
SURVEY OF INDIA 

PROFESSIONAL PAPER No. 29 

MAGNETIC ANOMALIES 

B. L. GULATEE, M.A. (CAN'AB) 
LIATHEMATICAL ADVISER. SURVEY OF INDIA 

PUBLISHED BY ORDER OF 
BRIGADIER C. G.  LEWIS, O.B.E. 

SURVYYOR GENERAL OF INDIA 

Price One Rupee and Eiglrt Anttcts 01. Two Shillings and Six Pence. 





C O N T E N T S  

Introduction . . . ... 

PARA 
1. Magnetic effects of cliffere~~t. types of deposits ... 
2. Numerical values of the constants . . . ... 
3. .Anomalies clue to a sphere . . . . . .  . . . 
4. 9 )  ,, ,, a circular cylincler . .. . . . 
5. >> ,: ., an ellipt,ic cylinder . .. ... 
6.  )>  ,, ,, ark inclined block ... 
7. 9 9  ., ,, a simple geological fault (great  dep th )  
8. 9, , ,  1 7  ,, ( finite (1ept.h ) 
9. >) ,, .. slab with inclinecl edge ... 

10. > >  ., ,, a vertical dyke . . . ... 
11. 9) ,, ,. ;I block of thickness 17, width 2 b ... 
12. Use of conjugate I'ul~ctions . . . . . . ... 
13. Practical iise of the curves . . . ... . . . 
14. General remal.lts . . . . .  . . . ... 
15. Summary ... . . . . . . ... 

1. 
11. 

111. 
tv. 
v .  

VI. 
VII. 

v111. 
IS. 
S. 

S 1 .  

. - -  
s 

: ,. . .- ?., :>;  ' . . :. 
List of Pla$.q*a,:gncf.l' . ... ; 

3 -  - . - C  

Spherical del)uslt a ~ i d  Cyliu&icaI depoiik fo; @A 0'. 

Cylindrical deposit for /3 = 45' and B= 9 0 O . '  ' 

Rectangular slab, t?, = 20. 
Rectangular slab, d, = 1000. 

Two rectangular slabs. 
Simple qeological fault. 
Slab with incli~tetl edge for ditierent valt~es of a. 
Slab with ~l tc l i~~ccl  edge for a = .'", and vrl*ticsl dyke for b,= 1. 
Vrrticnl tlyl~t, for /I, = 1000. 
Horizo~ttnl I)lt~cIi for (1 ,  = 10. h, = 10 .  
Horizonta I l )Io~l< t'ot, d ,  = 11)1)0. 11, = I~)IM) ttt~d (1, = 100, I ) ,  = 100. 





INTRODUCTION 

During the years 1935-37 three lines of magnetic traverse have bee11 carried out by 
the Survey of India across the epicentral area of the 1934 BihBr earthquake. The results 
have been discussed in Survey of India Geodetic Reports 193.5 and 1937. For the interpreta- 
tion of such anomalies, a set of profiles is required g ~ v i ~ i g  the effects of various forms of 
magnetic del~osits a t  different depths. This paper gives formula? a ~ l d  curves showing the 
variatioi~s of the horizontal and vertical magnetic force corresponding to various shapes of 
magnetic bodies a t  various depths. The anomalies also depend OII  the magnetic dip and on 
the o r i en ta t io~~  of the body with respect t o  mag~letir  11ortI1, a i d  the corresponding variations 
are considered. This problem has b~cbn partially considered by Dr. H. Hnalck, who has given 
some results in  "Die Magnetiscl~ei~ Verfahren der angewand te~~  Geopliysik ". 1927, and these 
have been reproduced by A. B. B. Edge and T. H. Laby in " Geol~hysical Prospecting ", 1931. 
The curses now given do not entirely agree with Dr. Haalck's. and i t  is clear that  he has 
introduced approximations which 11;tve appreciable tbffects. 





MAGNETIC ANOMALIES 

1.  Magnetic effects of different types of deposits.-Our 1)roblem is t o  work 
out the effects of the lllaRllet,isln il~tlucetl it1 t l iffc,r(~~~t forlr~u c~f ~ v c k  Inasses by tht. ~ n a ~ ~ ~ e t i c  fit.1~1 
T of the earth. ~t is \\,+,]]-known, t,hat when a I)ody I I : L V ~ I I ~  greater permeability thull its 
surroL~~ndiIlgs is ~ ) l ~ c ~ ~ d  il l  a nlaglletic fieltl, it c n u s c ~  tile 1it1c.s of Iorcc! to  c~,owd togethel*ir~sitl+9 
it. F~~ \rl,ak fic](lS ]ik(- t ha t  of t l ~ r  earth,  thc. inncplc~tis~rr induced ill the  body is [ =x ' l ' ,  

\,.here K is tile lu:lg~lct,ic sulleelltil,ilit) of th(b 11otly. 1 1 1  this trc.at.lncsl~t, \vci mu kc^ thf! f~lllcln- 
lllental assuml)tioll tha t  the m : l g ~ ~ c t i s ~ ~ ~  i~~dnco t l  i l l  tho I)otly is I I I I ~ ~ O I . I I I .  This tloes not hvlcl 
fIlr crystallille I)oclies, \vllicll :II 1, fnu11t1 ~ I I  ~ l l ;~g~r~. t ica l ly  : l l~i~lh'ol)ic.  

