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LATITUDE REDETERMINATIONS 

INTRODUCTION 

During the sunimer of 1930, the Coast and Geodetic Survey 
redetermined the value of latitude at  three of its old latitude stations. 
The reason for this work is explained in a letter dated May 5, 1930, 
from Dr. Frank Schlesinger, Director of Yale Observato 
Director of the Coast and Geodetic Survey. The letter rea s in part 
as follows: 

As you are doubtless aware, the problem of variations of latitude has recently 
taken on a new aspect of interest, owing to the possibilit of a secular chan e, 
as well as periodia changes, in the position of the pole. $his is one reason way 
the resumption of observations at Gaithersburg has become so important. An 
independent way in which considerable light can be thrown upon thi8 question 
occurred to me several years ago, and I have discussed it with a number of my 
colleagues, including Doctor Bowie, chief of your division of geodesy. The plan 
is to reoccupy, for one or two nights each, a number of the ststione a t  which 
observations for latitude were made 20 or more years ago by the Talcott 
method. The same stars should be observed now as were used then. From the 
results obtained in this way we may reasonably expeot light to be thrown upon 
the following questions: (1) The actualit of a secular motion of the pole; (2) 
the possibility of slow continental, or at Last general, drift; (3) a better deter- 
mination of the systematic errors in our adopted systems of proper motions of 
the fixed stars. 

The following three latitude stations were chosen for the test: 
Mount Torn (Edward Goodfellow, 1862) in Massachusetts (latitude 
42' 14!5, longitude 72' 3819); Mount Pleasant (G. W. Dean, 1851) 
in Maine (latitude 44' 01I6, longitude 70' 49I4); and Des Moines 
(E. P. Austin, 1869) in Iowa (latitude 41' 3510, longitude 93' 37!3). 
The latitudes at these stations had been observed with great care 
and accuracy, the same zenith telescope had been used at  all three, 
arid thr probable errors of the results were small. The Talcott 
method was used in all cases. 
K. L. Pfau was instructed to reobserve latitude a t  stations Mount 

Torn and Mount Pleasant, and E. B. Latham to reobserve latitude 
a t  station Des Moines. The work was so planned that the observa- 
tions could be made at  about the same time of year as originally 
made, in order that the same stars could be used as in the original 
determinations. In the instructions it was stipulated that as far as 
possible the same pairs of stars should be used as in the original 
observations at  these stations. 

As the Coast and Geodetic Survey now uses the Boss Catalogue,I 
and as the stars used in the original latitude observations were taken 
from the British Association Catalogue, it was necessary to find which 
of the observed stars are given also in the Boss Catalogue. To do 
this bho approximate mean places of the stars for each station were 
computed for the epoch 1900.0 using the British Association Cata- 
logue. These places were then conipared with the nican places in 
the Boss Catalogue, and a list niado for each station of all the stars 
used a t  that station which are common to both catalogues. These 
lists were furnished the observers concerned. 

77 to the 

1 Lewis Boss Preliminary General Catalogue of 6,188 Stan, for the Epoch 1800, Carnegie Imtltutlon of 
Washington. 'Publication No. 116. 1010. 
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2 U. 6 .  COAST AND GEODETIC SURVEY 

As stated above, the astronomical parties made their observations 
a t  very nearly the same time of year as the original observations; 
namely, in the months of July and August. Both at  Mount Tom 
and a t  Mount Pleasant the old ohservations had been reduced to a 
geodetic station. Accordingly a t  each of these stations the new 
observations were carefully connected with the previously used 
geodetic point. At Des Moines the new observations were connected 
with the old latitude station. 

In  what follows, the results of the old observations a t  each of the 
three stations, both as derived from the mean declinations used in 
the revised computations of 1870-1872 (we p. 3), and as derived 
from the mean declinations taken froin the Boss Cntnlopue, are given 
and conipared with the results of the new obr-ervrttions, the latter 
being derived from mean declinations taken from the Boss Catalogue. 

Since the declinations of the stars used in the obscrvations changed 
as much as  several minutes of arc between the dates of the old deter- 
minations of latitude a t  the three stations and 1930, several of the 
pairs of stars observed during the old determinations were not, in 
1930, within the prescribed limit of 20 minutes of arc for the difl’erence 
between the zenith distances of the north and south stars of the pair. 
Ordinarily such pairs would not be used for latitude determinations, 
but in order to obtain complete sets lor comparison with the old 
work, several pairs which were somewhat outside thiq limit were used 
in the redeterminations of 1930. 

Because of the present lack of definite data and the uncertainty of 
the values used in the old computations, no attempt has been made 
to make corrections for the position of the pole. 

The writer wishes to acknowledge the he1 ful suggestions of Dr. 

assistance furnished by J. A. Duerksen and (3. A. Whitten in the 
preparation of this publication. 

William Bowie, C. H. Swick, and W. D.  E ambert, and the able 



Chapter 1.-MOUNT TOM LATITUDE 

DESCRIPTION OF STATION 

Station of 1862.-This station is located in Hampshire County, 
Mass., on Mount Tom, about 2% miles north-northwest of H o l d t e ,  
and dktnnt 27 95 nicters (91.7 fcet) or OK91 of latitude south and 12.8 
meters (42.0 fcet) west of Mount Tom triangulation station. This 
Iatter station is situated near the center of the summit ridge and is 
marked by a copper bolt set in the rock within a triangle with the 
letters “U. S.” near by. Boiir reference mnrks, each a drill hole in 
the rock with B square around it nnd with nn arrow pointing toward 
the triangulation strttion, are located, respectively, 19.21 meters (63 0 
feet) southwest; 6.53 meters (21.4 feet) north-northwest; 6.90 meters 
(22.6 feet) east-northcast; and 6.15 meters (20.2 feet) southeast oE the 
station. Thc latitude station was marked by n block of pine. 

Station of 1930.-This station is located on Mount Tom 27.55 
meters (90.4 feet) or 0’!81) of latitude south and 8.40 meters (27.6 fcet) 
east of the triangulation station described above. It is not marked. 

