

0.811159 
0.865128 
0.9173% 

0.973Om 
1.029712 
1.085189 
1.143514 
1.19w.1 

1. m78 
1.308175 
1. wm 
1.414214 

- 

o. 7 6 z m  

50 ...---. 
55. ...-.. 
60 ...-... 
65. .._._. 
70. -.-... 
76. ...... 
80 ......- &...... 
90 ..._... 

- 
Lat. 100 

0.811626 
1.oD3263 
1.ocHSas 
1.lW57 
1.lIpM25 

1.245677 
1.9oaMB 
1.3S97D5 
1.414214 

0.174311 
0.194628 
0.2.1&575 
0.31'%246 
0.386221 

0.4ea597 
0. si2460 
0.621780 
0.700847 
0. n9277 

0.858712 
0.932W 
1.007567 
1.WS57 
1.151673 

1.220748 
1.281626 
1.352306 
1.414214 
-- 
Lnt. 4Q0 - 
a w o  
0.888288 
0. Mu817 
0.721190 
0.748537 

0.781957 

0.883126 
0. WO38 
0.957418 

1. 007587 
1.05m1 
1.110838 
1.16a915 

1.266280 
1.316797 
l.WU88 
1.414214 

u. 8 m m  

1. a 1 4 w  

- 

tat. 15' 

0.281053 
0.274772 
0.31 aZ40 
0.388025 
0.420713 

0.499147 
0.5i1811 
0.646158 
0.721190 
0. m m 5  

0.870764 
0.s44423 
1.010lW4 
1.067917 
1.157267 

1.224745 
1.29u169 
1.353376 
1.414214 
-. 

Lnt. 45O 

0.765387 
0.768874 
0.779277 
0.mm 

0.845774 
0.880188 
0.817358 
9.957418 
1.000000 

1.04449l 
1.09w40 
1.13i055 
1.184149 
1.231386 

1.278269 
1.324547 
L m 3  
1.414214 

o. 8 1 9 1 ~  

- 

-- 
Lat. me 

0 . 3 4 m  
0.357444 
03388223 
0.429713 
0.4R3689 

0.544ioO 
0.610249 
0.678600 
0.74853: 
0.819192 

0.889918 
0.96IJ223 
1. w 7 1 2  
1.09Ro(IO 
1.164995 

1.330271) 
1 . 2 m  
1.355065 
1.414214 
-- 
Lat. 500 

0.845237 
0.848125 
0.858712 
0.870764 
0.889918 

0.913114 
0.94lB'& 
0. 'Jf9098 
1.007567 
1.oP4491 

l.OR3351 
1.1236% 
1.164995 
1.2Q693el 
1.249123 

1.281228 
1. a92952 
1.374CQ9 
1.414214 - 

r p==dsin -. 9 
= 
Lat. 2 5 O  - 
0.432879 
0.440774 

0.495147 
0.544700 

0.597671 
0.655918 
0.71i770 
0.781957 
0.845774 

0.913714 
0.979062 

1.11@336 
1.17~1751 

1.23i240 
1.298189 
1.35i210 
1.414214 

o. 4 w  

I. 045797 

L3t. 650 

0.923497 
0. Ba5R58 
0.932885 
0.944423 
o.96va23 

- 
Lat. 30" 

0.51 7838 
0.523986 
0. s2460 
0.571811 
0.610249 

0.655918 
0.707l07 
0.562358 
0.820110 
0.880486 

0.911626 
1.003283 
1. Q64m 
1.128057 
1.188125 

1.245677 
1.303546 
1. m i 9 5  
1.414214 

Lat. MIo 

1.000000 
1. 00lWl 
1. WW7 
1.016891 
1.029712 
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0 ....... 
5 ....... 

10 ....... 
15 ...._.. 
20 ...... . 

LAMBERT'S AZIMUTHAL EQmVALEKT PRO JECTIOIP--CE NTER 
ON TBE EQUATOR-ContinWd, 

Radial diatunze in  units nf the earfh's rd<ua, p .  p=-O sin-$4htinned. 

1 . m m  
1.001'JOI 
1.OOi5tii 
1.01tNJ4 
1.m9712 

1 . 1  

1.2372So 
1.211ii  
1.25..78 
1.266280 
1.27Hze9 

1 291228 
1: 30.5O27 
1.319539 
1.334680 
1.350169 

1.298169 
1.303510 
1.%7S 
1.316i97 
1.324547 

1 332952 
' 1: 341939 

1.351126 
1.361333 
1.371574 

I 

85 ....... 1 . 2 m x  

50 ..... . ., l.l&I*B 
55 ._._... 1. I9u:{ll 
m... . . ..I 1.224745 

rU... . . . _I 1.2876s 
I 

75 ..__.._I 1.319530 
80 .____..I 1. 3L14!26 
85 _..___.I 1 3830.56 
Bo ....._. I i414214 

1 

--- 
1.nt. eSD 

1.0;459(1 
I.Oi8095 
1. M.%i 
1.08i917 
I.OWM0 

l.lloR36 
1.11605i 
1.143514 

1. IL4I'JJ 

1.m936 
1:230!432 
1.25593X 
1.2S1713 
1.308014 

1.335030 
1.30133'5 
1.387924 
1.414214 

1.1 e2?)75 

I.at. 70. 