TIl(, l ~ e l ~ l l ~ a l l e l l t  I l l ; l K ~ ~ o t i s ~ ~ ~  of thv e~nbedtlcd 1.0c1c 1n;rssrs is igllored, as  very libt11~ i6  

kllowll ;ll,Oot, it so far ,  W e  11eglect also the mag~letism of the body by its Ow11 lillt-s of force. 
This is a reasollal~le ilssllmptio~~, since. alt,hoogli this self-magnetism ]nay be i ~ n p o r t a ~ ~ t  for 
highly maglietic substwlces stlcll as steel, f ( ~ r  wealltly l)r~.~ine:~l)le snbstances such as  rocks. it8 
effect will be immaterial. 

Grantillg tile above, we ]nay c.ml)loy thri-c- ~nc~tliotls to  deal with such ~ ) r o l ~ l e ~ n s  :- 

( a j For 2-di~ncnsio~~nl  c;Lsrs, i ~ l v c ~ l v i ~ ~ g  s ~ ~ 1 i ~ r c . s  a11(1 ~yl inders ,  sl)hci.ical 11arrnc1- 
nics ]nay be used. 

( 1)  ) By the  us(, of Poissoll's E q u a t i ~ ~ ~ ,  t.ho soltltiol~ of a ~ n n g ~ ~ e t i c  prob1e111 I I I ~ I ~  

be deduced f r o ~ r ~  the  gravitational potential of the  body. 
i 

( c ) certain special cases may be sol rc~l  1)y the usc of conjugate fui~ctions,  which 
lead to very elcbga~~t solntions. 

2. Numerical values of the constants.-p,c tlellOtc perrneal)ility and suscep- 
tibility of t,he deposit. The syste~rl of m ~ i t s  11sed ir c~lectro~nag~tetic,  tlnc magnetic fieltl 
being expressed ill terms of 1 0 - V  or y. 

p, L are pure nu~nbers. To get  ;t qua~~ t i t a t i ve  idea of the a ~ ~ o ~ n a l i e s  produced 11) 
different types of tleposits, K is  take11 as 15 x lo-(, which rc11rese11t.s a fair average value for  
basalt. I n  deducing a structoral detail fro111 t,hc observed inagnetic ;c~lomalies, K has t o  be 
treated as an onknown quantity. Eve11 in the  same roclc typr,  t,here are ellorlnous d iRe~,e~rc+~s  
in the values of K .  It shoold be ~rotccl however, t h a t  I)y changillg the  value of the  susceptibility. 
t'he shape of t,he profile is 11ot altered. Only its vertical scale is changed ill thc. co r r e s l )onc l i~~~  
ratio. 

T reprcse~tts tho maji~lotic force, an(\ H, V its ho r i zo~~ ta l  a ~ ~ d  vertical c o m p o n e ~ ~ t s  
respectively. i denotes the dip. 

The curvc,s arcb c l r a ~ v ~ ~  on the assulnptiol~ '1' = 50,000 y, a ~ ~ d  f o ~  wlnes  of clip e q l l ~ l  to  
oO, 20°, 10°, G O O  ilnd (30'. I t  \vo~nld have been prefer;rl,le to  usc tlnc values of '1' appropriate 
toeacln dip, but this was not possible, as tlie ~naguet ic  force for the  sanle valnc~s of the  dil) 
varies through wide limits ill diffcl.c~~t p:~rts of thc  globe. If  the, actual 'I1tlifft~rs from 
50,000 y, the a11o1n;lli~s f i i \ , r ~ ~  by tlie curses must of cou~.r t~  11e c h a ~ ~ y ~ t l  ill si1111,lc proportion. 

ddenotes t,he thiclc~~ess of thc, tl(hpc~sit, z, ,  thcb tlel,th to  its tipper sllrfact~. 
d ,  = dlz,, R.,. = .e/z,,. 

I n  the case of t11c spherical a1111 the cyli~ld~~ic;l l  dcnl~osits, 2, clc~lotes tlrci depths of the i r  
centres, below the g rou~~ t l .  