OBSERVATIONS OF 1862 

The original observations were mnde from July 18 to August 11, 
1862, inclusive, by Observer Edward Goodfellow, attached to the party 
of A. D. Bache. A total of 172 observations were taken on 36 
pairs of stars with the Wurdemann zenith telescope No. 5 .  The 
average number of observations per pair was 4.8. Adescription of this 
instrument may be found in Appendix 14, Report of the Superinten- 
dent of the Coast Survey for 1880, page 246.2 

A revision of the original latitude computation for this station was 
made in 1870-71. This revision was effected by the use of mean 
declinations that were considered more reliable than those used in 
the o n  ‘nal computation. The declinations used in the revision were 
taken P rom the catalogues listed below: 

Greenwich 12, 6, and 7 Year Catalogues. 
Radcliffe Catalogue for 1845. 
Second Radcliffe Catalogue for 1860. 
Anna h Catalogue. 
Britisf Association Catalo ue 
Gould’s Standard Places of Fundarnentpl Stars. 
And various catalogues available in 1870. 
Discovery of an error in the computation increased the seconds of 

the mean latitude for the pair (5944,5997) from 28’!12 to 28‘!33. For 
the same reason, the seconds of the mean latitude for the pair (6&62, 
6882) were increased from 27!67 to 28’!27. These two changes 
caused an increase in the mean observed lrttitude for the station of 

I Chauvenet’s Spherical and Practical Astronomy, vol. 2, Ch. VI11 contains a complete discussion ob 
the method and result of latitude observations made in 1852 by Q. W.’Dean, at Rosslyn, Va., with zenith 
telescope No. 5. The instrument is described, and excellently illustrated. 
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4 U. S. COAST AND GEODETIC SURVEY 

0'101 and in the weighted mean latitude of 0'102. 
revision of 1870, with the two changes noted above, follows: 

Mean observed latitude of latitude station _ _ _ _ _ _ _ _ _ _ _  42 14 27.63 fO. 06 
Weighted' mean observed latitude of latitude station-- 42 14 27. 64 f 0. 06 

Latitude of latitude station _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  42 14 27. 58 f 0. 06 

Latitude of geodetic station _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  42 14 28. 49 f 0. 06 

In the original observations a t  Mount Tom, observation3 were 
made on each of 35 of the 36 pairs of stars on several different nights, 
usually 3 to 6. The agreement of the results of the different observa- 
tions on the same pair should be a fairly good indication of the accuracy 
of the individual observations. At least, errors of star places are 
not involved. Refraction errors should have small effect on the 
residuals, since the Talcott method was used. For each pair observed 
more than once, the latitude was computed for each night's observa- 
tion. Then a mean latitude for that pair from the results of the 
different nights' observations was taken, and the residuals from this 
mean were formed. 

There were 171 residuals for the 35 pairs observed more than once 
a t  Mount Tom in 1862. Thc average size of these residuals is 0!'45. 
This would indicate that observations on a single pair on one night will 
on the average give the latitude of the station within OI'45, if there 
are no errors in the star places. 

The result of the 

o /  I 1  / I  

Reduction to sea level- - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -0.06 

+o. 91 Reduction to geodetic ststion- _ _  _ - _ _ _ - - - - - - - - _ - _ _ _ _ _ 

The maximum residual is 1179. 

OBSERVATIONS OF 1930 

Tho observations of 1930 were made on 15 of the pairs of stars 
used in 1862, each pair being observed only once. The instrument 
used was the Bamberg broken-telescope transit No. 20, a description 
of which may be found on pages 3-7 of Special Publication KO. 109, 
Wireless Longitude. 

Column 
1 contains the Boss Catalogue niirnbers of the stars; colurnn 2, the 
date of observation; coluinn 3, the position of the star whether north 
or south of the zenith; column 4, the position of the telescope, whether 
the ocular is east or vest;  column 5 ,  the apparent declination; column 
6, one-half the sum of the declinatlons; column 7, one-half the difference 
of the zenith distances in arc, corrected for inclination of the instru- 
ment, refraction and reduction to meridian; column 8, the observed 
latitude of the latitude station as derived from each pair of stars; and 
column 9, the corresponding latitude of the geodetic station. The 
following results were obtained. 

Table 1 contains the results of the observations of 1930. 

a To investigate the reliability of the earlier reductions, from mean to apparent declination, the apparent 
declinations for the 15 stars common to the two sets of latitude observations (18GZ 1930) were recomputed for 
1862 by means of the Finlay Cape Meridian Tables. The results however, differed little from apparent 
declinations computed 68 ears earlier by moans of Ressel's Star Pla& and Star Constants and the formula 
a-aa-As~+Bb'+C~~+Dbl++~' .  I n  fact the meau effect was to change the mean observed value of lati- 
tude by only 0101. Consequent1 , the reductions from mean to apparent declination used in the earlier 
computations were acce ted for a i  three stations. 

'See Special Publicatkn No. 14, pp. 11Q-l!21. 
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This instrrnnont was used for l h e  rwrnt 1;tt i tuclp rr(leler1ninations. 



LATITUDE REDETERMINATIONS 5 
0 1  I I  I I  

Mean observed latitude of latitude station, 1930 _ _ _ _ -  42 14 26. 50 f 0.09  
Reduction to sea level- - - _ _ _ _ _ _ _ _  _ _ _  _ _ _  - _ _ _ _ _ _ _ _ _ _  - -0. 06 

Latitude of latitude station _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  42 14 26. 44 h0. 091 

Latitude of geodetic station _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  42 14 27. 33 &O. 09 

Reduction to  geodetic station- _ _  - - - - - - - - - - - - - - - - - - - - $0. 89 

COMPARISON OF OBSERVATIONS OF 1930 AND 1862 

For purposes of comparison, the latitude of 1862 was recomputed, 
using only the 20 pairs of stars found in the Boss Catalogue and taking 
the data for the mean declination Irom that catalogue. The result 
of using the data o i  the Boss Catalogue was iound to decrease the r r m n  
latitude derived from these pairs by 0'!18. The decrease is 0'126 

. when only the 15 pairs used in the 1930 observations are considered. 
Next, from the recomputed results above, the latitudes derived from 

the 15 pnirs of stars reobserved in 1930 were compared, by nieans of 
Table 2 ,  with the corresponding determinations of 1930. In this 
table columns 1 and 2 give the British Association and Boss Catalogue 
numbers, respectively, of the stars; column 3, the latitudes from the 
1930 observations; column 4, the latitudes from the I862 observations 
based on the Boss Catalogue; column 5 ,  the difference, colurnii 3 less 
column 4. 