1.11;10 
1. 1CS2b7 
1. 1.51673 
1.1 S7267 
1.161!#5 

1.1i4754 
1.1.%145 
1. I W l  
1.214'M 
1.2313tM 

1.249123 
1.287932 
1.287628 
1.3oWlS 
1 . 3 2 W  

1.350169 
1.3n511 
1.392991 
1.414214 

l..U)6025 1.3x2069 
1.3$2W 1.Wi25 
1.3'58172 I 1.1Wil 
1.1142li [ 1.411214 

1.n t . 350 

1. :ml.sO 
1.3451426 
1. vi2.izxo8 
1.3.53378 
1.95rAIM 

1.357210 
1. %S9i!& 
1.3tUW6 
I. 3M1?(8 
1.3(i?rJU 

1.3i-9 
1.378411 
1.383a5e 
1.3137924 
1.39Si5 

1.398172 
1.4W71 
1.4w:ll 
1.414214 

1.tIl. 800 

1.414214 
1.414214 
1.414214 
1.114214 
1.414214 

1.414214 
1.414214 
1. .11.121.1 
1. -l!42l4 
1. 414214 

1.414214 
1.414214 
1.41 (21.1 
1.414214 
1.1l.IYI4 

1.414214 
1.414214 
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Lgt. 50. I u t .  IO". 
I 

___--.------. r I y / z I v  

LAMBERT'S AZIMUTHAL EQUIVALENT PROJECTION-CENTER 
ON THE EQUATOR-Catioued. 

ut. E". 
-- 

Rectangular coordinntes in units of thc eurth's rad&, 

0 ....... 
5 ._.._.. 

10 _....._ 
15.. . . . . . 
a0 ..**.._ 

as ....... 
30 ....... 
35.. .. . . . 

Lat. 04. 

I 
0 

o.ou7!239 
0.174311 
0.281052 
0.347296 

0.432819 
0.51'1638 
0.801412 

40 ...._.. 0.884NO 

o 
0. nwoi  

0 . ~ ~ 4  

0 173%12 
0 . ' ~ 1 2  

I ________.- 
ut. 15'. - 

0 . ~ 7 2 3 9  o 0.174311 o 0 . ~ 1 o 5 2  
0. ~ 7 3 2 3  0.086~41 0.174476 0. mw 0. mi297 

n . w 2  0 . w ~ ~  0 . 1 7 m  o..saszes 0 . a ~ ~  

O.ll!47571 0.172113 0.174972 O.Icieal3 0.2.62W2 
O.OS7W 0.234151 0.175804 0.254295 0 . 2 6 3 S  

o .._..__ o o.aoin5 
5 ..___.. n.wm n . 2 ~ 1 2 ~  

10 ..._. . . 0.169S13 0.2F,203 
15.. . . . . . O.ZA!!k; 0. WX3%i 
20 ._._.__ 0.3WWi O . % .  

!E-. __. . . O.421IR 0.21ii17 
30 ..._.._ O . ~ M I  n mm 
35 _.._... 0.5Ri4W 0.27341 
40 ._._. . . 0.8KC*i70 0.2774.' 
45. .. . . . . o.744~1~1 0.2sz.14 

50. _._._. 0 . m ~ ~  0.2~749 
55 .__..._ 0.8676?1 0.295(11 
80 ._._. . . 0.97145R 0 . m 7  
65 ._.____ 1.W276 0.3W4 
70 ...._. . 1.1IZW 0.31734 

90 ......- 1. 

75 ... . . -. 
85 _....._ 
Bo __.. ... 
m __..... 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 

i 
1 . 2 1 7 q  
1 . ~ 5 7 :  
1.3511w: 
1.414214/ 

I - 
I d . .  200. I Lat. 2.50. 7 ut. 30'. 

x=p ein a, y=p COB a. 
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LAMBERT'S AZIMUTHAL E 

U. 6. COAST AND QEODETIC SURVEY. 

UIVALENT PRO JECTION-CENTER 
ON THE d&*TOR--Continwd. 

Rectanpilar coordinates in tinits of the earth's rudiur-Continued. 

25 __.. ._. 
80. .  .. -. . 
a5 _..__.. 
40. ._. _.. 
45.. .. . _. 

o 5 ..__.__ _.._... 1 0.078311 o I0.517a\ 0.51"6 0.0749!U o I0.601411 0.601928 0.071109 o Io.wo41 0.6&lOr)5 0.088759 o I0.765367 0.765971 

10 ._.. _.. 0.156241 0.518473 0.149660 0.608479 0.142028 0.886305 0.133325 0.767787 

20 ....... 0:3llo30 0.525038 0.a87835 0:609748 0.2825381 0:693167 0.2G5103 0.775110 
15 ._.. ... o a33805 0.5~1780 0.~4026 o 0.212~8 o wisz O . I ~  0.770~25 

0.357426 0.529?13 0.3'10897 
0.4nmio 0.534523 o . ~ m i s  
0 . 5 3 W  0.54%3?, 0.514Ml 
O.filM'27 O.!M8258 0.533694 
0.6@$322 0.558868 0.651842 

50 ....... 
55 ..... . . 
Bo ..._... 
85 _...... 
70 _...... 

50 __._. . . 0.751972 0.566744 0.718257 0.658527 0.679328 0.7441141 0.635178 0.09164 
55 __._ ... U.&?CO46 0.5779R1 0.782723 (I.Wi9008 0.739682 0.757694 0.680834 0.643475 
Bo __._.._ 0 . m  0.590891 0.844341 0.652676 0.797784 0.772979 0.744377 0.858533 

70 ._._. . . I i i i l I I l  1.010811 0.821088 0.962128 0.7169% 0.906201 0.609184 O.&L3'242 0.897358 
85 ._._ .__ o.mwzz 0 .6050~  0.9018~ 0 . ~ ~ 1 ~ 3  n.wm 0 . 7 m  o.mmo 0 . ~ 7 4 5 1  

0.635176 0.8a0184 0.545755 0.9113Xl 0.531139 0.9U0210 0.471210 1.066441 
0.6QW34 0.843475 0.636495 0.92M)IZ 0.576381 1.ooOE91 0.510618 1.0788'13 
0,744377 0.858533 0.684853 0.942438 0.6192i.5 1.M1238 0.547723 1.005446 
0.7- 0.877451 0.730580 O.oB(w183 U . W 5  1.038318 0.- l.l12&?J 
O.W3%2 0.807359 0.773421 O.YS0881 0.696939 ).059210 0.614lUl 1.131788 ! 

