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M A G N E T I C  C H A N G E S .

Secular variation. M any of the uses of terrestrial m agnetism  require knowledge of 
the various changes. Secular variation  continues to be the most perplexing phenomenon. 
In the case of declination in the U nited States, there has been erratic change during the 
period 1900-1929 and again beginning in 1933 and not y e t ended. This can best be 
seen from the behavior of the line of no change, which is of course one of the lines of 
equal change, from the earliest tim es to the present and it is eviden t th at it is im pos
sible to predict changes for more than a year or tw o at most.



The changes appear to be w holly unsystem atic so long as the lines are confined to 
a single country. For convenience the lines of equal annual change have been called 
isopors. Isopors in declination were drawn b y  the D epartm ent of Terrestrial Magnetism, 
Carnegie Institution of W ashington, for the earth as a whole for the period 1920-1925 
and it was shown th at there are focal points of m axim um  rate of change surrounded by 
the lines of equal change which are usually closed curves. The positions of the isoporic 
foci and the m axim um  am ount of change con tin ually  v a ry  and w ith them the entire 
system  of isopors. A bout 1920 there was a focus of m axim um  value of 14 m inutes in 
declination in northw est Europe which did not exist before 1900. A  recent map of South 
A frica indicates th at a m axim um  of 14 m inutes in 1927 had been reduced to 5 m inutes 
in 1937.

A  peculiarity of these foci is th at there is a ten dency for the more im portant ones 
to be on land in spite of the much greater size of the ocean areas. No geological exp la
nation has been found and, in fact, neither geologists nor m agneticians have an y  satis
factory explanation of secular change. There is am ple evidence th a t m ost of the change 
must be due to causes w ithin the earth and not too near the surface, while, on the 
other hand, it is known th a t even iron loses its m agnetism  a t about 700 degrees F ahren
heit, which corresponds to  a m oderate depth. Furtherm ore, no source of change within 
the crust can be conceived which would be as rapid as the shift of the isoporic foci.

The determ ination of secular change in an area so large as th a t o f the U nited States 
and the regions under its juridiction, app roxim ately 1 1/2 per cent of the entire land 
area of the globe, is b y  no means easy. The m ethod of dealing w ith the problem  in the 
continental United States will be described, since the principal difference betw een the 
practice in different regions is in the in terval betw een observations.

Linat of Equal Annual Changes, Approxim ate Epoch 1920-1925.
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The results are made available  in the form of maps and publications. Maps of 
declination have been issued at 5-year intervals, the last for Jan uary 1, 1935. For the 
other elements, maps have been issued for 1915, 1925 and 1935.

M  A G N E T 1C  O B S E R  VA T O R I E S .

However, repeat stations alone can not give the correct rates of change, since the 
values change while the observations are in progress. There m ust be continuous obser
vations at fixed points and for this purpose the Coast and G eodetic Survey operates five



m agnetic observatories, tw o in the continental U nited  States, one a t Cheltenham , M ary
land, near W ashington and the other a t  Tucson, A rizona. T he other three are in  San 
Juan, Pu erto  R ico, S itka, A laska, and H onolulu, H aw aii, respectively. T h e o b serva to ry  a t  
Cheltenham  is recognized as the standardizing o bservatory  of the U n ited  S ta tes  and there 
is h igh ly  effective cooperation w ith  th e  Carnegie In stitu tion 's D ep artm en t of T errestrial 
M agnetism  in m aking this p art o f the w ork effective. T h e Canadian governm en t operates 
tw o observatories, one a t A gin court near T oron to  and the other a t  M eanook, A lb erta , 
north of Edm onton. T he M exican governm ent has a m agnetic o b servatory  a t T eoloyu- 
can near M exico C ity.

U S E S  O F  T E R R E S T R I A L  M A G N E T I S M .

T h e earliest use, th a t in n avigation , s till continues. T he gyro  com pass has m an y 
advantages, including th a t o f provid ing autom atic steering, b u t it  is to o  exp en sive  for 
some vessels and even  the vessels w hich h ave  a gyro com pass m ust h ave  a  m agn etic 
com pass in  reserve for em ergency. R ecen t im provem ents in the m agnetic com pass, espe
c ia lly  in E n glan d, h ave  m ade it  a  m ore useful instrum ent.