To test the reliability of using thc results from only 15 pairs, the 
mean latitude derived from the 1862 observations for all 36 pairs 
was compared with the mean latitude derived from only the 15 pairs 
rcobserved in 1930. both based on the revision of 1870. The former 
wfis found to be 0!10 less than the latter. 

RECAPITULATION OF DATA OF COMPARISON 

lilt geodetic st :tion] 
0 1  I !  I 1  Final latitude: 

Determiriation of 1862 (36 pairs), usingdataof 1870- 42 14 28. 49 &to. 06 
Determination of 1930 (15 pairs), using Boss data-- 42 14 27. 33 rf 0. 09 

Difference (1930-1862) _ _ _ _ _  - - - - - - - - - - - - - - - - - -1 .  16 
Mean observed latitnrle: 6 

Determination of 1862 (15 pairs), using Boas da ta_-  42 14 28. 38 
Determination of 1930 (15 pairs), using Boss data..- 42 14 27. 39 

-0 .99  Difference (1930-1862) _ _ _ _ _ _ _ _ _ _ _ _ _  - _ _ _  - _ _ _ _ _  
6 Uncorrected for elevation of shtion above s e ~  level 

65916---31-2 



6 U. S. COAST AND GEODETIC SURVEY 

Boss 

2:g 
No. 

of star 

TABLE 1.-Results of observations of 1930 ut Mount Tom 
[R. L. Pfau, observer; Bainherg broken-telescope transit No. 20.1 

Date, 

I 

____- 

4021 __.___ 
4031 ......... 
4057.. ....... 
40n0.-~-. . 
4860 ..____ 

July 23 
do. .. 
do .... 

.-.<io .... 
Julv 24 

do ..... 
4957 .... 
4992 do ..... 

5024 ...... do .... 

4247 ...... do ..... 
4270 ...... lII:do..-.. 
4349. .... .!.-.do.. ... 
4359 ..... -1.. .do.. ... 
44Y7 .__- - -  do ..__. 
4631 .... ..l:::do ..... 
4582. .... ... 

4765.. ... 
4855.. .... do..-. . 

..... 
4708.. .... . - .<IO. .  ... 

4872.. ... -1:: :,I,)- .... 

Mean.. ..I--. ....... 

__. __ 

Direc- 
tion 01 

star 

N. 
S. 
S. 
N. 
S. 
N. 
N. 
9. 
S. 
N. 
N. 
S. 
Y. 
N. 
S. 
N .  
N. 
8. 
S. 
N. 
N. 
S. 
8. 
N. 
J. 
N. 
J. 
N. 
N .  
H. 

....... 

- - 

Posi- 
tion o 
OCUlSI 

E .  
W. 
W .  
E .  
W. 
E. 
E.  
W. 
W. 
E.  
E .  
W .  w. 
E. 
E. 
W .  
W. 
E .  
E.  
W. 
W. 
E. 
W. 
E. 
E. 
W. 
W. 
E.  
W. 
E.  

..... 

i 
Ariptrrenl 0ue.half sum 

decliriation of declination! 

..............I ............... 

One-half 
difference 

of corrected 
zenith 

distances 

, ,I 

+I4 19.42 

+ 3 02.50 

-13 23.79 

+ 1 19.92 

-13 00.57 

-12 31.20 

-10 36.56 

+iti n.sn 
t l 3  25 07 

4-15 41.87 

- 0 59.40 

- 4 53.66 

-10 04.59 

- 1 12.66 

- 2 02.53 

Observed latitude 

Latitude 
station, 1930 

0 I I ,  

42 14 26.80 

27.07 

26.65 

26.70 

z. 353 
26.56 

26.16 

21. i n  

26. on 
27.03 

26.72 

20.45 

25.66 

26.48 

28.77 

___ 
Reduc- 
ed to 
eodetic 
itation 

, 
27.49 

27. 8a 

27.54 

27.59 , 
28.27 

27.45 

27.05 

28. M 

a. 92 

27.02 

27.51 

27.34 

26. 55 

27.97 

27.66 

27.30 

TABLE 2.--Comparison of the results of 1,930 with those of 1862 ut Mount Tom 
[In this tahle all wilues of the latitude are reducer1 to the geodetic statiorr.] 

j Latitude of (reodetir Station Latitude of geodetic station 
Star No% 1 (based 011 HOSS data) (based on Boss data) 

5249 ..... 4021 ...; 1, 42 
62.2 ._.__ 4 < 3  L. I 
5205. . -. 4ii.K. .: ! 
533d.. ... 4!>89..-,\ 
5376 .... 4 i r ~  . ' I  

5453 ..... 4152 ...I j 
54% -. . - 1  41(2 ..I! 
6496. .... 41.\4 ...;I 
50112 ..... 4247 ...' 1 

5775 
5700 

4.582. .. 
6185 ..... 

14 27.49 

27. Bfi 

w. 07 

2-:1.92 

27 92 

27.61 

2;. 34 

245.56 

- 
(lY30) 
m I nus 
(1862) 

-1.09 

- , 7 6  

+ .23 

- .3n 

-2.30 

- . 98  

-1.35 

-0.991 
--- 
- 



Chapter 11.-MOUNT PLEASANT LATITUDE 
DESCRIPTION OF STATION 

Station of 1851.-This stetion is located in Oxford County, Me., 
near the summit of Mount Pleasant, about 6 miles west of Bridgton, 
and is marked by a granite pillar resting on a granite ledqe 1.52 
meters (5.0 feet) or On05 of latitude south and 5.70 meters (18.7 feet) 
west of the original Mount Plrnsant triangulation station. The 
latter is on the summit and is marked by a copper bolt set in the rock 
about a foot below the surface of the pound. Latrr, another triangu- 
lation station was cstablished, which is also marked by a copper bolt 
set in rock and covered by soil. The more recent station is at  an 
elevation 4 feet lower than the original one, and 16.022 meters (55.52 
feet) southeast. I t  is 26.262 meters (86.16 feet) from the southwest 
corner of the hotel and 35.256 meters (115.67 feet) from the southeast 
corner of the bowling alley. When visited in 1930, the 1851 latitude 
station could not be found. 

