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Introduction.

The magnetic anomaly existing at a sheet is of great importance to the 
practical interpretation technique. This is above all due to the fact that in 
nature there frequently occur well-defined magnetic bodies whose configura­
tion nearly approaches that of a sheet. There are good examples of this among 
the frequently recurring dykes of basic rocks as well as among stratified iron 
ores. In addition, the calculation of the magnetic field at a sheet is compara­
tively simple.

Two different problems occur in interpretation work, viz. i) that of deter­
mining the anomaly field when the disturbing body is known and 2) that of 
calculating data for the disturbing body when the anomaly is known. In the 
case where the disturbing body from a magnetical point of view may be con­
sidered as consisting of a single homogeneously magnetized sheet of infinite 
length, formulae for calculating the vertical and horizontal intensities, ac­
cording to case 1) above, have been advanced by several authors (1—22). On 
the other hand it appears that the case of a sheet of finite length has not yet 
been thoroughly dealt with. The formulae dealing with simple sheets may also 
be applied to calculate the disturbing fields at bodies that may be regarded as 
composed of a limited number of homogeneously magnetized sheets.

Two principally different methods are used for the calculations involved 
in problem 2) above. The first may be characterized as an indirect means of 
approach, in which a solution is successively sought by the trial and error meth­
od. Various data of the disturbing body are assumed and from these data, 
anomaly values are calculated. The data are varied by increments in order to 
obtain progressively better agreement with the measured anomaly. This search­
ing method may be largely facilitated by compiling suitable standard tables, 
and by making use of an atlas showing the appearance of the anomaly for a 
large number of illustrative variations in the disturbing body. The other 
method is a direct method of approach. Definite solutions to the values of the 
disturbing body parameters are found by specific calculations or geometric 
constructions. These calculations are based on the anomaly values at certain 
chosen points of an observed magnetic profile.

From the point of view of interpretation, a distinction is usually made be­
tween »thin» and »thick» magnetic sheets. The treatment of the former is much 
simpler than that of the latter. In practice the case of a thin sheet is applicable 
when its thickness is less than half the distance between the datum plane and 
the upper edge of the sheet.

The interpretation methods of direct calculation hitherto used, are based on 
special characteristic points of the vertical (Z) or horizontal (X) intensity-curves 
along a horizontal profile line, running at right angles to the strike of the sheet.
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According to a well-known rule given by Rössiger and Puzischa (19), 
the depth of the upper edge of a ’thin’ sheet is equal to half the distance be­
tween the two points on the profile line, where the vertical intensity is half 
of the maximum value. This rule is not an exact one, but the error limits are 
rather narrow as long as the magnetization parallel to the plane of the sheet 
(edge magnetization) is large compared to that at right angles to the plane 
(cross-magnetization). Later on Duhoux (4) indicated a simple way of esti­
mating the position and magnetization of the sheet from a profile curve for Z, 
using the maximum and minimum points of the curve. Koulomzine and Massé 
(16) have advanced a direct method of approach for a thick sheet that 
is based on the maximum, minimum and inflection points of the Z-profile. 
Further, Hedström and Törnquist (21) have derived formulae for the determina­
tion of the magnetic parameters of a sheet of infinite length and depth by 
using the maximum and minimum points on a profile curve of X or Z.

Unfortunately it is not always possible to apply these methods to actual 
cases. The measured magnetic profile is very often more or less distorted by 
disturbances from magnetic sections in the body of the rock; sections that do 
not belong to the actual sheet. The result of this is that the positions of the 
extreme and inflexion points on a measured profile curve of X or Z, may 
deviate considerably from those which are valid for undisturbed profile curves, 
arising only from the sheet itself. In addition, the observation points along the 
profile line in terrain may be situated too far apart from each other to al­
low one to fix the required points on the magnetic profile curves with the 
necessary accuracy.

In this paper new methods are described for calculating the parameters 
of a thin sheet of infinite length and depth direct from the anomaly values. 
In these methods profile curves, representing the intensity of one or two compo­
nents of the magnetic anomaly, form the basis of the calculations. The points 
on such profile curves necessary for the calculations may be chosen at will. 
The fact that sometimes a magnetic profile can be regarded as “undisturbed” 
within certain resstricted areas only, does not prevent these methods of calcu­
lation from being used. In addition, the methods are extended to cope with 
the case of a sheet having limited length, and with the case where the disturb­
ing body may be regarded as consisting of two thin sheets or one thick sheet. 
The calculation technique is illustrated by actual examples. In the preamble, 
formulae for the anomalies at a thin sheet of infinite and finite length are 
derived. Numerical tables of these formulae are appended to the paper.

The interpretation studies now published have been carried out as a link 
in the research work pursued by the Committee for “Magnetometric studies of 
Iron Ores”, of the Mining Research Board of Jernkontoret. The author wishes 
to express his sincere appreciation of the valuable aid given him in his work, 
and also of the permission to publish the results.



CHAPTER I

Magnetic Field at a Sheet.

§ i. Definitions and symbols.

It is assumed in this paper, as long as nothing else is especially stated, that 
the sheet has a rectangular form, and may be considered as “thin” and homo­
geneously magnetized. The sheet is assumed to be situated in a right-handed, 
right-angled coordinate system xyz with the xy-plane horizontal, and the posi­
tive z-axis directed downwards.

Some terms used in the following need to be defined:
Datum point is a point where some data of the anomaly field are known. 
Calculation point is a datum point used in the interpretation calculations. 
Datum line is a straight line going through at least two datum points.
Reference line is a datum line used in the interpretation calculation.
Upper edge or only edge is that edge of the sheet which is situated nearest to 

the reference line.
Lower edge is that edge of the sheet which is parallel with the upper edge. 
Orthogonal profile line is a straight line running at right angles to the upper 

edge.
Strike direction or strike of the sheet is the direction of the section line between 

the sheet plane and the xy-plane.
Head point is that point at a reference or profile line, where the vertical plane 

through the sheet edge cuts this line.
Natural remanence is the remanent (permanent) magnetization that would 

exist in a body, if the demagnetizing forces set up by the configuration of 
the body were zero. This quantity is a vector, i. e. fixed in magnitude and 
direction.

Apparent field of magnetization is the field vector that would induce the same 
magnetism in a body as the one existing, which is caused by the earth s 
magnetic field and the natural remanence.
In the following, positive and negative directions of datum, reference or 

profile lines are dealt with. By positive direction we mean the direction an 
arrow has along such a line, when its projection on the x-axis is directed towards 
increasing x.

When speaking of positive direction of the edge, or the strike of the sheet, or 
of a normal to a vertical plane through a reference line, we mean the direction 
an arrow has along such a line, when its projection on the y-axis is directed 
towards increasing y.

Several of the angles defined in the following are described as angles taken
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from one line or direction to another line or direction. It is thereby assumed 
that the angles are taken in clockwise direction and, if nothing else is stated, 
between positive directions. By clockwise direction we mean a right-handed rota­
tion in relation to the positive direction of the rotation axis. The clockwise direc­
tion is thus counted in relation to the positive 2-axis for angles in the xy-plane, 
in relation to the positive direction of the sheet edge for angles in the plane 
perpendicular to this line, in relation to the positive direction of the normal to 
the vertical plane through the reference line for angles in this plane and so on. 

Symbols of vectors are marked out with an arrow (-*•).
The following symbols are used in this paper:

Dimensions and position of the sheet 
: thickness.
length of the upper edge.

: distance between the upper and lower edges, 
x-coordinate of the head point at a reference line.
Z- » » » » » » » » »

Zo.
strike angle of the edge = angle taken from the y-axis to the projection 
of the edge on the xy-plane.
slope angle of the reference line = angle in the vertical plane through the 
reference line taken from a horizontal profile line to the reference line, 
slope angle of the edge = angle in the vertical plane through the sheet 
edge taken from a horizontal line to the edge.
dip angle of the sheet = angle in a plane perpendicular to the strike of 
the sheet taken from the negative direction of the horizontal cutting line 
with the xy-plane to the direction towards the lower edge of the sloping 
cutting line with the sheet plane.
angie in a plane perpendicular to the sheet edge taken from the negative 
direction of the horizontal cutting line with the xy-plane to the direction 
towards the lower edge of the sloping cutting line with the sheet plane.

Sheet magnetization and magnetizing field

M;: = e<ige magnetization = magnetization perpendicular to the edge and 
parallel to the plane of the sheet. Mr/ is reckoned positive when the magne­
tization is directed from the upper edge to the lower edge, and negative 
when the magnetization has the opposite direction.

M±= cross magnetization = magnetization perpendicular to the plane of 
the sheet. M is reckoned positive when the direction of the cross magne- 
tization is that of increasing <p', and negative in the opposite direction.

Mt =\M// -f- Mj_.
x. = magnetic susceptibility of the sheet material. 

x H — apparent » in the direction of M .
k ±— * » » » » » Mj_.

e
21 = 
d 
x0 = 
z0 = 

t0 =
a =

y =

<p =

<p' =
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Nf/ = demagnetizing factor in the direction of M/t.
N_i= » » » » » » Mj_.

~^=== » » » » » » the edge.
T = intensity of the earth’s total magnetic field.
$ = declination angle of T = angle taken from the x-axis to the horizon­

tal component (H) of T. 
i = inclination angle of T.

= the angle between T and the positive direction of the edge.
T' = the projection of I on a plane perpendicular to the edge.
i' = angle in a plane perpendicular to the edge taken from the negative direc­

tion of a horizontal orthogonal profile line to T'.
Ir = intensity of natural remanence.
"T = declination angle of /r = angle taken from the x-axis to the horizon­

tal component of Ir.
ip — inclination angle of Ir = the angle between /r and the horizontal com­

ponent of Ir. ip is reckoned positive when the projection of Ir on the 
x-axis is directed towards increasing z, and negative in the opposite case.

vr = the angle between Jr and the positive direction of the edge.
I/ = the projection of Ir on a plane perpendicular to the edge.
ip' = angle in a plane perpendicular to the edge taken from the negative direc­

tion of a horizontal orthogonal profile line to Jr'.
T" — intensity of the apparent field of magnetization in a plane perpendicular 

to the edge.
i" = angle in a plane perpendicular to the edge taken from the negative direc­

tion of a horizontal orthogonal profile line to T".

Anomaly field 
P(x, y, z) = point outside sheet.
Q(a, b, c) = point belonging to sheet.

r — distance between points P and Q.
W = potential of total field in point P(x, y, z)

Wn = part of W caused by the edge magnetization.
W x= » (> * » » cross »

X, Y, Z = intensities of the field components along the x-, y-, 2-axes. Their 
signs follow those of the axes.

F,G, K = intensities of field components in directions determined by the 
direction cosines: vx, vy, v,, respectively uK, uy, u,, respectively

) Sy, Sz.

Xj, z-v X,, Y;, Zj, F„ G[, K] = data of the calculation point (*).
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/,P/ane of measurements.

77///

Fig. 2.1. Position of the sheet and the elements of the earth’s normal field.

§ 2. Fundamental formulae.

In the following, formulae of the magnetic field at a thin, homogeneously 
magnetized rectangular sheet are derived. Such a sheet of finite depth may be 
considered as replaced by two sheets in the plane of the original one, but of



INTERPRETATION OF MAGNETIC ANOMALIES AT SHEET-LIKE BODIES. II

infinite extent in depth, viz. one sheet with the same upper edge and the same 
magnetization as the original one, and the other one with its edge in line with 
the lower edge of the original sheet, and having a magnetization of the same 
magnitude but in the opposite sense. Thus it is necessary to give only the for­
mulae of the case where the sheet extends infinitely in the dip direction.

The sheet is assumed to be situated in a coordinate system xyz according 
to fig. 2. i, where the edge coincides with the y-axis. The dip angle (q>) of the 
sheet is taken from the negative x-axis towards the positive 2-axis according to 
the stipulations in § i.

