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USES OF MAGNETIC STATIONS 

1. THE COMPASS AND EARLY SURVEYS OF THE UNITED STATES 

The magnetic work of the United States Const nntl Grotlt3tic Kiir- 
W ~ V ,  initiated ns one of the essential oper:ttions in  tlie prelmrntion of 
nanticnl clinrts of  coastal waters, 1 ~ s  btwi estmdcd t o  corer the 
intwior  of tlie country to meet tlir, needs of the lnnd siirvcyor. J'mc- 
tically a11 of the early Ia11d surveys of the United St:btes WCI-C m:do 
by compass and,  in recording deetls, the boimdnrics were tldiiirtl 1)y 
comp:iss hcnrings. In  mniiy localities nntl for certain types of stir- 
yeyiiig tlic coni~mss is still u s e d  In i*ccciit, years tlie coiii1):iss lias 
('oine i n to  iise :IS nil : L i ( l  i n  nerinl n:>vip:it,ioii arid is inc1ispcns:ible in  
Mint1 flying n.hcn other aids to nnvip t ion  €ni l .  

It is rrcognizetl that the comp:ws i s  not nii instrument of' precisioii. 
Hence imiilts of great, ncciirncy nrp, not to be espccted in conipss  
s i i r~~~cys ,  ant1 the IISC of :L compass ns n siirveying instriiniciit slioiiltl 
hc nroitlccl wliclre circiimstnnccs permit. ITon.ercr, it  l i n s  tlic : td~7nir -  
tngo OS speed and siiiiplicity ant1 i s  useful for the rctrnciiip of oltl  
lines of siirwys originnlly est nl)lislictl by conipass ant1 for siirreyr 
JV I i ri*(i grra t, n ccii ra cy i s not reqi i i  r . r c  I ,  part i c i i  1 n r I y i i i  wootl CY{ :i rtw s. 

Tlirrc. ni'c coni1)ar:~tiwly few p l n c c ~  where tlre c o i i i p : i ~  iicctllc 
poiliis to  tlic tnir nortli. h~o1+00~~1*, tlic diiwtion of t 1~ iicctllc is 
c~onst:iiitlg cliniiginE. For  tlie n b o v ~  misoiis it is esscwt i:il t1i:it t l iow 
11 l i o  wisli to  i w  tlrc cwripnss slioiiltl h a r e  correct iiifoi*nr:it ion con- 
cwrriiig tlicl l int i i rc  ant1 esterit of t1ic.w c l l innps .  
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2. DEFINITIONS 

(a) Magnetic declination.-The angle between the true (geo- 
graphical) north and magnetic north (direction of the coinpass 
needle) is known as the magnetic declination, magnetic variation, or 
simply “variation” a t  the point at  which the observations are made. 
The magnetic declination is different for different places and changes 
continuously with respect to time. I n  the northeastern part of the 
state of Maine the magnetic declination is almost 23” west, while in 
the northwestern part of the State of Wasliington it is more than ‘24” 
east. Since no law or formula has been deduced which can be used 
for accurate estimation of the value of the magnetic declination a t  
places where no observations have been made, it can be found accu- 
rately only by observation. The best estimate of tlie declination at  a 
given point, in the absence of actual observations at  that point, may 
be obtained from an isogonic chart whlch delineates the general 
trends of the lines of equal magnetic declination. The value thus 
obtained is the normal (undisturbed) declination for the general 
vicinity. Such magnetic charts are included and described in some 
of the publications listed below. 

(b) Secular and  annual change.-At any particular site the aver- 
age value of the magnetic declination for 1 year may differ from 
that for the next. I n  general, the change progresses in one direc- 
tion for many years and is known as the secular change. The 
amonnt of secular change in 1 year is known as the annual change. 

(c) Diurnal variation.-There is usually a systematic departure 
of the declination from its daily mean value, wklch occurs day after 
day, the amount of departure depending upon the time of day, tlie 
magnetic latitude and other factors. This systematic, daily depar- 
ture from the mean value for the day is called diurnal variation. 
During the night hours the declination usually differs very little 
from the average for the whole day of 24 hours. However, about 
sunrise an easterly motion of the north end of the needle sets in, 
the extreme easterly position being reached about 8 to 9 a. m. This 
is followed by a change to westerly motion of the north end, the 
extreme westerly position being reached about 1 to 2 p. m. By 6 
p, m. it is usually back again to the average position. 

While the diurnal variation may ordinarily be neglected in  the 
class of work done with a compass, yet? where greater accuracy is 
required, it should be given consideration. The difference in dc- 
clination between morning and aiternoon frequently amounts to 10 
minutes or more in any part of the continental United States. This 
would amount to about 15 feet in running a line 1 mile in length. 

