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PROGRESS OF WORK IN TERRESTRIAL MAGNETISM OF THE 
UNITED STATES COAST AND GEODETIC SURVEY, JULY 1 ,  
1927,  TO JUNE 30, 1 9 3 0  

INTRODUCTION 

The field of the I'nited States Coast and Gecvleticl Surycy is con- 
t,innally broatlrning. Airway mapping h ~ s  rrc*eritly been added to  
its functions and cornpash (lata are iiow supplied to the Ii:ivigiLtor of 
the air as well as to the navigator of tlie seas. Engineers using 
iiiagnetic methods in geophysical prospecting :iii(1 investigators of 
radio transmission are niore antl more nialririp use of the results of 
the magnetic work of the buretin. 'l'lic. ofticers in c-linrge of thc work 
are keeping in close touch witli the pro rret.s in their ow11 and allied 
fields by p u t i c i p t i o n  in the work ok the American Geophysical 
Union antl other scientific organizations ant1 by close cooperlition 
with the department of terrestrial magnetism of tlie Carnegie Iiisti- 
tution of Washington, the Naval Research Laboratory, antl other 
Government bureaus, so that they are prepared to take advantage of 
the latest developnients in methods and instriinients antl ninlre the 
moht advantageous use of the facilities at  their disposal. 

MAGNETIC SURVEYS 

I n  the contint.nta1 part of the United States the \\-ark of the past 
three years has been devoted primarily to the occupation of rq)eat 
stations for the determiniition of the change of the three nitignetic 
elements with lapse of time. Observations for this purpose liavc been 
made at  110 stations scattered over the country. Additional infor- 
mation on the secular change WAS derived from observations at  80 
places where replacement of lost stations was made at tlie request 
of local surveyors. 

The use of a small motor truck as means of transl)ortntiori Ii:~s 
made i t  possible to  carry on this work much more efficiently and has 
permitted the inspection of old stations along the route of travel 
without serious c1eltL.y in the observing program. With the coinple- 
tioii of the present season's work the secular change clntn net1dctl for 
the preparation of an isogonic chart of the IJnitetl States for 1930 
will he available. 

I n  connection with hydrographic and topographic resurveys of 
portions of the coast, mainly on the Pacific side, detcrniinations of 
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the magnetic declination have been matlc at  intervals of about 10 
miles. 

I n  Alaska complete observations have been made a t  15 repeat 
stations, 5 along the coast and 10 in the interior. Obsrrvations were 
secured also at  six new stations in the interior. I n  connection with 
general surveying operations, declination observations h a w  been 
made at  numerous triangulation stations along the coast in order to 
develop the irregularities of distribution ltnown to rxisl, particnlarly 
in soiltheastern Alaska. 

I n  Hawaii observations were secured on NiEioa and Kecker Islancls, 
wliere large local disturbances were foilnil, antl on French Frigate 
Shoals. 

In the Philippine Islands clcclinntiori ol,scrvations W P I Y ~  I i i i i ( l c  at 
nii:Iicrous triangulatjon stations, niaiiily in tlie Siilu Arc1iil)elago 
am1 along the East Coast of rJt~~ol l .  

MAGNETIC OBSERVATORIES 

Thr. five niugnetic obscrvatoricls Ii:ivr Iiren i n  c.ontinuoiis operation 
tlii-oiigliout tlic three years. The declination a n d  horizontal in- 
terisi ty vai*iomrters have shown satisf:ictory stability, as a rule, SO 
that it has I)wn possible to use tlie clircct scaling method in the 
taltiilation of  lioiirly v:Llucs. For vertical intensity the changes of 
atlj iistment and consequent changes of scale value have 1 ) r t ~  too 
ftwlwnt in soiiic cases to justify the IIW of that method. 

A considera1,le number of the changes of adjustment have resulted 
from the nianipulation of the deflector and deflection bar in scale 
v:i l i ic  drtermin:rtions. These have been eliminated by the use of a 
1:ii.gc.r tlcflector* mounted at a grc:iter tlistance and entirely tletnclled 
fi’oni thc v:ii-ionietcr. Suital)lc siipports are attachcd to the wn!l 
of  thr h i l d i n g  SO that the tleflcctor may readily be placed in p ~ -  
t i o r i  north (or soutti) of and at  the same tlistance from each of tlic 
t h i w  v:iriometers. Deflections are made at one distance only. With 
t l i ~  c w x h l ) t i o n  of Oheltenliani tlie supporth are outside the variation 
room nntl provision is macle for cutting off the light from the v:ii*i- 
onieters from tlir outsitle, so that i t  is not nccc’ssary for the ol)sot*ver 
to enter the rooin during the scale value o1)serv:itions. 

