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INTRODUCTION. 

Tho miignotic work of tho Unitod States Coast and Goodotic Sur- 
vey, begun ns ono of the essontinl parts of tho propart-hoii of nautical 
charts of tho consttil waters, has beori oxtandod to covor tho interior 
of the country to mcct t,he nceds of tho survayor. Nciirly 1\11 of tho 
onrl lund survoys in tho Uiiitod Stiitos wnro mndo hy compass and 
tho TI oundnrics in tho deeds ware dofiiiotl by compass boarinw, tind 
in many localitios rind for cortain kinds of survoying (ospecialy tho 
rotracin r of tlie lirios of old compass surveys) the compass is still in 
uso. Tke compass does not, in general, point truo north nor is its 
direction a t  any place constant, honco knowlodgo of tho compass 
variation (mngnetic doclination), and its changos is roquirod by 
those who mako use of the compass. The object of this publication 
is to su ply that information for tho Unitod Stabs. The distribu- 
tion of t le magnctic declination and its  annunl rnto of change for tho 

of 1920 aro shown graphically on nil is0 oilic chart. Tho bcghlninf seciilnr c ango of the dcclinntion siiico 1750, or tho CY t t to of tho onrlicst 
observations, is given in tnbulnr form for one or more )laces in cach 
State. Tables are given also to show the manlier in wbch tho docli- 
nation changes in tho course of the day, tho so-called diurnal 
varin tion. 

Methods of determining tho truo morjdian aro oxplainad, so that 
tho surveyor may dotorrmne the magnotic declination for himself a t  
places whero there 1s no moridian line or othur truo boarings availtible. 

As thoro is much confusion in the use of the word “variation,” the 
following notation wdl b o  adhorod to in this publication. 

.Magnetic decZii71dion 1s t!lo an le botwoon the truu north and tlm 

pass needlo points east or west of true north. 

P 

magnetic north and is considere f east or west according as the com- 

3 



4 U. S. COAST A S D  GEODETIC SURVEY, 

Secular c7~a?ige of the mugnotic declinatioi~ is the changc oxlciicliiig 
over a long period of years. 

Annual change is the amount of secular change in onc year. 
Diurnal variation is the chango in declination i n  tho course of a day. 

While this chango is usually not taken into account in compcisa sur- 
veys, its effect may be considerablo, as will bo wen from a concrcte 
example. If a line a milo long was run about 8 o’clock in tho  morning 
and again about 2 o’clock in tho aftarnoon, using tho same sttwting 
point and the same compass bearing in each case, tho tctrminal oints 
of tho two lines might bo 20 feet or morc apart bccnusc of the c \ angc 
in the direction of tho compass nocdlo during tho  day. 

The secular change of declination appears to ha periodic in char- 
acter; that is, i t  docs not go on indefinitely in onc direction. Even- 
tually a turning oint is reached and a chango in the op osite dircction 

Jn the United 
gtates we%avc! record of onc turning point, us shown in the secular 
change tables, and tit some stations, for which thcre is a long serios 
of observations, there are indications of 21 second. The rate of chnngc 
is quite irregular, so that we can not predict much in advance what 
the change will be. On this account secular cliangc tthlcs must bc 
revised and brought up to date as new information becomes available, 
and it is the practice of this bureau to iusue a new isogonic churt and 
new tables every five years. 

Special Publication No. 33, issued in 1915, contained an isogonic 
chart for 1916 and secular chungo tablcs based on the results to June 
30, 1915. ublished in 1920, tlie values of 

as the result of udditionul observations at re fat sttitions, but thc 

construction of an isogonic chart for 1920. llcpeut stations haw now 
been occupied in all parts of the country since 1916, so that the secular 
change up to 1920 is well established and u fair estimiite can bo mado 
of tb.o rate of change since that year. 

AVAILABLE DATA. 

For the construction of the isogonic chart vnlucs of the magnetic 
declination at over 6,000 places in the Vnited States nnd about 1,000 
places in Cantda, Mexico, and the West Indies were availablc. For 
the extension of the isogonic lines over adjacent JvtLtcI’s, u.;e hns been 
made of the results obtained on the vesgels of this bureau and on t1’0 
Carnegit of the De artment of Terrestrlnl Magnetism of tho Curncgic 

I n  the prosecution of the magnetic survey of tho United Statcs 
observations liuvc been made by this bureau a t  nearly every county 
seat and a t  many other places. At  most of the stations II stono or 
other durable marker was placed and the true bearings of scvcrul 

rominent objects were determined, so that they mi h t  be svailable 

sets in. Severti P centuries are required for its full dp evclopment, a 
eriod lon er than is co\wed by reliable observations. 

I n  the second edition, 
annual chango for extending the ta  R les beyond 1915 were improved 

information available at  that time was not su I;  icient to wcirrant the 

Institution of Wns P iington. 

for future use. With eit a cr the marker 
or tho objects huvo no 
of thcm should still bo 
particular locality can 
to mukc use of thc~n. 

in many cases,. hut most 
of t lw stutlons in tuiy 

by u ~ l y o ~ l c  dcslrirlg 
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Tho results of magnetic observations made by this bureau u 
end of 1915, togethor with corros onding reduced values for P nnuary to the 
1, 1915, aro given in S ecial Pub P ication No. 44. Lator results havo 

and 87. 
I n  addition to the worlc of this buronu, use has been made of results 

of recognized accuracy obtained by othsrs in this country, Cnnada, 
Mexico, Centrrd America, and tho Wnst Indics. The numorous 
results in Canada are contnined in two recent publications, viz, 
Magnetic Observations in Western Canada (Bulletin No. 46, topo- 

aphic survoy branch, De artmont of the Interior) and Magnetic 
Kesults, 1907-1920, by C. 1. French (Publications of tho Dominion 
Observatory, Vol. V, No. 5 ) .  The secular change data contained in 
these publications has beon of groat assistance in fixin the position 
and direction of the lines of equal annual change of deckmtion along 
our northern border. 

The distribution of magnetic stations in tho United States corre- 
s onds, rouahly, to tho distribution of o ulution, tho stations being 

been published annua R y as Special Publications 42, 51, 55, 64, 72, 

c P oser togetKer in tho more thickly sett rcf e portions of tho country. 

CONSTRUCTION OF ISOGONIC CHART. 

It is customary to represent graphically tlio results of R magnetic 
survey by means of isomagnetic charts; that is, maps on which lines 
are drawn through places whore the values of a particular magnetic 
element are the same. In the cnse of the magnetic declination, the 
map showing the lines of equal magnetic declination is callod an 
isogoiiic chart. I n  tho reparation of such R chart all of tho observed 

change data derivod from tho observations at  “repeat” stations. 
Tho reduccd values aro then plottcd on a map atld tho linov of equal 
magnetic declination are drawn to conform to tlio plotted vnlues. 
BCCRUS~ of tho prcvalonce of local disturbance this procoss generally 
becomes more and mor0 difficult as tho numbor of stations in R given 
IWOR incrensos, and in greatly disturbed regions the sinuosities of tho 
lines uro an indication of disturbance rather than an accurate repre- 
sentation of the distribution. I n  some regions it is impossiblo to 
ropresent the large local disturbances by continuous lines, but a 
disturbod area of limited extent may bo re rmonted by R small 

In general there are very fow values which are exactly the amount 
selected for a particular line-for exumplo, thcro are very fow stations 
a t  which tho rcduccd doclinntion is exactly G o  Enst -so  that the 
location of tho line must do mid largely upon intorpolation botwoen 

A t  fimt si h t  it would ap ear that  a particular line should be drawn 
so that affrenter plottefvalues will f d  on on0 side and (111 smaller 
values on t 10 other. A little consideration will show, however, that  
this method will not ive the best ropresentation of all tlio data. 

difference between tho plo ttod values and corrosponding values 
obtainod b intorpolation botweon the lines will be R minimum. 

The metzod outlined above was followed in preparing the is0 onic 
chart for 1915. I n  the case of the 1920 chart it was not cons1 fi ored 

vnlucs must be rcducc cp to the saino epoch by means of the secular 

closed curve and isolated abnormal values can \ e given on the chart. 

values a little lmger and a \ ittle smaller thnn the solectod amount. 

Tho aim should be to f raw the lines in such R WRY that the avorage 
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necessary to go to the trouble of reducing the individual results to 
January 1, 1920. The results for new stations occu ied since 1915 
were reduced to 1915 and lotted on the map used in ti e construction 
of the 1915 chart. The c R ange of declination between 1915 and 1920 
in all parts of the country was derived from the accumulated secular 
change data and then tho isooonic lines for 1920 were drawn on the 
basis of the 1915 values, m&ing allowance for the change in the 
five-year interval. For example, in a region where east declination 
had decreased O O . 3  between 1915 and 1920, the line for 6 O  east was 
drawn as G O . 3  east for 1915. In  general, this process involved simply 
a shift of the 1915 lines to the east or west by an amount rcpresenting 
the change of declination in the interval. 'In some places, however, 
changes were made as a result of additional observations or to better 
represent the old ones. 

LINES OF EQUAL ANNUAL CHANGE. 

The lines of equal annual chango of declination, shown in bluo on 
the chart, are based largely on observations made at  repeat stations 
since 1918. Because of tho varying character of the secular chan y e  

during the past few years, the derivation of these lines was unusual B y 
difficult for thc western part of the country, but as drawn they 
reprosent fairly well the rate of change of declination in January, 1920, 
and give the best values of the rate of change since that date now 
available. As additional repeat observations are made it will be 
possible to derive im roved values. There has been a marked chanw 

expected. The following table, based on the continuous record at  the 
magnetic observatories specified, shows how irregular the rate of 
change of declination hns been since 1910: 

Cluange of declination at observatories. 

in the position of t I: e lines sinco 1915 and further change is to Ke 

1910.. ........................... 
1911 ............................. 
1912.. ........................... 
1913.. ........................... 
1914.. ........................... 
1915.. ........................... 
1910.. ........................... 
1917 ............................. 
1918.. ........................... 
1019.. ........................... 
lgzo ............................. 
1821 ............................. 

Ymr. 

e ,  

2 20.0 w. 
29.9 
3% 0 

2 49.6 
3 W.4 
10.1 
19.2 
27.0 
a4.0 
40.0 
40.2 

3 53.3 

VIequm, 1 P. R. 
Cheltonham, Turnon, 

Md. I Ariz. 

e ,  

Toronto 
CCb1,ndn: 

0 ,  

0 03.0 w. 
09.0 
13.7 
18.4 
23.8 
28.5 
a3.4 
311. 2 
3% 3 
41.0 
46.4 

6 60.0 

Sltkn 
Mask;. 

0 ,  

30 10.4 E. 
19.1 
20.9 
22.0 
22.9 
27.2 
23.0 
24.7 
24.9 
28.9 
28  6 

30 28.7 

The north end of the compass needle is moving to tho westward at  
all places east of tho line of no annual change and to the eastward at  
all lacca west of that line. & the part of the United States east of the lino of no declination 
(agonic line) west declination is increasing at  an annual rate of from 
1 to 4 minutes. 

In the large region betwccn t,ho agonic line and the line of no 
annual change east declination is decreasing at  an annual rate of 
from 0 to 4 minutes. 
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In  the region south of tho lino of no annual change east declina- 

tion is increasing at an annual ratc of 0 to 2 minutes. 

ACCURACY OF TEE ISOGONIC CHART. 

From what has bcen said regarding the construction of the isogonic 
chart it  will be scen that a close representation of the observed values 
is possiblo only when they are few in number or in a region free from 
local disturbance. Isolatcd values differing by as much as 1' from 
tho valua for tho same place derived from the isogonic lines are 
on tho chart. There are a considerable number of values not s own 
which differ by: nearly that amount and a difference as great as half 
a degroo is not infrequent,. evon where tho isogonic lines do not appear. 
vcry irregular. The declination at a place where observations have 
not yet been made may differ from the chart value for that place by 
as much as any observed valua in that general region. 

Fen 

SECULAR CHANGE TABLES. 

On the succeeding pages will be found tables showin tho secular 

State from 1750, or the date of the earliest observations, to 1920. 
They are based on similar tables which accompanied the isogonic 
chart for 1915 in Special Publication No. 33, w t h  only such modi- 
fications as were needed to extend them to 1920 and rcpresent more 
closely the secular change since 1900 a.9 affccted by later information. 