._ -- I I d t .  45". I Idat. 50". I u t .  W .  

__I I I-- I- I 

0.765367 0 0.M5237 0 0.923497 0 1.- 
0.765971 0.061860 0.845860 O.aw389 0.924130 0 . W 1  1.000895 
0.767787 0.123535 0.&47760 0.112t)Oo 0.926W 0.1oQ511 l.aoW2 
0.170825 0.184W 0.850929 0.1BS412 0.928286 0.149939 1.ooF727 
0.775110 0.245sR7 O.Br53s8 0.223635 0.033818 0.1094RO 1.010205 

1.003117~ 0.731128 1.080984 O.M!ZiQZ 1.152446 
1.027521 0.761789 1.104745 0.887870 1.154806 
1.054223 0.78R602 1.130543 O.WQ652 1.188901 
1.083351 I l l 1  0.811160 1.158258 0.707107 1.224746 

x=p sin CY, y=p COB CY. 
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LAMBERT'S AZIMUTHAL E DIVALENT PROJECTION-CENTER 
ON TEE E&L%T'OR-Continued. 

Rectangular c o d i m t e s  in  units of the earth's radiu+--Continued. 

Long. 

o . . . . . .  
5... . .  . 

10.. . . . . 
15. .. . . . 
Fa.... . . 
?5. . . . . . 
30.. . . . . z..... . 
40 ... ... 
45.. . ... 
50.. . . . .  
55. . . . . .  
60...... 
65...... 
70.. ... . 
75.. . .. . 
80. . . . . .  
85. .  . . .- 
90. .._. . 
-- 

o. . . . . .  
5..... . 

10. .. . . . 
15 .... _. m...... 
El.... . . 
30. .. .. . 
35. . . . . . 
40. .__. . 
45.. . . . . 
50. .... . 
55. .... . 
80. .... . 
65..... . 
70. .... . 
75. . . . . . 
Eo...... 
85. .... . w. .... . - 

0.050351 0 1 1 . m l  1.wo835 0.W3698 0 11.0745991 1.075207 0.03840R 0 11.1471531 1.147710 0 . W 4 4  0 ~1.211523 1.2iRoo(1 

0.149939 1.M5727 lJ.1801)54 1.o80079 0.10853 1.152166 0.084733 1.221810 
0.199450 1.010205 0.173940 1 . M 5 6  0.143914 1.1560721 0.112217 1.225142 

o.ioosii i . m 4 ?  0.08nii i.07m2 0.072644 1.149380 0.056739 1.219429 

1.161099 0.138aaO 1.229422 
1.167253 0.165411 1.234646 
1.17454U 0.1- 1.240808 
1.18ZW 0.214932 1.2479M 
1.192524 0.2337859 1.%59% 

Lat. 75'. L8t. 85'. L8t. we. 

x=p sin a, p p  COB a. 



APPENDIX. 

After the manuscript. of this publication had been sent to 
the rinter it was suggested that another kind of latitude 
m k  t be of use in some cartogra hic and geodetic appli- 
cations. This idea was according 1: developed and i t  was 
decided to add i t  as an appendix so t.hnt no change of 
the earlier text would be necessary. 

P R 

DEFINITION OF RECTIFYING LATITUDE. 

A sisth kind of lntitnde that is of some use in a plicn- 
tions may be defined in tlie following wsp: If n sp E ere is 
determined such that the length of a great circle upon it is 
equal in length to a meridian upon the enrth, we run?- cnl- 
culate the latitudes upon this sphere such t h t  the nrvs of 
the meridian upon i t  are equal to tlie corresponding nrrs 
of the nieridian upon the eilrth. 

If .If represents an arc of a meridian on the earth, we 
have 

The develo ment of this formula is iren in full in “General 

Geodetic Survey Special ublicntion No. 57, pages I) and 10. 
If w denotes the latitude upon tlie splicre of radius T ,  the 

differential element of the meridian will be given in the 
form 

drn=rdw. 

The arc of this meridiim from the equator to latitudc w is 
there€ore.given in the form 

b Theory of 8 olyconic Pro’ections,” 6nited States Coast and 

nz = rw. 

On the earth the arc of the meridian from the equator to 
latitude cp becomes 

I22 
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If the .arc on the spherc! is to be equal to this arc on the 
earth, we must have as tlic tlcfnition of w 

DEVELOPMENT OF V-U IN TERMS OF cp. 