Station of 1930.-This station is on Mount Pleasant 13.29 meters 
(43.6 feet) or 0!'43 of latitude south and 14.11 meters (46.3 feet) east 
of the original triangulation station described above. 

OBSERVATIONS OF 1851 

These observations were made by G. W. Dean between July 20 and 
August 19, 1851, inclusive, with Wurdemann zenith telescope No. 5. 
A total of 236 observations were made on 44 pairs of stars, thc average 
number of observations per pair being 5.4. As in the case of Mount 
Tom, the computation of this latitude was revised a t  a later date, 
1870, by means of adopted mean declinations considered more reliable 
than those originally used. They were also taken from the cuta- 
logues listed on page 3. In this revision 41!'400 was taken as the 
value of one turn of the micrometer in place of 41!'453, the value 
used in the original computation. The result of this revision computa- 
tion follows : 
Mean observed latitude of latitude station _ _ _ _ _ _ _ _ _  _ _  44 01 36. 42 &O.  04 
Weighted0 mean observed latitude of latitude station-- 44 01 36. 44 rfr0. 04 
Reduction to sea level- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Latitude of latitude station _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  44 01 36. 33 ZtO. 04 
Reduction to geodetic station- - - - - - - - - - - - - - - - - - - - - - - 

Latitude of geodetic station _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  44 01 36. 38 io. 04 
For the same reason and in the same manner as nt Mount Tom 

(see p. 4), residuals were formed for the 43 pairs of stars observed 
on more than one night (usually 5 or 6) .  There were 235 residuals, 
whose average size is Of31. This would tend to show thnt the latitude 
derived from n single observation on a pair would, on the average, 
be accurate within &Of31 if there were no errors in star places. 
The maximum residual is 1 4 7 .  

0 1  I !  ! I  

-0.11 

$0.05 

~ - -  I_- - 
@ 8m Spacial Publlation NO. 14, pp. 119-121. 

7 



8 U. S. COAST AND GEODETIC SURVEY 

OBSERVATIONS OF 1930 

R.  L. Pfau observed on 19 of the 44 pairs used in the 1851 observa- 
tions on August 17, 18, and 22, 1930, observing each pair only once. 
The data for the computation of latitude from the 1930 observations 
are given in Table 3, tabulated as in Table 1 (see p. 4) .  The results 
are as follows: 

Mean observed latitude of latitude station, 1930------- 44 01 35. 96 f0. 06 
Reduction to aea level- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Latitude of latitude station _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  44 01 35. 85 &O. 06 
Reduction to geodetic station- - - - - _ _ - - _ - - - _ - - - - - - - - 

0 1  I I  I 1  

-0.11 

+o. 43 
Latitude of geodetic station _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  44 01 36. 28 f 0. 06 

COMPARISON OF OBSERVATIONS OF 1930 AND 1851 

As  in the case of Mount Tom, the latitude of 1851 for Mount 
Pleasant was recomputed from the observations on the 34 pairs of 
stars found in the Boss Catalogue, using the data of that catalogue 
to obtain the mean declinations. 

The effect of using the Boss Catalogue is to decrease the latitude 
based on the data of 1870 by O!'25, the same 34 pairs being used in 
both cases. When only the 19 pairs used in 1930 are considered, the 
effect is to decrease the latitude by O!I24. 

The latitude of 1851 was then derived from the 19 pairs of stars used 
in the observations of 1930, using the data of the Boss Catalogue. 
These results and those for 1930 are compared in Table 4,  which is 
formed in the same way as Table 2 in Chapter I and needs no further 
explanation. (See p. 5.) 

It was found that the mean observed latitude of 1851, based on the 
data of 1870 when derived from the 19 pairs used in 1930, was Of13 less 
than that derived from the entire set of 44 pairs. 

RECAPITULATION OF DATA OF COMPARISON 

[ A t  geodetic station] 

I I  I I  
Final latitude: 

Determination of 18.51 (44 pairs) based on data of 
1870__-____-------------------------------- 44 01 36.38 f 0 . 0 4  

Determination of 1930 (19 pairs) based on Boss data- 44 01 36. 28 f 0.06 
Difference (1930-1851) - - - - - - _ _  - _ _  - _ _ _  - - - - - - - -0. lo 

Determination of 1851 (19 pairs) based on Boss 
data _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  44 01 36. 10 

Determination of 1930 (19 pairs) based on Boss data- 44 36. 39 

O 

-- 
Mean observed latitude: 7 

01 

7 Uncorrected for elevation of station above sea level. 



LATITUDE REDETERMINATIONS 

Ap arent 
declfnation 

9 

One-halfsun 
of declination 

TABLE 3.-Reaults of obaervatiws of 1990 at Mount Pleasant 
[R. L. Pfau, observer; Bamberg broken-telescope transit No. 201 

I I  
Boss 

logue 1 1930 I No. of 
Date 

star I I 
S. 
N. 
N. 
S. 
9. 
N. 
9. 
N .  
5. 
N. 
S. 
N. 
S. 
N. 
S. 
N. 
N. 
Y. 
8. 
N. 
S. 
N. 
N. 
9. 
9. 
N. 
N. 
5. 
N. 
9. 
9. 
N. 
N. 
9. 
9. 
N. 
9. 
N. - 

. - - - - - -. 

Posi- 
ion o 
,cula1 

E. 
W .  
W. 
E. 
E. 
W .  
E. 
W. 
E. 
W .  
W. 
E. 
E. 
W. 
W. 
E. 
W. 
E. 
E. 
W. w . 
E .  
E. 
W .  
W. 
E. 
E. 
W .  
W. 
E. 
E. 
W. 
W. 
E. 
E. 
W. 
E. 
W .  - 
__-.- 

77-A , ,, 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  --I 

One-half 
diikence 

, I )  

-8 2 0 . I  

-10 %.Of 

-7 66. 3: 

-ia 48. I! 

-1 12.01 

+2 58. 5; 

-8 38. 61 

-6 69.9! 