While it is possible that the secular change of doclination is affected 
somowhat by local conditions-for examplc, by tho prcsenco of 
local disturbancc-our obsorvational data are not as yet sdc ien t ly  
extensive or detuilcd to permit mora than an approximat? repre- 
sentation of averago conditions. Therc are very few stations for 
which wc have accurate results as early a~ 1850, and i t  has not been 
possiblo as a rule to make observations at  tho exact spot fit which 
the early observations wore mado. Even in recont years, when 
magnetic stations have been sclectcd with pnrticular refercnce to 
their future availabilit , i t  often happens that the observcr finds a 

the lapse of 5 to 10 years. 
The gcneral foatures of thc sccular change appear to vm with 

comparative uniformity in pnssing across the country, nnd tzis has 
beon tho fundamental idea in dcriving a homogcncous sot of tables 
from morc or lcss heterogcnoous data. Tho results a t  all the rcpcat 
stutions in a limited rcgion were combined to obtain a table of values 
representing ap roximately the average secular change for that 
reg!on. This t u  le was com wed with similar tables for adjoining 
regions and n enoral smoot ling out of inconsistencies was made. 

for u reator numbor of smaller areas for which i t  was intended to 
publis% secular change tables, From these tables, in turn, others 
wcr0 prepared showing the change o€ declination a t  6 or 10 year 
intervals ut some lace near the center of each area, u t  which rccent 

From this i t  will bo scen that while a table gives directly the dcclina- 
tion a t  difforunt times for but one place in ti specified rogion, i t  

change of the magnetic doclination for one or more p k aces in each 

station no longer suitn g le for use when he goes to reoccupy it aftor 

P 
From thoso tab P es other similar tables were derived by intorpolation 

obscrvntions had % oen made. 

g 
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Jan. 19 to Pcb. 24=0.1 
Fob. 25 to Apr. 1=0.2 
Apr. 2 toMay 8=0.3 
May 9 to June 13=0.4 
Juno 14 to July 20=0.6 

July 21 to AUg. 25=0.6 
Aug. 2G to Oct. 1=0.7 
Oct. 2 to NOV. 7=0.8 
NOV. 8 to DOC. 13=0.9 
Doc. 14 to Dee. 31=1.0 
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Ark., 
cat. 

Augusta 

. ,  
35 17 
01 22 -- 

. #  

.................. 

.................. 
7 1 9 E  
7 41 
7 5 4  
H 01 
7 5 8  

7 47 
7 %  
7 0 4  
0 3 0  
5G3 

5 %  
h W  
5 34 
G 42 
6451;: -- 

I 

0.0 
___L-- 

August 10, 1920, would be 3' 00' E. Therefore the north end of tho 
compass needlo pointed 2' 43' more to the east on dune 1, 1790, than 
it did on August 10, 1920. 

2. The magnetic declination at New Castle, Pa., on November 15, 
1902, was 2' 55' W. What was it at  tho samo lace in January, 1810? 

New Castlo lius near the boundary between 8ennsylvania and Ohio. 
From tho tablo for western Pennsylvania are derived tho values 
0' 38' E. for Januar , 1810, and 4 O  05' W. for Novembor, 1902, 

values or eastern Ohio are 2' 16' E. and 2' 06' W., showing a change 
of 4' 22'. The mean of these two values, 4' 43' and 4' 22' applies 
to New Castle. Hence tho needle pointed 4' 33' more to tho east at  
New Castle in January, 1810, than it did in November, 1902, and 
tho declination at  the earlier date was 1' 38' E. 

3. A four-sided'piece of land a t  Santa Barbara, Calif., was sur- 
veyod in February, 1831 and tho bearings recorded L L ~  follows: 
N. 20' 15' W., N. 75' 30' b., S. 18' 45' E., and S. 78' 00' W. What 
bearings should be used in order to retrace tho lines in March, 1917 ? 

From tho table €or California south, Mojavo, tho value for Febru- 
ary, 1831, is 13" 23' E. and for March, 1917, 16' 08' E., showing an 
increase of 2' 45' in the interval. The desired bearings are, thero- 
fore, N. 23' 00' W., N. 72' 45' E., S. 21' 30' E., and S. 76' 15'W. 

a change o 9 4' 43' in the interval. The corresponding 

Secular change of the magnetic declindwn in Ute Uniled Stales. 
. . . . . . . .  

Ark., 
wwt. 
- 

Danvlllo . ,  
35 05 
03 25 

0 1  

.................. .................. 

.................. 

......... ......... 
0 20E 
OM 

0 12 
X 5 8  
U30 
8 0 0  
7 3 1  

7 1 2  
7 1 2  
7 21 
7 32 
7351': 

......... 

, 
0.1 Incr. 

-.- ..... 
I V I  

1 7 s .  ...... 3 22 E 
1780 ....... 3 58 
1770 ....... 4 34 
1780 ....... G 05 
1700 .......I 5 32 

1800 ....... 5 53 

1 m  ........ 0 13 

1840 ....... 5 50 

1850 ....... 5 41 
Iryx) ....... 5 10 

1 ~ 1 0  ........ 0 07 

I K ~ O  ....... 0 i o  

1x70 ....... 4 4x 

0 ,  

33 12 
H7 33 

7 01 
0 40 
6 13 

13 3211 
13 43 
13 40 
13 39 
13 24 

13 28 
13 42 
14 05 
14 21 
14 251': 

1.3 h c r .  

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

.................. .................. .................. 

.................. .................. .................. 

.................. .................. 
13 23E 
13 37 
13 44 
13 44 
13 30 

13 43 
14 01 
14 25 
14 42 
14 401;: -- 
, 

0.3 Inor. 

. ,  
......... ......... 

5 3 7 E  

0 35 

0 57 
7 14 
7 2 2  
7 22 
7 15 

a on 

lxHn ....... 
llcw) ....... 

4 30 
4 28 
4 2 0  
4 33 
4 3 0 E  

4 10 5 37 
328 . 4 5 5  

A n n u a l  
c h n n g o  

loo0 ....... 
18a5 ....... 
1010 ....... 

. . - - -. . - 
Aric., Ariz., 
eant. wwt. I 

3 02 
2 58 
2 5e 

I- 

34 u I 34 34 
110 10 112 30 

. . . .  

Calif., 
)llthoast 

Bagdad 

. ,  
34 35 

115 53 

........ ......... ......... 

........ ......... ......... 
13 W E  
13 32 

13 52 
14 07 
14 10 
14 20 
14 24 

14 33 
14 62 
16 17 
15 34 
15 3UE 

0.3 Incr. 

._ - 
ColiI. 
south: 
- 
MoJavo . ,  
35 03 
I1R 10 
. ,  

........ ........ ........ 
10 351 
11 08 

11 43 
12 1x 
12 50 
13 20 
13 47 

14 0.9 
14 24 
14 35 
14 51 
14 51 

15 05 
15 25 
15 49 
16 W 
10 10 

1.3 Incr - 

Calil., 
middlo. 

ModWto . ,  
37 38 im 50 
. ,  

......... ......... 
12 21 E 
12 47 

l:i 10 
1:i 45 
14 14 
14 41 
15 W 
15 20 
15 40 
1(1 M 
10 OR 
10 13 

10 31 
10 51 
17 15 
17 30 
17 32 E -- 

, 
0.0 

-- 



10 U. S. COAST AND GEODETIC SURVEY. 

Secular change of the magnetic declination in the United States-Continued. 

0 ,  

32UE 
4 03 
4 33 
4 5U 
6 17 

-___ 
0 ,  

22UE 
:I 00 
3 42 
4 14 
4 38 

Idaho, 
8. w. 

Doiso 

Idaho 
n o r d  

-- 
I'lerco R!lsh- 

vi110 

40 OR 
00 34 

0 ,  

Indian- 
opolis 

30 48 
80 12 

0 ,  

0 1  

......... 

0 ,  

.................. 

.................. 

.................. 

.................. .................. 

.................. .................. .................. .................. 
m 1 5 E  

7 10E 

8 03 
n 08 
800 

7 62 

7 05 
0 27 
5 45 

G 14 r, i n  
5 08 
5 on 
GOOE 

7 49 

7 30 

4 411: 

5 01 
468 
4 41 

4 1R 

3 17 
2 42 
202 

1 2 8  
110 
1 10 
102 
063E 

4 58 

3 47 
IR lor :  

18 45 

18 30 
18 15 

18 30 

20 40 

21 in 

21 00 
21 13 

21 10 

18 61 
10 08 
18 30 
1U 41 
10 3815 

21 23 
21 38 
21 68 
22 OR 
2'2 02E 

Y--pT middo. northdst. Calif., 
north. 

colo., 
west. 

Fls., 
south. 
. . . .  

huami 

0 ,  

25 40 
80 11 

conn. D. C. 

Plsce..... 

Latitude. 
Longitude 

Reddinj 

0 ,  

40 30 
12224 

Hugo 

. I  

38 08 
103 28 - 

. I  

........ ........ ........ ........ ........ 

........ ........ ........ ........ ........ 
13 43 E 
13 40 
13 42 
13 27 
12 50 

12 40 
13 00 
13 15 
13 26 
13 25E 

Montros 

. I  

38 28 
107 63 

Ilnrtlord 

. I  

41 46 
72 40 

Dovor 

. I  

38 08 
76 31 

Wash- 
ington 

38 65 
0 1  

no2 

1750 ....... 
1780.. .... 
1770.. .... 
1780. ..... 
1780. ..... 
lrn...... 
1810..... . 
11120.. - ._. 
1mo. ..... 
1840. ..... 
1850.. .... 
1m.. .... 
1870. ..... 
1w.. .... 
1690 ....... 
IBOO..... . 
1005. ..... 
1010.. .... 
1815.. .... 
1820.. .... 
A n n u a l  

elinngo 
In low.. 

. ,  0 ,  

........ ........ ........ ........ ........ 

........ ........ ........ ........ ........ 
14 32E 
14 40 
14 41 
14 29 
14 05 

14 (L1 
14 17 
14 35 
14 47 
14 47E 

0 ,  

5 46W 
6 10 
465 
4 43 
4 41 

4 48 
6 0 0  
S 32 
0 os 
0 45 

720 
8 0 7  
8 41 
8 2'' 
8 47 

10 21 
10 41 
11 08 
11 38 
11 mw 

0 ,  

3 23W 
2 40 
2 16 
1 62 
1 37 

1 33 
137 
1 52 
2 10 
2 40 

323 
4 03 
4 41 
620 
5 51 

0 28 

7 13 
7 37 
7 66W 

a 48 

0 1  

141W 
lo2 
028 
0 01w 
0 18 E 
OW 
0 2 8  
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Secular change of the magnetic declination in the. United States--Continued. 
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4 42 
5 21 
0 02 
0 3fl 

7 13 
7 3 3  
7 w  

8 41P 

-- 
0 ,  

2 i n  

a z z  

Lock- 
havon 

0 ,  

41 09 
77 20 

Okmul 
BW 

0 1  

35 3n 
05 50 

Plnco.. .... D1ckin. 1 snii 
0 1  

0 ,  

....... ....... ....... 

....... ....... 

....... ....... ....... 

....... 

....... 
10 20 
10 10 
OM 
0 30 
0 0 0  

840 
843 
863 
0 0 3  
906 -- 

O!l lUl 
..... - 

0 ,  

........ 
0 ,  

.......... ......... .......... 
2 03 w 
1 40 

120 
123 
1 3 2  
1 62 
2 22 

2 50 
3 90 
4 10 
4 G0 
1 30 

0 17 
0 30 
6 50 
7 2 3  
7 4 0 W  -- 

3!0 lncr. 

................... .................. ................... 

......... I ..... ......... 1:::: ..... 

........ ........ ........ ........ ........ 
........ ........ 
........ ........ ........ 
19 151 
10 40 
10 hq 
2000 

2020 
2044 
21 07 
21 10 
21 17 I 

20 I I  

......... ........ ........ 
........ 
........ ........ ........ 