P is the azilnllt'h of the ; ~ s c s  of t \ ro - t l i~~ lens io~~ ;~ l  feaf l l r~1~.  T l l ~  c l l r \ r ~ ~  are  t~ri l ,yl l  fc,r 
P=oO, .IS', and 00°, the 1i11c of t~xvcrse  beiug takc~n perpcntlicular to  the  fcitbure. F. X dellote 
the compont~~rts of the ~nagnetic a ~ ~ o ~ n a l y  ; ~ l o ~ t g  the  travrrsc Iil~o :111tl ill t111, rel*tic:tl tIirectioll. 
The positive dircctio~l of E' is iu each castt rlro\\rl~ ill the <liagraln. 



3. Anomalies due to a sphere of susceptibility  soppose pose ill tht, t i ~ s t  
instance tha t  the  sphere is placed ill a tielil of u ~ ~ i f o ~ . n ~  ~ n a g ~ l o t i c  forcc parallel t o  the .r-ilxib. 

Let I,;, r e p ~ e s e ~ ~ t  the p o t e ~ ~ t i a l  cbstc.r~1;11 to  the sl)l~rbrr, and 1', the  Potelltiill i ~ ~ s i d '  it. 
At  a qreat  distance. 

The t\vo c o ~ ~ s t a ~ ~ t s  A a11t1 B arc, easily ol)tai~~ecl i '~.o~n tl~c. I )ou~~dary  condi t io~~u 

I;, = IT, a t  I .=  rc 

If H a ~ ~ d  R represent t l ~ ,  radial and t r a ~ ~ a v e r s t ~  c o ~ n p o ~ ~ e ~ ~ t s  of the lnngl~etic force a t  a 
poi~lt ,  \re have- 

6 T;, = - !l:o , ,y= - 
6 I .  1.88 . 
.I((:: 

Obviously % = -- R cos 6 - 11' sill H = - I j  . - 

.L w K 
sill 2 8. - :; f 4 T K  

. . ( 1 )  
c f : '  ' k w x  .If7 = - rS sill 6 + 11' cos 8 = lf -T-. - ( 2  cos'8- sill"). 
I.' :i + 4. w n  

Hence the a~ lo~na l i e s  due t o  a sphertl placed in n field of l~otential  Q = - Hx- Vz are 

z = -  . 4.wKzf [ ( .'a,;! - .vl ) tall i - 3 xz,, ] . 
1.":1+ 4, T K  

F = (''I . 8.rrKB [ ( e.,:: - z,: ) - :jnz, t an  i I. 
1." 3 + 4 T K  ' ( 2 )  

J 

The variations of Z and E'nre shown in Pla te  I for the  case n/z,= 1, i.e., when the 
sphere touches the  ground level. The chart  can however be used for other values of a/z ,  by 
climinishi~lg the vertical scale as  the  cube of this ratio. W c  notice, t ha t  the  gradients near 
.v = 0 arc rather steep. For p o i ~ ~ t s  beyond the periphery of the  sphere, the  values of F, Z 
quiclrl!. converge t o  zero, i l~dicating t h a t  n sphcbrical c1el)osit has no far  reaching effects. 

4. An infinite circular cylinder, placed at right angles to the earth's 
field.-The cylinder is placctl with its axis along the  axis of y, the  ?-axis being chosen along 
the  magnetic nleridian. W e  will consider first the  effvct of the  magnetism induced 1,g the  
c o ~ n p o ~ ~ e n t  11 of the earth's magnetic field. Beforcb tho i~~ t roduc t ion  of t he  cglinde~.. the 
field is V = - Hr cos 8. 

After the  i n t roduc t io~~  of t.he cylinder, let the tipld be 

A,, cos 11 8 15, = - HI.  cos 8 + Z - 

V1 = Z C,, 1." cos 11 8. 

Al)l,lying the  normal bou~ldary c o n d i t i o ~ ~ s  and proceeding as  alwve, we get 



~h~ due to a cylinder placed in a mapnetic t i~lt l  O F  potrbntial 
V = - ( H.c + If tan i . ) arct therelorcl 

These anomalies are slio\vn in Plates I and 11. 
The curves for spherical and cylindrical del~osits are pl.actically i d e ~ ~ t i c a l  in chari~uter. 

The difference is mainly in the a b s o l ~ ~ t e  values Z I I ~  ill the fact that the dccreme~it with 
depth is less rapid in the cnsc of LL cyl i~~dr ical  deposit. Thc vertical scale lins to be reduced 
in the rat.io ( rrlz,,)" As an exa~nplc, Figs. 1 nnd 3 of Plate 1 sllo\v that  for i = o, /3= o, the  
values of F for t,he t,wo deposits a t  bl~e origin are -313 y and -470 y respectively for 
LL/z,~= 1. If the depth be increnscd t,hret. t,ilnes, thc valnc, for thc sp11e1.c reduces to - 11 y, 
while that for the cylinder is - 52  y. 