The magnetization of the sheet is equivalent to an application of free magne­
tism to its bounding surfaces. In the following only those formulae for X and Z 
are derived that apply to the plane of symmetry, i. e. y = o. The free magne­
tism at the sloping side edges of the sheet does not influence X and Z in the 
plane mentioned and may thus be neglected. The free magnetism on the upper 
edge of the sheet is — eM// per unit length. At the face from which a positive 
cross magnetization is directed into the sheet, the amount of free magnetism 
is — M! per unit area; at the other face it is M L.

The distance between two points P(x, y, z) and Q(a, b, c) is determined by the 
relation

r2 = (x — a)2 + (y — b)2 + (2 — c)2.

First we treat the case when the sheet is situated vertically downwards, 
i. e. cp = 90°.

The potential at a point P(x, o, 2), caused by the free magnetism of a length
£ AI dbelement db of the edge at the point y = b of the y-axis, is dW =------ !L—

r
and a = c = o for all length elements of the edge.

t =/
Thus we have Wu=- db and

dW
dx

b =-

b=l b=l
= eM;, f- H db=—tM: f X db= — 

J dx\r) J r3

b=i

——eM x

— — 2 eM/i l
b=—l 

X

y*2 + l2 + Z2 X2 -j- z2

(x2 + z2) \!x2 + 62 -j_
b=—i

.........................................(2.x)

Similarly we obtain
ÖW l z , x
dz Vx2 + l2 + z2 x2 -(- z2

An element of volume e db dc at the point Q(o, b, c) has a magnetic moment 
eMj db dc in the positive direction of the x-axis. The potential {dW d) of this 
element at P(x, o, 2) is then according to Poisson’s law
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dwx=-d-{e--L-bdc
dx\ r and a = o for all elements of volume of the sheet.

b = l c = oo

S. WERNER.

Thus we may write W L =—sM± j j — | j db dc.
b =----l 6—0

Since 1“ = 8,1
dx \r

we have

dWL
dx

da \r

b= l c = OQ

„ . d2 ä2 d2\ 11and I S------ 1- -ry-----1- yy—\da2 ‘ db2 ' dc2
(') = «

= — sM,

—/(*+») (') *“•
3 = — l c = o

C = oo 3 = / 3 =./ c = oo

= 2 ZfiM

= 2 eM

i

3 = -1 b = — i

z
+ ;: |_X2 + ' (X2 + l2) \x2 + l2 + Z2 ~ (x2 + 22) \ X2 + l2 + Z2_

l
-1- \x2 4- l2 + 2* [ X2 + V2

2 + \x2 + f2-)-rs 2
X2 + Z2

(2-3)

Further we obtain
b — l c = oo

oW
dz

b = l c — oo 3 = 3

=tM\/ fm,(7)dMc=‘M±f

= sM L

/'*

.

3 = —l c = o

(X2+b2 + Z2)3I*

i-=—l

1(1
da \r dö

db=—2eM
l

,r v dW dW dW , „Now a = 3- =--5--------- and Z =dx dx dx

X V*2 + l2 + z2 X2 4- Z2

dW dW ii dW

12.4)

dz dz dz

Inserting the expressions (2.1—2.4) for the derivatives in the right membra 
we obtain

'xM;,—zM±_ Mx
x2 4- z2 \ x2 4- l2 4- z2

2 El zM,/ + xM±
\x2 4- l2 4- 22 ’ X2 + Z2

x = —
2 El

\X2 4- l2 4- Z2
• . (2-5)

From equations (2.5) it is simple to derive the formulae for X and Z for 
some arbitrary dip angle cp of the sheet. At point P(x, 0, z) the components 
of the magnetic field in the xz-plane, parallel and perpendicular to the plane of 
the sheet, are designated Z' and X' respectively. Then we have
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X = X' sin cp — Z' cos cp, I 
Z = X' cos cp -(- Z' sin <p. | (2.6)

X' and Z' may be obtained from equations (2.5) by substituting x' for x and 
z' for z and in doing so putting

x' = x sin cp + z cos 99,|
z' = — #cos cp + z sin 99.) ................................  ' '7‘

If the calculated values of X' and Z' thus obtained are inserted in equation 
(2.6) and if z is replaced by — t we obtain

X = — 2e
l

Z = 2 e

\xs + P + P 
l

\'x2 + P + P

tMj_-\-xM 
x2 -j- P

tM„—xM L

M j sin <p

x2 + P

/sin cp-\-x cos cp + ^x* -f- P -f- P 
M± cos 99

t sin cp + x cos 99 -)- \x* -f P -f-/2

(2.8)

When l-*oo, i. e. when the sheet is of infinite length, the above expressions 
reduce to the formulae advanced by Rössiger och Puzischa,

X=—2 e
xM/l + tM± 7_n„ tMf/— xMl 

*2 + /« ’ ^ x* + t* • (2.9)

Equations (2.5—2.9) are regarded as the fundamental formulae for the field 
at a thin sheet.

In practice, when a calculation of the field at a given sheet is required, only 
parameters of dimension and position are known as a rule, and not Mn 
or Mx. These latter quantities may, however, be calculated if the magnetic 
susceptibility and natural remanence of the sheet material are known.

§ 3. Calculation of M» and Mi.

The magnetization of a disturbing body may be induced by the earth’s 
magnetic field and it may be remanent (permanent). In order to make the 
formulae more generally binding, we derive them for the case where the edge 
forms an angle with y-axis, i. e. the angles a and y are 4= o.

The parts of M; and M L that are induced by the earth’s field may be ex­
pressed as

x'//T' cos (*' — cp') and x L T' sin (»' — cp').
For the remanent magnetization the corresponding expressions are

/r' cos (9/ — ®') , , , ,. ,—=X//kT cos (y> — cp ) and

IT' sin (%p—99') , , , , ,
— 1+ Lvi =*±kT sm {rp - cp).

+ :

Thus we may write
M,y = x'nT [cos (1 - <p') + k' cos (9)' - 9»')] = x'hT" cos {%" - cp'), 1 
M±= x'±T' [sin (»' — cp') + k' sin (f — 99')] = x'xT" sin (*"— cp'). ) (3-x)
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The dashed (' or") quantities may be calculated with the aid of the following 
formulae:
T' —T sin V{, where cos =sin y sin i — cos y cos i sin (a — ft), 

sin y sin (« — ft) + cos y tan i 
cos (a — ft)

// =Ir sin vr, where cos vr= sin y sin ip —cosy cos ip sin (a — ftr), 
sin y sin (a — ftr) + cos y tan ip 

cos (a — ftr)

tan i' = —

tan ip' = —

cos 99 =
cos (p k' = k sm»r 

sin v-,
X ii =—

1 + xN,cos y

T" = T \^i + 2k' cos (*' — ip') + k'2, tan i"

1 + xN±
sin i' + k' sin ip'

(3-2)

cos i' + k' cos ip'
As regards the demagnetizing factors IV//and N±, they are strictly speaking 

not constant within a sheet-like body. This is especially the case at the edges. 
Only for bodies limited by faces of second degree, the demagnetizing factors 
are invariable inside the bounding surfaces. On the other hand, the sum of the 
demagnetizing factors available for three mutual perpendicular directions is 
constant (= 4 n) for every point of a body of any shape. Thus we have

N=+ N„ -f Nx = 4 71.
Starting from this relation and the assumption that the “mean magnitudes” 

of N_, N//, N: are in a direct ratio to the areas of sections of the sheet-like 
body in planes perpendicular to the three corresponding directions of demagne­
tizing, we arrive at the formulae

sd 2 elN =4;
ed + 2 el + 2 dl

N_l =4:

N// = 4 n

2 dl
ed 4- 2 el 4- 2 dl

ed + 2el + 2dl 
For an infinite length of the edge (l = °°) these formulae give

N_=0, N/; = 4jl
e + d

N_L=4n-
d

When even the extension in the depth of the sheet is infinite (d = °°), we 
obtain

N==N;/= o, N± = 4 n.
The magnetic susceptibility of rocks is primarily determined by their content 

of ferromagnetic minerals. Of the common minerals only magnetite, pyrrhotite 
and hematite in a-form (maghemite) are ferromagnetic. Pyrrhotite, however, 
is not seldom paramagnetic.

Pyrrhotite and in particular magnetite occur to a very great extent as acces­
sory minerals in the rocks, and have for that reason a dominating influence on
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K= susceptibl//ty of
pure magne t/te

ZOO Vo/ % /£, a
Fig. 3.1. The relation between susceptibility (x) and the volume percentage magnetite (FeaOJ in ores and rocks. The curves correspond to the values 0.5, 
1.0 and 1.5 of the susceptibility (K) of pure magnetite. The scale divisions a) and b) give the weight percentages of Fe, the gangue material having a

specific gravity of 3.17 and 2.67 respectively.
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the magnetic properties of the rocks. Crystals of these minerals are magnetically 
anisotropic, and show remarkable differences in susceptibility in different direc­
tions. Samples of rocks and ores have, however, usually the same susceptibility 
in all directions, due to the completely arbitrary orientation of the occurring 
ferromagnetic minerals as regards their crystal axes (pseudoisotropy).

As far as the magnetic properties of rocks and ores are concerned, the sus­
ceptibility at field strength of the magnitude of the earth’s field varies from 
about 0.5 to 2 for magnetite, and from about 0.05 to 0.2 for ferromagnetic 
pyrrhotite.

According to investigations carried out on rocks and ores within the Swedish 
iron-ore fields (23), the susceptibility of the material in a body containing v 
volume fraction of ferromagnetic material of the susceptibility (K), is

Kv , 1 — v1,1'x = --------, where C = internal demagnetizing factor = %n--------- .
1 + CKv v

The relation between x and the volume percentage of Fe304 in a magnetite 
ore is shown in the diagram in Fig. 3.1. The three curves hold for the cases in 
which the susceptibility (K) of pure magnetite are 1.5, 1.0 and 0.5 respectively. 
The largest /v-value is representative of typical skarn-bearing and calcareous 
iron ores. Quartzeous iron ores have a K-value of about 1. Apatitic iron ores and 
manganiferrous iron ores have values of K varying greatly from deposit to de­
posit. The highest values are about 1.5, and the lowest values are about 0.5.

In the diagram there is also shown the weight percentage of Fe corresponding 
to the volume percentage of Fe304 for those cases in which the gangue material 
has a specific gravity of a) 3.17 and b) 2.67; the specific gravity of magnetite 
is fixed to 5.17. The former value (3.17) corresponds approximately to green 
skam, tremolite, anthophyllite, hornblende and apatite, while the latter value 
(2.67) corresponds to acid rocks.

Judging from the experience gained from data in published cases of inter­
pretation of local magnetic anomalies, it appears, that the natural remanence 
in the majority of the cases considered must either be small relative to the 
induced magnetization or else have approximatively the same direction as the 
latter. Exceptions to this rule, however, are not uncommon. -

§ 4. Tables.

When drawing up auxiliary tables for calculating X and Z according to the 
formulae (2.8—2.9) it is convenient to separate the cases of l infinite and l 
finite and further t=^=o and t = o.

In the following the notations below are used.
e' = -; *'=*; C'= l/—1 + fV ;

t t t V 1 + +r*

k' =
c

1 + x‘

X"=X-- K
l l

K = x'k;- Cx' c
sin (p + x' cos <p (Aj V1 + x'* + l'2’

V'Vi +x"2’
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COS Cp + k " (1 + *"2)
A = 2el = area of upper, or lower edge of sheet.
In the expression for C L' as also in the formulae given later, the sign inside the 

brackets is used when t is negative. The fundamental formulae (2.8—2.9) for 
the cases set out above may now be expressed as follows
l infinite 

14= 0

t =0

\X = —2e [kJMn+K'MJ 
\Z= 2e'[k'M//- kx'M±]

A = — 2 eM„ 
x

(4.2 a) Z-^L
a:

(4.1 a) 
[4-1 b)

{4 ° b)

l finite

tA= 0

A' = (T) 2 e' -J=— [V M/i + C±’ sin cp) Af J .... (4.3 «)
V 1 + f'2

Z =(—)2e’^L= [kt'Mn- (k;- C±' cos cp) MJ .... (4.5 6) 
V1 +1'2

, njx =-2e" [kx" M„- c±" sin 9p MJ ............................  (*< «)
f - =- 2 e"Mj_ (kx" - C±" cos 99) .................................... (4-4 b)

The factor 2 e' ■——
VI +l'2

may be replaced by — —■H"1 f*

The equations (4.3 a) and (4.3 b) may also be applied to rod-like bodies. In 
that case A denotes the area of the cross section of the rod-shaped body perpen­
dicular to its longitudinal axis. A qualification is, however, that the area can 
be inscribed in a rectangle of sides 2 V and e where both these sides are «S 1. 
The formulae will now express the values of X and Z in a vertical plane through 
the longitudinal axis of the body.