In  order to develop this expression in a Fourier aeries we 
1 
2 must. fiwt set sin2 p=-  (I-cos 2 ~ 1  nntl we get 

in which 
1 - ( 1  -$)l/t  

1 + (1  - e l ) l / r  

n.= 

Finally wo get 

I." 3(1 -+n.e2ir)--'lr (1 +ne--2i7)--Sh (1 --e? sin? ip)-V*= 8 
[l+(l'-e')/-] 

Since n is less than unity, the quantities in the Inst two 
arentheses in the right-hand member may be develo ed & the binomial theoreni into convergent series, ancf in 

this way we get 
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If we multiply these two series and replace e*+e-ae by 
its equivalent 2cos 2sp, we get 

From the dehition of TI, we obtain the values 

By substituting these values in the original integral we 
get 

35 +. . . .  .)cos 4 p - ( p 3 +  . . . .  -)cos6p 

or after integration 
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T h e  value of r may now be determined by the condition 

that w and cp are to become 5 at one and the stme time. 
This condition gives for r the value 

With this value of r we get 

3 
2 
-n+$n3+. ..... 

sin 2 q  9 225 
4 64 

p--O= 
l+-nz+-n'+. .... 
15 105 
-2+*4+.  ..... 
16 64 sin 4cp 

- 9  1 + p  + E n 4  + .... 
3 3 . .  .... 

sin 6q 4- 9 225 
64 i + p a + - - - n 4 + .  .... 

32n4+. ... 
sinsq-t - a .  

512 
- l+-pz+a 9 225n4+ ... 

or approximately in terms of n up to the fourth order 
inclusive, 

16 16 32 
-- ::in4 sin ~ q .  

The latitude w may be called the rectzying latitude, 
since it can be used in the computation of arcs of the 
meridian. The length of the merdian on the earth from 
the equator to a given latitude cp, is given by the formula 

Y= rwl 
in which oi is the rectif mg latitude corresponding to the 

h i u d e a  c p ~  and pa is accordingly given by the q r & n  
Y- 4% - at1). 

eodetic latitude p,. $- he meridional arc between the 
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The radius of curvature in the meridian 6,) is equal to 
dw the value of the expression r-- .  Accordingly we get as 
dtp 

the approximation for this quantity 

DEVELOPMENT OF 9-u IN TERMS OF Y. 

35 
48 + -n3 sin 60 - g n 4  sin 8 ~ ,  

we s h d  have by application of Lagrange's development 

'By raising to the required power and reducing by aid of 
the reduction table on page 88, we get the approxima- 
tions 

'07n4---n3 45 cos 2w-(gna-p4) 9 31 cos 40 
512 32 [f (w)]* = gn2 - - 

785n4 cos 8w) 45 
+-n3 cos 6w-- 32 512 

81 405 27 
[ , f (0)]3 = %n3 sin 20 - 3 4  sin 4 0  - -3 sin &r, 128 32 +En4 sin 8w, 

243 81 81 v(co)l' - ~ ~ n 4  - -n4 cos 40 + -n4 cos 8 ~ .  32 128 

By differantiating these expressions we obtain the valuea 
Elfo)l~=g d n3 sin 2".(i - p 4 )  31 sin 4w 

135 
16 - -3 sin 6 ~ +  g n 4  sin 8 ~ ,  
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-- 4yn4 sin 80, 

a 3  -U(O)]' = - 162n4 sin 4w + 324n' sin 80. dw 

By substituting these values in the Lagrange develop- 
ment, we get 

(p=u+(&-&q) sin zw-(+~-Sn4) 15 sin 40 

sin G*i - -n4 sin Sw + -n3 sin 2w 

32 138 

- -3 sin 2w + i-p' 4b + --119 60 

35 315 45 
48 512 32 

+($2-+) sin 4u--n3 sin 6 w + - n 4  785 sin 8~ 

27 135 81 
16 16 
135 27 37 - _n4 sin 8w--4 sin 4w+Tn4 sin 80. 8 4 

By collecting similar terms we obtain the approximation 

(p - 0 =(in - :4n3) sin 3w + ( z n 3 -  sn'> 55 sin 4~ 

151 1097 +,n3ain6w+-n4 sin 8w. 
'. 9b 513 

TABULATION OF THE DEVELOPMENT. 

eneral 
a prosimations in terms of n and then the numerica k values 
of the coofficients for the Clarke Spheroid of 1866. 

For convenience of reference we shall give the 

(p- w =(&- an> 9 sin ?(p-(GnZ- 15 - l a d )  15 sin 4(p 
32 

+ -n3 sin 6(p - -n4 sin 809. 35 315 
48 512 

logn=7.22901610- 10. 

(p - w = 5253298 sin 2(p - Of5575 sin 4(p + 0!0007 sin 6p. 

(p --o = [2.7204320] sin 2p - [9.74623 - 101 sin 4p 
+[G.867- 101 sin 6p. 
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cp -W - 525?3295 sin 20 + 0!'7805 a h  4 0  + MOO16 sin 6rs. 

cp-w=[2.7204318] sin 20+[9.89236-lo] sin 4w 
+[7.201- 101 sin 6w. 

log r= 6.80396212. 



:latitude. Geodetic 

(P 

- I  

0 0 0  
0 30 
1 0 0  
1 30 
2 0 0  

2 30 
3 M 1  
3 3 0  
4 0 0  
4 3 0  

5 0 0  
5 3 0  
6 n n  
6 3 0  
7 0 0  

1 - 3 0  ' k 0 0  

9 30 

' 8 30 
9 0 0  

10 00 
10 30 
11 M) 
11 30 
12 00 

12 30 
13 00 
13 30 
14 00 
I4 30 

15 Ix) 

16 00 
16 30 
17 00 

15 yn 

17 30 
18 00 
I$ 30 
19 00 
19 30 '  

20 00 

21 @ I  
20 ;m 

21 m 
22 m 
22 30 

LATITUDE DEVELOPMENTS. 

LATITUDE TRANSFORMATION. 

Geodetic to rectqqing. 

Geodetic 
minus 

rectifying. 

