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INTRODUCTION 

The magnetic work of the United States Coast and Geodetic Sur- 
vey, begun 88 one of the essential parts of the preparation of nautical 
charts of the coastal waters, has been extended to cover the interior 
of the country to meet the needs of the land surveyor. Nearly all 
of the early land surveys in the United States were made by compass 
and the boundaries in the deeds were defined by compass bearip s, 

!he retracing of the lines of old compass surveys) tho compass is st 4 and in many localities and for certain kinds of surveying (especi 

111 use. 
The compass does not, in general, point true nbrth nor is its direc- 

tion at any place constant, hence knowledge of the compass variation 
(magnetic declination) and ita changes is required by those who make 
use of the compass. The object of this publication is to supply that 
information for the United States. The distribution of the magnetic 
declination and its annual rete of change for the beginning of 1926 
rue shown vaph+&y on an isogonio chart. The change of declina- 
tion with tune, smce 1760 or the date of the earliest observations, is 
given in tabular form for l a m  distributed over the whole country 

show the manner in which the direction of the compass needle changes 
in the come  of the day. Methods of determining the true meridan 
are explained, 80 that the surveyor ma determine the magnetic 
declination for,himself at laces where t z ere is no meridian h e  or 
other true beam 

following notation will be adhered to in thia publication: 

ab intervals of 2 O  of latitu a e or longitude. Tables are also given to 

As there is muc T confueion in the use of the word “variation,” the 

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

availab P e. 

Hagn.dic declination is the an le between the true north and the 

1 



2 U. S. COAST AND GEODETIC SURVEY 

pasu needle obts east or west of true north. It is often called 

Secular change of the magnetic declination is the change with time 
extendin over a Ion period of years. 

Diurnal curiation is the chan e in declination in the c o m e  of a 
day. While this chan e is usu J y not taken into account in compass 

example. If a line a mile long was run about 8 o’clock in the morning 
and again about 2 o’clock in the afternoon, using the same starting 
point and the same compass bearing in each case, the terminal oints 
of the two lines might be 20 feet or more apart because of the c t ange 
in the direction of the compass needle durmg the day. 

The secular change of doclination appears to be periodic in char- 
acter; a t  least it does not go on indefinitely in one direction. Even- 
tually a turning oint is reached and a change in the op osite direction 

In the United 
Etates we have record of one turning point, as shown in the secular 
change tables, and a t  some stations, for which there is a long series 
of observations, there are indications of a second. The rate of change 
is quite irregular, so that we can not predict much in advance what 
the change will be. On this account secular change tables must be 
revised and brought up to date 8s now information becomes available. 
It is the racticc of this bureau to issue a new isogonic chnrt and new 

repeated a t  approximately five-year interva s a t  selected stations 
scattered over the whole count to provide the data necessary for 

No. 90, issued in 1922, containing the isogonic chart for 1920 and the 
tables giving the secular change to January 1, 1920, is superseded by 
the present publication. 

OTHER PUBLICATIONS ON TERRESTRIAL MAGNETISM 

The Coast and Geodetic Survey has issued numerous publications 
containing the results of its work rn terrestrial magnetism and general 
information on the subject. The following are of especial interest 
to surveyors and others having occasion to use the compass or the 
results of compass surveys. 

The Earth’s Magnetism, issued in 1925, contains a historical sketch 
of the develo ment of our knowledge of this phenomenon, a general 
description o P the mothods and instruments used for measu~vlg the 
earth’s magnetism, and a statement of the extent at that t h e  of the 
accumulated data. The theories which have been advanced to 
account for the earth’s magnetism are outlined, and ita relations to 
other phenomena are touched on. 

Untted States Hqnetic Tables and Magnetic &rts.-The publi- 
cations of this series, issued a t  intervals of about 10 years, contain 
the collected results of magnetic observations made by this bureau 
in the United States, to ether with corresponding reduced values for 

a n 8  charts showing the lines of equal magnetic declination, dip, 
horizontal intensity, vertical intensity, and total intensity for the 

“variation o P the compass” or simply “variation.” 

surveys, its effect may B e considerable, as will be seen from a concrete 

A n n d  change is t % e amount of secular change in ono year. 

sets in. Severa Y centuries are required for its full a evelopment, a 
eriod longer than is covered by reliable observations. 

Y secular c g ange tables every five years. Ma etic observations aro 

bringing the secular change tab 7 es up to date. Special Publication 

a s ecified date (dip an % horizontal intensity as well as declination), 
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specified date. Special Publication No. 44 for 1915, the latest 
publication of this series, is now out of print, but one for 1925 is in 
pre aration. 

&su.Zts of magnetic observations made by tb Coast and Geodetic 
Survey for  the years 1316 to 1926, inclusive (Special publications 
Nos. 42, 51, 55, 64, 72, 87, 94, 102, 116, nnd 124), contain for each 
calendar year the results of observations made during the year, 
together with descriptions of the stations occupied, and occasionally 
the results of special investigations. 

Magnetic declination in Arkansas, F'loridu, North Carolina, Xis- 
sou& (Serial Nos. 237, 262, 303, 323).-Separate publications on the 
magnetic declination have been issued for these four States. Besides 
the values of declination they contain descriptions of the stations, an 
isogonic chart of the State, and a secular change table for each county. 
Similar ublications for California, Nevada, and Texas are in preparn- 
tion a d o t h e r s  will follow. 

AVAILABLE DATA 

For the construction of the isogonic chart values of the magnetic 
declination a t  over 5,000 places m the United States and a t  many 
places in Canada, Mexico, and the West Indies were available. For 
the extension of the isogonic lines over adjacent waters use has been 
made of the results obtainod on the vessels of this bureau and on tho 
Carnegie of the De artment of Terrestrial Magnetism of the Came io 

1925, issued by the United States Hy$rographic Office. 
In the prosecution of the magnetic survey of the United States 

observations have boen made by this bureau a t  nearly every county 
seat and a t  many other places. At most of tho stations a stone or 
other durablo marker was plated and the true bearings of several 

rominent objects wero determmod, so that they m~ ht  be available 

or the objects have disappear0 d in many cases or the station has for 
othor reasons ceased to be available for further use. Through the 
cooperation of local surveyors reports on tho presont condition of 
many of the stations have been received, indicating that about half 
of them are still in good condition. Descriptions of the stations in 
any locality can be obtained from this office by anyone desiring to 
make use of them. 

In addition to the work of this bureau use has been made of results 
of recognized accuracy obtained b others in this country, Canada, 
Mexico, Central America, and the b e s t  Indies. Most of the results 
in Canada are contained in two publications, namely, Magnetic 
Results in Western Canada (Bulletin 52, Topographic Survey of 
Canada, 1924) and Magnetic Results 1907 to 1920, by C. A. French 
(Publications of the Dominion Observator , Vol. V, No. 6 ) .  The 

furnished in manuscript by the two burortus issuing them have beon 
of great assistance in fixing the position and direction of the lines of 
equal annual change of declination along our northern border. The 
Work of the De artment of Terrestrial Magnetism of the Carne io 

west Indies has been of groat value in extending the isogonic lines 
and linea of equal annual change in that direction. 

Institution of Waskgton,  also of the isogonic chart of tho world f or 

For future use. With changin local conditions eit % er the marlter 

secular change data contained in these pub r- ications and later results 

Institution of #ashington in Mexico, Central America, and t % o 
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(CONSTRUCTION OF ISOGONIC-_CHART’ 

It is eustomary to represent graphically the results of a magnetic 
survey by means of isomagnetic charts; that is, maps on which lines 
are drawn through places where the values of a particular magnetic 
element are the same. In the case of the magnetic declination, the 
map showing the lines of equal magnetic declination is called an 
isogonic chart. As the declination is changing from year to year, 
an isogonic chart is made for a selected epoch-in this case January 1, 
1925-and all of the observed values of declination must be reduced 
to that epoch before the can be used in the construction of the chart. 

a t  intervals of about fivo years a t  “repeat” stations scattored over 
the whole countr . The reduced values are plotted on a map and 
the lines of equarmagnetic declination are then drawn to conform 
as closely as may be to the plotted values. Because of the prevalence 
of local disturbance and tho consequent irregular distribution of 
the earth’s magnetism this process generally becomes more and more 
difEcult as the number of stations in a given area increases, and in 
greatly disturbed regions the sinuosities of the linos must be taken 
as an indication of disturbance rather bhan as an accurate representa- 
tion of the observations. In some regions i t  is inadvisable to attempt 
to represent the large local disturbances by continuous lines, but a 
disturbed area of limited extent may be indicated by a small closed 
curve, and isolated abnormal values can best be given on the chart. 

For an area as large as the United States it is usual to draw the 
isogonic lines only a t  intervals of lo. In general, there are very few 
values which are exactly the amount selected for a particular line- 
for example, there are very few stations a t  which the reduced decli- 
nation is exactly’6’ east-so that the location of tho line must de end 
largely u on interpolation between values a little larger and a Ettle 

that a particular line should be drawn so that all greater potted 
values will fall on one side and all smaller values on tho other. This 
practice can be followed where the distribution is re ular or nearly 

little consideration will show that this method will not give the best 
representation of all the data. The aim should be to draw the lines 
in such a way that the average difference between the plotted values 
and corresponding values derived by interpolation between the lines 
will be a minimum, since the isogonic chart is designed, primarily, 
to afford means for estimating the value of the declination at any 
place where observations have not been made. 

The method outlined above has been followed in preparing the 
isogonic chart for 1925. The secular change tables were brought 
up to date with the aid of the observations a t  repeat stations durm 
the past five years, and the earlier portions of the tables were modifie 
somewhat as a result of a now discussion of the older data. 

The tables for making t E is reduction are based on observations made 

P smaller t T: an the solected amount. At first sight it would a pear 

so, but where there is local disturbance-the usua 7 condition-a 

2 
LINES OF EQUAL ANNUAL CHANGE 

In order that the isogonic chart may be used to obtain values of 
declination for years subsequent to 1925, the rate of change of 
declination has been shown by meam of lines of equal annual change 
the blue lines. These we based, primarily, on the average annud 
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change between 1920 and 1925, but they re resent the best estimate 

observations are made it d b e  possible to derive improved values 
j.;. In the extreme southern part of the United States the north e id  
of the compass needle is movin eastward and east declination is 

of the needle is movin to the westward; where the declination is 

of the change after 1925 a t  resent availab P e.  As additional repeat 

increasing. North of the line o f no annual change the north end 

west it is increasing an % where it is east it  is decreasing. 

ACCURACY OF ISOGONIC CHART 

From what has been said regarding the construction of the isogonic 
chart it will be seen that a close representation of the observed values 
is possible only when they are few in number or in a region free from 
local disturbance. Under ordinary conditions the position of the lines 
can be modified considerably without changing the accuracy of 
representation of the plotted values. The stations are so close 
together that it is not feasible to show the actual values on the chart 
but the lar or disturbances are indicated by plotting the isolated 

same place. There are a considerable number of values not shown 
which differ by nearly that amount, and a difference of half a degree 
is not infre uent, even where the isogonic lines do not appear very 
irregular. 1 s  an illustration of what may be expected, for 11 sta- 
tions in southeastern Kansas east of longitude 96' and between 
latitudes 37' and 38' the differences between observed and chart 
values are 0.2, 0.6, 0.1, 0.1, 0.6, 0.4, 0.4, 0.2, 0.3, 0.2, 0.3. Farther 
south the differences are smaller on the average, and farther north 
they are larger. In goneral, it may be said that the declination at  a 
place where observations have not been made may differ from the 
chart value for that place by as much as any observed value in that 
general region differs. 

values whic % differ by more than 1' from the chart value for the 

DERIVATION OF SECULAR CHANGE TABLES 

While it is probable that the secular change of declination is affected 
somewhat by local conditions-for example, by the presence of local 
disturbanc-ur observational data are not as yet sufliciently exten- 
sive or detailed to permit more than an approximate representation 
of average conditions. There are ver few stations in the United 

not been possible, as a rule, to make later observations at  the exact 
spot a t  which the early observations were made. Even in recent 
years, when magnetic stations have been selected with particular 
reference to them future availability, it often happens that the 
observer finds a station no longer suitable for use when he goes to 
reoccupy it after the lapse of 5 or 10 years. 

From the observations made by early navigators it has been 
possible to et a general idea of the declination along the Atlantic 

For the interior of the country t e results as early as the t settle- 
ments are very few in number. The secular change tables for any 
place have been extended back as far as the date of the earliest 
observations in that general locality. 

States for which we have accurate res LJ ts as early as. 1850, and it has 

% f?L coast as ea ry  f as 1700 and alon the Pacific coast as oar1 as 1780. 
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with comparative uniformity in passing across the country, and t IS has 
been the fundamental idea in denvmg a homogeneous set of tables 
from more or less heterogeneous data. The results a t  all the re eat 

representing approximately the average secular change for that 
regio,n. This table was compared with similar tables for adjoining 
regions, and a general smoothing out of inconsistencies was made. 
From these tables other similar tables were derived by interpolation 
for the greater number of places for which it was intended to publish 
secular change tables. For a final smoothing out the values of the 
change for each decade were plotted on a base map of the United 
States and lines of equal annual change drawn to conform closely 
to the plotted values. Corrected values of the change for the decade 
were then scaled from the ma and corrccted tables were prepared. 

of latitude and longitude, more than twice as many as were given in 
Special Publication No. 90. It is believed that tho arrangement by 
latitude and longitude will be found much more convenient than the 
one by States formerly in use. The values of declination for 1925 
were scaled from the isogonic chart, and the values for earlier years 
were then computed by applying the change for each 5 or 10 year 
interval derived from the auxiliary maps referred to in the last 
paragraph . 