-6 16.41 

-9 07.6: 

-4 47.5c 

-13 09.03 

-12 23.64 

k l 5  50.28 

+.3 48.02 

-5 16.N 

-2 58.38 

-2 48.11 

-20 38.7b 

_ _ _ _ _ _ _ _ - -  

Observed latitude 

Latitude 
station, 1930 

0 , !t 

14 01 36.05 

35.72 

35.80 

35.93 

36.41 

36.88 

35.94 

35.63 

35.73 

36. 24 
35. 6a 

35.19 

36.19 

35.89 

36.02 

36.4.5 

36.55 

35.17 

30.03 

14 01 36. Wl 

__ 
Re- 

iuced 
o geo- 
detic 
tation 
if 1851 

36.48 

36.15 

36.32 

36.36 

36.84 

37.12 

36.37 

36.06 

36.16 

36.67 

38.03 

3.5.'02 

36.62 

38.31 

36.45 

36.88 

30.98 

36.60 

36.46 

36.39 
- 
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TABLE 4.-Comparison oj  the results of-I930 with those of 1861 at Mount Pleasant 
[In this table all values of the latitude are reduced to  the geodetic station] 

British 
ALSO- 

cintion 
Cata- 

Nos. Latitude of geodetic station Star Noe. (based on Boss data) 

Boss 
Cata- Results of 1930 
logue 

I 

44 01 36.31 

3F. 84 

37.12 

36.37 

36.45 

36.06 

36.88 

36.98 

36.16 

85.60 
I I 

.esu1ts 
,i 1x61 

,, 
35.06 

36.46 

36.00 

36.50 

35.82 

36. 23 

35.49 

36. 00 

35.95 

36.02 

/ /  British 1 

I1 lowe I 

Latitude of geodetic station 
(based on Boss data) 
_._ 

0 , I ,  

44 01 36.67 

36. 03 

36.46 

36.62 

30.62 

36.48 

36.15 

36.32 

36.36 

44 01. 36.394 

-- 
,t ,I 

36.54 +O. 13 

36.01 +.02 

3fi.23 +.23 

36.63 -1.01 

36.20 +.42 

36.34 +. 14 

36.02 +. 13 

35.78 +.54 

35.56 +.a0 

36.096 + ~ . m a  
~ _ -  



Chapter 111.-DES MOINES LATITUDE 
DESCRIPTION OF STATION 

Station of 1869.-This station is located a t  Des Moines, Polk 
County, Iowa, in the courthouse grounds on the west side of the Des 
Moines River, 2.96 meters (9.7 feet) due east of the Des Moines lon- 
gitude station. This latter station was marked by a block of stone, 
12 inches square and 4jh feet long, sunk into the ground to within 
4 inches of the top and filled in with sand. In  this stone, the top of 
which was lettered “U. S. C. S. 1869,” was set a copper bolt 8 inches 
long and three-fourths inch in diameter, marked with a cross. The 
longitude station is 39.26 meters (128.8 feet) or 1!’27 of latitude south 
and 18.56 meters (60.9 feet) or ON81 of longitude east of the court- 
house dome. In  1930, the longitude station was described as 1 meter 
east-northeast of the southeast corner of the concrete block at  the 
east end of the steps leading to the south entrance of the courthouse, 
the mark projecting 8 inches above the ground and being half way up 
the slope between the courthouse and the sidewalk. On the opposite 
side of the courthouse yard is a similar stone, about 8 inches square 
and 3)1, feet long, marked also by a copper bolt with a cross, 90.10 
meters (295.6 feet) due north of the longitude station and, as found 
in 1930, 2 meters (7 feet) southwest of the edge of the Mulberry 
Street sidewalk and 13.64 meters (44.8 feet) northeast of the north- 
east corner of the courthouse. 

Station of 1930.-The station is in the courthouse grounds, 52.28 
meters (171.5 feet) or 1!60 of latitude north and 11.84 meters (38.8 
feet) or On51 of longitude east of the old longitude station described 
above. It is 9.56 meters (31.4 feet) from the edge of the steps at  the 
east entrance of the courthouse in a line toward the east almost per- 
pendicular to the edge of the steps. 

OBSERVATIONS OF 1869 

These observations were made by E. P. Austin between July 12 
and 19, 1869, inclusive, with Wurdeniann zenith telescope No. 5. 

A total of 76 observations were made on 22 pairs of stars, the average 
number of observations per pair being 3 .5 .  

As at Mount Tom and Mount Pleasant and for the same reason, 
the computation of the latitude of 1869 at Des Moines was revised 
in 1872 by the adoption of mean declinations taken from the various 
catalogues listed on page 3. 

Mean observed latitude of latitude station _ _ _ _ _ _ _ _ _ _ _  41  35 02. 67 * O .  07 
Weighted * mean observed latitude of latitude station - - 41 35 02. 69 f 0. 07 

Latitude of latitude station _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  41 35 02.66 fO. 07 
Of the 22 pairs of stars observed in 1869, 21 were observed on 

several nights, usually from 3 to 5. As at Mount Torn and Mount 
Pleasant (see pp. 4 and 7) residuals were formed from the means of 
each of the 21 pairs. There are 75 of these residuals, the average 

The results follow: 
O I  ) I  I I  

Reduction to sea level _ _ _ _ _ _ _  _ _ _  - _ _ _ _ - _ _ _ _ _ _ _  _ _ _ _ _  _ _  -0.04 

8 See Special Piiblication No. 14, p ~ .  110-121. 
11 
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size of which is 01/35. This tends to show that, on the average, a 
single observation on a pair at this station in 1860 gives the latitiidc 
within Or!35, rovided there is no error in star plnces. The niaximnm 
residual is 1.34. P 

OBSERVATIONS OF 1930 

E. B. Latham made observ,Ltions on .J.iiy 31 and August 1, '1930, on 
10 of the star pairs used in 1869. In  addition, he took observations 
on 8 other pairs not observed in 1869, and, therefore, of no value 
for comparison. Table 5 gives the data for the latitude computation 
for all pairs used, tabuhted in the same way as in siniilntl. tables for 
Mount Tom and Mount Pleasant. The last 
column of Table 5 contains the latitude for each pair reduced to the 
old 1869 latitude st>ation, the reduction from new to old station being 
- 1 r!69. 