......... 
10 3 0 E  
17 05 
17 40 
18 15 
18 50 

10 20 
10 4.5 

2027 

21 00 
21 s3 
21 47 
21 47E 

zoo5 
20 17 

2050 

11 14E 
11 11 
10 60 
10 30 
10 00 

055 
10 02 
10 15 
10 n 
IO 30E - 
011 lllCl 

I-- 
A n n 11 LL 1 

c hnii  p o  
In 1820.. . .2!J dcc 3!0 incr./ PIG IIICI o!x doc 0!7 doc1 410 lt iu 

-__ I .. .-.I. .. - 
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Secular change of tire magnetic delination in the United States--Continued. 

~ 

Place.. .... 

Latitude ... 
Longkudo. 

17x1.. 
1700.. 
1770.. 
1780 ........ 
1780 ....... 

-. .- -. - 

Indlans 

0 ,  

40 39 
79 12 

0 ,  

............... ............... 
0 07 \V 
0 17 E 

............... 

lowport 

9 ,  

41 30 
71 20 
* I  

Narion 

0 ,  

34 11 
79 24 -- 

0 ,  

......... ......... ......... ......... ......... 
16 2OE 
16 '23 
16 10 
1660 
15 17 

3 4 q  O W E  
3 57 0 13 
3 . w  . 0 1 7  
3 40 6 13 
3 27 0 01 

3 02 h 41 
2 29 5 15 
1 63 4 42 
1 1 3  4 0 5  
0 38 3 29 

I800 ....... 
1810.. ..... 
1820 ....... 
1830 ....... 
1840 ....... 
1850 ....... 
1860 ....... 
1870 ....... 
11(80 ....... 
1880.. ..... 

0 32 
0 38 
0 32 
0 16E 
0 o B \ V  

0 42 
1 20 
1 6 9  
2 39 
3 18 

Annual 
chango 1 

In 1820.. 0. x decr. 

15 07 
15 1G 
1527 
1633 
1 5 2 7 s  

10 d w .  

R . I .  1 

0 05E 2 58 
0 0 5 W  2 61 
0 1 6  2 4 8  
0 2 3  2 4 3  
0 2 8 W  2 4 0 E  --- 

114 incr. 110 dwr. 

le00 ....... 
1905 ........ 
1910.. ..... 
1015 ....... 
1820 ........ 

10 19 
10 50 

11 62 
12 11 
12 40 
13 10 

3 55 
4 13 
4 33 
4 63 
5 l O \ V  

I!O incr. I 1!7 incr. 

T O ~ . ,  Tex 
Bast. mlddfo. 

A n n u n l  
c h a n g o  
in  1820.. . 
~- 

Region. 

l- 

3 6!incr. 

Fg; 
louston Jo,!T PlaCO.. .... 

U t l t u d o  .. 
Longitudo. 

H y g h g  
0 ,  

30 00 
88 W 

.................. 
8 5 0 E  ......... 
9 1 4  923 1 9 4 0 E  9 6 1  

Rutland 

0 ,  

43 37 
72 68 

I '  1.5 incr. 1.6 iiicr. 
__ - .. - 

gt:i "E$ 
37 33 37 24 
77 28 70 08 

0 ,  0 ,  

H. c., 
WBSL. 

0 ,  

29 47 
95 21 
___ 

0 ,  

hlkon 

0 1  

33 34 
81 44 

0 ,  

30 17 
08 % --- 

0 ,  

.................. .................. .................. .................. .................. 

0 1  

2 18E 
2 m  
3 31 
4 01 
4 24 

4 3o 
44.5 
4 4 2  
4 30 
4 0 0  

3 42 
3 08 
2 31 
1 6 3  
1 10 

0 4 2  
0 32 
022 
0 14 
O W E  

!1 decr. 

Tox., 
west. 

17M.. 
17oO.. 
1770.. 
17 80 
17 80 

1800 ....... 
1810 ....... 
1820 ....... 
1840 ....... 1x30 ....... 

PWG3 

0 ,  

31 20 
103 33 

0 ,  

......... ......... ......... 

0 ,  

............... ............... ............... 
................. 

7 01 E 
7 18 
7 20 

7 18 

................. 

7 m 

......... 

......... ......... ......... 
10 43 E 
10 67 

11 06 
11 04 
10 57 
10 45 
10 21 

10 15 

10 45 
11 03 
I1 1 0 E  

io  n 

-- 
, 

1.0lncr. 

7 32W 
0.58 
0 33 
B 17 
6 1 2  

8. Dak., 
OBSt. 

Huron 

0 ,  

44 21 
98 10 

1 l X W  ......... 
042  O O S C  
0 low 0 28 E 
0 1 5 E  0 67 
033 1 1 0  

0 ,  

........ ........ ........ ........ ........ 

........ 

6 1 9  
630 
702 
7 37 
8 18 

........ 

0 4 2  I 1 3 2  
042  1 3 7  
0 3 3  1 3 2  
0 1 5 E  1 19 
0 low1 0 67 

........ 
13 on E 
13 OR 
12 69 
12 42 
12 10 
11 30 

11 12 
11 17 
11 25 
11 29 
I1 21 E 

113 docr. 

Tex., 
n. w. 

- 

0 0 2  
9 48 

1028 
11 OH 
11 a1 

1204 
1222 
1262 
1322 
1 3 4 2 W  

0 ,  

33 59 
101 16 

0 ,  

........ 

........ 

0 4 1  O 3 1 E  
1 17 0 W W  
1 1 0  0 4 3  
2 34 I 23 
3 11 2 00 

3 4 0  234 
4 M  2 6 0  
4 2 3  3 M  
4 4 3  3 2 4  
4 6 7 w  330%' --- 

........ 

1850 ....... 
1860 ....... 
I670 ....... 
1W ....... 
1880 ....... 

1005 ....... 
1910 ....... 
1915 ....... 
IMO ....... 

1800 ....... 

........ 

........ 

7 01 
6 37 
0 07 
5 31 
4 65 

4 m 
4 22 
4 20 
4 22 
4 2 1 E  

........ ........ ........ 
11 16E 
11 17 
11 10 
10 65 
10 24 

10 10 
10 27 
10 43 
10 5n 
11 02E - 

0.5 incr. 

~- 
6. Dak 
middld.' 

Murdo 

0 ,  

4 3 w  
100 43 

0 ,  

......... ......... ......... ......... .......... 
.......... ......... ......... ........ .......... 

15 W E  
14 55 
14 42 
14 19 
13 42 

13 24 
13 31 
13 41 
13 48 
13 3 9 E  

2!1 dwr. 

Utah. 

Mantl 

0 ,  

30 io 
111 40 

0 ,  

........ 

........ ........ ........ ........ 

........ ........ ........ ........ ........ 
10 27E 
16 40 
I O  45 
16 40 
16 25 

16 44 
17 09 
17 10 
17 1OE 

10 3n 

, 
0.5 docr. 
-- 

Ra id Knox- Wood- 
Ci!y 1 vlllo I bury 

0 ,  

............................. ............................. ............................. ............................. ............................. I 1  

I I 

4: 0 incr. 1 3: 0 incr. i i.6 incr. 
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Secular chunge of the mgnelic declination in Be United Stulcs-C+ntinuod. 

Button 

0 ,  

38 39 
Eo43 

Rcglon. 

Shawamc 

0 ,  

44 47 
8837 

l-i-.-l- . 

Lutittido ............. 
Longitudc ............ 

PlaCO.. ............... 
0 ,  

30 57 47 20 47 33 
81 04 I 119 00 122 16 

0 ,  

1 B E  

0 ,  

.................. .................. .................. .................. 
......... 

o ,  

IS70 U 48 
18SO 0 08E 
lXB0 0 32 W 

e ,  

.................. .................. .................. .................. .................. 

.................. .................. .................. ................... ................... 

1770.. 
17w). ................. 
1780 

.............................................. ..........I.. ........ 17 OS E ....................................... 17 38 

Aniiunl cliango I n  
1020 ... . . . . . . . . . . I  212 incr. I 1:l dwr. I O(9 dwr. 

1800 .................. 
IS10 .................. 
1s20 .................. 
1m .................. 
1R40 .................. 

__ . .- . . - 

I .......... 2 4 5 E :  1R 13 
2 55 I .......... 1R GO 
2 52 .......... 10 n 
2 43 .......... '20 02 
2 24 .......... 20 35 

-I- 

~ r n  .................. 
1S10 .................. 
1s20. ................. 
1m.. ................ 
1R40.. ................ 

z wfi : ........... 10 1.) 

.......... ( !R 2 

15 G5E 
10 00 
16 00 
15 45 
15 20 

1 44 ......... 
7 2 4 E  

......... 

0 4 7  058  
O 1 2 E  6 %  
020W, 6 5 2  
1 0 7  6 0 3  

10 .%E 
17 05 
17 09 
10 G7 
10 37 14.5 ' 410 

1850 ... . . . . . . . . . . . . . . . I  1 5 0  21 1 5 E  ................. , ! E  ( 2 1 3 6  

I ;; 
1 WO. _. 

I 
2 21 I 3 44 
2 37 3 34 
2 5 4  3 2 7  
3 1 1  I 3 2 0  
3 23wI 3 OOE 

I- 

21 05 
2130 
21 61 
2204 
2217 

.... . . .  

le00 .................. 1 0 5  22 21 
1905 .................. 1 18 22 37 

1915 ................... 1 45 23 07 
1010 .................. 1 1 3 2  I 2259 

1920 . . . . . . . . . . . . . . . . . . I  1 5 5 w  23 03E 

WiS., 
w s t .  

22 41 
23 02 
233" 
23 47 
23 40E 

Stanloy 

0 ,  

44 G7 
0050  

16 15 
15 20 
15 42 
15 M 
l G  60E 

..4docr. 
, 

0 ,  

10 41 
10 63 
17 13 
17 25 
17 21E 

1.2docr 

-___ 

......... ......... ......... 

......... 

......... 
8 40 E 
8GR 
865 

8 41 
8 17 
7 45 
7 01 
0 15 

5 42 
G 31 
6 34 
G 31 
6 1 0 E  

LO docr. 

l- 

DIURNAL VARIATION. 

Tho ma netic declination undcrgoes n systematic change in tho 

from the average value for the fay, but in tho oar1 morning an 
castcrly motion sets in, tho oxtrcme oasterly position going reached 
about 8 or 9 a. m. This is followcd by a wostorly motion, the ex- 

i t  is back agun to tho avorage. Tho magnitude o this vanation is 
indicatod by tho following table, which ivos tho averago diurnal 

of this huronu. For in vidual days of ordinary character, the do- 
parturcs from tho dail mean may bo 50 por ccnt greater than the 

daily rango not infrequently amounts to half a degrco or more. 
Whilo the diurnal variation can ordinarily be iicgloctod €or the 

class of work dono with a compass, yet, where as great accuracy as 
possible is so eht, it should bo takon into account. The difference 

to 10 mnutus and an an lo of 10 minutas subtends an arc of 15 foot 
at a distance of a mila. %he surveyor should also bo on tho lookout 
for mtlgnetic storms, which may bo indicated by an unstoady ncodlu. 

coum of t 7l e day. During the ni h t  i t  ordinarily differs vcry littlo 

trome westerly position being reachod about 1 or 2 p. ?. By 6.P. ?. 

valucs givon in tho tu t lo and at tho time of a magnetic storm tho 

in dcclination "B etwcon morning and afternoon may easily amount 

variation for a scrics ofJean a t  throo of t a e magnotic obscrvatorios 
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___ 

1 a . m  ............. 
2 a . m  .............. 
3 a . m  .............. 
4 a . m  .............. 
5 a . m  .............. 

Diurnnl variation of declination at magnetic observatories. 
[A plus sign indicates that cnst declination is grater or west ddhat lon  is less than the mean for tho dny.] 

. . . . . . .  __ 

4 . 2  4 . 2  - 0 . 2  
- 0 . 1  - 0 . 3  4 . 2  
+0.1 - 0 . 1  - 0 . 2  
+0.2 +0.1 4 . 1  
+0.4 +0.3 0.0 

January, Februar I Novomlmr, Dwoml%r. 

6 a . m  .............. I + 0 . 0  +0.0 +0 .2  
7 n . m  .............. ( 
8 a . m  .............. 
Q a . m  .............. 

10n.m .............. 
11a.m .............. 
Noon.. ............. 
1 p . m  ............. 
2 p . m  ............. 
3 p . m  ............. 
4 p . m  ............. 
5p.m ............. 
B D . ~  ............. 