Each table shows the change of declination a t  any place in the 
immediate vicinity of the specified latitude and longitudo. For 
other places a somewhat better result may be obtained by interpo- 
lating between adjoining tables, as explained below. The change is 
given for 10- ear intervals up to 1900 and for 5-year intervals since 

assumed as uniform for the interval between the tabu 
though such is not the case, as will be seen by referring to the fo-low- 
ing table showing the change of declination from year to year at mag- 
netic observatories, where a continuous record is kept. 

The general features of the secular change appear to v 

stations in a limited region were combined to obtain a table of va P ues 

On the succeeding pages wi 8 be found tables for every even degreo 

that time. $'or all practical purposes the annual chan 

Change of declination at observatories 
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Jan. 19 t o  Feb. 24=0.1 
Fcb. 25 t o  A r. 1=0.2 
A r. 2 to d a y  a=o.3 
&y 9 t o  June 13=0.4 
June 14 t o  July 20=0.5 

July 21 to Aug. 25=0.6 
Aug. 26 t o  Oct. 1=0.7 
Oct. 2 t o  NOV. 7=0.S 
Nov. 8 t o  Dec. 13=0.9 
Dec. 14 t o  Deo. 31=1.0 
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tude 82' and latitude 32' 48' the amount of change would be 3O 24' 
(found by interpolating between 3' 18' and 3' 32'); hence at Millen 
the north end of the compass needle pointed 3' 24' more to the east 
in 1778 than in 1916. 

2. The magnetic declination at Zanesville, Ohio, was 1' 19' W. on 
Se tember 15, 1904. 

Eanesville is approximately in longitude 82O and latitude 40'. 
From the table for that position are derived the values 3' 06' E. for 
January 1, 1810, and 1' 17' W. for September 15, 1904, a change of 
4' 23'. Consequently, the north end of the needle pointed 4' 23' 
more to the east in 1810 than it did in 1904, and the dochation in 

3. A four-sided piece of land in western Kentucky in longitude 8 8 O  
and latitude 37' was surveyed in June, 1842, and the bearin s recorded 

W. What bearings should be used to retrace tho lines in March, 
19271 

From the tables for longitude 88' and latitudes 36' and 38' are 
derived the values 6' 59' E. for 1842 and 3' 39' E. for 1927, using the 
annual change in 1925 to find the change from January, 1925, to 
March, 1927. East declination, therefore, will have decreased 3O 20' 
in the interval, and the bearings must be changed by the same 
amount, increasing those in the northeast and southwest quadrants 
and decreasing those in the northwest and southeast quadrants. The 
bearings to be used aro, therefore, N. 16O 55' W., N. 78' 50' E., 
S. 15' 25' E., and S. 81' 20' W. 

4. For continued work in a be found conven- 
ient to compute a table for the 
so that further interpolation 
avoided. If, for example, a 
42' 25' wasdesired, the tables for longitude 94' and latitudes 42' 
and 44' would first be combined to longitude 94O and 
latitude 42' 25'; then the tables 96' and latitudes 
42' and 44' would be combined to longitude 96' and 
latitude 42' 25'; then these two auxiliary tables would be combined 
to get the desired table, 

What was it on January 1, 18101 

1810 was 3' 04' E. (4' 23'- 1' 19'). 

as follows: N. 20' 15' W., N. 75' 30' E., S. 18' 45' E., an d! S. 78' 00' 
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Secular change of the magnetic declinutwn in the United Sldss 
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6 31 
7 01 
7 40 

8 21 
9 0 2  
0 41 

10 28 
10 M 

11 28 
11 47 
12 16 
12 46 
13 06 
13 30- 

128 

1 13 
0 6 2  
026E 

O W Y  

1 %  

610 inor. 

14 19 
14 36 
16 05 
16 33 
16 61 
16 16W 

0 

70 
46 

3 Cn 
3 24 
3 42 
3 68 
4 12 
4 B Y  

~ 

0 

70 
48 

L!7 lucr. 

Mahe 1 Canada 

6!0 Inor. 

-- 
0 1  I . ,  

l!i hcr. a!4 incr. I 
46 

1% -I- Inor. 1!5 inor. 

I- - 
Atsea c;lEF I -- 
O f  I 0 1  

5:o incr. 618 Inor. I 
36 a8 

0 1  1 . 1  

6 0 0  
6 16 
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Secular change of the magnetic declination i n  the United States-Continued 
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Latitude-- 
-- 
Stnto.-.--. 

- - 
0 

78 
30 

0 

76 
40 

Pennsyl~ 
vanin 

- 
0 

78 
44 

1800 _ _ _ _ _ _ _  
1870 _ _ _ _ _ _ _  
1880 _ _ _ _ _ _ _  
1880 _ - _ _ _ _ _  

- 
0 

76 
42 
- 
'ennsyl- 
vnnia 

3 42 
4 22 
6 03 
6 30 

-- 
0 

70 
44 

1760 .-..... 
1760 _____.. 
I770 .______ 
1780 _._____ 
17W _ _ _ _ _ _ _  

0 

78 
42 

3 S 3 E  
4 20 
4 47 
5 08 
6 24 

0 

78 
40 

IS00 _ _ _ _ _ _ _  
1810 _ _ _ _ _ _ _  
1830 _ _ _ _ _ _ _  
1840.....-- 

iam _ _ _ _ _ _ _  

0 

78 
38 

5 31 
G 30 

5 05 
4 44 

5 22 

0 

78 
34 

law _ _ _ _ _ _ _  
lRB0 .-----. 
1870 _ _ _ _ _ _ _  
1880....... 
1890 _._.___ 

4 15 
3 43 
3 OR 
2 33 
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North 
hrolina 

loo0 ___..__ 
1905 _____._ 
1910 --__.._ 
1916 ....... 
1820.. _ _ _ _  
1826 .___.__ 

North 
ko l lnn  
- 

0 ,  

0 12H 
0 24E 
0 67 
1 2 3  
1 42 

1 62 
1 6 3  
1 45 
I 2 7  
1 0 1  

0 29E 
0 OB\\ 
0 40 
1 24 
200 

2 35 
2 51 
3 08 
3 24 
3 37 
3 mi1 

1 32 
1 25 
1 20 
1 2 0  
1 22 
1 25E 

'enns yl, 
vnnla 
- 

0 ,  

2 321' 
1 6 1  
1 13 
0 41 
0 19 

0 07 
0 05 
0 13 
0 31 
0 69 

1 32 
2 0 8  
2 48 
3 29 
4 0 0  

4 44 
5 03 
6 2 3  
6 44 
000  
0 20V - 

4!0 Incr. 
- - 

Fa 
38 

'onnsyl- 
vnnln 

New 
Y ork 

0 ,  

703w 
020  
6 39 
5 05 
4 43 

4 31 
4 31 
4 44 
5 0 8  
6 41 

0 I8 
0 67 
7 37 
8 28 
9 01 

9 38 
0.54 

10 23 
10 M) 
11 10 
11 3 6 R  

Canadn 

0 1  

6 2 2 W  
4 37 

3 18 
2 61 

2 3 5  

2Ea 

a M  

2 ai  
2 ae 
a 2 8  

4 ae 
4 0 2  

6 1 9  
6 11 
6 M )  

7 29 
7 46 
8 11 
8 36 
8 6 6  
9 2 0 w  

Vlrglnln 

0 ,  

1 3 0 N  
0 67 
0 22R 
O N E  
028 

0 37 
0 39 
0 31 
0 1 3 E  
0 1 4 N  

0 47 
1 2 3  
2 0 3  
2 43 

3 56 
4 13 
4 32 
4 m  
6 0 3  
6 20R 

3 19. 

0 ,  

3 20u 
2 43 
2 01 

103 

O M )  
0 47 
0 65 
1 14 
1 43 

2 16 
263 
3 33 
4 20 
4 s  

6 80 
664 
0 17 
0 40 
0 67 
7 20P 

i n  

0 ,  

6 31M 
4 49 
4 11 
3 30 
3 19 

3 0 0  
3 10 
3 22 
3 45 
4 17 

46.4 
6 32 
0 12 

7 a o  

8 07 
8 20 
8 62 
9 I8 
9 30 

10 oou 

a 67 

- 
,I9 Incr. 
_- - 

0 

80 
28 
- 
At 808 

0 ,  

0 48 E 
1 2 2  
1 5.3 
2 18 
2 35 

243 
2 43 
2 3 t  
2 17 
1 62 

120  
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O W E  
03ow 
1 0 0  

1 40 
1 . 5 4  
2 11 
2 24 
2 35 
2 4 5 w  

A n n u a l  
cltnngo 
In 19"5-.. 414 incr. ! lo  incr. 

__ 

80 
34 

313 incr. 
.- _- 

80 
30 

t !0  incr. 
- - 

80 
40 
- 
Ponn- 

iylvmle - 
0 1  

1 4 2 V  
100 o m v  
0 1 3 1  
0 9 8  

0 5 6  
101 
068 
0 41 
0 1 7 1  

0 13V 
0 48 
1 2 7  
208 
248 

3 2 5  
3 4 2  
4 0 0  
4 18 
4 32 
4 WT - 

317 hcr. - 

6!0 incr. 

80 
42 

610 incr. 
.____ 

0 

80 
30 

At sen 

2!0 incr. 

80 
32 

At sen 

- -. 

South 
hrollnc 

North 
Carolina Virginio 

-- 
0 ,  

028V 
0 12E 
0 40 
1 2 0  
1 44 

1 60 
204 
169 
1 4 5  
1 2 2  

0 53 
0 I O I !  
0 1 9 1  
0 69 
1 37 

2 13 
2 2 8  
2 4 4  
2 6 8  
3 11 
3 251 

Psnn- 
sylvnnln Stnto ...-.- At ma 

I o 1  0 ,  

3 1 1 E  
3 42 
4 10 
4 2 4  
4 <5€l 

4 50 
4 59 
4G3 
4 37 
4 10 

3 4R 
3 10 
2 40 
2 0 4  
1 32 

1 02 
0 53 
0 47 
0 44 
044 
0 45 E 

0 1  

2 4 2 E  
3 14 
3 44 
4 0 0  

4 37 
4 3 8  
4 3 3  
4 18 
3 6 6  

3 2 8  
2 65 
2 18 
1 41 
1 0 9  

038 

0 10 
0 14 
0 12 
0 10E 

4 2 7  

om 

0 ,  

202E 
230 
308 
33.5 
3 5 4  

4 05 
4 07 
4 02 
3 4 8  
3 2 8  

258 
2 25 
1 47 
1 0 0  
034 

OOZE 
0 08 I\ 
0 18 
0 25 
030 
035u 

0 ,  

1 3 2 E  
208 
242 
3 10 
3 3 0  

3 42 
3 45 
3 40 

3 0 4  

23.5 
2 02 
1 2 4  
0 45 
OOOE 

024v 
038 
0 49 
0 59 
107 
1 1 6 T  

3 2 0  

- 
I16 hm. - 

0 ,  

020E 
Om 
1 3 3  
2 03 
225 

2 39 
2 43 
238  
224 
2 01 

1 32 
O b 8  
0 19E 
0 21 u 
O b 8  

1 32 
1 47 
2 01 
2 14 
2 2 4  
2 35P 

0 1  

2 1 3 W  
123 
0 40 
0 11 w 
0 1 7 E  

0 %  
0 42 
0 %  
O!UE 
0 0 2 w  

1 07 
140 

8 la 

4 0 8  
4 27 
4 47 
6 0 3  
6 W W  

o a2 

2 a2 

a 61 

A n n u a l  
chnngo  
In 1025 ... 016 lncr. l!l Incr. 110 Incr. 212 incr. 4I4 Incr. 0:4 dom. 
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Secular change of the magnetic declination in the United Stales-Continued 
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Longltudo. 
Latitude-. -- 
atate - _ _  - -. 
-- 
1760 _ _ _ _ _ _ _  
17W------- 
1770 ..--... 
1780 _ _ _ _ _ _ _  
1780 ______. 
lsoo ____-_. 
1810 ____-_. 
1820...--.. 
1830....-.. 
1840....... 