Tables for these cases have been compiled and will be found on pages (I— 
XXI) in the end of this paper. Table 1 applies to the case of l infinite and 
t =(= 0, table 2 to l finite and t 4= 0 and table 3 to l finite and t = 0.

Table 1 includes values of kt' and kx'. Since in this case, C = 1 these quanti­
ties are simply functions of x'. kf is always positive, whereas k..' has the same 
sign as x'. The numerical values of kf and kx' do not change when x changes 
sign.

Table 2 embraces a number of double pages for different values of V 
(l' = 0,1,2, 3,4,5,6,8 and 10) where kf, kx, Cj_' and Cj_' cos cp are tabulated 
for close successive values of x' from 0 to 10 and from o to — 10. The left-hand 
pages contain values that correspond to positive values of x' while the right- 
hand pages correspond to negative values of x'. kf and kx' are entered only 
in the left-hand pages, as these quantities do not alter their numerical values 
as x' changes sign. kt' is always positive, whereas kx is to have the same sign 
as x'. This rule holds whether t is positive or negative.

2—482318. S. G. U., Sir. C, N:o joS. Werner.
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Cx' has always the same sign as t, but changes its numerical value as t changes 
sign. In the table the values of Cj_' and C±' cos cp correspond to positive values 
of t. Cj_' has only been tabulated for cp = 90° and 270° (— 90°), and it remains 
unchanged for both angles when x’ changes sign. C±' is thus included only in 
the right-hand pages of the table in the two columns farthest to the right. 
When t is negative the values in the column of cp = 90° are valid for — C±' 
with cp = — 90°, and the column of cp = — 90° is valid for — C ' with <p = + 90°.

When magnetic measurements in the field are carried out, only Z is usually 
measured. It has thus been considered convenient to tabulate the values of 
CV cos cp for close successive steps of cp (10 degree intervals from o—8o°). If 
Cj_' sin <p is required multiply the tabulated value by tan cp.

If one has to calculate the components of X and Z along a profile line passing 
over the middle of the plate perpendicular to the edge, it is always possible to 
place the coordinate system xyz (see Fig. 2.1) in such a manner that the x-axis 
gets parallel to the profile line, and the dip-angle cp of the plate lies between o° 
and 90°. Then the values of C L' cos cp in table 2 are valid if the profile line cuts 
the negative 2-axis (t positive) and thus passes over the plate. If, on the con­
trary, the profile line cuts the positive 2-axis (t negative), and thus passes 
through the plate one cannot use table 2, since Cj_' changes its numerical value 
if t changes its sign.

Table 3. The numerical value of kx" does not change when x" changes sign. 
kx” is thus entered only in the left-hand pages of the table. On the other hand 
k” is positive when x" is positive and negative when x" is negative.

Cj_" is always positive. Cp" cos cp is hence positive if cp is situated in the 1st or 
4th quadrant, and negative if in the 2nd or 3rd quadrant. From the expression 
for Cj_" it is clear that this quantity has the same numerical value at a point x" 
with cp = cpl or cp{\ in the ist resp. 4th quadrant or at a point — x" with 
cp = (1800 — ^1) = cpn or cp — (270° — <Pi) = cpm in the 2nd or 3rd qua­
drant. The tabulated values of Cj_" cos (P for <p = <Pi are hence also valid for 
cp = rPiv without modifications. If fp = '7[I or the right-hand pages of the 
table are to be used for positive ^"-values and the left-hand pages for negative 
x"-values.



CHAPTER II.

Methods of Interpretation. Single Sheet of Infinite Length.

§ 5. Introduction.

In this chapter and in the following that case is treated where the disturbing 
body may be regarded as consisting of a thin sheet of infinite extent in depth. 
As mentioned earlier in § 2 a sheet of finite extent in depth is from a magnetic 
point of view equivalent to two sheets of infinite depth. This case is treated in 
chapter V.

Suppose that the horizontal and vertical intensities are known at a number 
of points along a horizontal orthogonal profile line, and that the sheet edge is 
horizontal and of infinite length. In Fig. 2.1 the above mentioned profile line 
corresponds to a line (z = — t — — to] y = 0;) parallel to the x-axis, and the 
given field data correspond to X and Z in formulae (2.9). These formulae, 
however, presuppose that the x-coordinate of the head point at the profile 
line is zero.

When interpreting a magnetic profile curve corresponding to a profile line, 
the position of the head point is mostly unknown. Let us therefore suppose 
that origo of the coordinate system in Fig. 2.1 is displaced at an arbitrary 
distance along the x-axis and that after this displacement the x-axis cuts the 
edge at a point x = x0. In order for the equations (2.9) to be valid in this case 
it is obviously necessary to substitute (x — x<>) for x and write these equations

V _ 2eM/l ~ *°) + 1 (cj) z = 2 sMllt~ eM-j- (* ~ *o) (5 \
* + (*-*)» t* + (x-x0y

According to the formulae above the components X and Z along a horizontal 
orthogonal profile line are governed by four parameters, viz. x0, t0, eM// and 
eM ■. In the general case where the edge slopes and the profile line is not hori­
zontal and orthogonal, the components X and Z along the profile line (situated in 
the xx-plane) must be governed also by the angles a, ft and y of which ft is known. 
In the following the quantities x0, t0, a, y, eM//,eMj_ are called the magnetic para­
meters of a sheet. Of those the four first written quantities determine the posi­
tion of the edge and the last two state the magnetization of the sheet.

The parameters x0 and t0 are, exactly expressed, the coordinates of the magnetic 
edge line (the line pole) of the sheet. This line pole does not always coincide 
with the edge of the sheet-like body, but may in many cases be situated within 
the body at some distance from its edge.

According to equations (3.1), M and Mj_ are functions of the magnetic 
properties of the sheet material (susceptibility, natural remanence) as well as 
of the position of the sheet in relation to the direction of the earth's normal 
field. The values of eM// and eMj_ may therefore form the basis for further
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calculations of the position of the sheet (dip angle) as well as for estimating 
the magnetic properties and thickness of the sheet.

From the above it is clear that the interpretation calculations fall into two 
main stages, viz. a) the determination of the magnetic parameters of the sheet, 
and b) calculations based on eM// and eMj_. The calculations according to a) 
aim at a mathematical representation of the given profile curves, while the 
calculations according to b) imply an attempt to explain the magnetization of 
the sheet. We start with the primary problem a). The secondary problem b) 
is treated later on in § 8.

As regards the determination of the magnetic parameters of a sheet, the 
methods of calculation given in this paper are based on the use of intensity 
values of field components at datum points, situated at one reference line. There­
by it is most convenient to choose the reference line in such a manner as for it 
to be situated in a plane perpendicular to the edge. When the results of the 
magnetic measurements in the terrain are represented on maps where the 
isodynamic lines are drawn up in the recognized manner, this desirable object 
implies, from a practical point of view, that the data used for the calculation 
ought to be taken from the map along a line running at right angles to the centre 
line of the anomaly image.

It is convenient to represent the data, taken along a profile line on a map 
in the manner mentioned above, in a diagram (in the following denoted inter­
pretation diagram) according to that in Fig. 5.2. The full line in this diagram 
represents the magnetic profile curve of the component F, measured along the 
shaded ground profile, and L is the reference line used in the calculations. The 
points i, 2, 3, 4 on the profile curve of F correspond to the points where the 
reference line cuts the ground profile, i. e. the datum points of the reference 
line. Thus we obtain from the diagram the data xu Ft for the datum point (i), 
the data x2, F2 for the datum point (2) and so on.

The axes of length (x) and height (A) in the interpretation diagram are drawn 
on the same scale, so that the slope angle (/?) of the reference line may be taken 
directly from the diagram.

As regards all the quantities (as coordinates, field components, angles and 
so on) represented in the interpretation diagram, they are connected with the 
definitions of the symbols in § 1 by the stipulation that the plane of the dia­
gram is the xz-plane through origo of our coordinate-system xyz, and that the 
yz-plane through origo cuts the length-axis (x) of the diagram perpendicular 
and at the chosen zero point. Further we assume that the *-axis in the diagram 
is positive in the same direction as the x-axis of the coordinate system xyz.

By treating the methods of calculation as regards the magnetic parameters 
of a sheet, we distinguish in the following between simple cases a.nd general cases. 
When the edge is horizontal and the reference line is horizontal and orthogonal, 
i. e. a = fi = y = o°, we speak of simple cases and otherwise we speak of 
general cases.

§ 6. Simple cases.
As a = fi = y = 0, the formulae (5.7) and (5.2) may be used in the calcula­

tion of the magnetic parameters x0, to, eM// and sMi of the sheet. As there are
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refers n ce - //re

Fig. 5.1. Interpretation diagram showing a profile curve of F, the ground profile, the re­
ference-line (L), and the calculation points.

four parameters, four equations are required for the calculations. Thus it is 
only necessary to know X or Z at four points, or X and Z at two points on the 
reference line.

Given X or Z.
Equations (5.7) and (5.2) may both be written in the following form

«0+ axx 4 b0F 4 bxxF = x2F
where, if F = X

a0 = 2 (eM//X0 — eM± to), b0 = — t02 — V. 
a1=—2eM/i, Zq = 2 x0,

and if F = Z ..
«0 = 2 (sM/110 4 eM± %o), bo = — to- — Xo2,
ax = — 2 eM±, bx = 2 x0.

(6.7)

(6.2)

Using the values of x; and F, at four datum points (corresponding to i = 
= 1 . . 4) on a magnetic profile curve of X or Z, we obtain four linear equations 
according to (6.r) for calculating the parameters alt b0 and bt.
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Putting
D =| 1 F; x-Fi
Da ~ | x* F[ x-Fi

=\ 1 x-F\ Fi xFi
Ih =| 1 Xi x\F{ xFi

K =11 Xi Fi X\F{

where the expressions with the vertical lines are determinants of four rows 
(the first row corresponding to i = 1, the second to i = 2 and so on), we have

Uq
D.,0 (6.,)

Further we obtain from the expression (6.2)
Xq — g b\t
fo = i 5 V— 4 b0 — bu

and if F = X

eM± = - 

eM„ = -

*o + bi 
4 to

hau
and if F = Z

2 a0 + ax &x 

sMj_ = — 2«1-

\

(6.5)

It should be observed that in the above cases the numerical values of the 
magnetic parameters of the sheet are unambiguously fixed except for the sign 
of two of them. When using the profile curve of X the signs of ta and of eM 
will be uncertain but that of the product eM//10 will be fixed. When basing the 
calculations on a profile curve for Z, a similar situation applies to t„ and eM;V. 
Hence it is not possible to decide solely on calculations whether the edge of 
the sheet is situated above or below the reference line, if the values of only 
one of the field components X or Z is known along its length. When applied to 
actual examples, ambiguity arises only at interpretations of measurements 
below the earth’s surface.

In the following the phrase interpretation eqvation is applied to equation (6.1) 
and the phrase parameters of the interpretation eqvation to a0, ax, b0 and bx. As 
these quantities are functions of the magnetic parameters of the sheet, they are 
also called parameter functions.