5. A n  i n f i n i t e  elliptic cylinder.-Consider ~ ~ e s t  the  c:tsc, of all infinite elliptic 
cylinder r?/ci? + z ' / F  = 1, placed in the earth's magnetic fieltl. As b r f o ~ e ,  \ \e  \\ill f i ~ s t  brld 
the effect of the co~nponerit H. 

P u t %  + iz = e cosh ( [ + i s )  
T = (: cosh f cos q, o = (. sinh t sill 91 ; 

a" %? + -  = 1  e? cosh' 5 c .  s ~ u h - 5  

a = e cosh a, h = c  sin11 a define the scmi-axes of the ellipse. 
[ = a represents the elliptic cylinder. Undisturbed T' = - H n.  = - H e  cosh 5 cos q. 
Let a, = 11 cosh 5 cosh q. 
a, = - H c  c o s h ~ c o s ~ + B e - ~ c o s q  

Hence A c o s h a = - H c c o s h a + B e - a  
p A sinh a = - H e  sinh a-Be-" 

A ( c o s I ~ a + p s i ~ ~ l ~ a ) = - H e ( c o s h a + s i n l ~ a ) o r A =  - H C ( e a )  
cosh a + p s i n h a  

cosh a sinh e 
] ea 

= H e  emcosha ps inha-s inh a 
cosh a + p sinh a 1 

- - H c c' cosh a sin11 a ( p - 1 ) 
cosh a+ p sir111 a 



X? sech?E + y? cosecIt:f = e l  

n2 secg q - y+cosec2 = c? 

whence 

so that  
F = fie-.' . ': C09q- fl c x  sillq 

s2 t a n h e  + y2 co tha t  .I.? tan 91 + !I? cot lq I 

For  a circular c y l i ~ ~ d e r  e c o s h t  = c sin116 = r., c coshn = c sitrha = ,t 

B e d  .c sin 9) - ] , l = B e - b ~ x c o S 7  -- - . . 
.$ + y\r' sill v +  !12 c o s d ~  - 

cos 7) ' siti:'? 

- - Bb-6 L-.. e cosq - B e - t  . cs i t i~  7) 

.c? + y? i . !  cos q 

c c "  - c ( c o s h a + s i n h a )  - n = ---- -- 
C C ~  c ( c o s h t + s i n h f )  1. 

This agrees with formula ( 3 ) obtained above. Fortnula ( 5 ) can easily be extended 
t o  the  case when the  cylinder is placed in a field of potential V= -(XX+ Y y  ). 

6. Inclined block of thickness x + 
0 

'd':-Supl~ose a blockn of thickness d is inclined 
t o  the  horizontal a t  an angle a and suppose the zo 
block extends to  infinity downwards, and on 
both sides perpendicular to the plane of the 
figure. W e  will give a complete proof of thie 
case as i t  is  of great practical importance. 

Pig. 1. 

This case hns been trcnted by Hnnlck on pp. 65-60, but all hie forlnlilm appear to be incorrect. 



Poissoll's Law st~ttes t,llnt t l ~ v  110te11ti:~l 01' II 111itg1114ic. e len~(*nt  (11' ( . r ,  y, 2 )  at a point 
P ( el 7, C is give11 by 

I~,  our case A=KH,  I l=n and C=KZ.  T11t. l ) o t ~ . ~ ~ t i n l  a t  0 due to nn r len~entary  
volume a t  ( z', y', Z' ) is thrbreforr. 

and the potential of thc n~llolc~ ~nnss is 

[ f1 ( . I . , ,  - .r' ) - Vz' 1 
- 1 ~ ' 1 / " ' .  . . . . . .  

i' 

Integrating first of all with respect to !/' we get tlle cont~ibut ion of the infinite strip 
of cross-section tlc'rlz'. A l o ~ ~ g  this section .I.' a ~ r d  z' nrc constnnt ns n little considc~ration 
will shorn, and the, int(~yrntio11 with respect to ?/' is therefore justiBn1)le. Limits of 
y' are - snd + a. 

Fig. 2 
Obviously O A  = Projection of CB + BP. 

X A 
< 0 

or Z' = 0'' cos a - z" sir1 a. 
. . . . . . . . . .  ( 8 )  

Similarly z' = zo + z" sin a + z" cos a. 