- 
0 

a2 
32 

0 

80 
44 

Canada 

0 ,  

3 M U  
3 05 
2 21 
1 46 
1 14 

0 M 
0 46 
0 49 
105 
131 

- 
0 

82 
2a 

0 ,  

0 07 E 
0 47 1x 
1 59 
220 

- - 
0 

82 
28 

__.- 

e ,  _ _ _ _ _ _ _ _ _  
.___. .__ _-  
._._..____ 
...__._.__ 

2 3 7 E  

= 
0 

82 
30 

163 
121 
0 44 
O W E  
03Ow 

- - 
0 

82 
34 - 

&uth 
hrolinn - 

0 ,  

2 13E 
260 
3 25 
350 
4 10 

435 
4 42 
4 40 
430 
4 10 

3 44 
3 13 
230  
150 
1 18 

0 46 
034 
0 20 

0 1G 
0 10E 

o m  

- 
l!l doer - - 

0 

2 

a o o  
134 
0 67 
O 1 0 E  
0 2 5 w  

1 10 
1 24 
1 3 0  
1 47 
167 
2 10 w 

102 
1 18 
1 3 2  
1 47 
158 
2 1 5 w  

A n n u a l  
ohengo 
in 1826--- 6!0 incr. 2!0 incr. 3!4 incr. 

s"z 1 8"2 
38 40 

l- 
Florlda 
- 

0 ,  

3 47 E 
428 
4 5 8  
622 
6 41 

6 61 
5 53 
6 49 
6 37 
5 19 

4 63 
422 
3 48 
3 13 
242 

2 16 
2 10 
2 10 
2 14 
2 19 
2261 - 

111 incr. - - 
82 
44 

Florida 
- 

0 ,  

3 23 E 
3 66 
4.20 
4 62 
6 12 

6 24 
5 27 
6 26 
6 14 
468 

4 31 
400 
3 20 
260 
2 17 

1 48 
1 42 
l a 9  
1 39 
142 
14GE 

North 
:nrollna 
-_ 

0 ,  

112E 
1 61 
228 
300 
325 

3 43 
360 
3 48 
3 37 
3 17 

2 61 
2 19 
1 42 
1 02 
O P E  

0 11 Y 
024 
034 
0 43 
0 61 
1 0 0 T  - 

1!8 Incr 
- - 

a4 
36 - 

Tonnos. 
6eo - 

0 1  

1111 
1 50 
2 w  
302 
3 20 

3 40 
3 69 
400 
3 63 
3 30 

3 12 
2 42 
207 
121 
0 40 

0 14 
0 0 4 1  
0 021 
009 
0 13 
0 201 

Florida 

0 ,  

3 13E 
3 40 
4 18 
440 
5 07 

620 
6 26 
5 2 4  
6 14 
4 m  

430 
3 69 
324 
2 47 
2 11 

141 
1 3 4  
130 
128 
120 
1 30E - 

0!1 hcr. 
-- 

84 
30 

Oeorgia 

0 1  

234E 
309 
3 42 
4 12 
434 

4 49 
4 60 
4 64 
4 44 
4 25 

400 
329 
253 
2 16 
138 

107 
0 69 
O h 3  
0 49 
0 48 
0 46 E 

2 46 2 67 

2 b1 3 05 
240 1 264 2 2 0  233 

263 I 300 

)IO incr. - _- 
82 
40 

1!6 docr. - -- 
84 
32 

- - 
0 

84 
40 

84 
38 

Canadu 
- 

0 ,  

Ooorgin 

- 
0 ,  

2333 
3 10 
3 40 

4 40 

6 05 
G 15 
6 10 
608 
463 

430 
400 
320 
2 40 
208 

1 3 6  
1 27 
122 
1 19 
1 19 
116E 

4 zn 

- 
0% dew - 

Kon- 
tucky 

0 ,  

Qoorgiu 

0 ,  

304E 
3 40 
4 1.5 
'I 47 
6 12 

630 
6 40 
6 41 
6a.5 

458 
4 28 
365 
3 10 
2 37 

2 07 
2 01 
1 69 
1 69 
2 01 
2 0 0 E  

6.20 

0:o 

Florida 

0 ,  

3 42 E 
4 10 
4 49 

6 44 

(100 
0 10 
0 12 
0 0 8  
6 62 

6 0 2  
4ao 
8 52 
3 16 

2 47 
2 42 
2 42 
2 44 
2 47 
2 W E  

620 

G ai 

- 
OiO ha. 

.__-_-- - 

._-_- _ - -  
0 41 V 
0 27 
0 25 
0 37 
100 

1 27 
1 60 
2 30 
328 
4 12 

460 
605 
625 
6 40 
003 
0 3ov - 

s:4 inm. 

.--__ _-_. 

4 2 8 3  
4 30 
4 41 
4 84 
4 17 

363 
3 23 

2 w  
1 20 

0 6 3  
0 42 
0 33 
025 
0 17 
O W E  

2 4n 

.._._ _ _ -  
4 03E 
4 16 
4 17 
408 
3 61 

3 20 
2 w  
2 21 
1 40 
0 67 

0 22 
O W E  
0 0 2 w  
0 14 
024 
0 (OW 

l(100 _ _ _ _ _ _ _  2 16 
1805....--.. 2 31 
1910 .._____ 2 48 
1916 -...-.. 3 05 
1920......- 3 19 
1826 _ _ _ _ _ _ _  3 40P 

A n n u a l  
change 

1:s inw 2!4 d w .  3:2 inw. 
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Secular change of the magnetic declination in the United States-Continued 
- - 
88 
30 

- - 
88 
38 

Ken- 
tucky 

- 

- 
0 )  

- 
84 
46 

bichlgar: 

0 

88 
.34 

Llabama 

88 
40 

Lndiann Florida 

0 ,  

4 10E 
4 46 
6 20 
6 62 
6 17 

6 37 
6 5 0  
0 65 
6 62 
6 4 2  

6 24 
6 68 
6 2 9  
4 62 
4 13 

3 47 
3 46 
3 49 
3 6 4  
4 0 0  
4 0bE - 

110 incr. 
- - 

88 
30 
- 
Llabami 

0 ,  

3 3 3 E  
4 0 9  
4 46 
6 18 
6 46 

8 0 6  
6 19 
623  
6 20 
6 0 9  

5 5 0  
6 24 
4 6 4  
4 10 
3 36 

3 0 8  
3 0 4  
3 0 0  
3 0 9  
3 13 
3 1 b E  - 

113 Incr. - - 
88 
32 
- 
Jabnmr 

0 ,  

3 34E 
4 13 
4 5 3  
5 2 8  
5 6 8  

0 21 E 
0 34 
6 39 
6 36 
6 2 3  

. 6  03 
6 35 
6 0 4  
4 2 4  
3 42 

3 11 
3 0 4  
3 0 0  
2 67 
2 6 0  
2GOE - 

L!2 decr. 
- - 

88 
38 
- 
Tonnes- 
Em 

0 ,  

2 4 7 E  

4 0 3  
4 37 
5 05 

6 27 
5 40 
6 45 
5 42 
6 30 

6 10 
4 43 
4 12 
3 32 
2 61 

2 21 
2 10 
2 14 
2 15 
2 17 
2 I 6 E  

a 26 

- 
114 decr. 

* 
88 
34 

Uabamn 

_--___- 
6 W E  
6 0 4  
6 W  
6 Ob 
6 62 

6 31 
6 0 3  
4 31 
3 61 
3 0 8  

2 30 
2 2 8  
2 21 
2 16 
2 11 
2 W E  - 

!!I decr. - - 
88 
38 - 

[ndimn 

1800...-... 2 4 8 E  2 2 8 E  
1810 _ _ _ _ _ _ _  3 01 2 41 
1820 _ _ _ _ _ _ _  0 04 2 45 
1830 _ - - _ _ _ _  2 68 2 37 
1840 - _ _ _ _ - _  2 38 2 19 

1850 _ _ _ _ _ _ _  2 13 164 
1880..--... 1 4 3  1 2 4  
1870 _ _ _ _ _ _ _  1 0 7  0 4 8 E  
1880 _ _ _ _ _ _ _  0 22E 0 0 0  
18W - -_ - - - -  onw 045FI 

1800 - _ - _ - - -  0 68 1 2 2  
1805 -...... 1 1 0  1 3 4  
1910 - _ - - - - -  1 2 5  1 50 
1816 _ _ _ - - _ -  1 a8 2 00 
1820 _ - - _ - - -  1 50 2 22 
1825 _ _ _ _ _ _ _  2 1 0 W  2 4 b U  

A n n u a l  change1 I In 1926--- 410 incr. 417 incr. 

Latitude..] Longitude. 1 k 

1-1- 
0 ,  

4 20E 
4 6 8  
6 32 
6 05 
6 32 

664 
7 10 
7 17 
7 18 
7 I1 

6 K7 
6 30 
6 08 
6 33 
4 6 4  

4 3 0  
4 31 
4 38 
4 47 
4 6 4  
6 00E - 

1!2 Incr. - 

0 ,  

4 0 0 E  
4 37 
b 16 
6 49 
6 18 

6 41 
0 67 
7 05 
706  
6 6 8  

6 43 
6 21 
663 
6 17 
4 37 

4 11 
4 10 
4 16 
4 22 
4 27 
4 30E - 

)I6 incr. 

0 )  

4 1 1 E  
4 40 
6 2 8  
6 0 3  
6 33 

0 67 
7 14 
7 22 
7 22 
7 14 

6 6 8  
6 35 
6 0 0  
6 2 8  
4 47 

4 10 
4 16 
4 18 
4 2 3  
4 26 
4 P I E  

0!2 decr, 

A n n u a l  

l!O decr - 
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Secular change of the magnetic declination in  the Utiiled Stales-Continued 

_ _ _ _ _ _ _ _ _  
b 2 2 E  
6 39 
6 40 
6 2 8  

6 11 
4 46 
4 1 4  
3 25 

2 0 0  
1 5 2  
1 42 
1 2 5  
108 
O 4 O E  

2 a7 

7 1 7 E  
7 3 7  
7 47 
7 62 
7 4 7  

7 36 
7.18 
664 
0 21 

6 2 2  
6 2 5  
6 34 
6 IS 
664 
6 0 0 E  

5 44 

-- 

l- 

1860 _ _ _ _ _ _ _ _  
1860 _ _ _ _ _ _ _  
1870 _ _ _ _ _ _ _  
1880 __.____ 
1890 _ _ _ _ _ _ _  
1800.....-. 
le05 _ _ _ _ _ _ _  
1910 _ - _ _ _ _ _  
1916 _-___- -  
1820 _ _ _ _ _ - _  
1925 _ _ _ _ _ _ _  

I o t  

6 03 
6 37 
6 07 
4 27 
3 42 

3 07 
3 01 
2 63 
2 44 
2 33 
2 15 E 

I- 

Wlscon- 
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0 ,  

A n n u a l  
change 
In 1826 ... 218 decr. 

Minno- 
sots 

0 ,  

I 

7 2 0 E  

7 2 0  

7 0 5  
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__-- 
0 

88 
U 

7 1 9 E  

7 2 0  
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O J  

_--__--- .  
6 O7B 
6 19 
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6 26 
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4 10 
3 24 

2 4Q 
2 41 
2 32 
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2 07 
1 4 6 E  

4 11 
4 0 7  
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3 m  
336 
3 1 0 E  

414 decr. 

0 

00 
42 
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4 07 
4 0 4  
3 57 
3 u  
328 
SOOI 
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7 %E 
7 59 
8 14 
8 19 
8 13 

7 6 8  
7 3 6  
7 0 8  
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6 4 4  

5 12 
6 10 
6 0 5  
4 6 8  
4 48 
4 Sol 

6!l decr. 310 docr 
c_ 

617 d e a  
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gm - 
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__--__-. 
6 4 2 E  
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6 67 
5 46 
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2 14 
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1 1 0 E  - 
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- - 
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44 - 
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52.6 
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4 43 
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4 OOE - 
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46 

0 ,  

7 3hE 
7 6 6  
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8 11 
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6 57 
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6 41 
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600E - 

I7 Incr. - - 
92 
30 
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- 

0 ,  
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8 0 0  
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828  
828 

8 21 
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7 45 
7 15 
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7 07 
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5 36 
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O!O 

0 

92 
32 
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7 .%E 
8 17 
8 31 
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8 31 
8 17 
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7 2 4  
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-I- 114 hcr. 0!8 incr. 

0 ,  

7 28E 
7 4Q 
8 01 
8 05 
7 59 

7 46 
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6 15 
6 18 
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119 decr. 
- - 

€2 
34 
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- 
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8 6.5 
864 
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119 decr. 

0 

82 
36 
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0 ,  
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8 45 
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7 2 8  
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0 40 
6 36E 
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Secular change of the magnetic declination in  the United States-Continued 
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I840 _ _ _ _ _ _ _ _  
1850..-..-.. lsso --__---- 
1870 _ _ _ _  _ _ _ _  
1880 _ _ _ _ _ _ _ _  
1880 _ _ _ _ _ _ _ _  

- - 
0 

62 
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l 8 . m  _ _ _ _ _ _ _ _ _ _ _ _ _  
28. m _ _ _ _  ~ _ _ _ _ _ _ _ _  

DIURNAL VARIATION 

etic declination under oes a s stematic change in the 

from the average value for the day, but in tho early morning an 
easterly motion sets in, the extreme easterly position being reached 
about 8 or 9 a. m. This is followed by a westerly motion, the 
extreme westerly position being reached about 1 or 2 p. m. By 6 p. m. 
i t  is back again to the average. The magnitude of this variation 
is indicated in the following tablo, which gives the average diurnal 
variation for a series of years a t  three of the magnetic observatories 
of this bureau. For individual days of ordinary character, tho 
de artures from tho daily mean may be 50 per cent greater than the 

daily range not infrequently amounts to half a degree or more. 
While the diurnal variation can ordinarily be neglected for the 

class of work done with a compass, yet, where m great accuracy as 
possible is sought, i t  should be taken into account. The difference 
in declination between morning and afternoon may easily amount 
to 10 minutes, and an an le of 10 minutes subtends an arc of 15 feet 

for magnetic storms, which may be indicated by an unsteady needle. 
Diurnal variation of declination at magnetic observatories 

[A plus algn indlmta that oost dedinstlon Is groator or w s t  dedlnation isloss than the mean for tho day] 

course The of t e day. During the nig%t it orcfkarily differs very little 

va P ues given in the table and at  tho time of a magnetic storm the 

at a distance of a mile. Fir he surveyor should also be on the lookout 
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I I 

DETERMINATION OF THE TRUE MERIDIAN 

Because of tho irregular distribution of the earth’s ma netism, 
only an approximate value of the magnetio declination can E e given 
for a place at which it has not been determined by observation. 
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When a more accurate value is needed, the true meridian must bo 
determined, as the declination is the angle between the true meridian 
and the magnetic meridian. This may be done by observations of 

the use of a surveyor's transit and two requiring no instrumenta 6; the sun or Polaris. Five methods will be explained-three involvin 

equipment. 
With care the methods involving the use of a surveyor’s transit 

should give the true meridian within 1 minute of arc, the other 
methods within 2 or 3 minutes, an accuracy ample for ordinary 
compass surveys. 

(a)  With a plumb line and peep sight.-I. By observations of 
Polaris a t  elongation. 11. By noting when Polaris and another star 
are in the same vertical plane. 

(a) With a sumeyor’s transit.-111. By observations of Polaris a t  
elongation. V. By 
observations of the sun. 