(P-W 

I ,  

0 0o.m 

0 IS.!295 
0 27.435 
0 36.558 

n 00. 149 

0 4 5 . m  
0 54.796 
1 03.m7 
1 12.958 
I 22.008 

1 31.032 
1 m.029 
1 4S.'J96 
1 57.930 
2 mR?R 
2 15.687 
2 24.506 
2 33.2w 
2 4 2 . m  
2 506M 

2 8 .316 
3 07 .m 
3 16 405 
3 24.M2 
3 83.227 

3 4l.W 
3 49. S I  
3 58.044 
4 06.166 
4 14.213 

4 22.183 
4 30.073 
4 37.m2 
4 4 5 . m  
4 53.244 

5 00.i94 
5 a 2 5 2  
5 15.616 
5 2 2 3 5  
5 30.056 

5 37.12; 
5 44 .00  
5 50.960 
5 57.718 
6 04.368 

0 10.907 
._ 

Rectifying 
latitude. 

W 

0 , I ,  

0 00 00.00 
0 29 .W. 85 
0 59 41.70 
1 29 32.56 
I 59 23.43 

2 29 14.31 
2 59 05.20 
3 28 Xi 11 

4 28 37.99 
3 5s 47.04 

4 58 zag7 
5 28 19.97 
5 58 11.00 
6 28 02.0; 
6 57 53.17 

1 27 44.31 
I 57 35.49 
R 27 26.72 
8 57 17.199 
9 27 IyJ.31 

9 57 no.&q 
10 26 sa. 11 
10 I 4 3 . R O  
11 26 35.14 
11 56 26.74 

12 26 lR.41 
12 56 10 15 
13 26 0 1 . 8  
13 55 57. b3 
I4 25 4 s . a  

14 55 3 i . U  
15 25 2 1 .  Y3 
15 55 22.12 
16 25 1.1. 39 
16 55 OB.76 

17 24 59.21 
17 54 51.i5 
18 24 4 . 3 8  
18 54 37.12 
19 24 29.94 

?2 23 49.09 

-- 
Geodetic 
latitude 

(P 

0 ,  

22 30 
23 00 
23 30 
2 4 0 0  
24 30 

25 (y1 
25 30 
26 00 
26 30 
27 00 

2 i  30 
28 00 
28 30 
2 9 0 0  
2 9 3 0  

30 00 
30 30 
31 00 
31 30 
32 bo 
32 30 
33 00 
33 30 
34 on 
34 30 

35 00 
35 30 
36 00 
36 30 
37 00 

37 30 
3s 00 
3.9 30 
39 00 
39 80 

40 00 
40 30 
41 00 
41 30 
42 00 

42 30 
43 00 
43 30 
44 00 

45 IN 

-1.1 3n 

Geodetic 
minus 

rectifying. 

P - W  

I .I 

6 10.907 
6 17.331 
6 23.646 
6 29.W 
6 3.5.920 

6 4l.Si7 
6 47.713 
6 53.421 
6 59.011 
i 04.471 

7 w.801 
7 15.001 

7 2 5 . m  
7 29 . .w 

7 20.069 

7 3 4 . 4 1  
7 3R.991 

A?. 370 
I -1i. W21 
7 SI. 72.1 

i s5. lis3 
7 SJ. 49s 

8 06. B'I) 
6: 10.064 

S 13.210 
8 I6.36ti 
4 IB.?!'O 
8 22.oFx3 
c' 24.ti8.i 

s 03. 16; 

S 2i. 150 
8 29.463 
8 31.CiZI s 31. fi23 
8 35.469 

x 43 .33  
B 43. 972 
8 44. 5.51 
ti 4.1. Y7Il 
n 45.250 

s 45.329 
.. __ 
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Rectifving 
htitude. 

W 

0 I I ,  

22 23 49.0.) 
22 53 42.67 
23 23 RG. 35 
23 -53 30.16 
24 23 ir. 0s 

24 53 18.12 
25 23 12.29 
;5 .% 06. 58 
.6 23 On. 91) 
26 52 55.53 

27 22 50.20 
27 52 45.00  
2s 12 39. !x3 
2s 52 33. M 
M, 22 30.20 

29 52 ?5..53 
30 22 '11.01 
30 52 16.62 
31 12 12.39 
31 5'2 OS. 2s 

32 22 &LE 
32 52 w. m 
3:s 21 si 53 
a3 51 .-*.a1 
3.1 21 49. Y4 

3: 51 4 t i . i l  
35 21 43.63 
35 51 1O.il 
36 21 37.94 
36 51 35 32 

3; 21 32.85 
87 51 30.54 
3s 21 2S.3.s 
38 51 26.34 
3Y 21 "4.53 

39 51 '22.M 
40 21 21.31 

41 21 1 s . a  
41 51 I;..@ 

an 51 w. :&I 

.I2 ? I  16.77 

.I2 51 Ili.u3 
*? '11 15.45 
4 1  51 15.10 
,i4 21 I 4 . ; i  

I4 5 1  14.0; 
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44 51 14.67 
45 21 14.73 
45 51 14.95 
46 21 15.33 
46 51 15.87 

47 21 16.57 
47 51 17.43 
48 21 18.45 
48 51 19.63 
49 21 20.97 

49 51 22.46 
50 21 24.11 
54 51 25.92 
51 21 27.89 
51 51 30.01 

52 21 32.29 
52 51 34.73 

53 51 40.05 
54 21 42.95 

54 51 45.99 
55 21 49.19 
55 51 52.54 
56 21 56.03 
56 51 59.67 

57 22 03.46 
57 52 07.40 
513 22 11.48 
58 52 15.70 
59 22 20.W 

59 52 24.57 
€4 22 39.21 
60 52 33.99 
61 22 38.91 
61 52 43.96 

42 22 49.15 
62 52 54.47 
63 22 59.92 
63 53 05.49 
61 23 11.20 

53 21 37.31 

Qeodetie 
latitude. 