Given F.
The interpretation method described above may be extended to a component 

F. As the direction cosines of F are vx, vy and vz, we may write
F =vxX + vyY + vz Z,
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where Y = o. If the interpretation equations for X and Z be multiplied by vx 
and vz respectively and added, it is easily seen that the resulting equation may 
be expressed in the same form as (6.x). The expressions for b0 and bx are in this 
case the same as in (6.2) and

a0 = 2 e M/i (x0 vx -f-t0 vz) + 2 e My (x0 vz —- tavx) I .
ax — 2 eM//vx— 2 eM± vz )

Thus we obtain
x0 = i b0, 
to = i V — 4

(2 a0 + ax bj vI-2«1 Uvx£M// =

eMx= - i

4 to K + Vz)

(2 a„ + ax bj) vx + 2a1 t0vz

(6-7)

4 to (vx + vl)
The calculations of the magnetic parameters of a sheet where we know a 

component F can thus be done in the same way as in the cases when the compo­
nent X or the component Z is given. The first step is to compute the values of the 
parameter functions a0, alt b0, bl according to the expressions (6.3) and (6.4)
and the second step to use these values to compute x0, to, eM// and eMx with
the aid of the formulae (6.7).

When F = X we have vx — I, vr = o and when F = Z, we have vx = 0 
and vz = 1. As is easily verified the equations (6.6) and (6.7) revert in these 
cases to the corresponding expressions in (6.2) and (6.5).

Given X and Z.
On solving the parameters eM// and eMj_ from equations (5.x, 5-2) we obtain 

2eMl,=-(x-Xo)X + tZ\
2eM±= — tX— (x — x,)Z.( ....................................

For two datum points (1 and 2) on a horizontal profile line we thus obtain 
— (xx — x0) Xx to Z\ = (x2 Xo) A 2 4~ to Zo,\
to Xi -f- (Xx — Xo) Zx = t0X2 -{- (x2 - Xo) Z
x0 and to may be solved from the two above equations and then eM// and eM L 
are immediately obtainable from equations (6.s). The following expressions for 
the parameters are obtained

(X! — Xj) (x1A'1 — .to A'._>) 4- (Zi — Zo) (x1Z1 xzZ2)
Xo =

to —

2 eMn =

(X, - X2)2 + (Zx - 
(xo — xi) (XxZ2 XqZi)
\x1 - x2y 4- (z, - zy

(x2 - xx) [Ax (Aj + Zl) - x2 (x;

ZoY-

zl)]

2 eM± = -

(Ax - X2)2 + (Zx - ZoY 
Xx) [Zx (a; 4- zl) - Z2 (A, 

Xo)

(*2 z;)]
(Xi 4- (Zx - ZoY

(6.9)
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The magnetic parameters of the sheet are thus unambiguously fixed in this 
case.

It exists a simple relation between the values of X and Z for the points on 
the profile line. To show this in a more general way we assume that the compo­
nents of the anomaly field of the sheet are X — AX and Z — AZ, where AX 
and AZ are constant quantities of correction of the given X- and Z-values. 

According to the equations (6.s) we may write
2 eM„ =—(x— x0) {X- AX) + t0(Z- AZ)\
2 eM l = — (x — x0) (Z - AZ) - t0(X — AX).|

Putting X = X0 and Z = Z0 in the head point x = x0 we obtain 
2 eM// = U(Z0 - AZ). 2 eM L = - t0(X0 - AX).

Inserting these expressions in the above equation we find 
to X — AX Z — AZ 

x — x0
and arrive to the relation

(X - AX) (X - X0)

z — z x — x0

(Z - AZ) (Z - Zo) o.
This expression may be written 

(X - ay + (Z- by = r\ 
where a = )2 (X0 + AX), 

b = i (Zo + AZ), 
r* = a* + b2 + X0 AX — Z0 ^1Z.

On using the relations

Xo = — 2E^± + AX, Zo=‘2^II + AZ,
to to

the expressions (6.j0) may be transformed into

(«.i

a = --eI^+AX.
to

b = -M^ + A Z,
to

r = s M'y
to

(6..

Thus, if the X- and Z-values at every point on the profile line are represented 
by a point in an A'Z-diagram, the profile curves of A" and Z correspond in this 
diagram to a circle. The centre of this circle has the coordinates X — a and 
Z = b, and the radius is r.

§ 7. General cases.

Let us assume two coordinate systems (x, y, z) and (x't y', z') with a 
common origin. Further, that the %y-plane and the F-axis are horizontal,
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and that a sheet is orientated in the latter system as in Fig. 2.1. In addi­
tion, we assume that the corresponding positive axes of the two systems 
form acute angles.

The coordinate system x'y'z' can be transformed into the xyz-system by 
turning the system first an acute angle (-y) around the A-axis and after that 
an acute angle (-a) around the z'-axis. We reckon these angles in relation to the 
xyz-system, and in agreement with the definitions in § 1. Then the following 
relationships hold between the field components in the two coordinate systems

X = X' cos a — Y' sin a cos y + Z' sin a sin y, I
Y = X' sin a + Y' cos a cos y— Z' cos a sin y,, .... (7.1)
Z = Y' sin y + Z' cos y. I

As the sheet is assumed to have infinite length Y' = o. The coordinates of a 
point are determined by equations which are completely analogous to those 
shown in {7.1). For the following, however, direct expressions for x', y' and z' 
are required. These are

x' — x cos « -f- y sin a,
y' — — x sin a cos y + y cos a cos y -f- z sin y, ,.......... (7.2)
z' — x sina siny — y cos a siny — z cosy. j

Suppose that the intensity F is known at some points situated on a sloping 
profile line in the Az-plane through the origin. If the point of intersection of the 
profile line with the 2-axis (head point) is denoted by 2„ =— t„ it is obvious 
that the equation of the line is

2= — t — — t„— x tan /?.

If the origin is moved along the A-axis to the point x — x0, x is to be replaced 
by (x — a0) in the expression above. Since the chosen profile is defined so 
that y = o, we obtain, according to (7.2).

x' = (X — *0) COS ff, _ _ __ , s
z' = — t' = (a — a„) sin a sin y — cos y [t0 + (x — x0) tan /§].

The latter equation may also be written
t' = cos y [f0 + P(x — x0)], 

where p — tan /? — sin a tan y.

With the aid of the equations (7.1), we obtain
F = vyX + vyY + vzZ

= X' {vx cos a 4- vy sin a) + Z'{vx sin a sin y — vy cos a sin y + vz cos y)

=XV + zw.
where vx' = v,. cos « + vy sin a,

v.’ = vx sin « sin y — vy cos a sin y + v7 cos y,

are the direction cosines of F referred to the x’ - and z'-axes.

(7-3 b)

}•• (7-4)
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Equations (3.1) and (5.2) are clearly valid for X', Z', x' and t'. As = 0 
the equation (7.4) may be transformed into
2t' (eMu v\ — eM± v'x) — 2 x' (eM)/ v’x + eM L v'z) — i’2 F = x'2 F .......... (y.5)

In the following we use the equations (y.3), (7.4) and (7.5) by generalising the 
interpretation methods earlier treated.

(7-«)

Given one component (F).

If we replace t' and x' by the expressions in (j.3 b and a), the equation (7.5) 
assumes the form of the interpretation equation, if we put

__oxo {sM//Vx' + eMjVz') cos a+ (<„ — pxt) (eM//v/—eM1yx) cosy
® i

jlt cos a cos y
_ 0 (eMi/Vx + eMj_v7') cos a— p (eM//»,' — sM±vx) cosy

“1 — ^-----------------------------------------------------------------------------------------------------------------------------——---------------------------------------------,

/<'- cos a cos y
,____ XÖ cos2 a + (/„ — px0)2 cos2yo0 — -------------------------------------,

/r2 cos a cos y

j _ 2 *0 cos2a — p {t0 — ^>x0) cos2y 
/<2 cos a cos y

, „ cos2 a -j- P* cos2 ywhere ,m2 =---------------------- p = tan — sin a tan y,
cos a cos y

i>x' = cos a + vy sin a,
vz' = vx sin a sin y — vy cos a sin y + v?_ cos y.

From equations (7.6) we obtain

*o =± ^ ^—400— 6V

bi, P cosy 
0 — ö + A-------*«•

_fF (2 a0 + a1 bj (v7' cos a + pvx' cos y)— 2 a1t0 (vx’ cos a—pvz’ cos y)
i ;/ ~ — wTö) ’

F2 (2a0+gi6i) (px' cos a—pvr’ cosy)+2a1f0 (yz' cos a + pvx' cosy)
4G (0 + 0

(7-r)

The formulae (7.6) indicate the general expressions for the parameter func­
tions. 712 is always positive since a and y are acute angles by definition. The 
expressions for b0 and bx do not contain v'x and v 7. Thus for a given profile line 
these two parameter functions have the same numerical values no matter what 
direction is chosen for F.

According to (7.7) there are always two solutions to t0. These have the same 
numerical value but are opposite in sign. For each of the two values of U there
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corresponds a series of unambiguous values of x0, eM// and eMj_. When inter­
preting measurements are carried out above ground, t0 may generally be as­
sumed to be positive. Hence in this case as well as in other cases where the 
sign of t0 is known, the above mentioned parameters are all unambiguously 
determined.

In order to calculate t0, eM)/ and eM± from formulae (7.7) it is necessary 
to know, besides the parameter functions, the angles a and y. The slope angle 
(0) of the reference line and the direction cosines vxl vy and vz obviously can be 
considered as given quantities.

As regards a and y, it is frequently possible to determine these angles direct 
and with sufficient accuracy from the anomaly picture in the present magnetic 
chart. Should it not be possible to do so, there exists the possibility of deter­
mining a and y by treating the data from a second profile line on the magnetic 
chart in the way described above. If this second line is situated in a vertical 
plan parallel to the first line and if in this case the quantities are denoted with 
a dash ('), we may write

Xq — x\ tany (h0 — h'0) — (t0 — t’a)
tan a =---------- , ----= — —;— —>

y cos a y

where h0 and h\ are the elevations of the head points on the reference lines 
and y' is the y-coordinate for the vertical plane through the second line. With 
the aid of these equations we may calculate the angles a and y.

Given two components (F and G).
We put

to a 1 P cosya — — and b — x0— a------- ...............................
H* cos a

where «2 and p is given under (7.6).
Then we may according to the expressions (7.3) for a point xx write

t{ = a cos a + (%; — b) p cos y, I 
x{ — (Xi — b) cos a — ap cos y. |

(7-s)

(7-9)

If we apply the equation (7.5) to the values iq and G\ in the point x\ and 
further eM// and sM± are solved from these two equations, we obtain

2 eMii(vx'uz' — vz'u'x) = — F, (<;'mx' + x■’uz') + Gi {t'\v'x + x-y vz)
— a{AvGi — AuFj)—b {BvGi — BnFi) +

Xj (BvGi Bu Fj),

2eM_l{vx'u1'—vz' ux') = — F; — *;'«0 -^G^t'iVz x{vx)
= a [BvGi — FUF;) + b (A,G; — HUF;) - 

—X; (AYGi — AUFj),
where Ay = vx cos a — vz'p cos y, Fv = vx p cos y + vz' cos a,

Au = ux' cos a — Uzpcosy, Bn=ux p cosy + uz cos a.

[7-1
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For two points, corresponding to i — i and 2, the following formulae may be 
derived from the two equations above

(V* «z v7. ) (x% Xi) (FiGf—F2Gi)
2) (F2-F,)a+(yV+«'z2) (G2—G,)2—2(vxux+vzuz)(F2~F1) [Gg-Gi)’

cos a
(“V + «?) (F2 -Fi) [xtFt — x,.F,) + (v'x* + v'*) (Gt — Gt) {x2G2-~x1G1)- 

(«V + «V) (F*—Fi)* + (»'x* + w'z*) (Ga—GO2- 
(®i*1 +i>2wz) [(F2 Fi) (x2G2—XjGi) + (G2—Gi)(x2F2—XjFi)]
2 (vx «x + z>z wz) (F2 Fi) (Ga—G])

(7-«)

If (a) and (y) are known, we may calculate vx, vz, ux', u/ and further p and 
F2 with the aid of the expressions (7.0) as i>x, i>y, va, ux, uy, u7 and (/?) can obvi­
ously always be considered as known. In this case, thus x0 and t0 may be ob­
tained from the above expressions (7.11). The quantities sM/, and eM may 
then be calculated from the equations (7.10), if in the latter are inserted the 
values of t\, x\, F, and G, that correspond to i = 1 or i = 2.