Detailed tables are given each year in the American Ephemeris 
and Nautical Almanac for uso in determining the true meridian by 
observations of Polaris. From these have been prepared the abridged 
tables which are given in this publication. Many approximations 
have been made, but they giv0 results of sufficient accuracy, so far 
as compass surveys are concerned. Those who can do so are advised 
to use the American Ephemeris for the year of observation, which 
may be obtained from the Superintendent of Documents, Washing- 
ton, D. C., for $1, as the full tables are more convenient to use. 

The position of a star in the celestial sphere is usually given in 
terms of declination (not to be confused with magnetic declination) 
and right ascension, corresponding to latitude and longitude on the 
earth. The poles of the celestial sphere are in the prolon ation of 

celestial sphere whose plane coincides with the plane of the earth’s 
Equator. The declination of a star is its angular distance north or 
south of the celestial equator. Its right ascension is measured along 

ns longitude on the earth is measured east or west from tho meri (lust ian 
the Equator east from a fixed point called the vernal equinox, 

of Greenwich. Because of the relative motion of the star and the 
solar system theso quantities change slowly from year to year, and 
because of the motion of the earth about the sun they go through a 
systematic change in the course of the year. 

As a result of tho rotation of the earth about its axis, Polaris, like 
other stars, appears to move in a circle about the pole of tho heavens. 
I t  is said to be at  culmination when i t  is in the vertical plane defined 
by the observer and the pole (upper culmination when it is above the 
pole) and at  elongation when it reaches its extreme easterly and 
westerly positions with rospect to the pole. A t  culmination its 
ap arent motion is nearly horizontal-from east to west a t  upper 

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

The azimuth of Polaris is the angle a t  the observin station between 

For a short time before and after elongation there is practically no 
chan e in the azimuth of Polaris, and that time is usually selected 

IV. By observations of Polaris a t  any hour. 

the earth’s axis, and the celestial equator is the great circ ti e of the 

c up mination and from west to east a t  lower culmination. At  elonga- 

tion and x ownward at  western elongation. 

the vertical plane through the pole and the one t % rough the star. 

for o % serving it for the purpose of determining the true meridian. 
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I. OBSERVATIONS OF POLARIS AT ELONGATION 

Attach the plumb line to a su port situated 11s far above the 
round as practicable, such as the k b  of a tree or a piece of board 

fastened to a telegraph pole or a building, affording a clear view in 
a north and south direction. 

The lumb bob may consist of any heavy material, a brick or a 
piece o iron or stone weighin 4 or 5 pounds serving to keep the 
plumb line straight and vertic as well as one of turned and finished 
metal. 

Strongly illuminate the plumb line just below its support by a 
flash light or lantern, care being taken to obscure the source of light 
from the view of the observer. 

For a peep sight nail two strips of tin or thin board with straight 
edges to R squared block of wood so that they will stand vertical 
about one-sixteenth of an inch apart when the block rests on a 
horizontal surface. 

Provide a rest for the peep sight at  a convenient height above the 
ground, a t  such a distance south of the plumb line that when viewed 
through the pee -sight Polaris will ap ear about a foot below the 

large enough to allow for sliding the peep sight east or west. The 
position of the rest should be fixed by trial the night preceding that 
set for observations, and it should be firmly secured in the proper 
position. 

About 30 minutes before the time of elongation, as given by Tables 
1 and 2, bring the peep sight into the same line of sight with the 
plumb lino and Polaris. 

The star will move off the plumb line to tho east as it a proaches 

peop sight to the west or east as the case may be, keeping it in line 
with the star and the plumb h e ,  until the star appears stationary 
thus indicating that it has reached elongation. The peep sight w d  
then be secured in place by a clamp or weight and further operations 
will be deferred until da light. 

rod at  a distance of 200 or 300 feet 
from the peep sight and exactly in range with it and tho plumb line; 
carefully measure this distance. 

Find from Table 3 the azimuth of Polaris for the year of obsorva- 
tion and the latitude of the place. 

Find from Tablo 4 tho natural tangent of this angle and mul- 
tiply it by the distance from the peep sight to the rod. The product 
wlll be the distance to be laid off from the rod, to tho west in the case 
of eastern elongation, or to the east for western elongation, to a point 
which with the peep sight will define the direction of the true meridian 
with a fair degree of accuracy. Set a stub at  this point and another 
oxactly below the peop sight, if the meridian is needed for future 
use. 

aFi r 

support of the p P umb line. The top o r this rest must be level and 

eastern elongation; to the west for western elongation. El ove the 

By daylight place a sender T 



Civil time 
Date, 1828 of upper Cycr 

h. m.  a. 
Jan. 1 . . . . . . . . . . . . . . . . . . . . . .  18 61 29 
Jan. 11 . . . . . . . . . . . . . . . . . . . . .  18 11 69 
J a n . 2 1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ 17 32 28 

IO 62 58 
Feb. 10 . . . . . . . . . . . . . . . . . . . . .  10 13 28 
Feb.20-.. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  15 33 58 
hlar.2 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  14 M 30 
MW. 12 _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _  14 15 04 
Mar.22 . . . . . . . . . . . . . . . . . . . .  13 35 40 
Apr. 1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  12 58 17 
Apr. 11 ... _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  12 10 57 2 21. . . . . . . . . . . . . . . . . . . . .  11 37 39 

a y I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  10 58 23 
May 11. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  10 19 08 
May21. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  9 39 58 
May31 . . . . . . . . . . . . . . . . . . . . .  9 0 0 4 6  
June 10 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  8 21 36 
June20 . . . . . . . . . . . . . . . . . . . . .  7 42 28 
Juno30 . . . . . . . . . . . . . . . . . . . . .  7 03 19 

TABLE 2.-Mean time interval between upper culmination and elongation 

Latitude 1 22:s I[ Latitude 1 lzhFal 11 Latitude 1 ,zLzd (1 Latltude I ,:;:$ 

Vnrla- 

perday 
tlon Date, 1920 

-- 
m. a. h. m. a. m. a. 
-3 57 July 10 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0 24 11 -3 55 

3 57 July20. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _  5 45 03 3 65 
3 57 July30 . . . . . . . . . . . . . . . . . . . .  ~ 5 05 66 3 55 
3 57 Aug.Q.----  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4 26 40 a 55 
3 67 Aug. 19 .... _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  3 47 37 3 65 
3 57 .Aug.29 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  3 08 27 3 55 
3 57 Sept.8 .... .___________ ~ _ _ _ _  2 29 16 3 55 

3 58 Scpt.28 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _. 1 10 60 3 65 
3 56 Oct.8.. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ 0 31 36 3 M 
3 50 Oct. 17 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  P 62 18 3 MI 

3 55 Nov.0 . . . . . . . . . . . . . . . . . . . . .  22 33 30 3 56 
3 55 Nov. 18 _________________.__ 21 M 17 3 50 
3 55 Nov. 20.. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  21 14 62 3 57 
3 56 Dec.6. . . . . . . . . . . . . . . . . . . . . .  2 0 8 5 2 8  8 67 
3 h5 Dec. 10 . . . . . . . . . . . . . . . . . . . . .  19 66 58 3 67 
3 65 Dec. 20 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  19 16 30 3 67 
3 E5 Jnn .5 , lW __.______________ 18 37 00 3 67 

3 57 &opt. 18. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1 M 04 a 55 

3 58 0 c t . n  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  P 12 69 3 M 

10 _ _ _ _ _ _ _ _ _ _ _ _  
15. _ _ _ _ _ _ _ _ _ _ _  
20.. _ _ _ _ _ _ _ _ _ _  
25 _ _ _ _ _ _ _ _ _ _ _ _  
30. _ _ _ _ _ _ _ _ _ _ _  

h.  m. O h. m. A. m. h. m. 
5 5 8 . 2  35.. _ _ _ _ _ _ _ _ _ _  5 5 0 . 0  48 _ _ _ _ _ _ _ _ _ _ _ _  564 .2  64- _ _ _ _ _ _ _ _ _ _ _  6 6 2 1  
5 5 7 . 8  40 _ _ _ _ _ _ _  _.___ 5 6 6 . 4  60 _ _ _ _ _ _ _ _ _ _ _  ~ 6 6 3 . 8  60 _ _ _ _ _ _ _ _ _ _ _ _  6 6 1 . 6  
6 6 7 . 4  4 L -  _ _ _ _ _ _ _ _ _  6 66.1 52 _ _ _ _ _ _ _ _ _  _ _ _  5E3 .4  02. _ _ _ _ _ _ _ _ _ _ _  6 K l  
5 6 7 . 0  44 _ _ _ _ _ _ _ _  _ _ _ _  6 M 8  M _ _ _ _ _ _ _ _ _ _ _ _  5 6 3 . 0  64.--. _ _ _ _ _ _ _ _  660:0:8 
5 6 0 . 6  40 _ _ _ _ _ _ _ _ _ _ _ _  6 6 4 . 6  60. _ _ _ _  ~ _ _ _ _ _  ~ 5 5 2 6  

m 
1927 . . . . . . . . . . . . . . . . . . . .  add-- 1.3 
1928, up to Mar. 1 _ _ _ _ _ _ _ _  add__ 2. 0 
1928, on and after Mar. 1 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ s u b t r a c t - -  1.3 
1929 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  add-- 0. 1 
1930 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ a d d , -  1.6 

m. 
1931 . . . . . . . . . . . . . . . . . . . .  add-_ 3.0 
1932, up to Mar. 1 _ _ _ _ _ _ _ _  add_- 4.4 
1932, onand after Mar. l--add__ 0.6 
1933 . . . . . . . . . . . . . . . . . . . .  add__ 2. 1 
1934 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ - _ _  add-_ 3.7 
1936 . . . . . . . . . . . . . . . . . . . .  add-_ 5.3 
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I 

Variation pet day Variation per day 

Dam elaped 

I 

I 

(c) To refer to any other than the tabular longitude (90"),-Add 
O . l m  for each 10" east of the ninetieth meridian or subtract O . l m  for 
each 10' west of the ninetieth meridian. 

(a) To refer to standard time.-Add to tho quantities in Table 1 
four minutes for every degree of longitude the place of observation 
is west of the standard meridian (60°, 75", 90°, etc.). Subtract when 
the placo is east of the standard meridian. 

TABLE 3.-Azimuth o j  Polaris at elongation, 19W to 1936 

a ,  

1 05.6 
106.8 
108.0 

106-6 
i o a a  

IS. 0 
10.4 
17. 2 
18 1 
19. 0 

20.0 
21.0 
120 
23.1 
24.3 

26.5 a. 8 
28.2 
23.8 
31. 1 

D l  

1 06.3 
106.6 
106.7 

108.3 
100.0 

lgn 1 1028 

o t  

106.2 
108.4 
108.7 
1mo 
107.2 

-1- 
0 1  

106.0 
106.1 
106-4 
l o a 6  
100.9 

106.0 

106.4 

106.0 

i o h a  

1 05.7 

104.7 

106.1 

106.6 

104.8 
1 06.3 

104.4 
104.8 
1'34.8 
1OhO 
105.9 

1 05.6 
1 06.0 
100.3 
100.0 
107.0 

104.1 
104.3 
104.6 
1W.7 
105.0 

1 05.3 
106.6 
108.0 
106.3 
108.7 

1 07.6 
1 07.8 
108.2 
108.0 
109.0 

1828 1 1030 

1 07.2 
1 07.6 
107.8 
108.2 
108.6 

106.9 
107.2 
107.6 
1 07.9 
108.3 

108.7 
109.2 

108.6 
106.0 
107.2 
1 07.0 
108.0 

1m.4 
108.9 

108.2 
1 0 8 . 0  
100.9 
1 07.3 
1 07.7 

105.9 
100.2 
100.0 
I 07.0 
1 07.3 

1 00.4 
109.8 
1 10.3 
1 10.8 
1 11.4 

112.6 
1 13.2 
1 13.8 
1 14.0 

1 11.0 

I 

1 w.1 
109.6 
I 10.0 
1 10.6 
1 11.0 

I122 
1 12.8 
1 13.6 
1 14.2 

i 1i.e 

1931 I 1032 

1 11.3 
1 11.0 
112.5 
113.2 
113.9 

1 14.0 
115.4 
110.2 
117.0 
1 17.9 

0 I l o  / 

1 10.9 
1 11.6 
1122 
1128 
113.5 

1 14.2 
1 16.0 
116.8 
110.7 
1 17.6 

1 10.6 
1 11.2 
111.8 
1125 
113.2 

1 10.3 
110.8 
111.6 
1 1 2 1  
1128 

1 0 8  1 107.8 
I 08:s I 1  08.2 

109.9 
1 IO. 6 
1 11.1 
1 11.8 
1126 

109.0 
1 10.2 
1 10.8 
1 11.4 
1 1 2 1  

1 16.3 
110.1 
116.0 
117.7 
1 18.0 

1 19.0 

121.0 
12127 
123.0 

1 2 5 1  
126.4 

129.2 
130.0 

120.0 

I 27.7 

1 14.9 
116.7 
1166 
1 17.4 
1 18.3 

1 19.2 

121.3 
1224 
123.6 

124.7 
12aO 

1 za7 
130.2 

im.2 

I n.3 

1 13.9 
1 14.0 
1 16.4 
110.3 
1 17.2 

1 13.6 
1 14.3 
1 16.1 
116.9 
1 18.8 

I 

113.2 
1 13.9 
I 14. 7 

1 la4 

1 17.4 
1 18.3 
1 19.4 
120.4 
1 21.0 

1 16.0 

1933 ] 1934 

1128 
1 13.0 
1 14.4 

1161 

1 17.0 
1 18.0 
1 19.0 
120.0 
1 21.2 

1 ma 

11R1 
1 10.1 
1 20.1 

1 2 2 8  

123.6  
124.8 1x1 
1 27.6 
128.0 

121.2 

1 07.4 1 07.1 
1 07.9 I 1 07.0 
108.4 108.0 
108.9 1W.5 
109.4 109.0 I 

117.7 
1 18.7 
1 19.7 
im.8 
121.9 

1 2 2 1  
124.4 
126.7 
1 27.1 
128.6 

1 la9 
1 10.8 
120.0 
1 22.0 
123.1 

124.3' 
lS.0 
120.0 
1283 
129.8 

i iaa 
1 10.6 
120.5 
1 21.0 
1227 

123.9 
125.2 
128.6 
127.0 
129.4 

1227 
124.0 
12.53 
l a 7  izai 

1223 
123.8 
124.9 
128.8 
127.7 

- - 
1936 - 
O f  

1 a 8  
1m.0 

104.4 
104.7 

1 05.0 
1 06.3 
105.7 
106.0 
108.4 

100.8 
1 07.2 
1 07.7 

108.7 

100.3 
109.9 
1 10.6 
1 11.1 
111.8 

1126 
1 13.2 
1 14.0 
1 14.8 
1 15.7 

116.0 
1 17.0 
1186 
1 10.7 

1 220 
123.2 
1 24.b 
12.58 
1 n.3 
128.8 
130.4 
1 32.0 
183.8 
1 8 6 7  
1 37.7 