P 

e ,  

45 00 
45 30 
46 00 
46 30 
47 00 

67 80 
68 00 
68 30 
69 00 
69 30 

70 00 
70 30 
71 00 
71 30 
72 00 

72 30 
73 00 
73 30 
71 00 
74 30 

75 00 
75 30 

76 30 
77 00 

77 30 
78 00 
78 30 
79 110 
79 30 

80 00 
80 30 
81 00 
81 30 
82 00 

82 30 
83 00 
83 30 
84 nn 
84 30 

85 00 
8.5 30 
86 00 
86 30 
87 00 

76 on 

47 30 
48 00 
48 30 
49 00 
49 30 

5 0 0 0  
50 30 
51 00 
51 30 I 52 00 

52 30 
53 00 
53 30 
5 4 0 0  
5430 

5 5 0 0  
55 30 
5 6 0 0  
5630 
57 00 

57 30 
5 8 0 0  
58 30 
59 00 
59 30 

8 0 0 0  
80 30 
61 011 
01 30 
62 00 

62 30 
63 oc 
63 30 
e400 
64 30 

6 5 0 0  
65 30 
66 00 
6 6 3 0  
67 00 
67 90 

U. 8. COAST AND GEODETIC SURVEY. 

LATITUDE TRANSFORMATIOI?4ntbued. 

Geodetie to reeeifying-Continued. 

Qendetic 
minus 

rectitying. 

9-u 

I ,I 

8 45.329 
8 45.269 
8 45.018 
8 44.W. 
8 44.127 

8 43.427 
8 42.567 
8 41.549 
8 40.3iO 
8 39.034 

8 37.539 
8 3 5 . m  
8 3 . 0 7 0  
8 32.110 
8 29.986 

8 27.708 
8 2i.T.I 
8 22.485 
R 19.I4ti 
8 17.052 

8 14.006 
8 10.810 
8 07.464 
8 03.969 
8 00.327 

7 56.537 
7 52.6oa 
7 48.5% 
7 41.301 
7 39.937 

7 35.432 
7 30.788 
7 26.m 
7 31.088 
7 16.035 

7 10.849 
7 05.531 
7 0 0 . O R  
ti M.507 
6 48.804 

6 42.975 
6 37.024 
6 30.951 
6 2L.758 
6 1R.44S 
6 12.0-2 

Geodetic 
latitude. 

= 
Qeadetic 

recwmg. minus 

0 - W  

I I .  

6 12.022 
6 05.482 
5 58.831 
5 52.069 
5 45.200 

5 38.225 
5 31.147 
5 23.967 
5 16.688 
5 09.312 

5 01.841 
4 54.278 
4 46.625 
4 3s.m 
4 31.058 

4 23.148 
4 15.158 
4 07.m 
3 58.946 
3 50.729 

3 42.442 
3 3i.M 
3 1 . w  
3 17.180 
3 m.635 

3 OD.032 
2 51.374 
2 42.664 
2 33." 
2 25.098 

2 16.245 
2 07.351 
1 58.418 
1 49.449 
1 40.447 

1 31.414 
1 22.352 
1 1 3 . W  
1 01.157 
0 55.028 

0 45.882 
0 35.723 
0 27.552 
0 18.373 
0 09.1S6 
0 oo.oO0 

Rectifyhe 
latitude. 

m 

0 , ,I 

67 23 47.98 
67 53 54.52 
68 24 01.17 
68 54 07.93 
69 24 14.80 

69 54 21.78 
70 24 3.85 
70 54 36.03 
71 24 13.31 
71 54 50.69 

72 24 58.16 
72 50 05.72 
73 25 13.35 
73 55 21.12 
74 25 28.94 

74 55 36.85 
75 25 44.m 
75 55 52.91 
76 26 01.05 
78 56 W . Y  

77 25 17.56 
77 58 25.91 
78 !% 34.34 
78 56 42.82 
79 26 51.S6 

79 56 59.97 
80 27 08.63 
SO 57 17.34 
81 27 26.10 
81 57 34.90 

132 n 43.76 
82 57 52.65 
83 28 01.58 
83 58 10.55 
8.4 28 19.55 

84 58 B . 5 9  
85 26 37.65 
65 58 46.73 
86 23 55.M 
86 59 04.97 

87 29 14.12 
$7 59 23.3 
88 29 32.45 
88 59 41.63 
I 29 50.81 
90 00 00.00 

(p--o= +5W32%siii 4 4 1 5 5 7 5  sin 4p+0!0001 sin 6r.  
p--o= [2.i%I320] sin 2p-[9.74G23-10] p.111 4~+[6.867-10] sin &. 



- 
tectify- 
ng lati- 
tude. 

Y 

- 
0 ,  

0 0 0  
0 30 
1 0 0  
1 30 
2 0 0  

2 30 
3 0 0  
3 30 
4 0 0  
4 30 

5 0 0  
5 30 
6 0 0  
6 30 
7 0 0  

7 30 
8 00 
8 30 
9 0 0  
9 30 

10 00 
10 30 
11 00 
11 30 
12 00 

12 30 
13 00 
13 30 
14 00 
14 30 

15 00 
15 30 
16 00 
18 30 
17 00 

17 30 
18 00 
18 30 
19 00 
19 30 

20 00 
20 30 
21 00 
21 30 
22 00 
21 30 
- 

0 , ,, 
O o O O a 0 0  
0 30 09.m 
1 00 18.30 
I 30 27.58 
2 00 3Q75 

LATITUDE DEVELOPMENTS. 