(d) Magnetic storms.-Frequently there are irregular fluctuations 
of the declination superimposed upon the diurnal and secular vari- 
stions. These are known as magnetic sforma. These storms vary in  
character and intensity and may last for several days. 

(e) Local disturbance.-The declination at  a certain place may 
differ considerably from that at  another place in the immediate 
vicinity. Differences as great as severaI degrees have been noted 
in small areas or by slight differences in height of the compass above 
the surface of the ground. Such local disturbances are said to be 
natural if caused by the presence of magnetic material in tlie geologi- 
cal formation at  the site. They are said to ba artijicial if caused 
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by the works of man such as pipe lines, steel structures, etc. The 
I)resence of local disturbance may- be detected quite readily by ob- 
serving the compass bearing of a line at two or more points on that 
line. If  the compass bearinus of the line ar0 the same at the diE- 
ferent points the area is progably free of local disturbance, Areas 
of excessive local disturbance are found in northern Delaware, parts 
of Arkansas, Minnesota, Iowa, and in  regions where basaltic lava 
formations are at or near the surface such as prevail in parts of 
Idaho, Oregon, and in the Hawaiian Islands. 

( f )  Compass correction.-The angle between the observed direc- 
tion of the needle of a given compass and that indicated by a perfect 
compass at the same site is known as the compass correction or 
indez GOWeCfi07L.  This correction for any compass may be deter- 
mined by observing at one of the Coast and Geodetic Survey field 
magnetic stations described below, where the magnetic declination 
has been determined by an instrument of precision. 

3. COMPASS SURVEYS 

Since the direction of the compass needle ia constantly changing 
and since different compasses may not agree to the required accuracy, 
it is desirable to provide means for referring the compass bearings to 
a true meridian in every compass survey. The best method IS to 
determine the true bearings of one of the lines of a survey by observa- 
tions of Polaris or of the sun. As a rule, however, this is not feasible 
for every survey. For this reason, it is important to maintain a true 
meridian line in the field of operations where the surveyor may de- 
termine, at any time, the value of the magnetic declination with the 
compass which is being used for the particular survey. The value of 
the declination so obtained may be recorded with the survey made at 
the time. When, in later years, another surveyor wishes to retrace 
the lines of the survey, he may redetermine the magnetic declination 
at  the same station on the same meridian line and the difference be- 
tween the old and the new values o f  the declination is the correction 
to be applied to the compass bearings of the earlier survey. 

The iniportance of this procedure has been recognized in several 
States by the passage of laws requiring the establishment of meridian 
lines and the testing of surveyors’ compasses at regular intervals. 

When a surveyor is called upon to redetermine the boundary lines 
of a tract of land originally surveyed by compass and can find in the 
vicinity a well-defined line, known to have been established with the 
same compass at about the same time as the lines of the tract in ques- 
tion, he can do no better than determine the amount of change in the 
compass bearing of that well-defined line and use it to obtain the 
present compass bearings of the boundary lines to be established. I n  
this way the possible index errors in the two instruments as well as 
the uncertainty in the secular change data will be eliminated. Only 
in the absence of such defiiiite information is the use of secular chan e 
data, as furnished by the Coast and Geodetic Survey in correspon $ - 
ence or in the form of publications, recommended. 

In  using such data the surveyor should bear in mind the uncer- 
tainties incident to the use of the compass and should not be sur- 
prised if, for example, the change of declination since the early part 



4 

of tlie nineteenth ceutiiry, as given by the tables, differs by as much 
as 30 minutes from the value indicated by hi3 own retracing of the 
old lines. Even at the present time some compasses are in error by 
as much as a quarter of a degree, owing to imperfections in construc- 
tion, to lack of proper care, or for other reasons. Without doubt, 
such conditions were iniicli worse a century ago. Moreover, while 
the data are intended to give the actual change in tlie magnetic decli- 
nation, eliminating as far as possible the errors of individual instru- 
ments, they are only approximate, and the earlier portions are less 
reliable on account of tlic inferior cliaracter and limited iiumbcr of 
observatioiis upon which they are based. 

4. MAGNETIC SURVEY OF THE UNITED STATES 

The Coast and Geodetic Survey Iins made accurxte inagnetic 
observations at  practically every county seat in the United States 
and at  inany other places where it has been necessary to investigate 
tlie nature and extent of local disturbances. The results of tliese 
observations furnish the basis for tlie construction of maglietic tables 
and magnetic charts described elsewhere in this publication. Prac- 
tically all of the stations at  county seats have been marked by stone 
or concrete monuments in order that they may he of value to local 
surveyors for testing compasses or for use ns so-called repeat stations 
for tlie cletermination of secular change. Usually the true betwings 
of several prominent objects are determined at  these magnetic sta- 
tions and in many cases meridian lines have been established at 
the request of local authorities. The description of any of the 
rnagnetic field stations together with a list of true bearings of promi- 
nent objects that may have been determined at  the station, may be 
obtained upon application to the Director of the Coast and Geodetic 
Survey, Washington, D. C. 