The relation between the two components F and G along a profile line may 
be represented graphically by a curve of second degree. To show this, we 
denote the values of F and G at the point x = x0 on the datum line by F„ and 
G0. According to (7.10) we obtain

2 f M,j (vx uz ■ - vz ux) = to cos y (— ux Fo -f- vx Go),
2 eAI^ (vx uz vz uy J = to cos y (— uz Fo -j- vz Go).

With the aid of these expressions we may arrive from {7.10) at the relations
* — *0 =____________ < (F — Fo) — v.J (G — G„)
t0 cos y ■ F {pux cos y + uz cos a) + G (pvx cos y + vz cos a)

_____________ »z (F — F0) — vz (G —Go)
— F (puz cos y—ux cos a) -f G (pvz cos y —vx cos a)

From this we obtain

F (F-F0) (w'x2+«'z2)+G (G—G0) (wV + wVj + F (G—G0) cosy , , , ,-vz ux)~cos a

—{vxux+vzu,'' — G(F—Fo) p (vx'uz'—vz'ux)+{vxux+vz'uz')j= 0.. [7.12)

The above equation is a quadratic equation as regards F and G. Further­
more these components always have finite values, except when the datum line 
runs through the edge of the sheet. In the latter case F and G may be of infinite 
magnitude only at the point at which the datum line cuts the edge line. If in a



rectangular coordinate system, with F and G as absciss- respectively ordinate- 
axes, each pair of values of F and G is represented by a point, the F- and G- 
curves valid for the datum line will correspond to an ellipse or circle according 
to equation {7.12) ■ The latter will occur when

z>x'2 + vz'1 = wx'2 + u,'2, and vxnx -f- v.'u.' = 0
If the mapped values of F and G that form the basis of the construction of 

the “relation figure” differ with constant values AF and AG from the real 
anomaly values of these components, we still obtain the same “relation figure” 
but its centre is displaced. If the real values are F — AF and G — AG the 
centre is removed at a distance AF in the direction of the F-axis and at distance 
AG in the direction of the G-axis.
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§ 8. Calculations from sMn and f-M .
In the following we make use of formulae given in § 3.
As T and the angles i, // , a and y are given, we may also consider T' and the 

angles i' and v, as known, since the latter quantities can be calculated with 
the aid of the equations in (3.2). The case is analogous as regards Ft, k', rp', vr, 
when Jr, k, rp and !)\ are given and concerning 9/, when <p is given.

The calculations are based on the formulae (3.1), which we write
exT" cos (*" — <p') =eM//(i + xNp), I
exT" sin (*" - cp') = eM±{i + xN±). \ .................................... ^

At first we treat the simple case, when 4 nx «S 1.

A. 4 nx 1.
As in this case the quantities xNp and xN_i can be omitted, we obtain from

(8.1) the formulae

tan (i" — cp') eMl

exT" = V'leM//)2 + (eMx)J = eMT.
(8.,)

With the aid of the above formulae it is possible to calculate <p and e, when 
we know the magnetic susceptibility (x) and the natural remanence of the 
sheet material. If only k' and rp' are given, it is possible to calculate rp and the 
product ex.

We separate the following two cases:
a) The natural remanence has the same direction as the earth’s normal field, 

i. e. i" = i' and k' = k.
From the value of (*' — rp'), obtained from the first expression in (8.2), it is 

possible to determine the angle rp with the aid of the relation
cos cp — cos cp' cos y.

Further the second equation in (8.2) gives

EX (1 -(- k) =
E -1 / ■ i ■

T'
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b) The dip angle (95) and the product (ex) are known.
As the angle 99' can be considered as known, the equations (8.2) give the values 

of i" and T". From these quantities we arrive to k! and xp' with the aid of the 
formulae

k'=yi - 2 ^ cos +

, T" sin i" — T' sin i'tan w =--------------------------------------------- .
T" cos i" — T cos i'

B. xN/i and xNj_ can not be omitted.
The two equations in (8.1) contain three independent variables, viz. x, the 

product gT” and the angle (i" — 95'). If one of these variables is known, the 
other two can be calculated with the aid of the following formulae:

1) x known.

tan (»" — 99')

eT"

eMl (1 + xN±)
sM^l + xN,,)’____________________

V(eM//)2 (1 + xN„y + (giV/_|_)a (1 + xN±Y
(8.4)

2)

x =

tan

eT" known.
Nl/(eM/l)*+N± (eM\ (eT"Y (eMTr--(EM/leM]y(N±-Nl/r

(e T"Y (N//E M//Y — (1Vj_ eM j_)2

(i" - eJVfj_ (1 + xN_i_) (S-S)

3) The angle (i" — <p') known.
_ eM± — eM„ tan (i" — 9/)

* ~ N/ieMn tan (i” — <p') - N±eM±

eMj, sin (i"—<p') — eM± cos (*" — 9o')

N± eMj_ cos (t" — 99') — N/ieM/i sin (i" — 99')’

g xT" = _________________ eM//eM± (N± — Nq)__________
Nj_eMj_ cos (*"—99')—N//eMh sin (i” — 99')

.... (8.6)

We separate the following two cases:
a) The natural remanence has the same direction as the earth’s normal field,, 

i. e. i" = i' and k! = k.
When x is known, we obtain 99 and g(i + k) with the aid of the formulae

(8.4).
When eT" — gT'(i + k) is known, x and 99 can be calculated from the equa­

tions (8.5).



When cp is known, v, and e(i + k) are obtained from (8.6). 
b) The dip angle (q>) and the quantities (x) and (e) are given.
From the formulae (8.4) we obtain the values of T" and i”. After that we 

can calculate k' and the angle ip' with the aid of the expressions {8.3).
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§ 9. Characteristic properties of the anomaly field.

From the above (§§ 6—7) we have seen that the interpretation equation
(6.1) may be regarded as the general equation for the anomaly F along an 
arbitrarily chosen straight line. On the other hand, if the interpretation equation 
is to refer to a real sheet the parameter functions must be real and in addition 
it is necessary that the expression — (4b0 + b\) is > 0. From these premises 
we deduce in the following some general characteristic properties of the anom­
alous field along a straight line.

Extreme Points.

According to the interpretation equation (6.z) the ^-coordinates of the 
extreme points are governed by the condition

dF _ — flj x2 — 2 a0x — ax b0 + 
dx (x2— bxx— b0)*

If the denominator in this expression is zero F = Apart from this special 
case, and if the coordinates of the extreme points are indicated by the suffix 
(e) we obtain

for ax 4= 0

_— «d i V#0 + a0a1b1 — ci\bnxc —------------------------------------------------------,
a!

p _ ai _ a\
2 xe — bx _ 2a0 — ±2yAo+ — a[b0

and for ax = 0

*e
b1
2’

p___ u0
x\ + b0

4 a0
4 b0 -f- bx

(9-r)

(9.2}

When ax 4= o, one extreme value (maximum) of F is always positive while the 
other extreme (minimum) is always negative. When ax = 0, the extreme is a 
maximum if a0 is positive and a minimum if a0 is negative.
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Fig. 9. 1. Positions of the extreme points (M and tn) and the points of inflexion (I1% /2, J3) on
a magnetic profile curve of F.

Possible positions (O — [X], 0' — [X'] and 0 — [Z], 0' — [Z']) of the sheet if F = X or F — Z 
and the magnetization of the sheet has the same direction as T'.

According to the interpretation equation the abscissa (xa) of the point (A) 
on the profile line where F = 0 is

Thus it is apparent from the first equation in (g.i) that the point (A) is situated 
midway between the points of maximum and minimum values of F. When 
ax = o, F does not assume the value zero at any point but approaches this value 
asymptotically as x—°°.

Consider a straight line (E) joining the two extreme points on a curve in a 
diagram, as in Fig. 9.1. If we designate the coordinates of the maximum and 
minimum points by suffix (M) and (m) respectively, the equation for the line E 
may be written

F-Fm _F- Fm.
X — XM X — xm
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On inserting the expressions for the coordinates of the extreme points, ob­
tained from (9.J), in the above equation, it may be converted to the form

2 UyX -f- 4 Uq -{- ci\bxF = - ('9-3)4 i0 + ij
This line intersects the curve of F at the extreme points as well as at yet another 
point (B). The coordinates of this third point of intersection are

hxb =

Fb — F m + Fm —

= 2 —

4 2 a1bl
4 ba +

, sM/i (vz' cos a + p vx' cos y) — eM± {vx cos «—p vz cos y) 
to cos a cos y

The line E also intersects the x-axis in a point (C) whose coordinate is

({>■*)

o «o ii oxc = 2 - = — xa xb,
a1 2 (9-5)

or xc — xa = xa — xb.
This obviously implies that the points xb and xc on the x-axis in Fig. g.i are 
situated at the same distance from, but on opposite sides of the point (.4), 
where F = 0.
When «=/l=y=owe obtain 

Xb =Xo,
_ eM h vz—sM±vxF, (9-6)

to

The total amplitude of the F anomaly along a straight line is

F m -F = 2 cii ■ 4 \ ti0-\-doCiibi—ul bo
(2 xM — 6il (2 xm — bi) 

2 eMT
r±

4 b0 + bl (9-7^
sin v,

where r, = t0 — C°S a cos y .g g^^ggt distance between the profile line 
E2 ______

and the edge of the sheet and sin v = -f- v'\, where v is the angle bet­
ween the direction of F and the edge of the sheet.

Thus, for a given sheet, the total amplitude of the anomaly (F) along a certain 
arbitrary straight line is equal to the double product of the thickness (e), the 
total moment (Mx) per unit volume and the sine of the angle (v) between F 
and the edge, divided by the distance (r_|_) between the profile line and the 
edge.

3 —482318. S. G. U., Sir. C, N:o joS. Werner.
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Points of Inflexion.

d*FThe condition ----= 0, applied to the interpretation equation, gives the
dx2

following equation for determining the abscissae of the points of inflexion (xj).
a1x3 + 3 a0x2 + 3 {axbo — a0bj) x = — a0(b0 — b[)..........................  (g.8)
For a! =0 we obtain the values of 

/4 bo + bdx, h ± _ 4 6q+V 
3

3 ao (9-s)
Further for both values of x, we obtain F, = — —--- ■ = § F„.

4Z>„ + &’
In this case, there are thus two points of inflexion, situated symmetrically in 
relation to the extreme point and having the same value of F.

If a1 4= 0 there are always three points of inflexion. To illustrate this move 
the zero point on the x-axis in Fig. g.T. to point A. This implies that a0 — 0 
and that equation (9.5) assumes the form

*3 + 3 b0x = ba bx.

This equation has three real roots when b] + w=t:(4t.+jg 
4 4

This condition is always fulfilled since (4 b0 + b\) must be negative in order 
that the magnetic parameters of the sheet be real.

It is also possible to show that the three points of inflexion are always situ­
ated on a straight line (I) in a diagram according to Fig. g.j. If we put 
F = Ax + B in the interpretation equation, it is possible to determine A and 
B so that the mentioned equation becomes identical with equation (9.5). For 
the /-line we obtain the equation

F a^x + 3 a0 -f- b1
4 bo + bT

(9.J0)

This line intersects the x-axis at the point (D), where

2(xc—xJ ......................... (9.11)
3 u0 ~ d-tb\

*d =---------------- 1 = xa

and the F-line (equ. 9.3) at the point /„. This point has the coordinates

x =------ = xa

F _ 2a„ + a161
- (4 6„ + j;) _2 b-

(9.J2)

Thus the /-line in Fig. 9.1 passes through the point of intersection between the 
F-line and a line through point A, parallel to the F-axis. It cuts the x-axis on 
the same side of A as does the F-line, but at a distance from A twice that to 
the point C.