rI’he (:licltc~nliani (Mtl.) ol)ser-v:itoi-y has served as the ha+e .;t:ltion 
for the standardization of instriinients antl us a place for esprinie[ltd 
:tii(i tests in connection with the niot1ific:ttion of old instrunients 
ant1 the development of new one\. Its records are being met1 ex- 
ieri4vely by those rngagetl in the stiicly of variations in radio re- 
c,cbi)tion and for other purposes. 

tlic San Juan (1’. R.) ol)\rrvatory iiiuch trouble has been ex- 
pcric~nccd in protecting tlic variation instruments from the di+ttirl)- 
111g (2fFrlcts of (>xcessive 1iuniidit-y. Wi tli the discontinuance of tlie 
use of the tlcflection bars for  sc.:ilc, value cleterrninations it. has I)ti- 
(win(& possible to inclose the varioiiietcrs and pier in a houslng \-cry 
ncai-ly air-tight. This shonlcl innlx it possible to keep the Iiurniility 
insitlc the hou5ing within reasonihle limits with the use of only a 
liinitcd ainoiint of calcium chloride. The severe hurricane. of Sep- 
tctiilwr 13, 1028, completely destroyed the office building, but 
fortiinatcly neither the absolute nor variation buildinp siifftired 
riiateri:tl tininage, and tliere mas only a brief interruption in the 



operation of the observatory. A new reinforced concrete office 
building has now lieen erected, which should withstand the sewrest  
storms. I’roviyion has been made for the installation of a scismo- 
graph in t Iw Imeinrnt of this tmilding. 

At the Twson (&biz.)  observatory a builtlii?g was erected in the 
summer of 1029 for observations of atmospheric electricity, ant1 in- 
struments for tlir pliotograpliic registration of coiductivity and 
lmtential p u l i w t  were puxide t l  tlirongh tlie cooperation of the 
k~partnient of’ terrestrial niagnctism of the Carnegie Institution of 
\\’:ishingtoii. Tlicse liave bem in siiccessfnl opmition since October, 
1029. This observatory supplies prompt notice of the occurrence of 
nrngrwtic tlisturbaiiccs to  R wore or 11101’13 of engineers using mag- 
rictir Iiietliorls in  prospecting for oil in tlie southern part of the 
c w i u t  ry. Iteniotlcle(l H and Z variometers coinpensated for tcmpera- 
ture liavc been installed at  Tucson in place of the onw which had been 
in operation since the establ ishent  of the observatory. 

Tho Sitka (A1:islta) observatory has bcori supplielI with a re- 
niocleletl niagnetoineter in place of the one which had been in use 
since 1006, t tnd actvantage was taken of thc cschange to secure a 
ricetlecl comparison between the tlheltenliain, Sitka, a i d  Tucson 
standards. Systematic :inroral observations have been continued, 
but the prevalrnce of cloutls renders Sitka n very unsatisfactory 
place for celestial observations. Fortun:itely, :I firtint from the 
Rockefeller Fountlation his mnde possible thc eht:iblishmi.nt of an 
anror:~l observing station at the 141aska Agrici1Itriral College and 
School of Mines at Vairbnnks, an adinirablc site, and copies of the 
Sitka magnetogranis are being supplietl to that station for conipari- 
son purposes. 

A change of niagnctomcters was made a t tlic obscrvatory near 
Honolulu, Hawaii, in August, 1926, and this provided an oppor- 
tunity for the coniparison of the standards of this observatory with 
those of the Tucson and Chelt~enhxni obserra tories. 

INSTRUXENTS 

Continued attention Elas been given to the iinpr0vc1n~11t o E  the 
instrunicrital cquipnient of the observatories, but progress has been 
.;low bccniise of tlie limited Ixmonncl available for work on instru- 
~iients. 

Cheltenham, Tiicson, and San Jiian are 11ow eqiiippctl mi tli  H am1 
Z variometers conipensatetl for teinperatiire ant1 a reinotlcletl Z m- 
riomoter is ready for inst:illntion at  Sitka. The Z varionictcrs h v e  
received especial attention, :is tl1t.y Iiavr alwaFs given trouble in 
operation. Ncw pivots linw becii provi(let1, after tests of various 
Bin(ls. Provision his bten nintlc for a reserve spot in tho instriiiiicnt 
intentlctl for use :it Sitka, as the mnge of Z a t  that station is 
fre~luentIy so great that the regular spot goes off the piper. 

improved suspension systems  ai^ being intiwlncrrl i n  f tie I I ai111 D 
varionicters nricl n inow tlepcntlablc I I W R I I ~  of ntt:tcliing tlie c i d s  of 
the filanients has been drviscd. A study has heen m:ule of qnarta 
filaments and suitable apparatus has been (levised to inake easier 
their installation and the adjustment of t lie varionietors. In the 
case of tlie H variometer, it is now possible to select a filament of 
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about the right size bo give the desired seusitivity, with only a 
small variation of scale value with change of ordinate. 