Choose a new system of nxes .I.", z" as 
shown. 

l v =  2 K  j j H [ . ~ ~ - z f ' c o s a + i s i n a )  - V ( ~ ~ + z ~ ~ ~ i n a + Z " c o s a )  
(.TO - xf' cos a + z" sin a ) 2  + (2, + gff sin a + zff cos a )P dzNdaff 

= o  

v%) - ~ " ( H c o s a + v s i n a )  +zN ( H s i n a - V c o s a )  
( s V + z o  sin a-z, cos a ) '  + (z" +an cos a +an sin a)a dxl'da" 

Consider a point P whose old and new 
co-ordinates are (s', z ')  and (z", z") respec- 
tively. I/ - 

. . .  ( 9 )  
TO integrate with respect t o  z", put zf" = 2'' + zO C O ~  a + z0 sin a ,  

A = ( H ~ ~ - V Z ~ ) - ~ ~ '  ( H C O S  a + V s i n  a ) - ( z o c o s a + s o s i n a ) ( H s i n a - V c o e a )  
h' - ( H s i n a - V C O S ~ ) .  
e = zN+z, sin a-.T, cos a. 



Then ,W= 2. A + " '  dxjf dzJfl 
ZN'4 + C2 

2"' B 
= 2. 1 [a tan-1 - + - lpg ( zf/'2 

c 2 

( H % - ~ z o ) - ( z o  cos a + r o  sin a )  ( H  sill a-Vcos a )  
- z N ( ~ c o s a + V s i n a )  

x" +zo sin a-z,, cos a X 

t.an-l z'" } + H s i n a - V c o s a  
2 a" + z, sin a - a, con a 

P i~ t t ing  a'" = z" + a, sin a -zo cos a 
11 1 w = 2.1 - (H cos a +  V sin a )  tan-I 1, dZ1" 

z +,.I H s i n a - V c o s a  log ( ZN1a + $1'12 ) d,yl 
2 

Integrating with respect to x"' 
zN1 zN1 W =I. [ - ( ~ c o s a + ~ s i n  a )  {x" '  tan-'- +-log (Zf2+z"'?) 
x"' 2 

+ H sin a- V cos a ) -2z'" 

I 
z'" 

2 
+ 2 zl" tan-I ] 
. . . . . ( 1 1 )  

Now zl" = Z" + Z, con a + z, sin a 
and z" varies from 0 to z, 
therefore z'" varies from ( z, cos a + z0 sin a ) to  ( z + z,, cos a + x, sin a ) 

Evaluating between these limits 

W - = - t( a + sin a )  [ { z ~ l  tan-l 2 + 20 cos a + z,, sin a 
2. dfl 

tan-l zO COB a + a,, sin a } + { z+" cos a + "  sin a 

a'" 2 

log [ ( z, cos a + z, sin a )' + x"'? ' I1 
+ H sin a - V  cos a x"'" ( (z + z,, cos a + .r, sin a )" 

2 [x"' log zl'l? + ( z,, COB a + z, nin a 

+.3 (z+z,,cosa+r,,  sin a )  tan-' 
xlf ' 

z + zU cos a I- x,, sin a . . .  
- B I z,, cos a + r,, sin a ) tan-' x"' ] . . . . . ( 1 2 )  

z,, con a + r,, sin a 

NOW r" varies from 0 to  a, 
' 111 

therefor(. I varies ~ I . ~ J I I I  ( z,, ~ i l i  a - . I . , ,  COY a ) to a . 



W a n d =  - ( I I c o s  a + V s i n  a )  z - (z,,sin a-x, coe a )  tan-] [ { 
z + z,, cos a + .r, sill a 

2n z, sin a - .P ,  cos a 

a,, cos a + .u,, sin } a - z+z,, cos a + ,  sit1 a + ( z, sin a - .rn cos a ) t,an-l 
z, sin a - ,xu cos a 2 

I 
log ( z + z,, cos a + .xo sin a )? + ( I,, sin a -,I;, corn a )(} + z~~ 

a + sin a x 
2 

log { (z, cos a+.co sin a ) '  t ( r, sin a - r;, eos a )?}I - E@!f- a x 
2 

(z, sin a-r , ,cos a) '  + (z+z,,cos a+x,  sin a ) l  [- =z + ~ z , s i ~ ~ a - . ~ ~ c o s a )  log 
xu" zl: 

+ 2 ( z + zO cos a + .eo sill a ) tail-J "" a - "0 cos a 

z + zn cos a + s,, sin a 

- 2 ( z, cos a + ,l., sin a ) tall-' "(I sill a - .(.,, cos a ] . . . . . . ( 1 3 )  
z, cos a + .r, sill a 

1)ifferentiating this expression with respect to z,, we have 

- ( H sin a - V cos a ) sin a { tan-1 'fli" a - "0 a - tan-l zO sin a - x,, cos a 2 
z + z, cos a + .r, sin a z, cos a + .r,, sin; J 