It is hence possible to construct the line on which the points of inflexion are 
situated, knowing only the positions of the extreme points.
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§ io. Graphical Interpretation.

We are only investigating the case in which the edge of the sheet is horizontal, 
and in which the F-curve may be referred to an orthogonal horizontal profile 
line, i. e. a = /? = y = o. The following is to be taken in conjunction with the 
description of the characteristic properties of the anomalous field (in § 9). 
xb, however, is to be replaced by x0, since these quantities are identical on account 
of the above assumptions for a, (1 and y. Further, the notations for the ab­
scissae are also used as designations of the corresponding points on the x-axis.

In the following we treat the methods of graphical interpretation for a number 
of special cases.

a) Given the position of the two extreme points (M and m).

As has been shown earlier we have
x0 — }, blt xa =----- .

ax
If we take the point xa (point .4 in fig. 9.1) as origo on the x-axis, a0 = 0 
and x'l = — b0 (g.j). Thus we may write

h = i ^0—= rb V (*• *a)2 {xo ......................... (I0-z)

The point xa (A in Fig. 9.1), is situated half-way between xM and xm. On 
drawing the £-line we obtain the position of point x0 by marking off from 
A the distance to xc in the opposite direction.

Further (comp. 10.1), if we describe a circle (see Fig. 9.1) with centre in A 
and the radius /xM — xj = !xm — XJ, and then draw a normal to the x-axis 
through x0, the edge of the sheet is situated at one of the two points O and O' 
at which the normal cuts this circle.

According to (9.4) we have
2 «„ + «!&, = 2 tl (Fm +FJ = 2 tlFb 

and according to (9.1)
ax = (2 xe — bx) Fe = 2 (xe — x0) Fe.

On inserting these expressions in equations (7.7) we obtain

eM

eM

toFhvz—2 (xe —Xo) Fcvx 
2(vl + vz)

_ to Fh vx + 2 (xe — Xo) Fe vz
2 (vi + v1.]

(10.2)

where xc and Fe refer to the same extreme value; but immaterial whether it is 
a maximum or minimum. The quantitites Fe, and Fb = F M + Fm are given.
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The quantities t0 and (xe — x0) obtained from the construction diagram (Fig. 
g.i), are to be given their appropriate signs.

The ratio
M// to vK + (*a — x0) vz

When F = X; i. e. vx = 1, vz = 0, the ratio
M± _ —xo
Mu to

and when F = Z, i. e. vx =0, vz = 1, the ratio

{10.3)

M± __ tp 
M/i x^ — xo (IO-4)

Further, if the directions of the permanent and induced magnetism of the sheet 
coincide and if 4 nx <. 1 we have according to (8.2) that

—— = tan H —w).
M„ '

The dip of the sheet may hence be estimated from an A'- or Z-curve according 
to the following simple rule. Rotate the angles xoOA(x0O'A) and A 0 P (A O’P') 
in Fig. 9.J (O P and O' P' are parallel with the #-axis) round their apices at 
O (O') until the side 0 A (O'A) coincides with the direction T'. Then the posi­
tion of the sheet is given by the line Ox0 (0'x0) if F = X, and by the line O P 
(O'P') if F —Z. In this way the dashed lines [A] and [Z] originating in 0 and 
the lines [A'] and [Z'J originating in O' in Fig. g.j have been obtained. Thus 
these lines indicate the two possible positions of the sheet if, by chance, the 
F-curve reproduced in the diagram should represent the course of the field 
component A or Z. It must, however, be emphasized that the above holds 
only on condition that the sheet fulfils the magnetic requirements stated 
above.

b) Given four points (x-J?x,x^ F\, x.,F2, xz Fhaving pairwise a 

COMMON VALUE OF F.
The following notations are used:

xs ~ I (*1 + xi'), Xg =\(x2Jr xx’).
The point xg is hence situated midway between points xx and xx, and xg’ 

midway between points v, and x2'. In the following, when carrying out the 
graphical constructions, we assume the points xg and xg' to be plotted already 
in the construction diagram.

According to the formulae (16.3) we have
_ (xiXi —x2x2') FiF2 XiXiFi—x2x2'Fz«0-----------—----- —-------- , 0 0 = —

Fi—F2
„ _ 2 (Xg — Xg) FtFt x _cii —-------------------- , 0\ —

F1 F 2
2 (xgF1-Xg'Fi)

{10.5)

Fx — Fo F1 — F2
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Thus we obtain from the above expression of bx

xo — xg = 2 h — xg

r 1 7 fx0 — xg = é Ox — x g

(xt— xg')Fa 
F1—Ft ’ 

(xg — xj) F1 
Fi-F2 ’

(I0.fi)

or x„ — xe _Ft 
x0 — xg Fx

(J0.7)

Further
a0 x^Xi x 2,x 2 
«i 2(xg—xg')’

where (xg — xg') is invariable with the chose of fiducial mark on the x-axis, 
as this expression is a distance between two points. Consequently, we may write

— XX — — 

Xa — Xx' = —

[Xj — Xi) [Xj—Xi) 
2 [xg—Xg)

(x2— Xi) (Xg —xi) 
2 (xg —xg')

xa — x2

Xa ---- - X2

(xx— X2) (Xi—Xj) 
2 (Xg — Xg)

[xi--Xi)(Xi—Xj)
2 (Xg — Xg)

Hence
Xa — Xx _ X2 — X\

Xa Xo Xi — x2

XR Xx   x2 — xL
t I /*

Xa — X2 %l — X2

Xa — Xx _ x2 — Xx
Xa-- X2 Xx — x2 ’
xa — Xx _x2 — Xx 
xA — x2 Xx — x2

(zo.s)

If the origin on the x-axis is displaced to xa, we have a„ = o and xe2 = — b0 
(comp. 9.j). Thus, according to (jo,5),

(xi — *.)« — *,) — (x2 — xa)(x2' — xa) = o
and
— K = (Xe — *a)2 = (Xt — Xa)(xx' — Xa) = (x2 — Xa)(x2' — Xa) .............. {I0.9)

From (zo.5) and (10.0) we obtain
«x = — 2(x„ — Xg)F1 = — 2(x0 — xg')F2.

Hence
_ ^1 _ Xo Xg j-.   X0 Xgr e-------------------------- ri--------------r 2-

2 xe — bi x0 — xc Xo — xe
(10.jo)

The formulae (10.7—jo.9) allow the determination of the positions of the 
points x0, x" and xc by simple graphical constructions. After that the position 
of the edge and eventually the dip angle of the sheet, may be determined in 
the same way as given earlier in the case a).

The quantities Fc and Fb — FM + Fm may be graphically constructed ac­
cording to the formula (10.10). It is then possible to calculate sM// and eM ̂  

from the expression (10.2).
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Fig. 10.1. Determination of the points x0, xA and xc by graphical constructions based on four 
given points (marked with full circles) on a profile curve, viz. two points hawing F = and 

two points having F = Fif where Fx and F2 have the same signs.

The graphical constructions are made as follows:
We first determine the position of x0, x;i and xc. This is illustrated in Fig. 

io.i for the case of Fx and F2 having the same signs, and in Fig. io.2 for the 
case of Fx and F» having the opposite signs.

Determination of xa. Plot point (Gx) having the coordinates xg' and Fx, and 
the point (G2) having the coordinates xg and F2. Draw a straight line through 
(Gi) and (G2). From equation (to.7) it is apparent that this line will intersect 
the %-axis at the required point x0.

Determination of xv It is sufficient to use one of the four equations given 
in (io.8). The constructions in Fig. io.i and Fig. 10.2 are made according to 
the fourth equation. Thereby the points N1 and N2 have been marked off on 
the normals through respectively x2. The distance from xt' to Nt is equal 
the distance between Xjf and x2, and the distance from x2 to Ar2 is equal the 
distance between x.[ and xx. The straight line through the points Nx and N2 
cuts the x-axis in the required point xa.

The quantities (x2 — %') and (x2 — x2') in the fourth equation (as the 
corresponding quantities in the other three equations) under (10.8) have always



INTERPRETATION OF MAGNETIC ANOMALIES AT SHEET-LIKE BODIES. 39

Fig. 10.2. Determination of the points x0, and xiX and xc by graphical constructions based on 
four given points (marked with full circles) on a profile curve, viz. two points having F = 

and two points having F = F2, where Fx and F2 have opposite signs.

the same signs, if the signs of Fx and Fa are equal, and the opposite signs if the 
signs of Fx and F2 are opposite. Thus the points and N2 shall be plotted 
to the same side of the x-axis in the former case (Fig. io.i), and to opposite 
sides of the x-axis in the latter case (Fig. 10.2).

It is of interest to state that without xa, only the ^-coordinates of the datum 
points enter the formulae (10.8). This fact implies that we should obtain the 
same position of xa by the graphical construction, even if the given anomaly 
values were (Fx + AF) and (F2 -f AF), where Fx and F, are the real anomaly 
values and AF is a constant quantity. The F-curve in Fig. 10.1, for example, 
should in the mentioned case be displaced a distance AF upward or downward 
in relation to the x-axis, but the construction lines for xa should be the same. 
On the other hand the constructed position of x0 as well as the cutting point 
between the F-curve and the x-axis should be changed.

The facts mentioned above may be used to determine the quantity /IF in 
the case where uncertainity exists as to the real zero-level of a measured 
profile curve of F. Thereby we may first construct the positions of x0 and xa 
in the way given above, and after that draw a normal to the x-axis through
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Fig. 10.3. Continuation of the graphical interpretation from Fig. io.i. Determination of the
points x„, xm, O, O', M and B.

xa. This normal cuts the F-curve on a distance /IF from xa. On displacing the 
x-axis in the construction diagram to a parallel line through the cutting point 
mentioned, this new x-axis gives the right zero-level of the F-curve and cuts the 
line through the points G1 and G, in the real head point x0 and the F-curve in xa.

Determination of xc is made by marking off from xa the distance to x0 in the 
opposite direction (comp. § 9).

The graphical constructions described below are illustrated in Fig. 10.3, 
where the F-curve and the given datum points are the same as in Fig. 10.1.

Determination of xM and xm. Describe a circle (1) with centre xg (or xg) 
passing through point xa (denoted A in Fig. 10.3), and draw a normal to the 
x-axis through xt (resp. x2) or x{ (resp. xf). This normal cuts circle (1) in two 
points (R and R’) and the distance between point R or R’ and the x-axis is, 
according to equation (10.9), the same as the distance between xe and xa. 
On drawing a circle (2) with center in A and a radius equal to the mentioned 
distance, this circle cuts the x-axis in xM and xm.

Determination of the position of the edge. On drawing a normal to the x-axis 
through x0, the edge of the sheet is situated at one of the two points (0 and O'), 
where the mentioned normal cuts circle (2).
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Determination of the points M and B. The maximum point (M) of the F- 
curve may be determined with the aid of one of the two points

Sx with the coordinates: x = x0 + (xg — Xu), F =F1, 
and S2 » » » : x = x0 + (xg' — #_vi)» F = F2.
We obtain the position of Sx by marking off the distance (xg — xM) at the line 
F = F1 from the point of intersection ((h) of this line and the normal through 
x0. S2 is situated at the line F = A2 at a distance (xg — xM) from the 
corresponding point of intersection (Q2).

By drawing a straight line through xg and Su and another line through xg' 
and S2) we find that both these lines cut the previously mentioned normal 
from x0 at a point U. The A-coordinate of U is according to (ro.ro) equal to AM. 
As Xu is known we can now plot the point M in the construction diagram.

As the points M and xc are known it is possible to draw the A-line. The point 
B which indicates Fb is identical with the point of intersection between this 
line and the normal from x„.

Special case. Given an extreme point (M or m) and its corresponding 

POINTS [H AND H’) OF HALF-VALUE.

We have: Ax — 2 A2 —Ae, Xi — x± — xG, x% — xx% xb ,
Xg = V* (*h + *h')-

The equations (ro.7) and (ro.s) may hence be written:
X o Xe —— fag Xt,‘j,

Xa Xc ___Xk Xc Xa Xr ___ Xfr Xe ..............