104.1 

1 @.a 

120.8 

- 

1322 
133.Q 
136.0 
1 37.4 
139.4 
1 41.4 

131.8 
133.4 
136.2 
1 37.0 
138.8 
1 41.0 

1 31.4 
133.0 
134.7 
130.6 
138.6 
140.6 

1 30.9 
1326 
134.3 
1 3 6 1  
138.0 
i 4ao 

130.1, 
1 32.1 
133.8 
1 36.0 
1 37.6 
139.6 

130.1 
1 31.7 
133.4 
136.2 
137.1 
1 30.1 

128.0 
131.2 
1320 
134.7 
180.8 
l a 6  

129.2 
130.8 
1326 
134.3 
130.1 
138.1 
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Table 3 was com uted usiig the mean declination of Polaris for 

by applying to the tabular values the following corrections, which 
depend on the difference between the mean and apparent place of the 
star. 

the beginning of eac g year. A more accurate result will be obtained 

Jannary _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Februnry _ _ _ _ _ _ _ _ _ _ _ _ _  
March _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
April- - - - - ___- - _ _ _  _ _ _ _  

, I 8 

-0.3 May _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  $0.2 Boptember _ _ _ _ _ _ _ _ _ _ _ _  0.0 
-.3 June ___________.______ -6.3 Octobor _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -. 2 
-.2 July _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  +.3 Novombcr _ _ _ _ _ _ _ - _ _ _ _  -. 6 

.O August __-_____.______ +.2 Demmber _-_____.____ -.7 

0 1  

1 M )  
1 01 
1 02 
1 03 
1 0 4  

1 06 
1 0 6  
1 07 
1 0 8  
4 09 
1 10 - 

Tangont -- 
0.02328 
.OB57 
.02386 
.ON15 
. O W 4  

.02473 

. m 2  

.m1 

.02560 

.ozm 

.m1s 

TABLX 4.-Natural tangent of angles jrom io 00‘ to 1’ 60’ 

AnRh 

0 1  

1 30 
1 31 
1 32 
1 33 
1 34 

1 35 
1 3 8  
1 3 7  
1 38 
1 3 9  
1 40 

0.02618 
.Om8 
.02077 .onOB 
.OS36 

.02164 

.02193 

.02822 

.02861 

. O B 1  
. M Q l O  

0 1  

1 40 0.02810 
I 41 .02830 
1 42 .OB88 
1 43 .om 
1 44 .03020 

1 46 .Om5 
1 40 .Om4 
1 47 .03114 
1 4a .a3143 
1 49 .03172 
1 %3 .03201 

Tangent 11 Angle I Tangent 
0.01746 
.01776 
.01B(W 
.01833 
.01882 

.01891 

.OIWXJ 

.01949 

.OIL378 .Om7 .om 

1 10 0.02036 1 20 
1 11 .opsB 1 21 
1 12 .ms 1 n 
1 13 .02124 1 23 
1 14 .02153 1 24 

1 16 .02182 1 26 
1 16 .02211 1 26 
1 17 . O W  1 27 
1 18 .02200 1 28 
1 I9 .02208 1 29 
1 a0 .0?.328 1 30 

11. NOTING WHEN POLARIS AND ANOTHER STAR ARE IN T H E  SAME 
VERTICAL PLANE 

For places north of latitude 3 5 O  the true meridian may be deter- 
mined by taking advantage of the fact that two bright stars in the 
northern heavens cross the meridian on opposite sides of the pole only 
a few minutes before Polaris. These stars are the ones known as 
Zeta (f)  Ursrr? Majoris or Mizar and Delta (6) Cassiopeiae. Their 
positions in the constellations are shown in the accompanying 
diagram. 

Select that one of the two stars which a t  the time of the year 
when observations are to be made passes the meridian below tho 
pole. When the star passes the meridian above the pole it is too 
near the zenith to be used. Delta Cassiopeire is on the meridian 
below the pole a t  midnight about April 10 and is therefore the pro or 
star to use at that date and for three months before and after. $or 
the other six months of the year Zeta Ursae Majoris will be the proper 
star to use. In the long days of June and July the lower culmination 
of both stars occurs during daylight, so that the method can not be 
used. 

Using the apparatus described under I, Observations of Polaris at 
Elongation, keep the peep sight in line with the plumb line and 
Polaris until the selected star also appears upon the plumb line. 
Carefully note tho time when this occurs. Then, by moving the peep 
sight, continue to preserve its alignment with Polaris and the plumb 
line (paying no further attention to the other star), A t  ths expiration 



MAGNETIC DECLINATION IN THE UNITED STATES 29 

of 14 minutes (in 1926) Polaris will be on the meridian and the eep 
si h t  and plumb line will then define a true north and south Le, 
w % ich may be permanently marked for future use. For each yew  
subsequent to 1926 the interval increases 
approscimately one-third of a minute. 

As the pole distance of Delta Cas- 
siopeiae is 35' and that of Zeta Ursm 
Majoris is 40°, this method can not 
be used for the southern part of the 
United States where the stars are be- 
low the horizon at lower culmination. 

111. OBSERVATIONS OF POLARIS AT 
ELONQATION 

With a surveyor's transit the true 
meridian may be determined by ob- 
serving Polaris at elongation as fol- 
lows : 

Select a station for observing which 
affords a good view of the northern 
sky and m t h  the ground clear for at 
least 100 yards to the north. 

If the station is to be used for deter- 
minin the magnetic declination, care 
shod f be taken to have it well re- 
moved from electric car lines, build- 
ings, and other possiblo sources of 
disturbance. If a meridian line is to 
be established for future use, the ends 
should be laced so that they may be 

Mark the observing station in a 
suitable manner; for example, by a 
stone post with a drill hole in the top, 
set firmly in the ground. 

About 30 minutes before the time of 
elon ation of Polaris, derived from 
T f  ab es 1 and 2, set up the transit with 
its vertical axis exact1 over the 

instrument. It is essential that the 
transverse axis of the telescope be 
horizontal. This should be tested in 
the daytime by pointing on the verti- 
cal edge of a house and notmg-whether 
tho vertical cross w m  contmues to 
coincide with the edge of the house as 
the telescoDe is turned in altitude. 

protected P rom disturbance. 

station mark and carefu 5 y level the 

Dingram showin the principnl stars of the 
aonstellatlons 8aaolopeia and Great Bear 
(Ursa Malor) with Delta Cassio~elae. Zeta 

Illuminah-the cross wires by the light froin a bull's-eye lantern or a 
pocket flashlight directed obliquely mto the object end of the tele- 
sco e by an assistant. 

joint  the telescope a t  the star and clamp the horizontal circle. 
Keep the star coverod by the vortical cross wire by means of the 
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tangent screw of the vernier plate until a point is reached where i t  
appears to move up or down along the wire without moving away 
from it, thus indicating that elongation has been reached. 

Depress the telescope to the horizontal osition; about 100 yards 

exactly coincident with the vertical wire of the telescope. This wiR 
re uire a second assistant and light. Turn the verruer plate 180' 
an s again set the vertical wire on the star, clamp the horizontal circle, 
depress the telescope, and mark another point on the stake. The 
point midway between the two marks, with the oint under the 

Polaris a t  its eastern or western elongation, as the case may be. 
Near elongation the azimuth of the star changes very slowly, not 

more than 0'.1 in the 10 minutes before or after elongation in the 
United States, so that there is plenty of time to make the second 
pointing after reversal, if there is no unnocessary dela . 
for western elongation and to the west for eastern elon ation and 
place a suitable marker to mark tho north end of a merijian line of 
which the station marker will be the south end. The an le should be 

north of the instrument drive a stake an a mark a point on its to 

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

By daylight lay off the proper angle taken from Tab r e 3, to tho east 

measured both before and after reversal, as in the case o !? the star. 

always convenient, as the elongation or cu 7 mination of Polaris does 

IV. OBSERVATIONS OF POLARIS AT ANY HOUR 

The methods thus far described have the great advantage that an 
accurate knowledge of the timo is not ro uired, but they are 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 minute of 
arc by observations of Polaris at any hour when the star is visible, 
provided the local mean time is known within 1 minute, as in tho 
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'. 

en to be obscured just a t  that  time. 

Tho standard time can usuall 
be obtained a t  a telegraph office or directly b radio from the signa f s 
sent out from observatories. From this the r oca1 mean time may bo 

ment of the thoodolite will % e dono as in the case of observations of 

used a K so in reading the horizontal circle. 

derived by subtracting 4 minutes of timo for overy degree of longi- 
tude west of the standard meridian or adding 4 minutes for every 
de eo east of the standard meridian. 

!&e selection and markin of the observing station and the adjust+ 

Polaris a t  elongation. As tho observations aro to be mado when tho 
azimuth of the star is changing, it will be prefcrablo to provide an azi- 
muth mark, such as a light showing through a slit in a box, and 
make a series of measures of the angle between the mark and tho star. 
The li h t  used to illuminate the cross wires of the telescope may bo 

Begin by pointing on the mark and reading the horizontal circlo. 
Point on the star, record the exact time and the reading of the circle. 
Turn the vernier plate 180° in azimuth and again oint on tho star, 
recordin the time and circle reading as beforo. Binally, point on 
the mar a again and read tho circle. Tho number of pointings in a 
set may be increased or additional sets may be taken to secure greater 
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. The azimuth of Polaris for tho local inem timo of observa- 

Tho following example explains the use of tho tablo and the deriva- 
accwacY tion wi 1 be derived from Table 5 in the manner explained below. 

tion of the hour anglo of Polaris: 
Position, latitude 36" 20' N., longitude 80' 07' .5 or 5b 20" 30' W. of 

Greenwich. 
Time of obscrvation, July 10, 1927, standard (seventy-fifth meridian) 11. m. 8. 

mean t i m e - - _ - - - _ - - - - - - - - - - - _ _ - _ - - - - - _ - _ - - - - - - - - - - - - - - - - - -  20 52 40 
Reduction to  local time -_ -___- - -_ - -_ -__ - -_________  - -  - - -  - -  - - _ _ _  - 20 30 

Local mean t i m e _ - - _ _ - _ _ - _ _ _ _ - _ _ _ - _ _ _ - - _ _ _ - _ - - - - - _ - _ - - - - - _  20 32 10 
Reduction to  sidereal time (Table 111, Amcr. Ephem.) _ _ _ _ _ _ _ _ _ _ _ _  4- 3 22 
Sidereal time, midnight, Greenwich, July 10 1927 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  19 07 41 
Correction for longitude 5'' 20m 30. (Table IiI, Amer. Ephem.)----_ f 0 53 

Local sidereal time _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1.5 44 06 
Apparent right ascension of Polaris, July 10, 1927 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1 35 12 

Hour angle nftcr upper culmination _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  14 08 64 

-. 

0 I ,, 
Declination for which Table 5 applies _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  88 54 55 
Apparent dcclination, July 10, 1927 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  88 54 31 

Decrease in declination- _ - - - _ _ _ _  _ _ _ _  - - - _ _  - _ _  _ 
Azimuth from Table 6 (interpolated) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0 42. 6 
Correction for 24" decrease in declination, Table 6- - _ _ + 0. 3 

24 
0 ,  

Computed azimuth _ _ _ - - - _ _ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0 42.9 east of north. 
I t  is to bo remombcred that Polaris is east of the meridian for 

12 hours before and west of tho meridian for 12 hours after upper 
culmina tion. 

Without tho American Ephemeris the table may bo conveniently 
used for obtaining the truo meridian, in connection with Table 1 
giving tho approximate mean times of culmination of Polaris. 
Time of observation, July 10, 1927, standard (seventy-fifth h. m. 8. 

Reduction t o  local mcan time _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - 20 30 
meridinn) mean time _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  8 52 40 p .  m. 