+l.  1 

+O. 0 
- 0 . 2  j 
-1.0 I 

- 0 . 0  I 

-1.5 ' 

-1.G 1 
-1.4 : 
-1 .1  

+ I .  1 
+2.0 
+2.0 
+2.0 +o. 2 
-1.7 
-2.7 
-2.0 
-2.0 
-1.2 
- 0 . 5  

0.0 

+O. o 
+ 1 . 3  
+1.7 
+1.4 +o. 2 
-1.1 
-1.7 
-1. n 
-I.  1 
-0.6 

0.0 +o. 2 
+o. 4 +o. 4 +o. 4 +o. 2 

0.0 
4 . 1  

March, April September, 
October. 

.. 
Sitka. 

-0.2 
4 . 2  
+o. I +o. 4 
+1.0 
+2. 1 
+3. 4 
-1-4.G 
+4. G 
+:I. 4 
+ 1 . B  
-0 .0  
-2.2 
--:I. 0 
-3. 2 
-3.0 
-2.5 
-1.9 
-1.3 
- 0 . 9  
4 . 0  
-0.7 
4. 6 
-0 .4  

__ 
Iheltan- 
ham. 

+o. 1 +o. 3 
+o. 5 
+O. 8 
+ I .  1 
+2.0 
+ 3 . 4  
+4.2 
+3.7 
+ I . R  
4 . 9  
-3.2 
-4.3 

7 3 .  1 
-I.  R 
-0. 8 
- 0 . 4  
-0.1 

0.0 
1-0.2 +o. 2 +o. 2 +o. 2 

1'. 2 

0.0 
i .0.  1 +o. 2 
+o. 3 +o. 5 
+l .  2 
+2.5 
+3.2 
+2.5 
40.8 
-1.0 
-2.3 
-2.7 
-2.3 
-1.5 

- 0 . 4  
- 0 . 2  
-4 .1  

0.0 
0.0 
0.0 
0.0 
0.0 

-0. n 

May, Juno, July, August. 

Sltkn. 

4 . 9  
- 0 . 7  
- 0 . 4  
+o. 9 
+2. G 
+4.5 
+8.1 
+7. 1 +o. 7 
+4.7 
+1.2 
-1.8 
-3.0 
4. H 
-5.3 
4 . 8  
-4. 7 
-2.3 
-1.2 
- 0 . 8  

- 0 . 9  
- 0 . 8  
4 . 9  

-0. n 

:helten 
ham. 

+o. 1 +o. 2 
+0.3 
-1-0. x 
-1-1.7 
+3.5 
+4.9 
+ 5 . 3  
+4.0 
+ I .  1 
-1.9 
4 . 1  
-5.0 
4 . 7  
-3.5 
-2.2 
-0. X 

0 .0  
0.0 

- 0 . 1  
0.0 +o. 1 +o. 1 +o. 1 - 

0.0 t o .  1 +o. 2 
+o. 5 
+1.0 
+2. 1 
+3.6 
+4.0 
+2.8 
+O. 6 
-1.0 
-2. n 
-3.2 
-2. 8 
-2.0 
-1 .1  
4 . 4  
- 0 . 1  
- 0 . 3  
-0 .1  
- 0 . 2  
- 0 . 1  
- 4 . 1  

0.0 - 
DETERMINATION OF THE TRUE MERIDIAN. 

Because of the irregular distribution of the earth's ma netism, 
only an approximate value of the magnetic declinution can f e  given 
for a place a t  which i t  has not been determined by observation. 
When a more accurate value is needed the true meridian must be 
determined, aa the declination is the angle between the true meridian 
and the ma netic meridian. This may be done b observations of 

the use of a surveyor's transit and two requiring no instrumenta 
equi ment. 

d t h  care the methods involvin the use of a surveyor's transit 

methods within 2 or 3 minutes, an accuracy ample for ordinary 
com ass surveys. 

(a,$). 1Vdh a plumb line and peep siqht.--I. By observations of 
Polam a t  elongation; 11. By noting whon Polaris and another star 
are in the same vertical plane. 

(b)  With a ~ U T V E ~ O T ' ~ ~  t~amit.-III. By observations of Polaris at  
elongation; IV. By observations of Polaris at any hour; V. By 
observations of the sun. 

As a result of the rotation of the earth about its axis, Polaris, like 
other stars, appears to move in a circle about the pole of the heavens. 
It is said to be a t  culmination when it is in the vertical plane defined 
by the observer and the pole (upper culmination when it is abovo the 
pole) and a t  elongation when it reaches its extreme easterly and 
westerly positions with res ect to the pole. At culmination its 

tion its ap arent motion is nearly vertical, upward at  eastern olongu- 

Fi the sun or # olaris. Five methods will be oxplainex three involvin 

should give the true meridian wit 5l in 1 minute of arc, the other 

ap arent motion is nearly R orizontal, from east to west at  upper 
c up mination and from west to east a t  lower culmination. At elonga- 

tion and z ownward a t  western elongation. 
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The azimuth of Polaris is the anglo at  tho observinm station betwoen 
tho vertical plane through the pole and tho ono &rough the star. 
For n short time before and after dongation there is practically no 
chan o in tho azimuth of Polaris and that time is usually selected 
for o fl serving it for the purpose of determining the truo meridian. 

ound as practicable such as tho P imb of a troo or n pieco of board 

piece o F iron or stone weighin 4 or 5 pounds serving to lreep the 

light or 9 tintern, care boing takcn to obscure tlic soiirco of light from 

1. OBSERVATIONS OF POLARIS AT ELONGATION. 

Attach the plumb line to a su port situated ns far above the 

Kstenod to a telegrapii pole or a building, affording a cloar view in a 
north and south direction. 

Tho lumb bob may consist of any heavy material, R brick or a 

plumb linc straight and verticn as well as one of turnod and finislied 
met 111. 

Stron ly illuminato tho plumb line just bolow its support by a fash 

the vicw of the observer. 
For u peep sight nail two strips of tin or thin board with straight 

edges to a squared block of wood so that the will stand vertical 
about one-sixtoenth of an inch apart whon the z lock rcsts on a hori- 
zontal surface. 

Provido o. rcst for tho poep sight a t  a convenient height above the 
ground, at such a distance south of the plumb line that when viewed 
through the pee si h t  Polaris will ap ear about a foot bolow the 

largo enough to nllow for sliding tho peep sight east or west. Tho 
position of the rcst should. bo fixed by trial the night preceding that 
set for obscrvtitions, and It should be firmly secured in the proper 
position. 

About 30 minutes beforo tho t h o  of elongation, us given in Table 
I, brin the peep sight into the same line of sight with t,he plumb lino 

Tho star will move off the plumb line to the east as it a roaches 
eastern elongation; to tho west for wostern elongation. ovo tho 
pee sight to tho west 01’ aast, as tho caso may be, keeping it in line 
wit{ the star and thp l u b  lino, until the star a poars stationmy, 

then be secured in place by a clamp or weight and further operations 
will be deferred until daylight. 

By daylight placo a slendcr rod at  II distmco of 200 or 300 fcet 
from the peep sight end exactly in rtmgc with it anti the pluml) line; 
carefully measure thls dlstanco. 

Find from Tublo 11 the azimuth of Polaris for the yew of observa- 
tion and tho latitude of tho placo. 

Find from Tablo I11 tho natural tan ont of this anglo and mul- 

wlll be the distance to bo laid off from the rod, to the west in t o caso 
of oilstern elongation,.or to tho east for western elongation, to a point 
which with the poop sght  will dofine the direction of the true meridian 
with n fair degrco of accuracy. Set a stub at  this point and anothor 
exactly bolow tho poep slglit, if the meridian is nooded for future 
use. 

! 

support of tho pyum% line. Tho top o f this rest must be lcvcl and 

and Po 7 ark. 

thus indicating that It P las reached elongation. Tge poop sight will 

f; 
tiply it by tho distance from the eop sig % t to the rod. The ioduct 
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Jan. 1 .... ... ... . . . .. . .. . .. ._. ..._. ..._. ...._. ._.......__... ._. . 
Jan. 16.. . . . . . . . . . . . . . . . . . . . . .... . . . . . . . . .. . . . . . ._. . . . . . . . . . . . . . 
Feb. l... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Feb. 15 ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Mar. 1. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Mar. 15 ......................................................... 
Apr. 1 ....,.. . ... .. . . .. ... ._.. .... ._._.. .. . ._. ._.. . .. . . .. .. .__.. pr. 15 ..... . .. . .. . . ._. .. . ._. ... .__. .. . ._. ... . .. . .__. .___ _ _  .___. 

sy 1. .. . , . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
May 16 .... . ... . . _. . . . . . ... ._. . .. ._. ... .. . . .__ ..._ .. . .. ._ _._. ._. 
June I . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
June 15 .... .__. .. . . .. . .... . __. . . . . . . . . . . . . . __.  __. .. . ._ __. .. . . . . . 
July 1. ..__ ._. . .. . ._. ._. ._. . ... . . . . .. . .._ _. . .__. ,. . .. ._. . ._ .. . . . 
July 15 _._. . . . . .. . ._. ._. ._. ..,. .__ ._. . . . .__.__... . ._. ._ __. . ._.. . 
Aug. 1. . _.. . .. . . .. . .. . .. . ._. . . . . .. . . .. . . . . .__.  . . . . . . . .. . ._. . . . . 
Aup.15 ........................................................ 
Bept.1 ......................................................... 
Bept. 15 _.._. .__. .__. ._ .. _.__. .. . . .. . ._ .. . . _. .. . . . _ _ _  ._. ._. .. . ._ 
o c t .  I . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Oct. 15.. .. ... ... .. . . .. . . . . ... . ...... ... ... . . . .. . .. .. . .... ...... 
Nov. 1.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
NOv. 15.. . ... . ... ... . . .. ... . ... ... ._. . .. . .. . .. . _. . .. . ._. _. . . . . . 
Dm.1 .......................................................... 
Dec.15 ......................................................... 

TA~H,P; I.-Jmul mcun (uslronomical) time of the culminations and elongations of Polaris 

[Coriiput&!3 for Intitudo 40' north nrrd lonaltutlo 00' or 611 west of Orwnwirli.] 
. in the par 1922. 

h. m. 
0 M. 7 
23 G5.4 
22 4s. 3 
21 53.0 
20 67.8 
20 02.0 
18 55.7 
18 00.0 
16 57.7 
16 02.0 
14 50.2 
14 01.4 
12 68.8 
12 04.0 
10 67.5 
10 02.7 
85G.l 
8 01.2 e 68.4 
0 03.4 

4 %I. 0 
4 01.6 
2 68.6 
203.2 

Dnte. 1922 
East 

elonga- 
tion. 

CPPor 
crilmina- 

tlon. 

h. ni. 

6 5 4 7  
4 41.5 
3 G2.2 
2 57.0 
2 01.8 
0 54.9 
23 65.0 
22 63.0 
21 68.2 
20 61.5 
19 68.7 
18 54.1 
17 50.3 
16 52.8 
15 5H.O 
14 61.4 
13 60.5 
12 53.7 
11 6K7 

10 51.0 
0 6 n . A  
8 63.8 
7 GX.6 

e 50.0 

(a) To refer tL above tabular quantiliee lo yeurs other llrari 1322: 
I 

For year 1923 add.. -. . . . . .1.4 
1924(add- . . . . . -2.8 up lo March 1 

1925 add ....___._ 0.2 
1926 add ..__.__._ 1.6 
1927 add .._....._ 2. 7 
1828(add.. . . . . .4. 1 up to hfarch 1 

1929 add ._.._._.. 1.6 
1930 add _.....__. 3.1 
1931 add .,_....__ 4.5 

subtract.. . -1.1 on and after March 1 

add. - . . . . .O. 2 on and after March 1 

...-..._. 5.9 up to March 1 
add.. . . . . . . .2.0 on and after March 1 

- 
WC3t 

do~ipa- 
tlon. 