LATITUDE T€UI?SFORB¶ATION-Continued. 
Rectifying to geodetic. 

0 ,  

Z i 3 0  
‘23 00 
23 30 
24 00 
24 30 
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2 30 45.92 
3 00 55.08 1 
3 31 04.21 
4 01 13.33 
4 31 .22.42 I 

Odet ic  
minus 

rectifying. 

( P - 0  

I #I 

0 moo0 
0 OB. 196 
0 lR3W 
0 27.576 
0 38.754 

25 00 
95 30 
26 00 
2G 30 
27 00 

0 45.921 
0 55.075 
1 04.211 

5 01 31.49 

6 01 49.54 
6 31 5S.52 
7 02 07.46 I 
5 31 40.53 

1 13.328 
1 22422 

27 30 

23 30 
28 00 
29 30 

29 00 
1 31.490 
1 40.531 
1 49.540 
1 59.516 
2 07.456 

in  WI 00. i s  
10 33 08.78 
11 03 17.34 
11 33 25.83 
12 03 34.25 

2 16.357 
2 2k215 
2 34.029 
2 42.790 
2 51.512 

32 30 
33 00 
33 30 
34 00 
34 30 

3 Ml176 
3 08.785 
3 17.336 
3 25.826 
3 3 1 2 a  

12 33 42.61 
13 03 50.91 

14 04 07.28 
14 34 15.35 

15 04 23.34 
15 34 31.26 
16 04 Y Y . 0 8  
16 34 46.83 
17 04 54.49 

13 31 59.13 

3 42.013 
3 50.- 
3 59.129 
4 07.276 
4 15.348 

35 00 
35 30 

36 30 
37 00 

37 30 
38 00 
38 30 
39 00 
39 30 

36 00 

4 23.342 
4 3 1 . % l  
4 39.u!! 
4 46.830 
4 54.456 

17 35 01.05 
18 05 09.52 
1s 35 1680 
19 05 21. 18 
19 35 31.36 

5 02.052 
5 O Y . 5 2 5  
5 1G.m 
5 24.184 
5 31.3115 

40 00 
40 30 
41 00 
41 30 i , 42 00 

5 38.445 
6 45.421 
5 5Z292 
5 59.054 
6 05.7011 

20 05 39.44 
20 35 45.E 
21 05 52.29 
21 35 59.05 
22 IM 05.71 
22 36 12.23 6 12. 2.16 

I 42 30 
43 00 ’ 43 30 

4 1  YO I 45 00 

i 44 00 

7 32 16.36 30 00 
8 02 25.22 / /  30 

30 
8 32 34.03 31 00 
9 02 42.80 31 30 
9 32 51.51 32 00 

G e e t i c 
minus 

rectifying. 

9 - w  

I I 8  

6 12246 
6 14.072 
6 24.981 
6 31.173 
6 37.245 

6 4 3 . 1 1  
6 49.022 
6 51.723 
7 a0.m 
7 05.743 

7 11.058 
7 16.242 
7 21.2.92 
7 ?8.206 
7 30.984 

7 35.625 
7 40.125 
7 4 1 . w  
7 .IS. ‘103 
7 52.778 

7 56.708 
8 00.492 
8 04.129 
8 M.5B 
8 10.959 

8 14.149 
8 17. I S  
8 ~ . 0 7 6  
8 22.811 
8 25392 

8 27.818 
8 30.390 
8 32.206 
8 3 L l M  
8 3 5 . m  

8 37.614 
8 39.102 
8 .IO. 431 
8 Il.Go1 
8 42G12 

8 13.404 
8 44.157 
8 44.390 
8 45.062 
8 45.2i5 
8 45.328 

Geodetic 
latitude. 

P 

D , ,I 

22 36 1425 
23 06 1S.67 
23 36 24.98 
24 06 31.17 
24 36 37.24 

2c, OB 43.20 
25 36 49.02 
26 06 54.72 
36 37 00.30 
27 07 05.74 

27 37 11.06 

a8 37 21.29 
39 07 26.21 
29 37 30.98 

za 07 18.24 

30 07 35.62 
30 37 40.12 
31 07 M.48 
31 37 48.70 
32 07 52..78 

32 37 56.71 
33 08 00.49 
33 :18 3.L 13 
31 08 07.62 

35 08 14.15 
35 .98 17.19 
36 08 20.08 
36 38 2281 
37 08 25.39 

34 ,XI law 

37 38 27.82 
38 98 30.09 
38 38 32.21 
39 38 34.17 
39 38 3597 

u) 08 37.61 
10 33 39. 10 
41 os a43 
41 38 41.w) 
42 i)8 4261 

12 A3 43.46 
L3 3 1.1. 16 
13 38 44.39 
4.4 08 45.06 
44 38 45.28 
45 08 45.33 

~--w-+525:395 sin 2~+0!781E sin 4~+01W16 sin $0. 

( p - ~ =  [ 2 . 7 ~ 3 1 8 ] s i u  L+[9.#3236-10] sin 4w+[7.201-10] sin 80. 
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47 J; 43.19 
4s  ns 42.29 

4~ ns moo 
49 3.5 3s.62 

so ns 37.0s 

4s 3s 41.22 

50 QS 85.33 
51 0s 33.53 
61 38 31.52 
52 OX 29.36 

Rectifv 
ing I d -  

tude. 
W 

0 ,  

70 on 
7n 30 

71 30 
72 no 

~2 3n 

i l  00 

I ,3 00 
73 3u 

I 74 00 
I 74 30 

47 30 

5 0 0 0  
50 30 
51 00 
31 30 
52 00 

5'2 30 
5 3 0 0  
53 30 
5 4 0 0  

J5 30 
! M o o  

57 00 

57 30 
58 00 

56 30 

5s 30 

fi2 30 
63w 
63 3c 
I54 a1 
64 30 

l7, S. COAST AND GEODETIC SlTRVEY. 