Xa Xfr Xe Xfr Xa Xfr Xc Xfr

x9 = X9

(ro.rj)

After the determination of the points x0 and xR according to the equations 
above we obtain immediately point xc by marking off from %a the distance 
to x0 in the opposite direction on the x-axis. The remaining graphical con­
structions are identical with those in the case a).

The well-known thumb rule that for a Z-curve t0 — ± Vtw — xh) includes 
an approximation. The error caused by this approximation is illustrated in 
Fig. 10.4. There the graphical constructions are based on the first equation 
in (ro.xx) and the formulae

to — zb

x* — xe

K — it V (Xh Xe) (%], Xe) (x0 Xe)2,

Xk Xg — (xe Xg ), 

(-Th " ‘ Xe) {Xh ^e)

Xc — Xk

(X0.X2>

The first formula above is obtained by using the expressions of b0 and bt 
from (T0.5) and choosing xe as fiducial mark. The second formula defines the 
point xk which is used by determining point *a according to the third formula.
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Fig. 10.4. Constructions by graphical interpretation based on three given points on a profile 
curve, viz. one extreme point (A/) and its corresponding points (H and H') of half-value.

The graphical constructions may be performed as follows. From points xe 
(xM in Fig. 10.4) and xg' mark off the distance between these two points in 
opposite directions on the x-axis, from where we obtain the positions of x0 and 

respectively. Draw normals to the x-axis through xe and x0 and describe a 
circle (1) with center xg', passing through xh and xh'. Further, draw another 
circle (2) with center xe, passing through the points of intersection (R and R') 
of circle (1) with the normal from xe. Then the edge of the sheet is situated at 
one of the points (0 and O'), where the normal through x0 cuts the circle (2).

Draw a straight line through the points xk and R (or R'). The normal to this 
line through R (resp. R') intersects the x-axis at xa (A in Fig. 10.4).

According to the thumb rule mentioned above, t0 should be equal to the 
distance between xg and xh in Fig. 10.4. The real value of t0, however, is equal 
to the distance between x0 and 0. The graphical constructions show that the 
latter distance is always less than the former, if xg' does not coincide with xt. 
If xg — xc, also x0 — xc, so the thumb rule in this case is exact. These facts 
are obviously valid whether the profile curve corresponds to a component Z or 
an arbitrary component F.
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For the ratio between t0 and (xh — xg') one may derive the formula

-=±
xh— xg

(10.13)

The well-known rule that for an X-curve t0 = ± (%c — *») is obviously exact 
only if x0 = xa (comp. Fig. 9.1. and 10.4). In other cases the distance to the 
edge is always less than the distance between xc and *a. For the ratio between 
these two distances the following formula is valid, viz.

^0
X.

(10.14)



CHAPTER III.

Methods of Interpretation. Single Sheet of Finite Length.
§ ii. Modifying of fundamental formulae.

The formulae (2.s) for X and Z at a sheet of finite length are too complicated 
to be used by a direct calculation of the magnetic parameters of a sheet. It 
is possible, however, to give these formulae more suitable forms by expanding 
in series.

Such a modification of the basic formulae involves a limitation as regards 
their range of validity. In the following, simplified formulae are derived for two 
different conditions, viz. x2 < l2 — t2 and v2 < t2.

A. x2 < l2 — t2. 
Putting

/(*) = :?Vx2 + t2 + l2 [f sin cp + x cos <p + V*2 + t2 + /*]’

0 (x2 + t2) = 1
X2 + t2

l — 1
\x2 + t2 + l2

the equations (2.5) can be written
Xt = — 2 //J^£^f-L 1 — 2 (eM/ix + eM±t) 0 (x2 +12) + 2 sMJ sin <p ■ f(x)„

Z.i—2 —-^ (£M//1 — eMj_x) 0 (x2 + t2) + 2 eMjJ cos cp ■ f(x).
X ~j~ t

Expanding f(x) in series according to Maclaurin’s formula we obtain 
f(x) = n0 -f nxx -f m2*2 + n3x3 + ..., where

1»0 = / (o) =

f (0)
1 t

M0
1-2 2

_ /"' (0) _ Mi
1 -2-3 2

Vi!2 + l2 [2! sin <p + V> + Z2]’ 

cos cp
t sin cp + ]/t2 + l2’

ni 1+
«o/ t2-\-l2

M0
2 m2

Mo .

{11.1}
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The expansion is valid if x2 < P -f- P. 
In the same manner we obtain 
0 (x2 + P) = m0 -j- nix x2

m0 — 0 (t2) = — 
p

«1 0' (i2)
1

l

m0

ni2 x

— 1

m^x* . ., where

l

0" (?) 1 
= —-------------

w3

1-2
_ 0"' (<2) 
” 1-2-3

2 (*2 + J2)3/a.
3 l2 Ml--  ---------- r,

4 (£2 -H2) ; _
3 w2 ^ 15 £2 1 s (<2+?y

m =
0(n) (P)

n!

.... (XX.2)

)(.+i) (2 w — 1) //1
L («—1)/ ' ' ' 2“ (<2 -f- l2)(3 n+1)^

The expansion is valid for x2 < l2 — P.
Using the expressions (n.i) and (xx.2), we can write the formulae above for 

Xt and Zt in the forms
v 0eM/iX + eM±t
Xi= — 2 —a----------— -f »o+%*r/*id+«irT...

where
x* + P

h0 = 2 eM l (— m0t -f- n0l sin 99), 
hx = 2 (— m0eM// + n1l eMj_ sin 9?), 
h2 — 2 eMj_(— m1t -j- n21 sin 99), 
h3 =2 (— m1 eM// -f- nalsMj_ sin 99),

(-r-f-j)

and
Z, = 2——.4* + *# + Äijfx + Å,^ + Ä3.r2 + .. 

x2 4- <2
where

k0=2 (m0teMn n0leM_|_ cos 99),
ki —2 eMj_ (— m0 -f cos 99), 
ka=2 (nixteM/i n2leM_L cos 99),
k3 —2 eMj_ (— «i -j- w3Z cos 99),

(xx.4)

B. *2 < P.
Putting

0U(^2) = 1
X2 + t2

1 1
\xt + ? + li \t2 + l2
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equations (2.5) can be written
1 eM//X -j- eMj^t

x2 + Z2
_ 9

Z,=2

V<2 + /2

— 2 (eM// x + eMj_ Z) l ■ 0B (*2) + 2 £'Mj_ Z sin 95 • / ix), 
l sM//t — eM l a;

V Z2 + Z2 x2 + Z2
4- 2 {sMi/t — eMj_x) l ■ 0B (x2) + 2 eMj_ l cos 90 • f (x).

Expanding 0B (x2) in series in regard to x2, we obtain 
0B (%2) = m„ + m1x2 + m3xi + m3xe + .. where 

W0 = 0B (o) = 0
<PB'(o) = _l_____ 1____

t2 2 (z2 + Z2)3'2’
=

1

m2 = 0B" (o) _ _ 1
1-2

m3 = 0b" (0) _

1 -2-3

Z2

1 r
z:

Ml--

WS +

8 (Z2 + Z2) /2
5

16 (Z* + Z2)7/3.

*»=-
<P&} (0)

«/
1
z2

(2n— 1)//

("•j)

2 ”«/ (Z2 + /2) (2n + i)/-2

Using the expressions (jj.j) and (jj.5), we may write the formulae of X/ and 
Zi in the forms:

Xt = - 2 ^ ■— • £M/Ix + eMjt ..
\;Z2 + Z2 x2 + t2

where
ha = 2 n0lsMj_ sin 95,

Zq —2n1leM1^ sin <p, 
h2 = 2 Z sAfj_(— Zw»! + wa sin 9s)» 
h3 = 2l(— m1EM// + «3 sin 95), 

ht = 2 ZeMj_(— Zw2 + «4 sin 95),

(jj.ö)

and 
— 2

where

Z £.1/j_ *
yz2 + Z2 X2 + t2

- + &0 + £l* + k3x2-j-k3x3 -f . .

A0 = 2n0lsM± cos 90, 
kx =2nxleM± cos 90, 
k3 =21 (tmxEM/1 + «2 eMjL cos 9?), 

&3 = 2lsM± (— Wj. -f w3 cos 99), 
ki = 21 (tmtsM/i + m.i £.l/j cos 90),

.... (jj.7)
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Zr = h0 hxx + å2a2 + A3*3 -f . . . 
Zr=kB + hx + k3x* + k3xa + . . .

Mu' = -tJ=Mii, m±' = - L=m±.
\p +12 v t2 + i2

(Ii.s)

Further, let Zoo and Zoo denote the values of X{ and Zt in the case where the 
edge is infinite. Let Z'oo and Z'oo correspond to the same sheet of infinite 
length, the edge- and cross-magnetizations being diminished to M// and M±'.

Using these symbols, formulae (n.3, 11.4) in case A and formulae (11.6— 
II.7) in case B can be written
A. xa <la — P.

Xi = Zoo + zr,
Zi — Zoo -f- zr.

B. a2 < P.
X/ = X 00 -f- XT, 
Zi — Z 00 -j- zr.

(11.9)

(11.10)

When l is > t\2, the formulae (n.9) are valid in a greater interval of x than 
the formulae (11.jo). When l is <t\2, the formulae (11.10) have the greater 
interval of validity.

It may be pointed out that the potence series Zr and Zr are not identical 
in the cases A and B, as the coefficients of these potence series are different in 
the two mentioned cases (comp, equations ii.j—11.4 and 11.6—11.7).

§ 12. Generalisations. Interpretation equation.
The formulae given in the preceding section are valid for the plane perpen­

dicular to and across the middle of the edge. Further they presume that x0 — o 
and that the angles re, fl, y are zero.

If in the expressions of Zoo, Z'oo, Xr, Zoo, Z'oo, Zr we exchange a in (a — x0), 
the formulae are also valid when x0 is different from zero. In this case Zoo, 
Z'oo and Zoo, Z'oo assume the forms given in (5.7) and (5.2) and Zr and Zr are 
still potence series of a, but their coefficients are changed. The interval of 
validity of these potence series is obviously in case A determined by the rela­
tion (a — a0)2 < /2 — P- and in the case B by the relation (a — x„)2 < P.

In a plane, parallel to the plane of symmetry mentioned above and cutting 
the edge at the distances and l2 from its ends, the Z- and Z-components 
(Z/t 4, Z4 4) are influenced by the length magnetization (M ) of the sheet. 
If M_ is zero, or if the plane is situated so close to the middle of the edge that 
the influence of the length magnetization can be omitted, we have

A. Xtl 4 = \ (Xh + Xh) = Zoo + h (Zri + Xl2),
B. Z4 4 = \ (Z4 + Z4) = Z'oo + 1 (Zri + ZrJ,

-r^=* + ~r^=, ■
\P + l\ \P + l\

Analogous formulae are obviously valid for Z/t 4.

where in case B M„’ _ M±' _ j
Mn M±
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As regards a component T, obviously

Fk k = Xh k + vy YA k + ®«Zk /,■

Thus, it is possible to write

A. Fh h = F°° + FI, r2
B. F/l4 = Foo + Frir2,

where in the case of Y/t /, = 0,
Fog — Vx .Yx -j- V2Z00,

F'oo = Ux A'oo + Z'oo,
Ar, + Ar Ar, + Z,

2 2

When Y/t 4 is not zero, it is obviously still possible to use the above formulae 
for T4 4, if y/( 4 can be expressed in a potence series within the interval of 
validity of Ar, and Zu (Zx presumed < l2) and Fr is substituted for Fn r„. 
Thereby Fr denotes the sum of the two potence series Tri r, and 4.

In the following, we write the potence series
Tr — AF -j- kFx + k/x3 + kF" x3 -f k]

From the preceding discussion one can state, that in the case a — = y = o,
the coefficients AF, kF’, kF" . . . of Fr are constant along a profile line parallel 
to the #-axis, and situated within or in the vicinity of the plane of symmetry. 
To different profile lines correspond, however, different values of the coeffi­
cients of the potence series, since these quantities are functions of t and the 
position of the profile line in relation to the plane of symmetry. Furthermore a 
displacement of the zero-point of the profile line changes the values of the 
mentioned coefficients.