A. m. 
12 45.3 
11 50.0 
10 42.8 
0 47.6 
8 52.3 
7 57.1 

6 65.1 
4 62.2 
3 57.4 
2 60.7 
1 5.5.0 
0 63.3 

23 G1.0 
22 48 1 
21 63:'3 
20 40.7 
10 61.X 
18 40.0 
17 64.0 

10 47.2 
15 62.1 
14 40.1 
13 63.8 

e 50.2 

- 

- 

-- - .- -- 
Lower 

cnlmlna- 
tion. 

h. m. 
18 4% 0 
17 62.7 
10 45.6 
15 60.3 
14 65.0 
13 t9.8 
12 62.9 
11 57.8 
10 55.0 
10 00.1 
8 63.6 
7 68.6 
0 Mj.0 
0 01.3 
4 64.7 
3 K0.9 
2 63.3 
I 68.6 
0 5G.7 

I oon.7 
2350.8 
22 40.0 
21 64.X 

10 50.0 
20 61.8 

ealenhr day ollm than the firsf and j i&mth of each month 
b e k  f r o m  lhe tabular qUU?Ltll?J for the PRECEnING DATE: 

Day of month. hfliiutcs. Dnys olnpsd. 
2 or 16 3. 9 1 
3 17 7. R 3 - 
4 18 1118 3 
5 19 15. 7 4 
c, 20 I!). 0 5 
7 21 23. 5 f i  
8 22 27.4 7 
9 23 31.4 8 

10 24 35. 3 9 
11 25 3!1. 2 10 
12 26 43: i it 
13 27 47. 0 12 
14 28 61. 0 13 

29 54. 9 14 
30 68. 8 15 
31 G2. 7 10 
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c )  To rc er the table to standard time and to Ute civil or common method o reckoning: 

~ D D  to t ie  tabular qusJltitie8 four minut&e for over de ee of longitude tho place 
b we& of tho standard meridian and. 8WuTRACT when ti0 p%ce is ea& of the standard 
meridian . The astronomical day be 'ne 12 houra after the civil day. that is. begins 
at noon on the civil day of tho fume fate. aud is reckoned from 0 to 24 hours . C o r n  
quently a n  astronomical time less than 12 hours refers to tho eame civil day. whereas 
an astronomical timo grcster than 12 hours rcfcrs to the morning of the noxt civil day . 
It will bo noticed that for tho tabular year two eastern elongations occur on January 
14 and two wmtern elongatioi? on July 14 . There are also two upper culminations on 
A ril 14 and two lower culminations on October 15 . Tho lower culmination either 
foiows or precedes the up er culmintaion by 11'' 5Sm . 0. 

(d)  To refer to any other t b n  the tubulur lutitude between the limits oJ10 and 50' north: 
ADD to the t h e  of weet elongation Om . 10 for every degreo 8oulh of 40'and BUBTRAIX 
from the t ime of west elongation Om . 16 for every degreenorth of4O0 . Revertlo theso 
operatiom for correctin timea of oast elo 

( e )  To refer to any 0 t h  thun the luhkar%$&e: ADD Om . 16 for ench 15' cast of 
theninetieth meridian and B U E T I ~ A C T O ~  . 16 for each 15' west of the ninotioth moridian . 
TABLE II.-AzimuUi of Polaris at elongation j o r  any year between 1922 and 1932 . 

Latltude . 

10 ......... 
11 ......... 
12 ......... 
13 ......... 
14 ......... 
16 ......... 
10 ......... 
17 ......... 
I X  ......... 
19 ......... 
20 ......... 
21 ......... 
22 ......... 
23 ......... 
24 ......... 
25 ......... 
20 ......... 
27 ......... 
28 ......... 
20 ......... 
30 ......... 
31 ......... 
32 ......... 
33 ......... 
34 ......... 
3s ......... 
30 ......... 
37 ......... 
3H ......... 
39 ......... 
40 ......... 
41 ......... 
42 ......... 
43 ......... 
44 .......... 
4.5. ........ 
47 ......... 
48 ......... 
49 ......... 
E4 ......... 

40 ......... 

. . 
1922 
. 
0 ,  

1 07.8 
(u1 . 0 on . 2 
&Y . 5 on . 8 

09.1 
IN . 4 
09.8 
10.2 
10.0 

11.0 
11.5 

12 . 5 
13.0 

13.6 
14.2 
14.9 
15 . 6 
10.3 

17.0 
17.0 
18 . 7 
10 . 0 
20.6 

21.5 
22.5 
23.0 
24.7 

27.1 
8 . 4  a . X 
31.2 
32.8 

34.4 
30.1 
37.0 
30.8 
41.7 

143.8 

12 . n 

25 . n 

- 

. . 
1023 
. 
0 ,  

1 07.4 
07 . 7 
07 . Q 
Qs . 2 
08 . 6 

08 . t 
00 . 1 
09.6 
09 . F 
10.2 

10.7 
11.2 
11.6 
12.2 
12.7 

13.3 
13 . B 
14.0 
16.2 
16.0 

10.7 
17.5 
18.3 
10.2 
20.1 

21.1 
22.1 
23.2 
24.3 
26.5 

UI . 7 
8 . 0  
20.4 
30.8 
32.4 

34.0 
36.0 
97.4 
30.3 
41.3 

. 43.4 - 

. . 

1824 

. .  
107.2 

07.4 
07.6 
07.8 
08 . 2 

08.6 
OY . 8 
00.2 
00.5 
00.9 

10.4 
10.8 
11.3 
11.8 
12.4 

13.0 
13.0 
14.2 
14.9 
15.6 

10.4 
17.2 
18.0 

10.8 

M . 7 
21.7 
22.8 
23.0 
25.1 

26.3 
27.0 
29.0 

31.0 

33 . B 
3s . 2 
37.0 
38 . 8 

42.0 

18 . n 

ao . 4 

40 . a 

-- 

. . 
192.5 

. .  
100.8 

07 .a 
07.0 
07.3 

07.8 

08.1  
08.5  
08.8 
09.2 
09.6 

10.0 

11.0 
11.6 
12.0 

12.0 
13 . 2 
13.0 
14.0 
15.2 

10.0 

17 . 0 
18.6 
.1 9.4 

20.4 
21.4 
22.4 
23.5 
24.7 

25.0 
27.2 
24.0 
30.0 
31.6 

xi . 1 
34 . H 
30.6 
38.4 
40.3 

42.4 

i n  . s 

16 . n 

-- 

. ... 

10% 

. .  
108.5 

OB . 7 
07.0 
07.2 
07.6 

07.8 
08.2 
08.6 
08.0 
09 . 3 

00 . 7 
10.2 
10 . 0 
11.2 
11.7 

12.3 
12.0 
13.6 
14.2 
14.9 

1s . 0 
10.1 
17.2 
18.1 
10.0 

20.0 
21.0 
22.0 
23.2 
24.3 

25.5 
20 . 8 
28.2 
29.0 
31.1 

32.0 
34.3 
30.1 
37.0 
39.9 

I 41.0 - 

. . 

I027 
.- 
a ,  

108.2 
00.4 
00.7 
00.0 
07.2 

07.6 
07.8 
08.2 
08.6 
09.0 

00.4 
00.8 

11.4 

11.0 
12 . 5 
13.2 . 13 . H 
14.0 

15.3 
16.1 
16.0 
17.8 
18.0 

10.0 
20.0 
21.6 
22.8 
23.9 

25.1 
211.4 
27 . x 
9 . 1  
30.0 

32.2 
33.0 
34.0 
37.4 
30.4 

41.4 

i n  . :i 
i o  . n 

- 

. -. 
19% 
. 
0 ,  

1 05.G 
00.1 
00.4 
06 .0  
00 .(I 

07.1 
07 . E  
07.0 
08.2 

00.1 
OD . 6 
10 . 0 
10.6 
11.0 

12.2 
12.8 
13.6 
14.2 

14.0 
15 . 7 
10.6 
17.4 

10.2 

21.3 
22.4 
23 . 6 

24.7 
2G . 0 
27.3 
28.7 
30.2 

33.4 
36.2 
Y7.0 
38.9 

1 41.0 

08 . a  

11.8 

in . 3 

m . 2 

31 . n 

- 

. . 
1929 

. .  
105.6 

00.0 
08 . 3 
06.6 

06.0 
07.2 
07.6 
07.0 
08.3 

08.7 
00.2 
OD . 7 
10.2 
10.7 

11.3 
11.9 
12.6 
13.2 
13.9 

14.6 
15.4 
10.2 
17.0 
17 . U 

18.9 

20.0 
22.0 
23.1 

24.3 
25.0 
2u . 9 w . 3 
2U . 8 

31.4 
33.0 
34.7 
30 . 6 
38.5 

40 . G 

05 . n 

io  . n 

- . 

. . 
1930 

. .  
105.3 

05 .6  
ob . 7 

0 8 . 3  

00 . 4 
00.8 
07.2 
07.6 
08.0 

os . 4 
(r( . 8 
00.3 

10.4 

11 . 5 
12 . 2 
12.8 
13.6 

14.2 

15.8 
10.7 
17.6 

18.9 
10.5 

21.6 
22.7 

23.9 
25.2 
26.5 
27.0 
29.4 

30.9 
32 . 6 
34.3 
36.1 
38.0 

1 40.0 

OB . a 

08 .a  

i n  . 0 

15 . a  

m . 6 

.- 

. . 
1931 

0 .  

105.0 
ob . 2 

a5 . 7 
05.0 

06.2 
00.0 
08.9 
07 . :I 
07.7 

OR . 1 

00.0 
0 9 . 5  
10.0 

11.2 

12.5 
13.2 

13.0 
14 . 0 
16.4 
10.3 
17.2 

1x . 1 
10.1 
20.1 
21.2 
22.3 

23.6 
24.8 a . 1 
27 . K 
20.0 

80.5 
32 . 1 

35.0 
37.5 

I 30.6 

as . 4 

as . 5 

in . o 
11 . n 

s3 . n 

. 

. . 
1932 
. 

0 ,  

101.7 
04.9 

05.3 
05.6 

05.9 
00.2 
08.6 
07.0 
07.3 

07.8 
09 .2  
08.7 
09.2 
09.7 

10.0 
11.5 
12.1 
12.8 

13.5 
11.3 
15.1 
15.0 

17.7 

10.1 
M.8 
21.0 

23.1 
24.4 
25.7 
27.1 
28.6 

30 . I  
31.7 
33.4 
95.2 
37.1 

1 39.1 

05.1 

i n  . 3  

i n  . n 
in .7 

- 
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Tablo I1 was com uted with the mean declination of Polaris for 

on the h'eronce between the mean and apparent place of the star 
and on the latitude. 

the beginnin of eaci f year. A more accurate result will bo had by 
applyin0 to t Y le tabular values the following corrections, which depend 

._ -. - .. ___ . -. -. ........ - - . . . . . . .  . - 

January .............................. ......... 
Fobruary.. .......................................... 
March. .............................................. 
A ~ r i !  ................................................ 
3ny  ................................................ 
Jurlo.. ............................................... 
July ................................................. 
August .............................................. 
fkptcmbor ........................................... 
October.. ............................................ 
Novcmbcr.. ......................................... 
Decomlmr ............................................ 

... - . .  - ............... __ - -- .- . 
I 

-n.R - .3 
- . 2  
- . I  
+ . I  + .P 
+ . 2  + . I  
- . I  
- .:3 - . 5  - . S 

hlitirlle ol- 

Tangont. 1 
-1- 

0.02328 . OB67 
.02m 
.0241S 

.02473 . fUm? 

.02',31 

.025(10 . mu9 

.02019 

. o m  

Anglo. 

0 ,  

1 30 
31 
32 
83 

36 
30 
37 
38 
39 

1 40 

a4 

0 1  

l o o  
01 
02 
03 
04 

0.5 
OF) 
07 
08 
00 

1 10 

Tangent. 
-- 
0.01740 

0177s 
.OlW 
.01H3:1 
.01m2 

. OlWl 

.01020 

.OIW9 

.niv7~ 

.Om07 

. m o  

Lslitudo 
200. 

-n. 4 - .:I - . 2  
- . I  + . I  + . 2  

+ . 2  + .1 - .1 - . 3 - . 5  - .o 

Angle. 

0 ,  

1 10 
11 
12 
13 
14 

15 
10 
17 
18 
19 

1 2 0  

datltudc 
30~. 
-- 

-n. 4 - . 4  
- . 2  - . I  + . I  + . 2  

+ . 2  + .1  - .1 - . 3  - . 5  - .7 
_ _  

.- 

Latltudc 
400. 

. 

-n. 4 - .4 
- .:I - . I  + . I  + . 2  

+ . 2  + . I  - .1 - . 3  - . li - .n 

TABLE 111.-Natural lanrJent ofangles from lo OiYlo lo W. 