+ 
H cos a + V sin a ) sin a ( z + z,, cos a + *;, sin a )> + ( zn sin a-.rn cos a )' 

P (z, cos a+.r, sin a )" (z, sin a-a, cos a ) '  1 
+ ( I f s i n  a - V c o s a )  cosa ( z + z,, cos a + xO sin a )' + ( z, sill a - .r,, cos a )' 

2 {log ( Z, cos a +x,, sin a )+ ( (i sin a - .vo cos a ) :  

. . . . . ( I S )  
A similar expression holds for Z. 
Putting z = d  and a =  o in equation ( 13 ) me obtain the potent,ial clue to a horizontal 

slab of thickness d .  

- -  f1 + l o  log { ( d + 2. ): + .r,,? I] + f [-=,l-r;, log .c,; + ( ( 1  + z,, ).' 
2 .c1;2 + 2,,3 

+ 22, tan-' 4 - 2 ( (1 + z , , )  tall-l -.(" 
20 

' ] . . . .  
11 + z,, 

-- - ~- ~ .- -~ . . -- ' T l ~ r s e  f o r ~ ~ ~ u l n .  nrr diKrreut fro111 t1108e ~ h t ~ ~ i l l c d  by II:~alck. : r l t l ~ u ~ ~ ~ h  :la idrnticd 11nct llod hns been ~is..~ 
In their derivation. IInnlck'a rvnlnntio~l of tho cxllrcs.;it~n for tllc 111agnrtic ~>,,tclltilil  P .In pnge 61; of Ilis Ihh,k ir  
Inoorreot. 



We see that the \vorlring of these 2-diiuensional problems with the help of the 
gravitational potential is very laborious. The coinputn- 
tioils become much simpler, if the effect of each face of 
the magnetic body is computed separately. Consider a 
plane of width b, extending infinitely in the direction F+- 
perpendicular to the plane of the paper, the intensity of 
n~agnetizatioil being I per unit length. The attraction 
of the infinite strip of miclth dn. at  C is 2 1 da/r  along PC. 

7' & 
4 

Resolving along the horizontal and vertical directions, and // 
integrating throughout the total breadth of the plane, // 
a e  obtain the very convenient expressions // 

d x  A 
Z = 2 I $, I.' = 2 I log ,.,/I.,, where $ = LAPB. 

Fig. 3 

A ~ ~ l y i u g  these formula, to the boundaries of Fig. 1, we get without difficulty the expressions 
for F and Z. 

This method is justifiable, because by applying Green's Theorem to Poisson's Equation, 
we see that for a uniformly magnetized body the integratioll can be reduced to a surface 
integral along the boundary of the magnetic body, the surface density being I cos 0, where B 
is the angle between the direction of magnetixatioii and the norinal to the body. The 
volume density can be taken to be nil. 

7. Simple geological fault, extending to a great depth.-A rectangular slab, 
infinite in one linear direction, and also of infinite extent in both directions perpendicular 
to the plane of t,he paper. This is equivalent to a simple geological fault, extending to a 
great depth since the continuous magnetic material below CD ill Fig. 4 will cause no 
anomaly. 

Fig. 4. 

F~.oln t h ~  ~,recrding ~ > ~ r a g r a ~ ) I ~ .  we that 

b'rn + l':rl = - 2 ~  log l'c/I'r 

I+'Ac = + 2. 11 ($A, ) 

ZAC = - 2 n  H log I.~, 'I . ,  

x,,, + x,, ,  = - 2 c  l ' (4*c)  



Hence 

F = -KH tan i log, ) cos i3 
$2 + zR 

= -KH tan i loge 
x,? + 1 

Z = -KH cos p log, 
a,? + 1 1 + t l r  

Ylates 111 and I V  exhibit the curves for cl, = 20, a11c1 1000. 
Since the effect of an infinite plate of finite thickness, having opposite polarity on 

its two faces is nil, we see that the above formulre also hold for a deposit of the form shown 
in Fig. 5. 

Fig. 5.  

8. S i m p l e  geological  fau l t ,  e x t e n d i n g  to  a f ini te  depth.-This case is easily 
deducible froin the formolre in para 7. 

The results for some concrete cases are 
shown in Plates V and VI. The deposits in 0 

Plate VI are not reallv eimvle faiilts, but can - - -  
be reduced to them by "the acfclitioll of a rectaug- 
ular slah. 

Pig. 6. 

9. I n c l i n e d  slab.-A slab, extending infinitely in both directions perpendicular to 
the plane of the paper, with one face sloping a t  an angle a. 