Mean observed latitude 1930 (all pairfii _ _ _ _ _ _ _ _ _ _ _ _ _ _  41 35 01. 12 f O .  09 
Mean observed latitude 1930 (10 pairh) _ _ _ _ _ _ - _ _ _ _ _ _ _  41 35 01. 22 f O .  12 
Reduction to sea level- - _ _ _ _ _ _  - - - - _ _  - _ _  - - - _ _  - - - - - _ _  

(See pp. 4 and 8.) 

The results are BS follons: 
o r  t r  r t  

-0 04 

Latitude of the 1869 latitude station (10 pairs) _ _  41 35 01. 18 fO. 12 

COMPARISON OF OBSERVATIONS OF 1869 AND 1930 

When the latitude of 1869 is derived from only the 15 pairs of stars 
t4hat were found in the Boss Catalogue, first with the original mean 
declinations and then with mean declinations from the Boss Catalogue, 
the use of the Boss Catalogue declinations is found to decrease the 
latitude hy 0Y17. When only the 10 pairs reobserved in 1930 are 
considered, the decrease in the latitude is O'! 15. 

The mean observed latitude of 1869,.based on the original mean 
declinations and derived from all 22 psirs of stars, is 0'!19 less than 
when derived from only the 10 pairs that were reobserved in 1930. 

In  Trtble 6, formed in the same manner as Table 2 (see p. 5 ) ,  are 
tabulated the data for comparison of the results of the observations of 
1930 and of I869 on the 10 pairs reobserved in 1930 and computed by 
means o'f mean declinsticms taken from the Boss Catalogue. 

RECAPITUIiATlON OF DATA OF COMPARISON 

[ A t  station 01 1M9] 

r t  r r  
Final latitude: 

Determination of 1869 (22 pairs), using original O 

data _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  41 35 02. 65 fO. 07 
Determination of 1930 (10 pairs), rising Boss data- 41 35 01. 18 fO. 12 

Difference (1930-1869) _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _ _ _  - - _ _ _  -1 .47 

36 02. 71 
35 01. 22 

Mean observed latitude: 
Determination of 1869 (10 pairs), using Boss data- 41 
Determination of 1930 (10 pairs), using Boss data- 41 

9 Unroxected for elevation of station above sea level. 



LATITUDlE BEDETERMISATIONS 

Boss 
Cata- 
logue 
No. of 
star 

TABLHI &-Results of observationo of 1930 at Des Moines I 

[E. B. Latham, observer; Barnberg broken-telescoge transit No. 211 

Date, Mrec- Posi- 
1g30 tionof t i o n ~ .  

star oculai 
Apparent 

declination 

:. 1 $1 
8. w. 
N. E. 
9. E. 
N. W. 
N. w. 
9. E. 
N. W. 
8. E. 
N. E. 
9. w. 
N. W. 
9. E. 
8. w. 
N. E. 
9. E. 
N. w. 
N. W. 
8. E. 
9. w. 
N. E. 
9. E. 
N. w. 
N. w. 
8. E. 
N. E. 
8. w. 
N. W. 
9. E. 
9. w. 
N. E. 
6. E. 
N. W. 
s. w. 
N. E. 
N. E. 
8. w. 

One-half sum 
of declination$ 

0 ,  ?I I 0 ,  I ,  

313 50 3 
4R 13 5 
% i S  4 

53 02 a 

69 55 3 
21 38 2 
60 68 1 

30 05 0 
53 03 5 
29 66 3 

5 
3 

40 18 3 
37 nn 6 
28 45 0 

An 58 a 

54 15 5 
24 24 5 
58 45 3 

22 90 n 

25 

32 48 4 
5 0 % 0  
M 44 2 
23 07 3 
44 ai z 
as 32 3 
68 39 3 
24 44 2 
37 4n 5 
45 34 1 
38 12 3 
45 01 4 
36 13 5 
47 08 5 
T,9 41 6 
23 33 4 

Mean (10 pairs used in 1869) _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _  _ _ _  
Mean (all pairs) . . . . . . . . . . . . . . . . . . . . . .  _ _ _ _  _ _ _  _ _ _  - _ _ _ _ _ _ _ _ _ _  

One-half 
difference 

,f wrrected 
zenith 

distances 

, ,, 
+2 49.99 

--I 35.72 

4-18 40.82 

4-1 16.60 

+6 18.12 

+6 18.64 

-4 38.86 

+4 29.W 

-0 15.92 

-10 50.87 

+I5 5Q. 93 

-2 19.12 

+9 01.24 

+2 35.57 

-6 59.00 

-6 30.44 

-2 08.81 

-6 25. 14 

-2 44.40 

~____  
_ _ _ - - _ - - _ - -  
_ - _ _ - _ _ _ _ - -  
-- 

13 

Observed latitude 

La? tude 
station of 

1930 

0 , I /  

I1 35 oa. 18 
03.24 

02 70 

01.92 

02 80 

03.88 

03.11 

02.40 

03.37 

02.47 

02. e7 

02.94 

02.47 

01.89 

oa. 19 

03.48 

03.18 

02.71 

L 1  3.5 02.91 

11 36 02.81 

Reduced 
ro latitude 
station 
of 1869 

,, 
01.48 

01. 66 

01.01 

00.23 

01.11 

02.17 

01.42 

M). 71 

01.68 

00.78 

00. Qa 
01. a5 

00.78 

00.20 

00.60 

01.79 

01.49 

01.02 

4 1  35 01.22 
rto. 12 

41 35 01.12 
;to. 09 

1 The Arst 10 pairs in this table are stars wed in the observations of 1869. The remaining 8 pain were 
* The above pair was observed on two nights. 

used only in 1930. 
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TABLE 6.-Comparison of the results of 1980 with thoee of 180g at Des Moinee 

[In this table the 1830 malts  we reduced to the 1888 station] 

Btar Nos. Latitude of latitude station of 
1869 (bawd on Boss data) 

Latitude of latitude station of 
1869 (based on Boss data) 

British 
Asso- Boss 

ciation Cata- 
cats- 1ogue 
logue I 

Results of 1930 

D , ,I 

,41 36 01.40 

01.65 

01.01 

00.23 

01.11 

GQ. 76 

Results of 1930 :?:!' 