Local mean time _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  8 32 10 p. m. 

and (a)  and ( b ) )  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  6 25 35 a .m.  
Local mean timo of uppcr culmination of Polaris (Table 1 

-- 
Mean time of observation after upper culmination- - - - 14 06 36 

Reduction to sidereal time _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  f 2 19 
Hour angle after upper culminatioii _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ -  14 08 54 

0 , I /  

Declination for which Table 5 applies _ _ _ _ _ _ _ _ _ _ _  88 54 55 
Declination July 15, 1927 _ _ _ _ _ _ _ _ _ _ _ . - _ _ _ _ _ _ _ _ _  88 64 32 

23 Decrease in declination- - _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  
Azimuth from Table 5 _ _ _ _ _ _ _ _ - _ _ - - _ _ _ _ _ _ _ _ - - -  0 
Correction for 23" dccreasc in declination, 

0 1  

42. 6 

Table6 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -  - - -_- - -  - - - - _ _ _ - -  f 0 . 3  
~- 

Computed azimuth _ _ _ - -  ---------------- 0 42. 9 east of north. 
Tables are gonerally given in books on surveying for reducing mean 

solar to sidereal time, but for thls computation it is m a r  enough to 
consider tho correction 10' an hour, a8 the stars gain very nearly 4 
minutes on the sun each day. 
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TABLE B.-Azimuth of Polaris at all hour angles 
[Computed for docllnation 88' 54' 55". For hour a n g h  Ob to  12h tho star Is west of north, and from l2h 

to 24b It fs oa8t of north] 

H A  Y 
h.  m 
O M .  
0 I( o x  
0 3( 
0 4( 
O M  
1 0 (  
1 1( 
1 2 (  
1 3( 
1 4[ 
1 6C 
2 0 (  
2 I( 
2 2 %  
2 3c 
2 4c 
2 M :  
3 o c  
3 IC 
3 x  
3 3c 
3 4c 
3 5 c  
4 0 0  
4 i a  
4 2 0  
4 30 
4 40 
1 W  
6 0 0  
6 10 
6 2 0  
6 30 
6 40 
6 W  
8 0 0  

0 30 
0 40 
0 6 0  
7 0 0  
7 10 
7 2 0  
7 30 
7 40 
7 6 0  
8 0 0  
8 10 

8 30 
8 40 
8 6 0  
0 0 0  
0 10 
0 2 0  
0 30 
0 40 
0 6 0  

10 00 
10 10 
IO m 
10 30 
10 40 
10 60 
11 00 
11 10 
11 20 
11 30 
11 40 
11 60 
12 00 

e i o  
0 2 0  

8 2 0  

- - 
100 - 

0 ,  

0 00.c 
0 0 2 8  
0 05.6 
0 08.7 
0 11.6 
0 14.4 
0 17.1 
0 1o.c 
0 2 2 7  
0 25.4 
0 ? S G  
0 30.6 
0 33.1 
0 36.6 

0 40.3 
0 42.0 
0 44.8 
0 40.B 
0 48.9 
0 60.8 
0 5 2 6  
0 64.2 
0 65.8 
0 57.3 
0 .%.7 
1 00.0 
1 01.1 
1 0 2 2  
1 03.1 

o 38.0 

03.0 
04.6 
05.1 
05.5 
05.8 
00.0 
00.1 
00.0 
05.8 
05. 6 
05.0 
04.5 

1 03.8 
1 03.0 
1 0 2 0  
i 0i.0 
0 60.8 
0 u . 5  
0 67.1 
0 65.0 
0 64.0 
0 52.3 
0 60.5 
0 48.0 
0 40.0 
0 44.5 
0 424 
0 46. i 
0 37.8 
0 35.4 
0 3 2 0  
0 30.4 
0 27.8 
0 25.2 
0 22.5 
0 10.8 
0 17.1 
0 14.3 
0 11.4 
0 08.0 
0 05.7 
0 02.0 
0 00.0 - 

- - 
15" - 

0 ,  

0 00.0 
0 03.0 
0 06.0 
0 08.8 
0 11.8 
0 14.7 
0 17.6 
0 20.4 
0 23.2 
0 25.0 
0 28.8 
0 31.3 
0 33.8 
0 30.4 
0 388 
0 41.2 
0 43.5 
0 46.7 
0 47.8 
0 40.8 
0 61.8 
0 63.0 
0 65.4 
0 67.0 
0 68.5 
0 50.0 
1 01.2 
1 024 
1 03.4 
1 0 4 . 4  
I 05.2 
1 05.8 
1 00.4 
1 00.8 
1 07.1 
1 07.3 
1 07.4 
1 07. 3 
1 07.1 
1 08.8 
1 00.3 
1 05.7 
1 05.0 
1 04.2 
1 03.2 
1 0 2 1  
1 00.0 
0 60.6 
0 68.2 
0 60.7 
0 55.0 
0 &?.3 
0 51.4 
0 40.6 
0 47.5 
0 45.4 
0 43.2 
0 40.L) 
0 38.5 
0 30.1 
0 33.0 
0 31.0 
0 28.4 
0 25.7 
0 220 

0 17.4 
0 14.5 
0 11.0 
0 08.7 
0 05.8 
0 029 
0 00.0 

o 20.2 

- 

200 

O f  

0 00.0 
0 03.0 
0 061 
0 09.1 
0 1 2 1  
0 15.1 
0 18.1 
0 21.0 
0 23.0 
0 26.7 
0 28.5 
0 32.2 
0 34.8 
0 37.4 
0 30.0 
0 4 2 4  
0 44.8 
0 47.0 
0 40.2 
0 51.3 
0 63.3 
0 65.2 
0 67.0 
0 58.0 
1 00.2 
1 01.0 
1 03.0 
1 04.2 
1 05.2 
1 0 6 . 2  
1 07.0 
I 07.7 
1 08.3 
1 011.7 
1 09.0 
1 m.2 
1 08.3 
1 09.2 
1 09.0 
1 oB.0 
1 08.1 
1 07.5 
1 00.8 
1 05.8 
1 04.0 
1 03.8 
1 ( n o  
1 01.2 
0 69.8 
0 58.2 
0 50.5 
0 54.7 
0 52.8 
0 60.8 
0 48.7 
0 40.0 
0 44.3 
0 41.0 
0 30,s 
0 37.0 
0 34.4 
0 31.8 
0 20.1 
0 20.3 
0 23.6 
0 20.7 
0 17.8 
0 14.0 
0 11.0 
0 08.0 
0 o a o  
0 03.0 
0 00.0 

- - 
!w 
- 
0 ,  

0 00.c 
0 03.1 
0 m . 3  
0 09.5 
0 12f 
0 15.7 
0 18.E 
0 21.6 
0 24.6 
0 27.7 
0 30.C 
0 33.4 
0 36.2 
0 38.U 
0 41.6 
0 44.6 
0 46.5 
0 48.8 
0 61.1 
0 63.1 
0 55.3 
0 67.3 
0 50.1 
1 00.9 
1 0 2 6  
1 03.9 
1 05.3 
1 08.6 
1 07.7 
1 a 7  
1 08.6 

1 10.8 
1 11.3 
1 11.0 
1 11.8 
1 11.8 
1 11.7 
1 11.5 
1 11.1 
1 10.0 
1 10.0 
1 08.2 
1 08.3 
1 07.3 
1 08.1 
1 04.8 
1 03.4 
1 01.0 
1 00.3 
0 56.6 
0 w.0 
0 64.7 
0 62.6 
0 60.6 
0 48.2 
0 45.8 
0 43.4 
0 40.0 
0 38.3 
0 35.0 
0 32.0 
0 30.1 
0 27.3 
0 24.4 
0 21.4 
0 18.4 
0 16.4 
0 12.4 
0 00.3 
0 06.2 
0 03.1 
0 00.0 

I 10.2 

- 

- - 
30" - 

0 ,  

0 00.0 
0 03.3 
0 00.0 
0 09.9 
0 13.2 
0 10.4 
0 10.7 
0 2 2 0  
0 26.0 
0 28.1 
0 32.1 
0 35.1 
0 38.0 
0 40.8 
0 43.5 
0 40.2 
0 48.7 
0 61.2 
0 63.0 
0 55.8 
0 68.0 
1 00.0 
1 0 2 0  
1 03.8 
1 05.4 
1 07.0 
1 08.4 
1 00.7 
1 10.9 
1 1LO 

12 8 
13. 5 
14. 1 
14. 0 
14.0 
16. 1 
15. 1 
15. 0 
14.8 
14.4 
13.0 
13.2 

1 12.4 
1 11.4 
1 10.3 
1 09.1 
1 07.8 
1 00.3 
1 04.7 
1 03.0 
1 01.2 
0 59.2 
0 67.2 
0 65.0 
0 K27 
0 60.4 
0 47.0 
0 45.4 
0 42.7 
0 40.0 
0 37.2 
0 34.4 
0 31.5 

0 25.4 
0 22.4 
0 10.3 
0 10.1 
0 1 2 0  
0 09.7 
0 00.6 
0 03.2 
0 00.0 

o 28.6 

320 

a ,  

0 O Q O  
0 03.4 
0 03.8 
0 10.1 
0 13.6 
0 10.8 
0 20.1 
0 23.3 
0 26.5 
0 28.7 
0 32.8 
0 35.8 
0 38.8 
0 41.7 
0 44.6 
0 47.2 
0 40.8 
0 6 2 3  
0 54.7 
0 67.0 
0 50.2 
1 01.3 
1 03.3 
1 05.1 
1 00.0 
1 08.6 
1 09.0 
1 11.2 
1 12.4 
1 13.4 
1 14.3 
1 15.1 
1 15.7 
1 10.2 
1 16.5 
1 16.7 
1 10.7 
1 16.0 
1 10.4 
1 16.0 
1 15.4 
1 14.7 
1 13.0 
1 12.0 
1 11.8 
1 10.0 
1 08.2 
1 07.7 
I w.1 
1 04.3 
1 02.4 
1 00.4 
0 856.3 
0 54.1 
0 53.8 
0 61.4 
0 48.0 
0 40.3 
0 43.0 
0 40.8 
0 38.0 
0 35.1 
0 32.1 
0 20.1 
0 28.0 
0 22.8 
0 10.0 
0 10.4 
0 19.2 
0 09.9 
0 08.0 
0 (3.3 
0 00.0 

- - 
340 
- 

0 1  

0 00.c 
0 03.6 
0 oae 
0 10.4 
0 13.6 
0 17.2 
0 20.c 
0 23.6 
0 27.2 
0 30.4 
0 33.c 
0 30.7 
0 30.7 
0 426 
0 45.6 
0 48.3 
0 51.C 
0 63.6 

0 68.4 
1 00.a 
1 0 2 8  
1 04.8 
1 0 5 7  
1 08.4 
1 10.0 
1 11.5 
1 1 2 0  
1 14.1 
1 16.2 
1 10.1 
1 10.9 
1 17.6 
1 18.0 
1 18.3 
1 18.6 

o 68.0 

18.6 
18.4 
18. 1 
17. 7 
17. 1 
10.4 
15.0 
14.0 
13.4 
12 2 
10. 8 
08. 2 
07.6 
05.7 
03. 8 
01.8 
50.6 
67.4 

0 65.0 
0 5 2 6  
0 mo 
0 47.3 
0 44.6 
0 41.7 
0 38.8 
0 36.8 
0 3 2 8  
0 28.7 
0 20.5 
0 23.3 
0 20.1 

0 13.b 
0 10.1 
0 00.8 
0 03.4 
0 00.0 

o 1o.n 

- - 
30' - 

0 ,  

0 00.0 
0 03.0 
0 07.1 
0 10.7 
0 14.2 
0 17.7 
0 21.1 
0 24.6 
0 27.0 
0 31.2 
0 34.4 
0 37.0 
0 40.7 
0 43.7 
0 40.7 
0 40.5 
0 6 2 3  
0 64.0 
0 67.4 
0 60.0 
1 0 2 2  
1 04.4 
1 00.4 
1 0 8 3  
I 10.1 
1 11.8 
1 13.3 
1 14.7 
1 15.9 
1 17.0 

18.0 
18.8 
10.4 
10.0 

a l 4  

a. 3 
20.0 
10. 0 
10.0 
18. 3 

I 17.4 
1 10.4 
1 15.2 
1 13.9 
1 12.1, 
1 10.0 
1 08.2 
1 07.4 
1 05.4 
1 03.3 
1 01.1 
0 68.8 
0 50.3 
0 63.8 
0 51.2 
0 48.4 
0 45.0 
0 4 2 7  
0 30.7 
0 30.7 
0 33.0 
0 30.4 
0 27.2 
0 23.0 
0 20.0 
0 17.2 
0 13.8 o iar 
0 08.0 
0 03.6 
0 w.0 

m. 2 

m. 4 

z. 
h. m. 
2 4 0 0  
2 3 5 0  
23 40 
Z.3 30 
2 3 2 0  
23 10 
2300 
22 w 
22 40 
2'2 30 
22 20 n 10 
2 2 0 0  
21 50 
21 40 
21 30 
21 20 
21 10 
21 00 

20 30 

m 50 m 40 

m m  
20 IO 
m o o  
10 w 
10 40 
10 30 
19 20 
10 10 
10 00 
18 60 
18 40 
18 30 
18 20 
18 10 
18 00 
17 60 
17 40 
17 30 

17 10 
17 00 
10 to 
16 40 
10 30 
10 20 
10 10 
16 00 
15 60 
16 40 
15 30 
I5 20 
15 10 
16 00 
14 60 
14 40 

14 20 
14 10 
14 00 
13 60 
13 40 

13 20 
13 10 
13 00 
12 60 
12 40 
I2 30 
12 20 
12 10 
12 00 

17 20 

14 ao 

13 ao 



h.  m. 
0 0 0  
0 10 
0 2 0  o a o  
0 4 0  
O M )  

0 )  

0 00.0 
0 0 4 2  
0 08.3 
0 12.5 

0 20.7 
o i6 .e  

1 0 0  
1 10 

1 3 0  
1 4 0  
1 6 0  

2 0 0  
2 10 
2 M  
2 a o  
2 40 
2 6 0  

1 2 0  

0 ,  

0 00.0 
0 04.3 
0 08.7 
0 13.0 

0 21.6 
o 17.3 

3 0 0  
3 10 
3 2 0  
3 3 0  
3 40 

4 00 
4 10 
4 20 
4 30 
4 40 
4 M )  

a m  

0 24.7 
0 28.7 

0 38.6 
0 40.3 
0 44.0 

o 32.e 

6 0 0  
6 10 
6 20 
6 30 
6 40 
6 6 0  

0 10 
e o 0  

e m  
e 30 e 40 
e m  
7 0 0  
7 10 
7 20 
7 30 
7 40 
7 M )  
8 0 0  
8 10 
8 20 
8 30 
8 40 
8 6 0  
9 0 0  
9 10 
9 2 0  