Tangent. 

,027S1 
.O270:1 . ow22 
.m1 

~~ 

Anglc. 

I 40 
41 
42 
43 
44 

45 
4G 
47 
48 
40 

l t o  

atitudo 
to". 

, 
-n. 5 - . 5  - . 3  - . I  + . I  + . 2  

+ .R + .I - .I - . 4  - .7 - .0  

Tangent.. 

0. omlo . Mu30 . Moo8 . ffm . a3020 
. n.W 
.E3114 
.03IU 
.O3172 
.(w201 

.41nx1 

11. NOTING WHEN POLARIR AS1) ANOTHER STAR ARE IN TlIE SAME 
VERTICAL PLASE. 

For laces north of latitudo 3Fi0, the truo moridian may be deter- 

northern heavens cross the moridian on opposite sides of the polo only 
a few minutes before Polaris. Thosc stars aro the ones known ns 
Zeta ({) Ursm Mnjoris or Mizar and Delta (6) Cassiopciie. Their 
positions in tho constelltitions are shown in the accompanying 
diagram. 

Select that one of tho two stars which at  tho time of tho year 
when observations are to be made passes tlio meridian below the 
pole. When tho star passes the meridian above tho polo it is too 
near tho zenith to be used. Delta Cassiopeis is on tlio meridian 
below the pole a t  midnight about April 10, and is, thorefore, the 
proper star to use a t  that date and for throe months before and 
aftcr. For tho other six months of the ycnr Zeta Ursm Majoris will 
bo the proper star to use. In the long days of Juno and July tho 

mined \ y taking advantnge of the fact that two bright stars in tho 



ap ears upon tho plumb line. Caro- 

Thcn, by moving the peep sight, con- 
tinuo to prcsorvo its alignment with 
Polaris and tho plumb lino ( aying no 
further attention to the ot  or star). 
At  the expiration of 12.5 minutes (in 

ful P y noto the time when this occurs. 

G r e a t  R Bear 

r', 
/ 

be used for tho southorn purt of tho 
United Stutcs where tho stnrs uro bo- 
low tho horizon at, lowcr culmination. 

" 111. OBSERVATIONS OF I'OLAIIIS A T  
. ELONGATION. P0;LartS 

With asurvoyor's trnnsit tho truomo- 

iXP0z.e 

in Polaris a t  elongation as follows: 
%elect a station for observing which 

affords a good viow of the northorn 
sky and with tho round clour for a t  

If the station is to  bo used for de- 
tcrmining tlio Inngnctic doclinution 
cure should bo tultcn to hnvo it woli 
roinovcd from clcctric car lines, build- 
ings, and othcr possiblo sources of 
t~isturbanco. If n mcridian line is to 
bo established for futuro uso, the ends 
should be lncod so that they may bo 

suit- 

m\ 

lctlst 100 ynrds to t 5 io north. 

Cam t, 

protected P rom disturbancc. 
Mark tho obsorving station in 

v 
a. 

4 K. ,'/ b, / 

> p e w  
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noting whether the vertical cross wire continues to coincide with the 
ed o of tho house as the telescope is turned in altitude. 

flluminate the cross wires by the light from a bull's-cyo lantern or a 
pocket flashlight directed obliquely into the object end of the tele- 
sco o by an assistant. 

€!oint the telescope a t  the star and clamp tho horizontal circle. 
Keep the star covercd by the vertical cross wire by means of the 
tangent screw of the vernier plate, until a point is reachcd whcre i t  
appears to move up or down don6 the wire without moving away 
from it, thus indicating that elongation has been reached. 

Depress tho telcscope to the horizontal osition; about 100 yards 
north of the instrumcnt drive a stake an I€ mark a point on its to 
exactly coincident with the vertical Wire of the telescope. This wif 
re uire a second assistant and li ht. Turn tho vernier plate 180' 

depress tho telcscopc, and mark another point on tho stake. The 
point midway bctween the two marks, with the oint undcr the 

Polaris a t  its eastern or yestern elongation, as the caso may be. 
Near elongation the azmuth of the star changes very slowly, not 

more than 0'.1 in the 10 minutes before or after elongation in tho 
United States, so that there is plenty of time to make the second 
pointing after reversal, if there is no unnecessary dela . 
for western elongation and to the west for eastern elon ation, and 

which the station marker will be tho south end. Tho angle should be 
measured both bofore and aftcr rcversal, as in the case of the star. 

an \ again set tho vertical wire on t R o star, clamp the horizontal circle, 

instrument, will define on tho ground tho vertica P plane through 

By daylight lay off the proper angle taken from Tab 9 o 11, to the east 

place a suitable marker to mark the north end of a mcri i ian line of 

always convenient, as the elongation or c 3 minution of Po s aris does 

IV. OBSERVATIONS O F  POLARIS AT ANY HOUR. 

The methods thus ftir described have tho great advantage that an 
accurate knowledge of the time is not rc uired, but the aro not 

not always come a t  a convenient time for observing and the star may 
ha 

$!e true meridian may be determined to the nearest minuto of 
arc by observations of Polaris a t  any hour whcn tho star is yisible, 
provided tho local mean time is known within 1 minute, as in the 
extreme case when Polaris is a t  culmination its azimuth changes 1 
minute of arc in about 2 minutes in latitude 50°, and 1 minute of arc 
in about 3 minutes in latitude 20'. 

derived by subtracting 4 minutes of time for overyedegree of longi- 
tude west of the standard meridian or adding 4 minutes for evory 
d 

%e selection and markin of tho observing station and tho adjust- 

Polaris at elongation. 
azimuth of the star is chan ing, i t  will be preferable to provide an azj- 

make a series of measures of the anglo betwoen tho mark and tho star. 
The 1' h t  used to illuminate the cross wires of the telescopes may be 
used 3 so in reading tho horizontal circle. 

en to bo obscured just a t  that timo. 

The standard t h o  can usual1 
bo obtained a t  a telegraph ofice or direct1 b radio from the signa P s 
sent out from obserqatories. From this t K P  o oca1 moan time may be 

ment of the theodolite will % e done as in the c u e  of observatlons of 

muth mark, such as a lig $ t showing through a slit In a box, and 

eo east of tho standard meridian. 

As the observations are to be made when tho . 
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Begin b pointing on the mark and reading the horizontal circle. 
Point on t K e star, record the exact time and the reading of the circle. 
Turn the vernier plate 180' in azimuth and again oint on the star, 
recordin the time and circle reading as before. sinally, point on 

set may be incrcnsed or additional sets ma be taken to secure greater 

tion will be derived from Table IV  in the manner explained below. 
The following exnmple ex lains tho use of tho table and the derivn- 

the mar a again and read the circle. The number of pointings in a 

accuracy. The azimuth of Polaris for tho i' oca1 mean time of observa- 

tion of the hour angle of Po P ark: 
Position, lstitudo 30' 20' ?T., longitude 80' 07/.5 or 5'' 20m 308 W. of Grocnwich. 
Time of observation, July 10, 1923, standard (76th meridian) mean h. m. s. 

Reduction to local time. ......................................... - 20 30 
time ........................................................ 8 52 40 p. m. 

Jmalmcan time .......................................... 8 32 IO 
01 24 

Sidereal timo mcan noon, Gnxnwich, July 10, 1023 ............... 7 09 33 
Correction for lonb~tudc 5'' 20m 300 (Table 111, Amer. Ephem.) ..... + 00 53 

1,ocaleidercal time ....................................... 16 44 00 
Apparent right nscension of Polaris, July 10, 1923.. ............... 1 33 47 

Reduction to sidereal tune (Table 111, Amcr. Ephem.). ............ + 
-- 

~ 

Hour an& bcforc uppcr culmination. ...................... 9 49 47 
0 I I ,  

Declination for which Tablc IV ap lics .............. 88 53 25 
Appurcnt declination, July 10, 102g- ... :. .............. 88 53 19 

....................... 06 Dccreasc in declination.. 
Azimuth from Table IV (inte olated). ................ 0 44.0 + 0. 1 

e ,  

Correction for 6" docrenee in %clination, Table V.. ... -- 
Computed azimuth.. .......................... 0 44.1 caet of north. 

It is to be remembered that Polaris is east of the meridian for 12 
hours before, and wcst of the meridian for 12 hours after, upper 
culmina tion. 

Without the American Ephemeris the table may be convonientl 
used for obtaining the truo meridian, in connoction with Table 
giving the approximate mean times of culminations of Polaris. 
Timc of observation, July 10, 1923, standard (75th meridian) mean i1. m. 8. 

Reduction to local incan time.. ................................. - 20 30 

Localmcan time .......................................... 8 32 10 
Local mean time of upper culmination of Polaris (Tablo I and A). . I8 20 18 

v 
time ......................................................... 8 62 4Op.ni. 

Mean time of observation before uppw culmination.. ........ 9 45 08 
Raduction to sidereal timo.. ..................................... + 01 38 

IIour angle hforo upper culmination ....................... 9 49 46 
0 , ,e 

Declination for which Table IV applics.. ............. 88 53 25 
Declination July 16, 1923 ............................. 88 53 19 

Decrease in doclination.. ....................... OG 

Azimuth from Tablo IV ............................... 0 44.0 
Corrcction for GI' dccrcaru, in declination, Tablo V . .  .... + 0.1 

0 ,  

___- 
Computed azimuth. ........................... 0 44.1 cnst of north. 

Tablos are generally ivon in books on surveying for reducing mean 
solar to sidereal time, %ut  for this computation it is mar enough to 
consider the correction lo" an hour, as the stars gain very newly 4 
minutes on the sun each day. 



24 U. S. COAST AND GEODETIC SURVEY. 

TABLE 1V.-Azimuth oj Polaris at all hour angba. 
[Computed for decllnation 88' 63' 26". For hour angle8 Oh to 12p the Star is west of north, and from 12h to 24h it Is east of north.] 
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TABLE 1V.-Azimuth of PotariS at all hour angb-continued. 

0 ,  

0 00.0 
03. 0 
07. B 
10. 0 
1.1. 5 
18. 1 

25.1 w. 5 
31.0 
35.2 
38.5 
41.7 
44. A 

to. 7 
G3.5 
m.2 

0 58.u 
1 01.3 

al. ti 
05. H 
(K 0 
10.0 
11. R 
13.5 
15.0 

17.7 

19.8 

21.2 
21.7 
22 1 
72.3 
22. 3 
2". 2 
21. 0 
21.1 
20. H 
20. 1 
19.2 
18.2 
17.0 

14. 1 
12.5 

on. 0 
OB. U 
04.7 
02.5 

1 00.1 

65. C 
GZ. 3 
40. I 
40.7 
43.7 

37. t 
34.2 
31. I 
27.8 
'A. 4 
21. ( 
17. ( 
14.1 

07. I 
03. t 

0 00.( 

21. n 

47. n 

in. 4 

18. a 
m. n 

15. a 

io. n 

0 ~ 7 . a  

40. e 

in. ( 

0 1  

D 00.0 
03.7 
07. 5 
11. 2 
14.0 
111.0 
22.2 
25.8 
2% 3 
32.8 
30.2 
30. G 
42.8 
40. (1 
40.1 
62 1 
m.0 

0 57.7 
1 00.4 

02.0 
05.3 

no. H 
11.8 
13.7 
15. 6 
17.1 
In. 6 
10. E 
20. U 
21.9 
22.7 
2 3 . 4  w. Y 
2.1. 3 
21. t 
21.1 
21. .I 
2.1. I 
xi. C 
23. ( 
22. : 
21.: 
20. : 
10. ( 
17. f 
10.1 
14.1 

10. I 

on. 
1 01. 
0 59.; w. a 

M. : 
Go. I 
47. ! 
44. I 
41. ' 
38.1 as. : 
31. I 
28.1 
25. I 
21. I 

14. 
10.1 
07. 
03.1 

0 00.' 