- 
R@Sult: 
of 186( 

- 

02.79 

03.85 

02.41 

03.28 

02.62 

02.22 

British 
Aaso- 

ciation 
Cata- 
Iogue - 

6310 _ _ _ _ -  
6338 _ _ _ _ _  
M34 _ _ _ _ _  
6459 _ _ _ _ _  u525 - _ _ _ -  
6560 _ _ _ _ _  
5574 _ _ _ _ -  
6652 _ _ _ _ _  
5575 _ _ _ _ _  
6688 _ _ _ _ _  
5703- - _ _ _  
6752- _ _ _ _  

- 

(11130) 
minm 
(18W 

- 
,, 

-1.30 

-1.80 

-1.40 

-3.06 

-1.61 

-1.44 

Boss 
Cata- 
logue 

-__ 

4069... 
4089.-. 
4142 
4150 
4m 
4221-.. 
4 m  
4271) 
4232--. 
4286.-. 
4310--. 
4330-.. 

MwD.. _ _ _ _ _ _ _ _  41 36 01.216 02707 l l  

__ 

(1930) 
minus 
(1869) 

-__ 
,, 

-1.01 

-1.19 

-1.36 

-. 88. 

-1.492 
-- 

- 
SUMMARY 

In  studying the datafor this publication several different com arisons 
between the old and new latitude determinations at  each of t K e three 
stations were made.'O Each of the comparisons for a station is based 
on a somewhat different method of computing, selecting, or com- 
bining the data. It is difficult to say which method is the best, but 
probably the most reliable comparison is obtained if both the old and 
new determinations are made to depend only on the pairs of stars that 
were common to both sets of observations. When this is done, and 
the old determinations are based upon the declinations adopted in 
I870 or 1872 and the new determinations are based upon the Boss Cat- 
alogue declinations, we obtain the following differences in the sense, 
new latitude minus old latitude: 

I 1  

Mount Tom (15 pairs) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -1. 25 
Mount Pleasant (19 airs) _ c _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  +O. 06 
Dee Moines (10 pair$ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -1. 64 

If, however, the old determinations, as well as the new, are based 
upon Boss Catalogue declinations, the following differences are 
obtained : 

Mount  tom--_-,--,,-,--,-_---,-_,---_---,--__,_^_- -0.99 
MountPlessant--_----------,---_-,-_-_-,__,----_------_---- +O. 29 
Des Moines _-__-__-____________- - - - - - - -_ - -__-_-_-_- -  -1. 49 

It can be seen that the use of the Boss Catalogue data decreases the 
difference between the old and new determinations at  both Mount 
Tom and Des Moines, although both differences still remain lar e. 

Boss Catalogue data, but i t  is still quite small. 

I I  

At Mount Pleasant the difference is made larger by the use of t B e 

$0 Not all 01 the data of these comparisons are included In this publication but they are on flle at the Coest. 
and Geodetic Survey and may be consulted by those Interested In a more detued study of the aubject. 
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APPENDIX 

FORMULAS AND CONSTANTS USED IN THE COMPUTATION OF LATITUDE 

For the observations with Wurdemann zenith telescope No. 5,  
which was used for the original determinations a t  all three stations, 
the formula is as follows (see Special Publication No. 14, p. 116): 

in which the primed letters refer to the north star and the unprimed 
letter$ to the south star and, 

6 = apparent declina>ion, 
M = mkrometer reading (increased readings corresponding to 

R=value in arc of one turn of the micrometer screw, 
d = value in arc of one division of the level bubble, 

bubble, respectively, 
r = the refraction correction, and, 

is observed off the meridian. 

increased zenith distances), 

n and s=the  readings of the north and south ends of the level 

m= the correction to measured zenith distance when the star 

The correction for differential refraction for a pair of stars is given 

T - r’ = 57!‘7 sin ( z  - z ’ )  set% 
by the formula, 

in which 

and 

(See Special Publication No. 14, pp. 117 and 118.) 

follows : 

2 = RM, 

z’=RM’. 

The constants of Wurdemann zenith telescope No. 5 were as 

T?? Pleapnt MCI$l05 
Mount Mount DW 

R=41.380 41.400 41.42 
d =  0.76 0.79 0.815 

For the Bamberg broken-telescope transits, the instruments used 
in 1930, the formula is somewhat different from the one given above 
and is as follows (see Special Publication No. 109, p. 52): 

in which the symbols have the same meaning as in the preceding 
formula, except that the subscripts E and W refer to the position of 
the ocular and the subscript 1 is used to indicate the level readings 
and level value for the second one of the two levels, this instrument. 
being equipped with two levels. 
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The constants of the two instruments used in the 1930 determina- 
tions are as follows (see Special Publication No. 109, p. 32): 

Bamberg Bmherg  
transit transit 
N:; 20 N$ 21 

R = 78.94 79.08 
-= d+d’ 1.335 

2 1.286 

HISTORICAL NOTE ON THE TALCOTT METHOD 

The method of latitude determinations, known as the Talcott or 
Horrebow-Talcott method, was first publicly announced by Peter 
Horrebow when his Atrium Astronimiae was published in 1732. 
Very little attention, however, was paid to it until, over 100 years 
later, Capt. Andrew Talcott of the United States Engineers discovered 
and developed the method independently and demonstrated its 
practicality with the zenith telescope.’l 

The Talcott method was introduced in the Coast Survey by Super- 
intendent A. D. Bache in 1846 and after numerous trials was finally 
adopted as the standard for the determination of latitude by the Sur- 
vey in 1851. The first complete set of observation3 by this method 
was made by T. J. Lee for the Coast Survey at  Thompson, Mass.,” in 
1846, with a zenith telescope loaned by the United States Military 
Academy. In 1847, the Survey acquired an instrument of its own, 
known as zenith telescope No. 1. 

The Talcott method for the determination of latitude superseded the 
methods formerly used which depended on the measurement of abso- 
lute zenith distances with the zenith sector or on the observations of 
the transits of stars over the prime vertical with a prime vertical 
transit.13 

The material in the tables which follow has been taken from the 
field records of the respective stations. Unfortunately, the old field 
record for Des Moines could not be located and so no information is 
available regarding the meteorological conditions in 1869 at  thls 
station. 