9 40 
9 6 0  

10 00 
10 10 
10 20 
10 30 
10 40 
10 60 

9 ao 

0 25.7 
0 29.8 

0 38.0 
0 41.9 
0 46.8 

o 33.9 

11 00 
11 10 
11 20 
11 so 
11 40 
11 MI 
12 00 

0 47.7 
0 61.2 

0 67.9 
1 01.1 
1 04.2 

o 64.e 
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TABLB 5.-Azimuth of Polaris at all hour angles-Continued 

0 49.6 
0 63.2 

1 00.2 
1 03.5 
1 00.7 

o ~ 1 . 8  

- - 
380 
- 
0 1  

0 00.0 
0 03.0 
0 07.1 
0 10.7 
0 14.2 
0 17.7 

0 2 L l  
0 24.6 
0 27.9 
0 3 1 2  
0 34.4 

0 40.7 
0 43.7 

0 49.6 
0 62.3 
0 64.9 

67. 4 
69.0 
02.2 
04.4 
00. 4 
0 8 3  

11.8 
13.3 
14. 7 
16.9 
17.0 

o 37.e 

o 48.7 

la 1 

ia o 
in. 8 

20. 2 

19.4 
19.9 

20.4 
20.4 
20.3 

19.0 
19.0 
18.3 

m. o 

1 07.2 
1 10.0 
1 12.7 
1 15.2 

1 19.9 

1 2 2 0  
1 23.9 
1 25.0 

1 28.0 
1 29.9 
1 31.0 
1 31.9 

1 n e  

1 n . 2  

1 32 0 
1 33.1 
1 33.6 
1 33.7 
1 33.7 
1 33.5 

1 31.9 
1 31.1 

1 33.2 
1 3 2 e  

17.4 
10.4 
16. 2 
13.9 
I 2 6  
10.0 
09.2 
07.4 
05.4 
03.3 
01.1 
m. 8 

1 09.8 
1 12.7 
1 15.6 
1 18.2 

1 23.0 

1 25.1 
1 27.1 
1 28.9 

1 3 2 1  
1 33.3 
1 3 4 4  
1 36.4 

1 20.7 

1 30.0 

1 38.1 
1 a6.7 
1 37.1 
1 37.2 
1 37.2 
1 37.1 

1 35.4 
1 84.6 

1 aa.7 
1 38.1 

o 58.3 
0 63.8 
0 61.2 
0 48.4 
0 46.0 
0 4 2 7  
0 39.7 
0 30.7 
0 33.0 

0 27.2 
0 23.u 

0 17.2 
0 13.8 

o 80.4 

o 20.8 

1 30.0 
1 28.8 
I 'Z7.4 
1 26.9 
1 24.2 
1 2 2 . 3  

380 

0 1  

0 00.0 
0 03.7 
0 07.3 
0 10.9 

0 18.2 

0 21.7 
0 25.2 
0 28.7 
0 32.1 
0 36.4 

0 41.8 
0 44.9 
0 48.0 
0 60.9 
0 83.7 
0 ML4 

0 69.0 
1 01.6 
1 03.9 
1 00.1 
1023.2 
1 10.2 

1 12.1 
1 13.8 
1 16.3 
1 10.7 
1 18.0 
1 19.1 
1 20.1 
1 20.9 
1 21.6 
1 2 2 0  
1 22.4 

o 14.8 

o 38.11 

1 22.0 
1 2z.e 
1 22.6 
1 22.2 
1 21.7 
1 21.1 

1 19.6 
1 18.4 
1 17.2 
1 16.9 
1 14.4 
1 128 
1 11.0 
1 09.1 
1 M. l  
1 04.9 
1 0 2 7  
1 00.3 
0 57.8 
0 66.2 
0 6 2 6  
0 49.7 
0 46.8 
0 43.8 
0 40.8 

0 34.4 
0 31.2 
0 27.9 
0 24.6 
0 21.1 

0 14.1 

0 07.1 

0 00.0 

1 m.4  

o 37.6 

o 17.8 

o m e  
o 03.8 

- 

1 33.4 
1 32.2 
1 30.7 
1 29.1 
1 27.4 
1 x i 4  

400 

O J  

1 i a z  
1 16.9 
1 13.5 
1 10.9 
1 W.2 
1 05.4 
1 0 2 4  
0 69.3 
0 60.2 
0 62.9 
0 49.6 

0 00.0 
0 03.8 
0 07.6 
0 11.3 
0 16.0 
o l a 7  

1 21.1 
1 18.7 
1 16.2 
1 13.6 
1 10.7 
1 07.8 
1 04.7 
1 01.6 
0 68.2 
0 64.8 
0 51.4 

0 22.3 
0 26.9 
0 28.6 
0 33.0 

0 39.8 
o 38.4 

0 23.8 

0 16.0 
0 1 2 0  
0 08.0 
0 04.0 
0 00.0 

o 19.9 

0 43.1 
0 40.3 
0 49.4 
0 6 2 4  
0 65.3 
0 68.1 

0 24.7 

0 10.6 
0 1 2 4  
0 08.3 
0 04.2 
0 00.0 

o %.e 

1 00.8 
1 03.3 
1 05.7 
1 08.1 
1 10.2 
1 12.3 

1 1 4 2  
1 16.9 
1 17.6 
1 19.0 
1 20.3 
1 2l.4 
1 2 2 4  
1 23.2 
1 23.9 
1 2 4 . 4  
1 24.7 
1 2 4 . 9  
1 24.g 
1 24.8 
1 24.6 
1 24.0 
1 23.4 

1 21.7 

1 19.4 
1 18.0 
1 16.6 
1 14.8 
1 13.0 
1 11.0 
1 09.0 
1 OB8 
1 04.4  
1 0 2 0  
0 69.4 
0 66.7 
0 64.0 
0 11.1 
0 48.1 
0 46.1 
0 41.9 
0 38.7 
0 35.4 
0 3 2 0  

0 26.2 

1 22.8 

1 20.8 

o 28.0 

0 21.7 
0 18.1 
0 14.6 
0 10.9 
0 07.3 
0 03.7 
0 00.0 

- - 
420 
- 
O I  

0 00.0 
0 03.9 
0 07.8 

0 16.6 
0 19.3 

0 23.1 
0 26.8 
0 30.6 
0 34.1 

0 41.1 

0 44.6 
0 47.8 
0 61.0 
0 64.0 
0 67.0 
0 69.9 

o 11.6 

o 37.e 

0 2  7 
05.3 
07.8 
10.2 
1 2  4 
1 4  6 

10.6 
18.3 
19.9 
21.4 
22.8 
24.0 

27. e 
n. e 
27.4 
27.1 
2(10 
260 
262 

20.4 ~ 

18.8 
17.1 

1 01.2 
0 68.4 

0 6 2 8  
0 49.6 
0 4 a 4  

I) &.e 

0 43.2 
0 39.9 
0 36.6 
0 33.0 
0 28;s 
0 26.0 
o z z a  
0 18.7 
0 16.0 
0 11.2 
0 07.6 
0 03.8 
0 00.0 

440 

D l  

0 w.0 
0 0 4 0  
0 0 8 0  
0 1 2 0  
0 16.0 
0 19.9 

0 23.8 
0 27.7 
0 31.6 
0 35.2 
0 38.9 
0 4 2 6  

0 49.4 
0 6 2 7  
0 65.9 
0 69.0 
1 02.0 

1 04.8 
1 07.5 
1 10.1 
1 12.0 
1 14.0 
1 17.1 

1 10.1 
1 20.9 
1 22.0 
1 24.2 
1 26.6 
1 28.7 

1 28.7 
1 29.4 
1 20.9 
1 30.3 
1 3 0 . 6  
1 30.6 
1 30.3 
1 30.0 
1 28.5 
1 2 8 . 8  
1 2 8 0  
1 27.0 
1 25.8 
1 24.5 
1 23.0 
1 21.4 
1 19.0 
1 17.7 
1 1hB 
1 13.4 
1 11.0 
l o 8 6  
1 05.9 
1 03.2 

0 67.4 
0 64.3 
0 61.1 
0 47.9 
0 44.6 
0 41.1 

0 34.0 
0 30.4 
0 20.7 
0 23.0 
0 19.2 
0 15.4 

0 07.1 
0 03.0 
0 00.0 

o 46.0 

1 n . 8  

i 00.a 

o 37.0 

o 1i.e 

46' I 48' 

0 46.1 
0 4 2 6  
0 a8.9 
0 3612 
0 31.6 
0 27.7 

0 47.8 
0 44.1 
0 40.3 
0 36.6 
0 32.0 
0 28.7 

600 

0 ,  

0 00.0 
0 04.6 
0 m.0 
0 13.6 
0 1R.O 
0 2 2 4  

0 28.8 
0 31.1 
0 35.4 
0 39.0 
0 43.7 
0 47.7 

0 G5.6 
0 69.2 
1 0 2 8  
1 00.2 
1 09.6 

1 12.7 
1 16.8 
1 18.7 
1 21.4 
1 24.0 
1 28.4 

1 28.7 
1 30.7 
1 32.0 
1 34.4 
1 35.9 
1 37.2 
1 38.4 
1 39.3 
1 40.1 
1 40.7 
1 41.0 
1 4 1 2  
1 41.2 
1 41.0 

1 40.1 
1 39.3 
1 3 8 . 3  
1 37.2 
1 35.9 
1 3 4 4  
1 3 2 7  
1 30.9 
1 2 8 . 9  
1 28.7 
1 24.4 
1 21.9 
1 19.2 
1 16.4 
1 13.6 

1 07.3 
1 040 
1 00.0 
0 67.0 
0 53.4 
0 40.7 
0 4h8 
0 41.9 
0 98.0 
0 33.9 
0 29.8 
0 25.0 
0 21.4 
0 17.2 
0 1 2 9  
0 08.0 
0 Lu.3 
0 00.0 

o 5i .e  

1 40.8 

1 la6 

33 

z 
h.  m. 
24 00 
23 so 
23 40 
23 30 

23 10 

2 3 0 0  
22 60 

22 30 
22 20 
22 10 

2200 
21 M) 
21 40 

21 20 
21 10 

2 0 6 0  
20 40 
20 30 
a20 
20 10 

20 00 
19 50 
19 40 
19 30 
19 20 
19 10 
19 00 

18 40 
18 30 
16 20 
I8 10 
18 00 
17 Eo 
17 40 
17 30 
17 20 
17 10 
17 00 

10 40 

18 20 

18 00 
16 60 
16 40 
16 30 
16 20 
16 10 
16 00 
14 (io 
14 40 
14 30 
14 '20 
14 10 
14 00 
13 60 
13 40 
13 30 
13 20 
13 10 
13 00 
12 80 
12 40 
12 a0 
12 20 
12 10 
12 00 

2 3 2 0  

2a 40 

21 ao 

21' 00 

i n  m 

i e  MI 

10 30 

ie io 
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January 15 _ _ _ _ _ _ _ _ _ _ _ _ _  88 65 02 
February 15 _ _ _ _ _ _ _ _ _ _ _ _  55 01 
March 15 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  54 55 
A ril 15 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  64 45 
d y  15 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  54 37 
June 15 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  54 32 

July 15 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  88 54 32 
Auguet 15 _ _ _ _ _ _ _ _ _ _ _ _ _ _  54 36 
September 15 _ _ _ _ _ _ _ _ _ _ _  54 45 
Octobcr 15 _ _ _ _ _ _ _ _ _ _ _ _ _  54 56 
November 15 _ _ _ _ _ _ _ _ _ _ _  55 08 
December 15 _ _ _ _ _ _ _ _ _ _ _ _  65 17 

65 30 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ I  0.0 1 

0.0 
0.0 
0.0 

-0. 1 
0.1 
0. 1 
0.2 
0.2 
0.2 
0.2 
0. 2 
0.3 

-0.3 

0. 0 
-0. 1 

0. 1 
0.2 
0.2 
0.3 
0.3 
0.4 
0.4 
0. 6 
0.6 
0.0 

-0.6 

0.0 0.0 
-0. 1 -0.1 

0.2 0 .2  
0.2 0.3 
0.3 0.4 
0.4 0.6 
0.6 0.0 
0.5 0.7 
0 .0 0.8 
0.7 0.8 
0.8 1.0 
0.8 1.1 

-0.0 -1.2 

0.0 
-0.1 

0.4 
0.6 
0.6 
0.8 
0.8 
1.0 
1.1 

0. a 

I. a 
1.4 

-1.6 I 

0.0 
-0.2 
0. a 
0. 6 
0. 0 
0.8 
0.0 
1. 1 
1. 2 
1.4 
1.6 
1.7 

-1.8 
I I 

V. OBSERVATIONS OF THE SUN 

The following method is the one usually employed to determine 
the true meridian in connection with tho magnetic observations of 
the Unitod States Coast and Geodetic Survey. It involves more 
computing than those already described but is more convenient in 
that it is available for use during daylight when the magnetic obser- 
vations are in progross. In connection with the time signals sent 
out by telegraph from observatories it furnishes the means also of 
determining approximately the longitude of the place of observation. 
It requires a theodolite with graduated vertical circle and a prismatic 
e epiece for observing tho sun and a well-re ulated time iece. The 

observations, two in the mornin and two in the afternoon, each set 

ence mark, symmetrically arranged as in the followmg example. 
For each pointin on the sun tho time is noted, and both horizontal 

four hours from noon and a t  nearly the same altitudes morning and 
aftcmoon. The reference mark should be a well-defined object 
nearly in the horizon and at least 100 yards distant, 

o K servations a t  a place usually consists of B our indepen x ent sets of 

consisting of four pointings on t % e sun and two pomtmgs on a refer- 

and vertical circ K es are read. Observations are made from two to 
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A -- 
0 ,  

352 30.5 
172 87.0 

21)1 41.0 
201 40.5 
112 47.0 
112 67.0 

The instrument usod in tho following observations has a ass 

The symbols in the first column indicate the limbs of the sun which 
were brought tangent to the linos of tho diaphragm at the rocorded 
time. The verticnl circlo is so graduated that it gives altitudes in 
one position and zenith distances in the other. The readings in the 
latter case have been subtracted from 90’ when fillin in tho last 

vertical circle to be made to minutes, half minutes being estimated. 