The iecorcling magnet of the 2 varionieter is so different in sim 
and shape froin the deflector heretofore used for scale value determi- 
nations that it has been difficult to determine with sufficient accuracy 
the distribution coefrcients to be used in the scale value cboniputi <i t’ ions. 
With the introduction of the niethotl of making scale value tleflec- 
tions with a large deflector at  a greater clistance, the effect of (lis- 
tribution becomes negligible and at tlie snine time the danger of dis- 
turbing the variometer in manipulating the deflection bar aiitl tlie 
difficulty of placing the small deflector in proper position have been 
eliminated. 

To use this methorl. a conveiiieiit place is selected outside the vari- 
ation rooni (either in the corridor or outside the building) and three 
supports for the deflector are attached to the wall at the same eleva- 
tion as the recording magnets, equitlistaiit froiii them, anck in the 
magnetic meridians through their centers. h deflector is then made 
of proper strength to deflect the recording magnets by suitable 
amounts. Specially treated cobalt steel iiiagnets are being used. 
Provision is made for cutting off the light froni the magnetograph 
lamp without entering the instrument room. 

New recording boxes have been designed with direct gravity drive, 
so that there is less danger of the clock stopping. Instead of the 
shutters operated nicc.haiiic:illy forliierl7j in use, 1)rovision is niatle 
€or widening the lamp slit once an hour by electrical connection with 
the minute hand of the clock, so that all of the lines on the magneto- 
gram are widened for n few seconds once an hour. I n  this way the 
hours are marked on the curves theniselves and there is not the ques- 
tion of allowing for possible overlap that results urhen there are only 
breaks on the base lines. Small electric lamps are used. 

Extended experiments were carried out a t  the Cheltenham Observa- 
tory to supplement the theoretical study of the distribution coefficients 
of magnets made by George Hartnell, observer in charge of that 
observatory. The formulas derived for deflections in various posi- 
tions were given practical tests as they apply to deflection observa- 
tions in horizontal intensity determinations, scale value deflections 
and determination of induction coefficient by Lamont’s niethocl. 

An apparatus was designed for recording on a chronograph the 
oscill~tions of the magnet of a magnetometer? particularly in con- 
nection with determinations of moment of inertia. At each transit of 
the magnet across the magnetic meridian, light from an electric laiiip 
is reflected from the glass in the south end of the magnet to n photo- 
electric cell. By means of suitable amplification this actuates n relay 
to which is attached the chronograph pen. I n  this way results of 
great accuracy are secured. 

COMPUTATIONS 

The direct scaling of hourly values from tlie niagnetogranis is 
now the rule at all of the five observatories of the bureau. Provi- 
sional base line values and suitable scales are furnished to the officer 
in charge of the observatory, and with them he is enabled to tabulate 
directly the absolute values for each hour with the same accuracy and 
nearly the same rapidity as was possible when tabulating the orcli- 
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nates in millimeters. For the horizontal intensity variometer a single 
scale is provided which is so graduated as to take account of the 
variation of scale value with ordinate. For the vertical intensity 
variometer as many scales are provided as may be needed to take 
care of changes of scale value, no account being taken of changes less 
than 1 per cent. With the variometers compensated for tempera- 
ture, the preparation of the results for publication involves only 
small corrections, constant for a clay at least, resulting from the 
final adjustment of base line values. When the 2 variometer is 
unstable and frequent changes of adjustment occur, the old method 
of reading the ordinates in millimeters is followed. 

The preparation for publication of the observatory -results has 
been retarded by lack of sufficient personnel, but the work has now 
been done to the point where direct scalings began and in the future 
will proceed much more rapidly. The results have now been pub- 
lished or are ready for publication for all observatories to  the 
end of 1924. 

Since January 1, 1928, the monthly observatory tabulations have 
included the dally ranges for the Greenwich days, at the request bf 
the late Dr. Charles Chree. These values are to be.used in studying 
various activity c~iteria, as suggested at the Prague meeting. 

PUBLICATIONS 

The publications Qf the bureau on the subject of terrestrial mag- 
netism are given below with brief descriptions of their contents. 
There is appended a. list of papers prepared by employees of the 
bureau and published elsewhere. The following additional publica- 
tions are ready for the printer or in his hands: 

3Iijgnetic Observatory Results for 1923 and 1924 for Sitkn, Tucson, and 
Vieques. 

A I w k n  Mtigrietic. 'l'nbles :ind hragnetic ('harts for 3930. 
Magnetic I)ec*linntion in the Philippine Islands in  1925 (with nu isogonic 

char t ) .  
Results of Ohservriticins macle by the  United States Coast and Geodetic 

Survey in 1929. 
LIST OF PUBLICATIONS 

Results of Observations Made a t  the United States Coast and Geodetic 
Survey illugnetic ObRervatory tit Cheltenham, Md., 111 1023 aiid 1924. 