LATITUDE TRANSFORMATIOIV-Contioued. 
Rectgi/ i t t  g to gcodctic-Clontin ued . 

Geodetic 
mi nus 

rectifying. 

(c -0 

r3 45.32s 
8 45.221 
8 44.954 
8 44.526 
8 43.940 

8 42.ICl 
8 4 2 . W  
8 41.224 
8 4 O . m  
8 38.619 

E 3 i . W  
8 35.3.q 
8 33.531 
8 31.522 
8 29.357 

8 27.034 
6 24.564 
8 21.938 
8 19.153 
8 16.227 

s 13.148 
R o!? 914 
8 o(j.534 
8 03.006 
7 59.33'2 

2 55.512 
I 51.54s 
7 4i .  440 
7 43.191 
7 3s.803 

i 34.2i3 
7 20.806 

24. .w 
I 19. fun3 
7 14. 794 

09.592 
I 0 4 . 2 8  
e 59. 7 Y i  
6 53.209 
6 47.495 

fi 41. 6.5s 
6 3. 6!@ 
6 29. 621 
6 ?3. 42.1 
6 17. I12 
6 1 n . w  

52 3% 27.04 75 00 
53 OR 24. .56 'I 75 30 
53 3s 21.M 76 00 
54 03 IS. 16 76 30 
51 3S 16.23 77 00 

Geodetic 
minus 

,ectiiying. 

*--o 

I I I  

fi m a 5  
6 0 4 . 1 4 A  
5 S i .  49i 
5 .so. i39 
5 43. 4% 

5 00.5s 
4 53.113s 
1 45. 404 
1 $7. 6SZ 
4 29.Si7 

4 21.990 

4 05.9s2 
3 57. $65 
3 49.6ilj 

4 14.n2.I 

3 41.417 
3 33.1112 
3 24. io3 
3 16.251 
3 Oi.740 

2 SY. l i 3  
2 SO. 551 
2 41.SiE 
2 33.156 
2 24.3sii. 

2 15 5i6 
2 nli 723 
1 5i .  532 
1 48.906 
1 39.946 

1 30.956 
1 21.939 
I 1 2 . 8 7  
1 m.!W 
n 54.750 

0 45.650 
0 36.17 

Geodetic 
latitude. 

9 

0 I I ,  

67 sfi 1n.w 

05 ,50.74 

6? 06 04.15 
G8 35 57.50 

69 3s 43.85 

i n  05 31.91 
Zn 35 29. SI 
11  05 22.67 
i l  35 15.40 
;? 05 n3.m 
i? 35 M.58 
73 n4 53.04 
i 3  5.1 45.40 
74 O.! 37. I3 
74 34 2 9 . s  

i s  04 2 l . W  
i 5  34 14.W 
76 0.1 115. 98 
76 33 57. s6 
77 03 49. cis 
ii 33 41.42 
i S  03 33. 09 
ii 33 Zi .  ;n 
79 03 18.25 
79 33 0;. 74 

M n:! 59.17 
so 32 50.55 
SI 02 4 l . S  
81 32 33.16 
s2 02 21.39 

$2 32 15.56 
0 #I? 06.72 
s 31 57. ,w 
s4 01 45.91 
84 31 39.95 

S5 01 30.96 
s5 31 21.51 
stj (11 12.90 
86 81 03.s 
s; on w.75 

1- 

*-u- ~ 5 % .  3295 sin ?d+0!'7xr)5 sin 40+0:0016 sin 6w. * -w= [i.720-1318] sin 2~ + p.S9236- 101 sin 4w +(7.?01-10] Sin &r. 



PUBLICATION NOTICES 

The Coast and i;endetlc Surreg niaiutiiins inuilin; llsts containing the names 
and addressra ivf persons interested ill i t s  pehlications. When a new publlca- 
tinu or a new rditiiin of a puh1ic:ltion 1s issued on any of the subjects cwered 
by the mai!ing list, a circular showing the sculle and contents of the puhlicatiorr 
Is sent tcu earh person whose name and address is on the mailing list of the 
suhject covered by the publication. 

If you desire to receive notices regarding publications of the Coast and 
Oeodedc Survey as  Issued. you should write to the Director of the Coast iinil 
Qwdetic Survey. Washington. D. C.. indicating the mailing lists on whicb YOU 
wish vour n i m e  entered, or. if you prefer. you may check the lists on the form 
belrw~ reiiiore this sheet frcim tbe puhllcatlon, and mail it to the Director of the 
Coast and Gevdetic Survey, Washingtnn. D. C:. 

(Date) 
The DIBECTOR. ~ R I T E ~  STATE~ COAST AXD GEODETIC S U R ~ . ~ .  

Wadhingtoii., D. G. 
DEAB SIR: I deslre that  my nnme shall he placed on the mailing lists indi- 

cated tiy c-heck below to receive nntlcrs regarding publlcatlons lssued by the  
United States  Coast and Geodetic Survey : 

0 100. 

0 1w-13. 
0 10!3-c. 
0 109-D. 
0 109-E. 
C 109-F. 
!l IIKCC.. 
0 1Wi-H. 
E lll!!Ll. 
0 109-J. u 109-K. 
0 I09-L. 

109-M. 
0 1WN. 
0 109-0. 
0 199-P. 

109-2 

C 109-A. 
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