1'' = - 21f log rC / rD  + 2% T sin ( 40 -a ) cos a log rc'r, ,  
- .)K '/'si11asi11 (40-a) [ $ I .  



Fig. 8. 
F = 26 H tan i log, ~ s / v r  - 2n H [ $ ] cos B . . . . . . . . . ( 2 1 )  
Z = 26 H tall i [ $ ] + 26 H log, T B / ~ ' A  COS f l  

or 2' = - [ log d i * - d ~ o t a ) ~ +  ( i l + d ) ?  ] [sit) -s in  ( i - a )  cosa]  , 

These formuls also hold for a 
deposit of the form shown in Fig. 9. 

The anomalies due to such a 
deposit are shown in Plates VnI and 
IX for b,= 1, and b,= 1000. 

Pig. 9. 

2K II' JFTT,; 
- - sin a sin i - a [ $ 1. 

= - [ sin i - sin cos a ] [ log 
J ( a , - d , c o t a ) ' + ( l + d , ) '  -- 

Jl+ .r," 
-sin a sin ( 4 0 - a )  [$I. 

I 
-- 

= sin ( i - a ) sin a log 
v'( 2, -a, cot a + ( 1 +!Lj' 

2K T JW 
- 

( 2 0 )  

- [sin i -  sin i-a cosa]  [$I. / 

.Y, - d, cot a 
where [ $I ] = tan-' r, - tan-' - 

l+d, 
Plate VII gives the anomalies for different valuea of a for i= PO" a~id  tl, =?0. 
I t  also shows the effect of varying the azimuth. 
Plate VII I  exhibits the ano~nalies for a=2', d,=20, /3=0 for diffel.ent values of t h ~  dip. 

10. Vertical Dyke.-Veitical dylte with breadth 2 b,  having an infinite vertical 
extent. P 



11. Block of thickness (1, width 2 6.-We will next consider e, block of thick- 
nesR (1, depth s,,, width 26, e x t r n d i ~ ~ g  infinitely ill both di~.cctions perl,entlicnlar tci the ] ) I ~ I I P  
of paper. 

P 
"1 

F -  

Fig. 10. 

F =  - 2 n  H tan  i log, t 2 n H  ( LBPD- LAPC) c o s P  
)'o )'c 

. . . . ( 2 2 )  

Plate X shows the ano~nalies for (1 ,  - 10, b,  = 10 for difiercl~t values of dil) m ~ d  Pla tc  
XI  for d,= 1000, 6, = 1000 and (1, = 100, b, = 100, for [lip = 0' and l.0'. 

12. Use of  c o n j u g a t e  func t ions . -We  will finally give an example of the  use of 
conjugate fonctions, by which we call ge t  solution of olle nlag~letic problem from a ~ ~ o t , h e r  
1cnow11 one by a transformatiu~l of the type ? r +  iu =, t ' ( .~ .+ i ! l ) .  Uhrig a ~ ~ d  Schafer* hare  
solved the follo\ving problem by this ~netliotl. An infinite cyli~ider of permeability p has a 

,,-" - ,>?f  

sinnsoidal boundary as givcn 1)y = cos-I ,,, ( l - c , - l j )  . I t  is placecl in a luniform field T 

incli~led a t  an angle a to it. Find Z alld 1' due to  thc i ~ ~ d u c e d  magnetism. 
The t r a ~ ~ s f o r ~ n a t i o n  ~ ~ e e d e d  to solve this prol)lcm is tu=eZ.  It might  be ren~arked 

however tha t  £01 all practical purposes bearing in 1ni1ic1 the uncert:~inty inherent in lnngl~etic 
methods, the cases 1 to  1 1  dealt with al~ove, should suffice. Wi th  snfficient approximation, 
the sinusoidal b o u ~ ~ d a r y  in the above case may be represcntecl by plane faces AC, BD. The 
cffect of the body as shown in Fig. 11  is easily calculable hy the  above f o r m u l ~ .  

Fig. 11. 
13. Practical use o f  the curves.-'I'he rurrcs of this paper call 1 1 ~  11ut to  sc~rcrnl 

uscs. From t,hem, \vc call obta i t~  cither tlic c~fl'rets of va~.yi~l;, thc t l ~ i ~ l i ~ ~ e s s  O F  a d ~ l ) ( ~ s i t  IS€ 

 give^^ depth, or of v a r y i ~ ~ g  the depth lceeping the thickness tixed. As all es:~mplt., cn~rsitlcl. 
tho case of a si~nplc horizontal slab. Suppose, wc arc  give^^ t 'hat a t  a place, \vherc dill is .'05, 
t.he t,hickness of the dt,posit is f mil<,, nncl w w a ~ ~ t  to conlparc its effects, \vhcn placed a t  
depths h+ mile, $ mile and f lnile rrspcctively. Platc 111, Figs. :i a ~ ~ d  .k yield this i ~ ~ f o r ~ n n -  
tion casily. As z,,  changes, thc horizontal scalc alters in the correspontling ratio. 
- -. 