5. MAGNETIC OBSERVATORIES 

I n  addition to tlie field observations, magnetic observatories are 
operated at the followjng places : Cheltenham, Md. ; Ho~iol~ilu,  
Hawaii; S:m Juan, P. R.;  Sitka, A1:iskn; and Tucson, Ariz. At 
all of tliese observatories there are produced continuons photographic 
records showing the fluctuations of the direction and intensity of 
the earth’s magnetic field. These records are used primarily for 
the accurate determination of diurnal and secular changes in the 
e:~rtli’s magnetism. More recently these records have become quite 
usef nl to investigators of radio transmission :~nd of geophysical 
prospecting. 

6. PUBLICATIONS 

The Coast and Geodetic Snrvey has issued several publications 
containing the results of its work on terrestrial magnetism. 

(a) The following, which may be ohtained from the Superin- 
tendent of Documents, Governrnent Printing Office, Washington, 
I). C., may be of interest to those who have occasion to use the 
compass or tlie results of compass surveys : 



Serial No. Price 
The Earth's Magnetism 313 $0. I5 
Magnetic Decliuation in Arkansas in 1x35 --__--___ -_-____ _- _ _  _ _ _ _ _ _  
Magnetic Declination in Missouri in 1925 . . . . . . . . . . . . . . . . . . . . .  323 .10 
Magnetic Declination in Texas in 1927 _ _ _ - - - _ _ _ _ - _ _ _ - - _ _ _ - _ _ _  417 .15 
IT. S. Magnetic Tables and Magnetic Charts for 1935 _-__-_- -_ -  _ _ _ _ _ _  
Magnetic Dcclination in  Drlnmare, Maryland, Virginia, West 

Virginia, Kentucky, and Tennessee in 1925 - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _  45s .%I 
Magnetic Declination in North Carolina in 1930 _ _ _ _ _ _ _ _ _ _ _ _ - _ _  537 .20 
Magnetic Declination in Florida in 1935 - _ _ _ _ _ _ _ - - _ _ _ _ -  ~ - _ _ - _ _  .20  
Magnetic Declination in California and Nevada i i i  l!Y35-__-_-- . 20 
Magnetic Declintktfon in tlie Unitcd States, 1935 _________- -__-_  592 .20 
Alaslra Magnetic Tables and Magnetic Charts for 3030- ----__- . 'io 

(b) The following, in mimeographed form, have been issued. A 
limited nuinher of copies are available for distribution to those to 
whoin tliey woiild be iisefiil, upon application to tlie Director of 
the Coast :mcl Geodetic Survey : 

GO1 

602 

564 
551 

570 

Magnptic Declination in Louisiana in 1930. 
Magnetic Ikclination in Alabama in 1035. 
Magnetic Declination in Mississippi in 1935. 
Magnetic Declination in Georgia in 1935. 
Magnetic Declination in South Carolina in 1935. 
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PUBLICATION NOTICES 

To make immediately available the results of its various activities to those 
interested, the Coast and Geodetic Survey maintains mailing lists of persons 
and Arms desiring to  receive notice of the issuance of charts, Coast Pilots, 
maps, and other publications. 

Should you desire to receive such notices, you may use the form given 
below, checking the lists covering the subjects in  which you a r e  interested. 

(Date) _-_-________-________--- 
DIRECTOR, U. S. COAST AND GEODETIC SURVEY, 

DEAR SIR: I desire that  my name be placed in the mailing lists indicated 
by check below, to  receive notification of the issuance of publications referring 
to the subjects indicated : 

Washington, D. C. 

0 109 Astronomicnl work. 
0 109-A. Rase lines. 
D 1WB. Coast Pilots. 
0 l o w .  Currents. 

109-D. Geodesy. 
0 1094. Gravity. 
0 109-E”. Hydrography. 
0 109-G. Leveling. 
0 109-H. Nautical charts. 
0 109-1. Oceanography. 
0 1WJ. Traverse. 
0 1 W K .  Seismology. 
0 104-1,. Terrestrial magnetism. 
0 109-M. Tides. 

109-N. Topography. 
0 109-0. Triangulation. 

109-P. Cartography. 
0 109-R. Aeronautical charts. 

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

(Address)----------------_-_---------------------- 

A catalog of the publications issued by all bureaus of the Department of 
Commerce may be had upon application to  the Chief, Division of Publica- 
tions, Department of Commerce, Washington, D. C. It also contains a list of 
libraries located in various cities throughout the United States, designated by 
Congress as public depositories, where all publications printed by the Govern- 
ment for  public distribution may be consulted. 
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