07. a 

12. ! 
Ob: ! 
OI.! 

ia 1 

> I  

) 00.0 
03.9 
07.7 
11.6 
15.3 
19.1 
22.0 
20.0 
30.2 

37.3 
40.7 
44.1 
47.4 
50.5 
G3.0 

D G0.4 
1 u2.2 

01.8 
07.3 

11.0 
14.0 
15. 0 
17. 7 
10. 3 
20.8 
Ti. I 
23.3 
24.3 
25.1 
25.8 
20.3 

2%. 0 

20. n 
211.5 
211. u 
25.4 

m. 8 

a. n 

OB. a 

20. 7 

m. 0 

a. a 
23. a 
22.6 
21.2 
19. b 
la 2 
10.6 
14.7 
12.7 
10. I 
Ob: 3 
05. s 
03. 4 

1 00.6 
0 

G5.1 
52 L 
49. : 
40.1 
4 2  
39. ( 
30. 5 
32 1 
20. : 
25. i 
22.1 

14. I 
11.: 
07. I 
03. : 

0 00.( 

ia I 

0 ,  

u 00.0 
01.0 
07.0 
11.0 
15. H 
10.7 
23.0 
27.4 
31.2 
3%. 9 
38.8 
42.0 
45.5 
48.9 
52. 1 
m. 3 

1 01.3 
01. 1 
00.8 ou. 4 
11.8 
14.1 
10.3 

20.1 
21.8 
23.3 
24.7 
25.9 

27.8 

29.0 
29.4 

29.0 
20.4 
29.1 
28. IL 

27.2 
20.2 
25.0 
23.7 
2". 2 

18.8 
10.9 
14.0 
12. 7 
10.3 
07.9 
05.3 

1 02.0 

M. 8 
G3.8 
50. 7 
47.4 
44.1 
40.7 
37.3 
33. E 
80.2 
20.6 
22E 
19.1 
15.3 
11. I 
07.1 
M. 6 

0 00.c 

o 5n.4 

ia 3 

m. 9 

2 8  G 

29. n 

2s. 0 

m. o 

o m.8 

- - 
44' - 

D ,  

I 00.0 
04.1 
08.2 
12.3 
io. 4 m. 4 
24.4 
28.3 
82.2 
30.0 a% 8 
43. G 
47.0 
50. 5 
63.9 

D 67.2 
1 00.4 

03.4 
00.3 
OB. 1 
11.8 
14.3 
10.0 
la 8 

n. 8 w. 5 
28.1 
27.5 
28.U 
28.8 
30.7 
31.4 
32  0 
32.4 
3 2  5 
3 2  5 
32.4 
32. 1 

.io. t 
30. C 
a. C 
n. L 
20.4 
U.€ 
'23.5 
21.4 
19.4 
17. Z 
15. C 

10. I 
07.4 
04. ( 

1 01.i 

m. 9 

". 6 

12. r 

0 58.1 
G5. ; 

4 a  t 
52.. 

46.1 
4 2  ( 
38.1 
34. I 
31. ( 
27. : 

19. 
15. I 
11. I 
07. I 
04. I 

0 00.1 

23. ! 

_- 

- - 
400 - 

0 ,  

0 00.0 
01.3 
08.6 
12. n 
17.0 
21.2 
25.3 
20.4 
33. 4 
87.4 
41.3 
45. 1 

€2.4 
65.9 

0 G9.3 
1 02.0 

05.7 
08.7 
11.0 
14.4 
17.0 
19.4 
21.7 
23.8 
25.8 
27.0 
28.2 
30.7 
32.0 
33.1 
34.0 
34.7 
35.3 
35.0 
35.8 
35.8 
35.7 
35.3 
34. u 
84. 1 
33.2 

*io. 0 m. 5 
27.0 

24.2 

20.0 
17.0 
16. 1 
12.6 
OB. 7 
00.8 
03 .8  

1 00.7 
0 G7.4 

M. 1 

47.1 
4s. 5 
39. b 
30. C 
821 
2 8 8  
24.3 

12 2 
OIL2 
01. I 

0 00.c 

4a 8 

32. 1 

m. I 
a a  

w. a 

m. 3 in. 2 

_- 

- - 
4110 - 

D l  

I 00.0 
01. 4 
08.9 
13.3 
17.7 
220 
26.3 
30.5 
34.7 
38.8 
42.9 
48.8 
w. 7 
EA6 

0 m.1 

05.0 
08-3 
11.4 
14.4 
17.3 

22. 5 
24. Q 
27.1 
29.1 
31.0 
32.7 
34.2 
35.5 

1 01.a 

m. o 

30. a 
a7. a 
38.3 
38.9 
39.3 
39.6 
30. E 
3u. 3 
3% 0 
3 . 4  
37. t 
36. i 
35. 
3.1. i 
32. $ 
31.: m. 4 

25. : 
23. ( 
17. $ 
15.5 
12 : 
OB. : 
00. : 

1 u2.t 
0 tB.( w. 1 

82 ! 

45. 
41.: 
37. : 
83. : 
20. : 
25.I 
21. 
18. ! 
12 
08. 
04. ' 

0 00.1 

n. 4 

m. t 

4 8  I 

- - 
500 - 

O I  

0 00.0 
04. 0 
08.2 
13.8 
1% 4 
22.9 
27.4 
31. A 
30.2 

44.7 
4& 8 
52. 8 

0 €6.7 
1 00.5 

04.2 
07.8 
11.2 
14.5 
17. U 
20.0 
23.4 
m. 0 
a 4  
30.7 
32  8 
34.8 
30.5 

39. G 
40.0 
41.0 
42.4 
43.0 
43.4 
43.0 
43.0 
43.4 
43.0 
42.4 
41.6 
40.0 
30.4 
31. 1 

34.9 
33.0 
30.8 
2 8 7  

23.1 
21. 0 
1R. 2 
1G. 1 
12. 1 
08. b 
05.4 

1 01.Q 
0 bs.3 

6 l . C  
10. t 
46. s 
42.6 

84.1 
30. f 

21. 
17. ( 
13. ; 
0 8  I 
01. 1 

0 00.( 

40. G 

3 8  1 

30. n 

m. 3 

a& 8 

m. 2 

_ _  -. _ 

25 

h. m. 
21 00 
23 w 

40 .. 
.30 
20 
10 
00 22w 
40 
30 
20 
10 
00 

21 w 
40 
30 
20 
10 
00 

2 0 M  
40 
30 
20 
10 
00 

I U  w 
40 
30 
20 
10 
00 

18 50 
40 
30 
20 
10 
00 

17 M 
40 
30 
20 
10 
00 

lti Go 
40 
30 
20 
10 
00 

15 50 
40 
30 
20 
10 
00 

1 4  E4 
40 
30 

10 
m 
00 

13 60 
40 
30 
ixl 
10 
00 

12 w 
40 
90 

10 
m 
00 



26 U. S. COAST AND GEODETIC SURVEY. 

Q I I /  

January 15 .......... 88 53 35 
February 15 .......... 53 33 
March 16 .......... 53 26 

15 .......... 53 17 
15 .......... 53 08 

June 15 .......... 53 03 
iig 

Q I I /  

July 15 .......... 88 53 03 
August 15 .......... 53 07 
September15 .......... 53 16 
October 15 .......... 53 27 
November 15 .......... 53 38 
December 15 .......... 53 47 

T a n r x  V.-Correction to tabular azimuth Jor otlxr declinations. 
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0.7 
0.8 
0.8 

-0.0 

ao 
-0.1 

0.2 
0.3 
0.4 
0.6 
0.6 
0.7 
0.8 
0. 0 
1.0 
1.1 

-1.2 

0.0 
-0.1 

0.3 
0.4 
0.6 
0.0 

0.0 

1.1 
1.3 
1.4 

-1.5 

0. x 
I. 0 

- 
1 as 

, 
0.0 

-0.2 
0.3 
0. 6 
0.6 

1. 1 
1.2 
1.4 
1.5 
1.7 

-1.8 

0. 8 
0. o 

-. 

V. OBSERVATIONS OF THE BUN. 

The following method is the one usually employed to determine 
the true meridian in connection with the magnetic observations of tho 
U. S. Coast and Geodetic Survey. It involves more computing than 
those already described, but is more convenient in that i t  is avttilablc 
for use during daylight when the magnetic observations are in pro ress. 
In connection with the time signals sent out by telegraph from o 5 scr- 
vatories i t  furnishes the means also of determining upproximiLtely tho 
lon itude of the place of observation. It requires a theodolite with 
gra%uated vertical circle and a prismatic oye ieco for observing the 
sun, and a well-re ulatecl time iece. The o ! scrvations a t  a place 

morning and two in the afternoon, each set consisting of four point- 
ings on the aun and two pointings on a reference mark, symmetrically 
arranged as in the folldwin example. For each pointin on the sun 

Observations are made from two to four hours from noon, and a t  
nearly the same altitudes morning and afternoon. The reference 
mark should be a well-defined object nearly in the horizon and a t  least 
100 yards distant. 

usually consist of B our indcpen B ent sets of observations, two in the 

the time is noted, and bot % horizontal and vertical circ P es are road. 
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lass 
dinpllragm on whlch 1s ruled one horizontal and ono vertical %ne 
The s mbols in the f i s t  coluinn indicate tho limbs of the sun which 
wcre Brought tangent to tho lines of the diaphragm a t  tho recorded 
time.. The vertical circlo is so graduated that it gives altitudos in one 
position and zcnith distnnccs in tho other. The readings in thc latter 
caso linvo h c n  subtracted from 90' when filling in the last column. 
Tho verniers nllow retidings on tho horizontal and on tho vertical 
circlo to bc inado to minutcs, half minutcs bcing estimated. 

Observations of Bun for azimuth and time. 

Tho instrument. used in tho following observations has a 

Eorfzoiitnl circlo. 

A. M. OBSERVATIONS. 

[Stntloii, Pnducnh, Icy.; thcodollln of Mne'r No. 19' chronornotor Bond No. 175; doto, Tuosdny, July 2, 
IWI; obrorvor, W. W.; tcmpornturo, az..~.] 

Vertical rimlo. 

__-- 

Sun's 
limb. 

A 
-__. 

0 ,  

352 30.5 
172 37.0 

Moon.. .... 

! 
mall . .  .... 

- 

B 

, 
37.5 
38.0 

- 

v. c. 

201 41.0 
201 40.5 
112 47.0 
11267.0 

R 
1, 

I, 

It 
;: 

........ 

It 
11. 
1, 
L 

30.5 
4R.5 
4 4 0  
M.0 

L 
It 

113 07.0 
113 10.0 
20233.0 
20280.0 

Chronorn+ 
tor tlmo. 

Nnrk.. ... 
h. m. a. 
0 35 15 

30 10 
37 40 
3x 47 

Q 30 tB.0 

0 30 40 
40 40 
42 20 
43 24 

0 41 34.X 

Ynrk ..... 

-- 

05.8 
1PO 
48.0 
58.5 

~~ ~ 

113 02.8 

352 37. 8 
30.0 

352 37.0 

~~ ............I .......... Rcfr. niid p[ ...... .I 46 2: 
.................................. .................................. 

.................................. 

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

~- ...........I ......... 
-.-.---'- 

352 40.0 

wan.5 
30.6 

111 40.2 44 17.0 44 17.50 
44 28.00 

1 1 i d o . 0 1  112 112.50.5 45.5 4 4 ~ ~ 1 . 0 1  44 44.35.0 48.0 
45 46 24.25 11.25 

45 30.00 
45 45.75 

1'. M. OBSERVATIONS. 

[stntloll, Pnriumll, Icy.; thoodollto Or Mw'r No. 1 0  chronornotor, Bond No. 175; dab, Tuosdny, July 2, 
IWI; obscrvcr, W. d.: tompornlure, W.S.1 

Moan.. ...... 

Moon.. ...... 

...... .................................. R Murk 
1, .................................. 

It 
...................... ........ 4 10. 8 45 ~ 2 . 0  44 08. la 
Itch. oiid pnr.. ...... -. 79 
-7 

........ ...................... 
ltcfr. and pnr.. ...... -. HB 4 3 0 2 2 . 8  4756.0 4120.38 

...... 

B 
L 
L 

112 20.0 
I - .-- . - -- -- 



28 U. S. COAST AND GEODETIC SURVEY. 

Tho formulas usod in computin tho azimuth and local mean timo 
from observations of the sun ma C F  e in tho manner just doscribed are 
the following : 

Mean ........................................... 
logsec(a- )sin (e-h) ..... ..... 
t ln  arc.. ....................................... log tan 4 t:. ............. ........... 

sin (s-4) sin (s-77~) ctna 3 A = -  _ _  - . . - - - . 
cos s cos (s--2)) 

153 40.4 
U. 09710 
8.67180 

bO' 19' 00" 

=EOC s scc (s - p )  sin (R - 11,) sin (R - 4) 

A =azimuth of sun, cast of south in thc morning, wcst of soiitli in 
tho afternoon. 