A cco rd in gly  there is as m uch need as ever for correct m agnetic inform ation  on the 
m ariners charts. T he problem  is m ore difficult than on land because, unless vessels are 
sp ecially  b u ilt  for th e  purpose, th e y  h ave  a large am ount of m agnetic m aterial, and  non
m agnetic construction presents m an y difficulties in addition to  the high cost o f con stru c
tion  and operation. In  oceanic areas, surveys have been m ade b y  th e  D ep artm en t o f 
T errestrial M agnetism , Carnegie In stitu tio n  of W ashington, using the brig  Galilee from  
1905 to  1908 and then from  1909 to  1929, th e  y a c h t Carnegie, the first non-m agnetic 
vessel ever developed specially  for w ork a t sea. T he In stitu tio n ’s su rveys had covered 
all th e  oceans several tim es up  to  the d ate  o f destruction  of the Carnegie b y  fire a t 
A pia, Sam oa, in  1929. T he su rvey  w ill e ve n tu a lly  be resum ed b y  th e  non-m agnetic 
vessel Research o f th e  B ritish  A d m ira lty, now  under construction, w hich is designed after 
the lines o f  th e  Carnegie.
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In  coastal w aters, th e  Coast and G eodetic S urvey, w hile it  form erly m ade o b serva
tions on its  earlier vessels and w as a pioneer in  this field, has n ever had a  non-m agnetic 
vessel. Jap an  is building a sm all vessel for such w aters and E ston ia  has for a num ber 
o f years had a non-m agnetic barge w hich is tow ed to  a n y  desired position in th e  B a ltic . 
A ccordin gly, m an y of the m agnetic d ata  are inferred from  observations along th e  coast 
and it  is n ot certain  th a t the distribution offshore is correctly  indicated. I t  does n ot require 
m an y years for serious trouble to  develop  if  th e  annual rate  o f change varies during a 
period w hen no observations are m ade. T here is indication th a t an error o f several 
degrees has developed in the p art o f the Indian  O cean betw een A frica  and A u stra lia  since 
the la st cruise o f the Carnegie in  this region. F or the U n ited  States the problem  could 
be solved b y  the construction of tw o sm all b u t able non-m agnetic vessels, one for each



coast. T he Coast and G eodetic S u rve y  Steam er Hydrographer has recently  been success
fu l in  obtaining m agnetic observations offshore in  the G ulf o f M exico in a  w haleboat. 
O bservations w ere confined to  calm  sea, and m otion due to  the ocean sw ell w as reduced 
b y  m eans o f an outrigger device.

In  some places there is so m uch m agn etic m aterial w ithin th e  earth  th a t  th e  direc
tion  o f th e  com pass is far from  norm al. W here the disturbance from  this cause is v e ry  
great, as near lo cal m agnetic poles, several o f w hich have been found in A laska, n av ig a 
tion  b y  com pass is im possible or h igh ly  hazardous. A t  other places it  suffices to  state  
th a t over a  certain  area th e  differences m a y  reach several degrees. R e cen tly  i t  has 
becom e th e  p ractice  to  in dicate  on th e  charts or otherw ise places w here ship 's com pass 
errors can  n ot be obtained because o f lo cal disturbance.

Aviation. T h e  use of m agnetic inform ation in  aviation  is different in some respects 
from  th a t in  ship n avigation . A via tio n  goes on o ver both land and sea and often  in  the 
sam e fligh t. M uch greater distances are traversed  in a  short tim e and con sequently  the 
change o f declination  is v e ry  rapid. T h e  sam e degree o f accuracy in  steering as on  a 
ship is scarcely  a ttain able  on account o f th e  effect o f the m etal o f the airplane, m echanical 
effects o f th e  high speed and especially  o f changes in speed and th e  disturbing effect of 
the wind. H ow ever, i t  is custom ary to  la y  o u t com pass courses to  the ten th  of degree 
and th e  m agn etic inform ation on th e  m ap should ju s tify  this. Steerin g b y  com pass 
alone is p ro bably  m ore com m on in m ilitary  than  in  c iv il aviation , w hich u su a lly  follow s 
established routes w ith  radio beam s and  other aids. H ow ever, even  in c iv il aviation , 
w hen other m ethods fail, sole recourse m ust be had to  th e  m agnetic com pass, and 
serious errors on m aps can n ot be to lerated . T h e question has been raised as to  how 
high in  th e  a ir th e  effects o f m agnetic m aterial w ith in  th e  earth  m a y extend, b u t  no 
actu al observations h ave  been m ade. I t  has becom e w idespread p ractice to  p rovid e  a t 
m ajor landing fields a  com pass testin g  p latform  where com pass errors can be determ ined 
w ith  little  inconvenience and d elay. I t  is custom ary and im portant to  determ ine the 
value  o f th e  declination  a t  th e  p latform  and not to  ta k e  the va lu e  from  th e  m ap.
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