Obscrvations of 8un for azimuth and time 

diaphragm on which are ruled ono horizontal and one vertical T! mo. 

column. The verniers allow readings on tho horizonta 7 and on the 

A. M. OBSERVATIONS 

B 

‘ . t  

37.5 
30.0 

30.6 
48.6 
44.0 
60.0 

[Station, Paducnh, Ky.; thoodolitn of Mog’r No. 10; chronometer, Bond No. 175; dato, Tuesday, July 2, 
1801; observer, W. W.; tnmporature, 32O.21 

113 07.0 
113 10.0 
292 50.0 
202 (10.0 

Moon _ _ _ _ _ _  ________. 

05.5 
18.0 
48.0 
58.5 

Chronome 
tar timo 

Mean 

B 
Mem 

- 

Mark .-... 
h. m. B. ~ 

0 35 15 
0 30 10 
0 37 40 
0 38 47 

_____.______ _ _ _ _  4 23 10.8 - - - - - -  __-- - -  __ - - - - - - - -  -- 
R 4 34 24 47 17.0 14.6 47 15.8 
R 4 35 30 47 25.0 27.0 I 47 20.0 
L 4 37 12 2211 28.0 20.0 48 27.0 
L 4 38 10 22838.0 37.5 1 48 37.8 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4 3 6 2 2 . 8 . .  _ _ _ - _ _ _ _ _ _ _ _ _ _ ~ . . - - - I  47E5.0 

112 20.2 

112 20.0 

-,- 

-!- ! 
R 

0 3b B . 0  

9 30 40 
9 40 40 
0 42 20 
0 43 24 

0 41 3+8 

Mark 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - -  i- 
I 

I 

I -- 
I I 

111 40.2 
111 40.0 
112.46.5 
112. ML 5 

44 17.0 44 17.m 
44 29.00 
45 11.25 

44 35.0 45 24.25 

112 17.8 _ _ _ _ _ _ _ _ _ _ _ _ I  _ _ _ _ _ _ _ _ _ _  1 Rofr. and par .... _ _ _ _  1 44 M.M 
-0.78 

I- -. ,- 
113 06.2 44 23.0 25.0 45 3 a 0 0  
113 17.0 44 10.5 45 a 7 5  
112 40.0 1 46 41.6 1 1 45 41.75 
112 50.2 46 64.0 45 64.50 

P. M. OBGERVATIONS 

IStotlon, Paducah. Ky.; theodollto of Mryy’r No. 18; chronomemr, Bond No. 175; dam, Tuesday, July 2, 
1801; obsorver, W. W.; tomperoture, 36O.81 

R 
L 
L 

R 

~L R 

Mark.-.- 

h. m. 8 .  
4 21 20 
4 22 UI 
4 23 45 
4 25 04 

112 20.6 19.0 
202 20.5 10.0 

220 01.0 01.0 
226 10.0 11.0 

45 46.0 48.0 
45 a2.o 35.0 

112 10.8 
10. a 

40 01.0 
46 10.5 
45 33.5 
46 40.5 

44 13.5 44 13.76 
44 02. M) 
44 12.00 

Rofr. nnd par _ _ _ _  _ _ _ _  
48 07.5 41 61.25 

-- 
Herr. and par ...- --- -  -- I- 

__- - - -_ - - -  __-.________ 
_--- - - - - - -  ---._______- I /  
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The formulas used in computing the azimuth and local mean time 
from observations of the sun made in the manner just described are 
the followinn: v 

sin (6-4) sin (8-h) ctn2 + A =  cos s cos ( s - p )  
=sec s sec ( s - p )  sin ( s -h)  sin (s-4) 

sin (s-h)  sec ( s - p )  
ctn + A t,an 3 t = 

A=azimuth of sun, east of south in the morning, west of south in 

4 =latitude of the place. 
h = altitude of the sun corrected for refraction and parallax in alti- 

p = Polar distance of the sun at the time of observation, taken from 

t = T h e  hour angle of the sun or apparent time of observation ex- 

By combining the azimuth of the sun with the angle between the 
sun and mark the azimuth of the mark may be obtained. This is 
counted from 0 to 360° from south around by west. When the 
azimuth of the mark is known, the true meridian may be laid off a t  any 
time by turning off the proper angle. 

The apparent time of observation must bo corrected for equation of 
time (taken from the Nautical Almanac), in order to obtain the local 
mean time. 

Computation of azimuth and longitude 

the afternoon. 

tude. 

the American Nautical Almanac. 
s = 3  ( h + 4 + p ) .  

pressed in arc. 

The following is a convenient form of computation 

PR a0.n 
iii i7.i 
198 67.6 
352 37.0 
153 40.3 
153 40.4 ... .~ . 

9.69710 
9.67180 wo 10' 00" 

n. m. 8 .  
-3 11 16.0 

a 40.1 
8 Q ar.1 
Q a6 mo 
--M 33.8 

-8.8 
64 27.0 
54 a7.6 

41 28.5 

0.58316 
0. W 1 8  
9.68723 
9.78743 
0. o8200 

89 10.8 
113 02.8 45 6 2 9  47 68.6 
188 67.6 318 a9.1 318 39.8 
351 37.9 112 20.0 112 20.0 
163 40.3 163 40.0 163 40.2 

9.09141 9.70176 0.71738 
_--___________.---_-_ ----- _ _ _ _ _ _ _ _ _ _ _ _ _ _  

9. BBoll 0.88076 Q. niea 
490 iv la" 610 13' 67" MO ao' 32" 
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For computing observations of this type one requires a five-place 
table of lo arithms of trigonomotrical functions and the American 
Nautical dmanac,  which gives the sun's apparent declination and 
the equation of time. For correcting the observed altitude of the 
sun for parallax and refraction the following table has been prepared, 
giving the combined correction for different altitudes and temper- 
atures, to be subtracted from the observed altitude: 

TABLE 7.--Correclion l o r  parallax and refraction 

I Tompernturo, contlgrndo 

I ,, 
3G 30 
28 10 
10 35 
16 20 
12 31 

10 29 
8 50 
7 40 
0 65 

6 34 
6 0 4  
4 30 
4 17 
3 53 

3 42 
3 27 
3 14 
3 02 
2 52 

2 42 
2 3 3  
2 28 
2 I8 
2 12 

2 05 
2 0 0  
1 5 5  
1 40 
1 45 

1 41 
1 3 3  
1 2 0  
1 19 
1 13 

1 0 8  
I 0 3  
0 so 
O M  
0 51 

0 47 
0 38 
0 32 
02.5 
0 2 0  

0 14 
0 IO 
O M  
0 0 0  

a 11 

- I 

00 
- 

I I I  

36 16 
26 12 
18 61 
14 40 
12 03 

10 05 
8 3 8  
7 31 
0 38 
B 67 

6 2 2  
4 62 
4 2 0  
4 07 
3 40 

3 34 
3 10 
3 07 
2 55 
2 45 

2 30 
2 27 

2 13 
2 07 

2 0 0  
1 6 5  
1 6 0  
1 45 
1 41 

1 37 
1 2 0  
1 2 2  
1 10 
1 10 

10 .5  
1 0 0  
O M  
o b 2  
0 48 

0 45 
0 37 
0 3 0  
0 2 4  
0 19 

0 14 
o m  
0 0 4  
0 0 0  

2 2 0  

+IO" 

I I1 

3400 
24 18 
18 11 
14 15 
11 37 

0 44 
8 2 0  
7 15 
6 25 
6 44 

6 10 
4 42 
4 10 
3 E a  
3 41 

3 26 
12 

J 00 
2 40 
2 30 

2 30 
2 2 2  
2 15 
2 0 8  
2 0 2  

1 6 0  
1 61 
1 46 
1 41 
1 37 

1 3 3  
1 2 8  
1 IO 
1 13 
1 07 

1 0 2  
0 6 8  
O M  
0 6 0  
0 47 

0 4 3  
0 3 6  
0 2 0  
0 2 3  
0 I8 

0 13 
0 0 9  
0 0 4  
0 0 0  

+zoo 

I I I  

32 60 
2 3 %  
17 34 
13 40 
11 13 

0 2 4  
8 0 3  
7 0 0  

5 32 

4 68 
4 32 
4 10 
3 a m  
3 33 

3 10 
3 05 
2 6 4  
2 43 
2 9 3  

2 25 
2 17 
2 10 
2 0 3  
1 6 8  

1 62 
1 47 
1 42 
1 37 
1 3 3  

1 .u) 
1 2 3  
1 16 
1 10 
1 0 4  

1 0 0  
0 5 8  
0 62 
0 48 
0 45 

0 41 
0 35 
0 2 8  
0 2 2  
0 17 

0 12 
o m  
O M  
0 0 0  

5 12 

.- 
+a00 
- 
, ,, 

31 46 
z2 42 
LO 60 
13 18 
10 60 

0 05 
7 47 

5 69 
6 21 

4 40 
4 2 3  
4 01 
3 42 
3 25 

3 12 
2 60 
2 48 
2 37 
2 2 8  

2 2 0  
2 12 
2 w  
1 50 
1 6 4  

1 48 
1 43 
1 38 
1 34 
1 30 

1 2 8  
1 10 
1 13 
1 0 8  
1 0 2  

0 . 5 8  
0 5 4  
0 5 0  
0 40 
0 44 

0 4 0  
0 3 3  
0 2 7  
0 21 
0 17 

0 12 
o m  
O M  
0 0 0  

6 40 

- 

+to0 

* I1 

30 46 
2 2 0 0  
10 28 
12 63 
10 30 

8 48 
7 32 

5 48 
6 11 

4 30 
4 14 
3Fb3 
3 35 
3 10 

3 0 0  
2 m 
2 42 
2 32 
2 2 3  

2 15 
2 0 8  
2 02 
1 6 5  
1 6 0  

1 44 
1 30 
1 35 
1 31 
1 2 7  

1 2 3  
1 17 
1 11 
1 05 
1 0 0  

0 5 8  
0 62 
0 48 
0 45 
0 42 

0 3 8  

0 2 8  

0 3 3  

o 31 

o m  o le 

0 12 
0 0 8  
O M  
0 0 0  - 

+Eon 

I ,, 
20 M) 
21 20 
15 57 
12 30 
10 11 

8 32 
7 18 

6 37 
6 01 

4 8 0  
4 0 0  
3 40 
3 2 8  
3 13 

3 0 0  
2 47 
2 37 
2 2 7  
2 10 

2 11 
2 0 4  
1 6 8  
1 51 
1 40 

1 41 
1 36 
1 32 

1 24 

1 16 
1 ' 0 0  
1 0 3  
0 6 8  

0 54 o m  
0 47 
0 43 
0 41 

0 37 
0 31 
0 %  
0 2 0  
0 16 

0 11 
0 0 8  
0 0 3  
0 0 0  

a 21 

1 2 8  

1 >I 

- 
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DETERMINATION OF THE MAGNETIC DECLINATION 

When the magnetic declination is to be determinod with an ordinary 
compass or the needle of a surveyor’s transit, care should be taken to 
have the instrument in good adjustment,. and readings should be 
taken on both ends of the needle so as to eliminate outstanding error 
ot eccentricity, whether due to the pivot not being exactly over tho 
center of the graduated circle, to the needle bein bent, or to the line 

re uiring attention are: 
Beep  8ight8.-&3e that they me vertical by pointing on a plumb 

line or the vertical edge of a building. 
Needle.-A sluggish or irregular motion may be due to a damaged 

jewel, a dull pivot, or loss of magnetism. 
Baknce of needle.-The balancing weight should be shifted if nec- 

essary, so that tho needle will be horizontal. 
Level.-The bubble should be adjusted to remain in the center 

throughout an entire revolution of the instrument. 
Knaves and other iron or steel objects should bo removed from the 

person of tho observer. 
Observations should be made oil several days if 

best time of day for observing is ordinarily towar the evening, 
about 5 or 6 o’clock, as the declination a t  that time is near its mean 
value for the dny and is nearly stationary. The mean value of 
declination also occurs bctween 10 and 11 a. m. usually, but the change 
at that  time is rapid. Observations made n t  other times of the day 
may be corrccted approximately for diurnal variation by means of 
the table on page 23. 

The observations on any one day should cover a period of half an 
hour (preferably more), with readings a t  intervals of 5 or 10 minutes. 
The time should be recorded for each set of readings, together with 
the date, weather, and tho kind of timo the observer’s watch was 
keeping. 

It is important that the surveyor should know the constant cor- 
rection of his instrument, which may amount to 15 minutes or even 
more. This can be determined by observing with it a t  one of the 
magnetic stations established by this bureau. The difference be- 
tween the declination for such a station furnished by this office and 
the value determined with the surveyor’s compass represents the 
correction which must be applied to results with the latter. 

of sight not passing through the zero points o f the circle. Points 

$ossible. The 

0 
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