C$ =latitude of tho placo. 
h =altitude of tho sun corrected for refraction and pnrnllns in nlti- 

p =Polar distanco of tho sun, a t  tho t h o  of observation, tal<c?n from 

2 =Tho hour anglo of tho sun or apparent timo of observation (x- 

By combining tho azimuth of tho sun with tho anglo botweon tho 
sun and mark, the azimuth of tho mark may bo obtainod. This is 
counted from 0 to 360' from south around by wcst. When the azi- 
muth of the mark is known tho truo meridian may bo laid off a t  any 
time by turning off tho proper angle. 

The a parent timo of obsorvation must be corrcctcd for oquation of 

mean time. 

tude. 

the American Nautical Almanac. 
s =3 (7L+4+P). 

prossed in arc. 

timo (ta R en from tho Nautical Almanac), in ordor to obtain tho local 
The following is a convenient form of computation: 

Conipirtatwn o/ azimulh and longitude. 
.. ~ - ~ _ - - ~ _ _  . .......... . . . 

t:. ........................... 
ls ............................ 
LocalM. T ................... 
Chron. t h o . .  ................ 
A t 0 n L . M . T  ................ 
A t o n 7 5 M . T  ................ 

..... 

..... 

..... 

..... ..... ..... 

............. ............. 

............. 

............. 

............. 

............. 

h .  m. 8 .  
-3 21 18.0 

3 5.2 n 42 24.2 
9 36 88.0 
--M 33.8 

-0. 8 
Ak .............................................. 54 27.0 
Mea11 ........................................... 64 27.0 I __  -.. . _- . ........ ...... 

Tucscloy, July 2, IWI. 
........ 

0 ,  

45 44.5 
37 m.fi 
utl G5.b 

140 43.0 
74 61.8 
7 68.3 
29 07.3 
37 4n.2 . .  

0. rhul6 
o.min 
t1.0~723 
0.7)3743 
0. ot1m 

0.03 1,w 

a62 37. o 

R5 64.8 
113 02.8 
198 67.6 

163 40.3 
....... 

9.80141 
0.OOO41 

400 1w 12" 
h .  m. a. 

-3 10 40.8 
3 40.2 n 46 60.4 

9 41 34.8 
-64 35.4 

4. 8 
64 2a.0 - 13' 30'. 0 

44 05.3 
37 03.6 
(iG M.7 

I .LH 05.0 
74 02.8 
7 00.1 
20 87.b 
30 G9.2 
0. m 
9. 00842 
9.77m 
0.04199 

n. oaw4 

-- 
0. oq100 

RI 13.8 
48 82.0 

318 30.1 
112 20.0 
153 40.9 ....... 

9.70170 

G I "  13' 87" 
9. owno 

h.  m. a. 
3 24 m.n 

3 43.4 
3 2n 39.2 
4 23 10.8 
-W 31.0 

-< io  
84 24. 7 

A= 

41 2q.h 

79 44.4 
5 47.0 

*iJ 40.H 
0.52767 
0.Oorn 
9.71510 
9.7o.w 
0.0I(K(I 

3; 15.9 

0.005y 

h9 10.8 
47 60.0 

318 30.8 
112 'm.0 
153 40.2 

0.71738 
9.7119" 

Wo 30' 32" 

....... 

h. m. ' a. 
3 3n 02.1 

4 30 n. n 
3 43.8 

3 41 45.0 

-54 37.2 
4 . 0  

G4 30.3 
880 30'. 0 
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For computing observations of this typo one requires a five-plnco 
tablo of lo arithms of trigonometrical functions and tho Amcricnri 
Nautical dmanac. which gives tho sun's appnront declinntion and 
the oquation of time . For correctin the observed dtitudo of tho 

aturos. to IN subtractccl from tho obscrvcd altitude: 
Bmpnred. sun for arnllax and refraction the fol k owing table has boon 

giving t K o combined correction for different altitudes an tempor- 

TAnm \'I.--Correclz'on for  parallaz and rejractwn . 
. . . . . . . . . . . . . . . . . . . . .  . _ . . 

Appsront nlli ludo 
(dogrcos) . 

. .  

0 .............................. 
1 .............................. 
2 .............................. 
3 .............................. 
4 .............................. 
15 .............................. 
7 .............................. 
H .............................. 
n .............................. 

in ........... 
I 1  ........... 
12 ............................. 
I3 ............................ 
I4 ............................. 
.5  ............................. in ............................. 
in ............................. 
Iu ............................. 
m ............................. 
21 .... 
22 ............................. 
2s ............................. 
24 ....................... 
25 ....................... al ....................... 
27 ............................ 
28 ............................ 
20 ............................. 
30 ............................ 
32 ............................ 
34 ....................... 
30 ............................ 

17 ............................. 

38 ............................ 

40 ............................ 
.Id ............................ 
*31 .................... 
65 ............................ 
(H1 ............................ 
(i.5 ............................ 
70 ...... .............. 
75 ...... .............. 
Mu) ............................ 
n5 ............................. 
Dcl ............................ 

-ino 
.. 

t , # 

Xi 3Ii 
20 10 
10 35 
15 20 
12 31 
10 20 
x 5u 
7 40 a 55 
li I I  

R 34 
5 0 4  
4 39 
4 17 
3 68 
3 42 
3 2 7  
3 14 

I 52 

2 42 
2 :w 
2 2n 
2 I X  
2 12 
2 05 
2 m  
I 55 
I 4u 
1 45 

1 41 
1 3 3  
1 2 4  
1 10 
1 13 
I ox 
1 I n  

11 54 
0 51 

0 47 
0 :{I) 
I1 XI 
0 2.5 
0 %I1 
I) 1.1 
(1 10 
0 04 
0 on 

? n2 

n rfi ) 

0" 

I .. 
:is 15 
2.5 12 

12 (u 

x 38 
7 31 

6 67 

5 2 2  
4 52 
4 2 0  
4 07 
3 40 
3 34 
3 10 

2 45 

2 36 
2 27 
2 2 0  
2 13 
2 0 7  
2 0 0  
1 55 
I 50 
1 45 
I 41 

1 37 
1 2 8  
1 22 
1 10 
1 10 
1 0 5  
l o o  
0 M 
0 A2 
II 49 

0 '15 
0 :i7 
I1 ; 11  
0 24 
0 111 
II 14 o w  
0 Iw 

in 51 
14 40 

10 n5 

n 3u 

3 07 
f 65 

o w  

Tompcmlurc. rentiprndo . 

+ in0 
_ _  . . #t  

:I4 0 

1x 11 
14 15 
I1 37 
8 4 4  u r n  
7 16 
0 2 5  
6 44 

4 4 2  
4 18 
3 58 
3 4 1  
3 2 0  
3 12 
3 0 0  
2 49 
2 30 

2.i in 

5 i n  

2 30 
2 2 2  
2 16 

2 02 
I N  
1 51 
I 40 
1 41 
1 37 

2 ox 

1 33 
I 2 0  
1 1u 
1 13 
1 0 7  
1 02 
0 rl!4 
0 54 

1) 47 
n ra 

I .. 
:i2 M) 
23 2x 
17 34 
13 40 
1 I 13 
0 2 4  
M I N  
7 0 0  

G 32 

4 59 
4 32 
4 10 
3 6 0  
a 33 
3 10 

2 5 4  
2 43 
2 x 3  

2 25 
2 17 
2 10 
2 a 
1 5x 
I 62 
1 47 
I 42 
1 37 
I 33 

1 30 
1 23 
I 16 

1 0 4  
1 00 
I1 M 
0 62 
0 4x 
I1 45 

0 .I I 
I1 :is 
0 26 
0 22 
(1 17 
0 12 
0 0 0  

0 00 

a 12 

3 os 

I i n  

n 04 

....... - 

. .  

+3n0 
-- 
, I ,  

31 45 
22 42 
I(i  59 
13 IS 
10 50 
0 05 
7 47 

5 GO 
5 21 

4 40 
4 '23 
4 01 
3 42 
3 2R 
3 12 
2 50 
2 48 

n 40 

f 37 
I 2x 

2 20 
2 12 
2 M i  
1 59 
I 54 
1 4s 
1 43 

1 34 
1 30 

I :in 

1 2 4  
I 18 
1 13 
I on 
I n2 n GS 
0 54 o w  
0 40 
I) 44 

11 d o  
0 :ci 
0 27 
0 21 
0 17 
0 12 

I) 00 

u on 
n 04 

.. __ 

. . 

-I 400 

30 45 

12 ra 
i n  RO 

I #I 

22 00 
10 '20 

x 48 
7 32 
(I 33 

5 11 

4 36 
4 11 
3 53 
3 35 
3 18 
3 0 0  
2 6 3  
2 42 
2 32 
2 23 

2 15 

2 02 
I G5 
1 5 0  
1 4 4  
1 30 
1 35 
1 31 

1 2 3  
1 17 
1 11 
1 05 
l o o  
0 62 
0 4u 
0 45 
0 42 

0 38 
0 :v2 
0 2n 
0 20 
0 10 
0 12 
0 0s 
O M  

[I 4n 

2 nn 

i n  

o m  

n no 

..... 

+YJ" 
-- 

# # I  

2 9 M )  

15 67 
12 30 

x ?I 
7 IW 
O 21 
6 37 
R 01 

4 30 
4 0 0  
3 40 

3 13 
3 0 0  
2 47 
2 37 

2 10 

2 11 
2 0 4  
1 5H 
1 61 
1 4 0  
1 41 
1 30 
1 32 
1 2 5  
1 24 

1 21 
1 15 
1 0 0  
1 0 3  
0 6U 
0 54 

0 47 
0 43 
0 41 

0 37 
0 31 
0 %  o m  
0 115 

0 0 8  o w  
0 0 0  

21 m 

i n  1 1  

3 2n 

2 n  

o m  

n 11 

.... 
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DETERMINATION OF THE MAGNETIC DECLINATION. 

Whon tho magnetic declination is to bo dotermined with an ordinary 
compass or the needle of a surveyor’s transit, care should be taken to 
have the instrumont in good adjustment and readings should be taken 
on both ends of the ncedlo so as to  eliminate outstanding error of 
eccentricity, whether due to the ivot not exactly over tho 
center of tho graduated circle, to t c needlo ent, or to tho linc 
of sight not passing through tho zoro circlo. Points 

%eep sightn.-See that the aro vertical by pointing on n plumb 

Nee&.-A sluggish or irregular motion may 1 ) ~  diio to a damaged 

B&me 07 nedle.-Tho balancin weight should be shiftcd if 

LeveL-Tho bubblo should be adjustod to remain in thc cciitor 
throughout an cntiro revolution of tho instrument. 

Knaves and other iron or stecl objects should bo removed from tho 
person of the observer. 

Observations should bo mado on several days if possible. Tho best 
time of day for observing is ordinarily toward tho evoning, about 
5 or 6 o’clock, us the declination a t  that timo is nenrits moan value 
for the day and is nearly stationary. The mean vtilue of declination 
also occurs between 10 and 11 a. m. usually, but tho chango n t  that 
time is rapid. Observations mudu u t  other times of tho day may bo 
corrected approximately for diurnal variation by incans of the tablo 
on age lG. 

$he obsorvatioiis on tiiiy olio duy should cover IL period of half an 
hour (proforably morc), with readings tit intervals .of 5 or 10 minutos. 
Tho time should bo rccorded for each set of roi~diiigs, togrtlic~ with 
the datc, weather, rtnd tho ltind of time the obwrver’s watch was 
keeping. 

It is im ortant that tho surveyor should know tho constunt cor- 
rection of !us instrument, which may amount to 15 minutrs or oven 
more. This can bo dctcrminod by observing with it at one of the 
magnetic stations established by this bureau. The differencc bu- 
tweon tho declination for such a station furnished by this office and 
the value detormined with the fiurveyor’s compass ropresonts tho 
corroction which must bo applied to results with the latter. 

0 

re uiring attention are: 

line or tho vertical edgo of a is uilding. 

necessary, so that tho necdlo will bo a orizontal. 

jewol a dull ivot, or loss of magnetism. 
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