- - - - - -- - * u111.i: i ~ n d  QCII :~€UI . .  I '  C+CI.I. licit. ZIII. C:cn~pl~ysilt ' I .  1ln11,l .I:), p. 12%). 



For  example in Fig.  4, if z, = 4 mile, the  horizontal scale is 1 mile = 0 . 1  inch. 
For z, = mile, t he  scale becomes mile = 0 . 1  inch, and so on. 
If e,, is  fixed ancl d only is changed, then the  horizontal scale remains unalte~cd. 

Thus, let z,, = 1 mile and t l =  1, 10, and 20 miles. The horizontal scale ill Fig. 11 is 1 mile 
= inch in all t he  three cases. W e  call see a t  a glance, how the  maximum values of 11: Z 
increase with thickness. 

The curves also e'nable one to judge the  effect of clifferent orientations. 
Formulre on  similar lines can also be developed for the  case when bhe tmo-dimensional 

deposit is not  infinite i n  bot,h clirections perpendicular t o  t he  paper. As ail example consider 
the  effect of a vertical step, which extends to infinity in t,he positive direction of the y-:ixis. 
Suppose the  line of traverse is a t  a d is ta~lcc  e along t,he y-axis from it,s finite e11c1. The effect 
of such a bloclc for  various ralues of c can be worltecl out, althougll the i n t eg ra t io~~s  become 
rather cumbrous. It might I)e i~otecl ho\vc\.er t ha t  in t , l~ is  case, there will be n horizontal 
compo11ent of dist,urbing force both in the  direct,ion of the  x-axis, as well as  in t,he direction 
of the  y-axis. 

W e  mill give the  formul~c for t he  case of a plate of finite breadth b, as shown in 
Fig. 12. 

----- 

Fig. 12. 
Xp q 

z =  I d:c + Iccl  
t1.r I,] Z' + d' ( X? + J' ) J + .$ + d3 

These are all standard forms of integrals, which can Ile evalustcd without difticulty. 
The application of these formula to the cases discussed 111 p a n s  1 to 11  is obvious. 

The formulz  hornever become rather complicated. 
14. G e n e r a l  r emarks . - -The  magnetic method for locating embedclccl di~l)osits is 

l~urdenetl with many uncertainties, as  magnetism is Jrely liable to small chaiigc-s in the  
chemical composition of a suljstance. I t  is \veil-lano~\,n tha t  roclts of the same type show con- 
sideral,le variations from one s p c ~ c i m e ~ ~  to  allother. The preseiice of p e r m a n e ~ ~ t  lnag~ietisln 
may also obscure the prol,lem. Co i~c lus io~~s  can ho\vever be made more relialjle if the  body 
producing the  anomaly is close tu the s~irface,  so tha t  samples can I)e collrctcd, and tested for 
porrnane~lt r n a ~ ~ ~ e t i ~ m  aild changes of suscel)tihility, which can then Ile allomed for. 

Tf will ho ec~lrlrnn that  mnync~tic snrvcy or ally other geophysical method call by itself 
Ic.acl to ~lcfinitc: C O I I C ~ ~ F ~ O I I S  r c ~ ~ a r c l i ~ ~ g  c o ~ ~ ~ ~ a l ~ d  s t r ~ l c t , ~ i r e ~ ,  but each different method 
( ~nag~ le t i c ,  ec.ismic or yravimct~.ic ) pruvidcs eviclv~~rc of n d i f f e r e~~ t  ltiud, nnd a colnl)iilat,io~~ 
of the rliffcrolrt l i ~ ~ e s  of cvi~l(bncc mill often Icad to cunclusivc r~su l t s .  

15. Summary. -Formulx;  lor inagnctic a~~o lna l i c s  produrctl by ilitluccvl m a g ~ ~ e t i s m  
ill ~ l i f f rhre~~t  forms of ~nagllrt ic tlcnposits :wr yit.t.11. Thc variations of t,hclsc a~~onl:llies for 
travel.rjcs a l o ~ ~ ~ :  tlitf(:l.el~t R E ~ I ~ U ~ ~ I H  IILVC I I ~ V I I  sIio\\711 gru1)l~ici~lly fur differel~t rl[sl)tl~s of the- 
~lcl)ouits, taki~~:; t,li(! 11umc21,ical villue uf the cart,ll's lnaglletic force as 60,OUOy. 

O.13.-P.0.-.1.5. IZO-l:I-H-3H-:4SO hks. 
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