METEOROLOGICAL DATA 

11 See A Question of Priority in Originating a Very Important Astronomical Method. B y  J. E. McQruth. 
Journal of the Royal Astronomical Society of Canada, vol. 8, No. 6, January-February, 1914, PP. 36-40. 

12 8ee Capt. T. J.  Lee, U. 9. Corps Topographical Engineers assistant on the survey of the coast, On the 
Use of the Zenith add Equal-Altitude Telescopc in the Dete&ination of Latitude, Topographical Bureau 
of the War Department 1848 

18 8eeComt and Geodekc Sdrvey Special Puhlication No. 14 p. 103 Special Publication No. 110, pp. 47-48. 
and Appendix 14, Report of the Superintendunt of the Coast’Surve; for 1880, p. 246. 



- 
Date, 
1882 

- 
July 18 

19 
25 
27 
28 

30 
31 

AUK. 1 
2 
3 

4 
6 

7 
8 

10 
11 

Inside 

80.8 
57.4 
76.8 
68.5 
71.8 

72.8 
71.8 
73.6 

78.2 
71.9 

77.2 
73. 1 

68.6 
78.8 
66.6 
71.0 

LATITUDE REDETERMINATIONS 17 
TABLE 7.-MeteorologicaZ conditions at Mount Tom in 1868 

Outsidc 
-I__ 

0 

80.8 
60.8 
76.9 
88 
70.8 

71 
69. 8 
70.6 

76 
71.6 

75.8 
73.9 

88.9 
79.0 
67.0 
70.0 

At beginning of 
observation 

Inches 
29.025 
28.857 
28.751 
28.885 
28.870 

Ba- 
rom- 
eter 

~- 
58.8 
58.2 
63.6 
63 
67.3 

Inchea a. 032 
28.940 
28.748 
29.887 
28.898 

28.880 
28.863 
28.886 

28.961 
28.886 

28.841 
28.968 

28.980 
28.720 
28.864 
28. 848 
- 

28.862 
28.880 
28.884 

28.980 
28.886 

Tem rature 6.) 

66.9 
65.6 
67 

70.6 
67.8 

At bepinning of observation At end of observatlon 

Tern- T h e  ' Tem- Time 
per& (eastern (eastern 

standard K)m- standard tc time) e'er (c.) time) 
-~ -- 

Probably an error in recording. 

Weather wndltions 

__. 

Date, 
1930 

July 23 
24 
26 

At end of observation 

0 

56 
MI 
65 
63.7 
67.1 

65.5 
66.6 

70.9 
67.8 

72. 6 
69.2 

'82.0 

.___-- 

Weather conditions 

Clear and calm. 

Very hazy; wind freah from south. 

Clear and calm. flyln clouds. 
Wlnd fresh fro& nortiwest. 
Moderately clear and calm; wind Ught from 

Moderately clear, sky hmy; wlnd fresh from 

southeast. 

south. 

Wlnd llght from northwest; partly clear; 
wind fresh lrom northwest. 

Clear horizon haz . wind fresh. 
cloudy: wind mo&rate from northwest. 
C1ear;wind strong from north. 
Clear; wind strong from south. 

20. o I 10.46 p. m. 1 
I I I I I I 



IS 

Date, 
lab1 

Barom- 
eter 
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TABLE g.-Meteorological conditions at Mount Pleasant i n  1861 

eter 
Inside [Outside 

Of At end of obnervatlon observation 

:wide 

59.5 
61.5 
64.0 
61.0 
62.0 

59.8 
52.5 
53.0 
61.5 

60.3 

68.5 

66.0 
58.2 
60.8 

53.1 
51. 2 
54.0 

. - - - - 

Outsidt 
__- 

69.5 
61. 5 
83.8 
61.0 
62.0 

68.5 
53.0 
53.0 
61.2 

58.5 

58.5 

64.5  
55.5 
51.0 

53.0 
51.2 
53.8 

- - - - - -, 

Tea rature G.) Weather copditions 

Wind fresh from west-northwest. 

Calm and clear p: m.; flying olouds 3 a. m. 
Cloudy; aurora visible. 

Cloudy. 

Clear scattering clouds. wind mOder8b from 

Hazy; fresh breeze from northeast. 

Cloudv in earlv evenine: 8tmOSDhere damn. 

northwest; aurora vidible. 

-. 
Increahg cloudiness. 
Increasing haziness. 
Increasing cloudiness. 

Do. 
Wind strong from northwest; flying clouds. 

No temperature or barometer readings were recorded at Mount 
Pleasant in 1930. The record merely states that it was cloudy on 
August 21. 

As stated previously, no meteorological data are available for Des 
Moines for the determination of 1869. No temperature or barometer 
readings were recorded at  this station in 1930. The record states only 
that the air was smoky on July 31 and August 1 and prevented the 
completion of the observations on the latter date. 



PUBLICATION NOTICES 

The Coast and Geodetic Survey maintains mailing lists of persons and firms 

Should you desire to receive such notices, .you may use the form given below, 
desiring to receive prompt notice of the issuance of its publications. 

checking the list covering the subjects in which you are interested. 

The DIRECTOR, U. S. COAST AND GEODETIC SURVEY, 

DEAR SIR: I desire that my name be placed on the mailing lists indicated by 
check below to receive notification of the issuance of airways maps, nautical charts, 
and miscellaneous publications of the Coast and Geodetic Survey : 

(Date) _ _ _ _ _ _  _ _ _ _  - _ _  - _ _ _ _ _ _ _ _  
Washington, D. C. 

0 109. Astronomic Work. 
0 109-A. Base Lines. 
0 109-B. Coast Pilots. 
0 1 0 9 4 .  Currents. 

109-D. Geodesy. 
109-E. Gravity. 

0 109-F. Hydrography. 
0 109-G. Leveling. 
0 109-H. Nautical Charts. 
0 109-1. Oceanography. 

109-J. Traverse. 
0 109-K. Seismology. 
0 109-L. Terrestrial Magnetism. 
0 109-M. Tides. 

109-N. Topography. 
0 109-0. Triangulation. 
0 109-P. Cartography. 
0 109-R. Airway maps. 

(Name)-_--_-------------------------------------  

(Address) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
l!) 
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