Same for Honolulu, Hawaii, in 1923 and 1924. 
HesultN of Magnetic Observations by the United States Coast and Geodetic 

Survey in 1926. (The results of field observations during the calendar year 
1926, together with clesc+riDtions of the stations occupied.) 

Same for the year 1927. 
Same for the year 1028. 
hlngnetic Declination in the United States in 1925. (This is the latest one 

of t h e  series of puhlications issued at intervals of about five years. It contains 
a map Rhowing the l i w s  of equal magnetic declination and of equal annual 
change for the year 1925 and tnhles showing the change of declination with 
lapxr of time sinre the date of the earliest reliable ohservntions for poiiits all 
over the country a t  i n t e r v ~ l s  of 2" C J f  Irititude and longitude. This puhlication 
is issued primarily for the use of local surreyors. A similar one for 1930 mny 
be expected in 1931.) 

United States Magnetic Tnhles and Magnetic Charts for  1925. (This is one 
of a series of p~iblirations iRsued n t  intervals of ahout 10 yertrs. I t  contnins 
the collected results of ohservntions of cteclinntion, dip, and horizontal intensity 
for the United States, together with corresponding reduced values for Janunry 



6 

1, 1925. There is also a table giving the results of observations at repeat sta- 
tioils occupied between ,January, 1917, and IWcrmher, 19%. A new disciission 
was made of the available secular ch:inge data  back to 184.15 iind tables \WW 
prepared for reducirig the observed values to 1025. These tables are give11 111 
the publication. Finally there are maps showing graphically the distribution 
of declination, dip, horizontal intensity, ;ind vertical intensity for 1025.) 

Magnetic Declination in California and Kevada in  1927. 
Same in Texas in  1927. 
Same in Delaware, Maryland, Virginia, West Virginia, Kentucky, and 

Teiinessee. 
(These are in continuation of tlir series giving for single States or groups of 

States all available information regarding the magnetic declination.) 
Distribution Coefficients of Magnets, hy George Hartnell. ( A  new develop- 

ment of the  $ormulas representing the interaction of two magnets, one Sus- 
pended and the other deflecting, and their application to the special cases 
usually encountered in  magnetic work.) 

Directions for Magnetic Measurements, by Daniel L. Hazard. (A third edition 
of the  manual first issued ill 1911, inten& primarily for the use of officers of 
the bureau makiiig magnetic observations, but used by the  department of ter- 
restrial magnetism of the Cnrnegic Institution of Washington and by observers 
in various other countries.) 

Magnetic Surveys-Purposes, Methods, and Instruments. 
Progress of Work in Terrestrial Magnetism of the United States Coast and 

Geodetic Survey, July 1, 1927, to June 30, 1030. 

ARTICLES 

The Sensitivity of M:Lgnetic Variometers, by H. E. McC‘omb. Terrestrial 
Magnetism arid Atmospheric Electricity, vol. 33, No. 2. 

The Relation of the  blagnetic Work of the United States Coast and Geodetic 
Survey to  Geophysical E’rospecting bkthods, by Daniel L. Hazard. Terres- 
trial Magnetism and Atmospheric Electricity, vol. 33, No. 3. Presented a t  
annual meeting of the section of terrestrial magnetism and electricity O f  the . 
American Geophysical Union, April, 1028. 

A New Method of Marking Time on Magiietograms, by H. E. McComb. 
Terrestrial Magnetism and Atmospheric Electricity, vol. 33, S O .  3.  

Auroral Observations, Radio Iteception, and Mngnetic Conditions at the 
Sitka Magnetic Observatory, August, 1927, to  June, 1928, b y  F. P. Ulrich. 
Terrestrial Magnetism and Atmospheric Electricity, vol. 33, No. 3. 

Distribution Coefficients for  Vertical Intensity Variometers, by H. E. Mc- 
Comb. Terrestrial Magnetism anti Atmospheric Electricity, vol. 34, No. 1. 

Variometer Scale Value Determinations with a Large Deflector, by A. IC. 
h d y .  Terrestrial Magnetism tind Atmospheric Electricity, vol. 34, No. 1. 

Method in Oscillations, by w. N. Ncb’arlarid. Terrestrial Magnetism and 
Atmospheric Electricity, vol. 34, No. 1. 

The Variation of Magnetic Anomalies, by W. N. JIcFarland. Terrestrial 
&lagnetism and Atmospheric Electricity, vol. 34, No. 2. 

Induction Coefficients for Magnetometer Magnets, by H. E. McComb, Terres- 
trial Magnetism and Atmospheric Electricity, vol. 34, No. 3. 

Terrestrial Magnetism, by Daniel L. Hazard. American S e a r  Book for 
Years 1927, 19’28, and 1029. 
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