It is possible to establish that, even in the case where cc, f> and y are 4= o, 
the component F along a profile line can be expressed in formulae analogous 
to those of A and B in the case: a = /S = y — o. Thus, it can be stated that a 
component F along a profile line, situated in a vertical plane across the middle 
(or in the vicinity of the middle) of a sheet of finite length, can be written

F — F00 + Fr,
within a certain interval around the head point. In the mentioned expression 
Too symbolises the formula, valid for a sheet of infinite length, and Fr a potence 
series according to (12.1). The infinite sheet has the same position as the sheet 
of finite length, but the magnetization of the former sheet may be smaller. 
The ratio between the edge magnetization (M//) and the cross magnetization 
(MjJ, however, is probably identical for the two sheets.

The methods of interpretation, given earlier for a sheet of infinite length, 
can now be extended to a sheet of finite length.

Using the first n terms of the potence series Fr, we can write

Too = F - Fr = F - AF - kFx - kF'x* - kF"x3... — kF(n'-’ xn~l .... {12.2)
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Inserting this expression of Fin the interpretation equation (6.1), this 
equation can be written
A0 + Axx + A2x2 + .. . + An+lxn+1 + b0F + bxxF = x*F,.................  (12.3)

where
A0 = a0 — b0AF,
Ax = ax — bxAF — b„k F, 
A 2 -= A F bxk f — boh’, 
A3 — h — bxh' — b0h >

A
A„ = åk("-3) - bxkf(“-2)

n + l — «F

("•<)

The formula (12.3) can be used as interpretation equation, as regards a 
sheet of finite length and one given component F. This implies, that the way 
to follow in the interpretation calculations is the same as that followed in the 
case of an infinite sheet.

The first step is to determine the four parameters a0, ax, b0} bx, corresponding 
to the infinite sheet, and the n coefficients AF, h, h' ■ ■ ■ &f“ of the potence 
series Fr. The data required for this purpose are taken from (n -f 4) datum 
points selected at a reference line in the way shown in Fig. 5.1. The practical 
procedure to solve the parameters and coefficients mentioned above from the 
system of interpretation equations, corresponding to these datum points, and 
the relations (12.4) is treated later on in § 16.

The second step in the calculations is to compute the magnetic parameters 
of the sheet. Thereby the values of x0, t0> eM/,’ and eMjJ are obtained direct 
from the formulae (7.7), by inserting the computed values of ax, b0 and bx. 
For the edge magnetization (M/,) and the cross magnetization (M±) of the finite 
sheet the following is valid:

\l A 4- 73
1 < eM//: eM= eM l : eMx' < V y

where lx is the distance between the vertical plane through the reference line 
and the nearest end of the edge.

From a theoretical point of view it is possible to compute the dip angle (95) 
and the length of the edge by using the values of AF, kF, kv' - - - It is not prob­
able, however, that such calculations will give any real results except in isolated 
cases; this being due to facts, that are going to be dealt with in the next section.

The calculation of the magnetic parameters of a sheet, where two or three 
components are given, is being treated in § 17 and § 18.

§ 13. Strange disturbing fields.
The magnetic profile curves given for the interpretation are very often 

influenced by fields from other magnetic bodies and masses than the actual 
4—482,11 S. S. G. U., Str. C, A':o joS. IVerner
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sheet. We divide these strange disturbing anomalies into two groups: i) regional 
anomalies, and anomalies caused by tectonic structures or bodies of about the 
same, or essentially larger dimensions than the actual sheet, and 2) anomalies 
generated by small local magnetic masses in the immediate vicinity of a point 
of measurement. We call an anomaly according to 2) “punctual anomaly”. 
It affects in general only a small area around the actual point and then varies 
very rapidly in all directions from that point.

The magnetic profile curves are distorted by observation errors. The sum of 
the punctual anomaly and the observation error in a point at a profile curve 
(F) is in the following called “punctual error”.

From the facts given above it appears that we may write

F = Fs + Fd + Fv,

where Fs is caused by the sheet, Fd is the disturbing field of large dimensions 
and Fp is the “punctual error”.

If Fd, within the interval occupied by the datum points, may be represented 
with sufficient accuracy by a potence series and if Fp can be omitted, then, 
obviously, the interpretation equation (12.3) is valid. In this case the remainder 
field Fv is composed of the difference field (Fs — Fx) and the strange disturbing 
field Fd.

In the case where a sheet-like body can be considered to be of infinite length, 
i. e. (Fs — Foo) can be omitted, it is obviously possible to escape the influence 
of the disturbing field Fd in the calculated results, by using the interpretation 
equation [12.3) instead of (6.1).

In practical interpretation work we always have to reckon with the possi­
bility that a sheet (.4) cannot be considered as having an infinite extent in 
depth. As mentioned earlier (§ 2) the field from a sheet {A) of finite extent in 
depth is equivalent with the fields from two sheets (B) and (C) of infinite extent 
in depth. Thereby Fs may correspond to the sheet (B), and the field from sheet 
(C), which has its edge at the lower edge of (A), may be contained in Fd. This 
part of Fd can obviolusly be represented with sufficient accuracy by a potence 
series regarding x, valid within the actual interpretation interval, when the 
distance (d) between this stretch on the reference line and the edge of the 
sheet (C) exceeds a certain minimum value (dm). Consequently, it is possible to 
use the interpretation equation (12.3) if d is > dm. When d is < dmi it is 
necessary to use the interpretation equation (20.1) of two sheets given in 
chapter V.

The author has found that it is often more advantageous to use the interpre­
tation equation of one sheet than that of two sheets by calculating the depth 
of a body, when the distance d is essentially greater than dm.

If Fp is an essential part of F, the errors in the calculated values of A 0, A x.. 
b0, b1 (and consequently in the magnetic parameters of the sheet) may be large 
when using the interpretation equation (12.3) for a single set of datum points. 
The punctual errors, however, existing at the points along the reference line
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oscillate about zero in a case of chance. Consequently, it is possible to eliminate 
to a great extent the mentioned effect of the punctual errors. This is e. g. the 
case if we compute by means of the method of least squares, the probable 
values of the parameters of equation (12.3), by using a great amount of data 
from the F-curve within a suitable selected interval of the profile line. How­
ever, the introduction of integral functions of the F-curve in the calculations 
will prove much better than the employment of the time-vasting method of 
least squares.

§ 14. Interpretation equations containing integral functions of the 
magnetic profile curves.

Multiply the equation (12.3) with xp and integrate this expression with re­
gard to x over the interval xa < x < #a; then, excluding the value p = — 1 
the following formula is obtained

.^+2-<+2 ^+n+a—xi+n+i
.40—  —r— + Ai— ■■ , J1— + . . . +Hn+1 -5- —+

p + 1 p + 2 “' ‘ p -{-n + 2

+ b0F(p)l> + b1F(p+If; = F (p + 2);\

where F(p)xd =/ xpF dx, F(/> + l) *=/ xp + 1Fdx, a. s. o.

The expression above can be considered as the general integral form of the 
interpretation equation (12.3). When using this formula it is obviously neces­
sary to know F all the way between xh and xa along the reference line and not 
only at some datum points as in the case shown in Fig. 5.1. The quantities 
F(P)Z F(p + F(p -(- 2)x“ can be determined by drawing up the curves 
of xpF, xp+lF, xp + iF and integrating these curves over the interval

< x < xa with a planimeter.
When calculating the parameters of equation (14.1) we have in principle the 

choice of three different ways, viz. to apply the mentioned equation for a) a 
number of /»-values or b) a number of intervals or c) to use a combination of the 
methods a) and b). In the following, formulae are given for some special cases 
belonging to b) and c).

1) Intervals situated symmetrical in relation to the zero point at the reference 
line.

For two symmetrical intervals, one situated between the points X\ and xi+1 
and the other between the points -X\ and -xi+l at the reference line, the two 
formulae below can be derived from (14.1).
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+p̂ AM:i-*r) +^m<++15-*t5) + ••

+ ~ bo [F(P)li+1 + (-1)' F(P)Z:\+1 ] + t+1 b, [F(P + 1) J +1 +

+ (-1/ F{p + 1)“*|+I] =t±l [F^ + 2)^>+(-l)^(^2q + i],

^(*f« -*r>+f~ a> «+\4-*r) +^| -4=-*rG)+• • •
+&0 [F(^)i‘+i - (-1/ F(^q+j+t±2 i, [f(^+1);; +i - 

- (-1)' F(J> + iq+J = [F(* + 2)*|+1 - (- 1/ F(P + 5*q+J

2) The zero point of the reference line is chosen in the middle of the interval 
xb < x < #a, i. e. xb = — xv

Putting #i+i = #a and = 0 in the formulae (14.2), it is possible to write 
these equations

p+l

(J^)

A° + Kr^4** + -" +!,/« [F(^C + (~^F(P)\] +P + 1 p+l
P + 3 
/> + 1

£ + 5

+2^+; t^+i):a+(-1/ F(p+i)ij= 

[F (P + 2)? + (- iy F(p + 2)LJ,

p + 4 + 6
+ |^*o[F(^,)^- (-l/F^jLj +

+ ®t[^+ I),"- (- !)' F(P + l)-„] =

_P+ 2 
2^+

[F(* + 2)*- (-1/ F (/> + 2)°_XJ.

•• {1+3)

As regards the parameters of the formulae above, it is of interest to observe 
that without b0 and bx only those with even indices (Au, A2 . . .) are present in 
the first equation both in (14.2) and (14.3) and only those with odd indices (At, 
A 3. .) in the second equation. This fact obviously simplifies the calculations.



CHAPTER IV.

Technics of Calculation.
§ 15. Introduction.

In the following, a systematical treatment is given of the technics of calcula­
tion by using the interpretation methods derived in chapters II and III. 
Thereby we distinguish the cases where one, two or three components of the 
anomaly field are known.

In the simplest case, an interpretation calculation includes only the deter­
mination of the four magnetic parameters x„, t0, eAf// and sM±. In other cases 
it is desirable also to compute the angles a and y. Further it is often necessary 
to pay regard to the remainder fields. Thereby, in the following, the general 
case is treated where the remainder fields are determined by n coefficients 
according to (12.2).

As regards the case of one given component, the methods given in the pre­
ceding are based on the equations (6.1) and (12.3). The former of these inter­
pretation equations can be considered as a special case of the latter and can 
be used with success only when the remainder field (Fr) can be omitted. The 
calculation problem in this case is to devise as rational and rapid methods as 
possible for computing the parameter functions a0, alt b„, bx and the coefficients 
AF, kF, kv'... of the remainder field.

When two or three components are given the possibility exists to compute the 
angles a and y. Further the problem remains how to compute the remainder fields.

In the following treatment determinants are used to a great, extent. Thereby, 
inter alia, the significations occur:

_(m)
CF *i

_(m)
xPF
c(m)

.....*r H
......... *■

X. X.m +1 I

where the determinants are rectangular with (m + 2) rows, corresponding to 
(m + 2) different indices i.

Further we signify the subdeterminant of the first order of cm), corresponding 
to the element in row (7) and column (m + 2) with c!™^+2). If the indices of 
the first row are i = 1, of the second i — 2 and so on, we may write

i = m+2 i = m + 2

J">)
CF F iC.(m)

i (m + 2) ’
«(m)
CxPF

(m)
i (m + ‘2) ,

i = l
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where for i = j

Cj (m + 2) = ( (*» xl) ix3 %l) (#j—l X,) (,XJ+l X,) . . . .

(xm + 2 — Xi) (x3 — Xt) [Xi—Xt) .... — Xt) (xJ + 1 —x2) .... (*m+2 — *a)

(Xi — X3)..........(*m+S — *,n+i) = (— l), + m II (Xi—Xq)............................  (J5.r)
constituting the product of all differences (x\ — xq) for all i > q from 1 to 
m + 2, with i = j left out.

When we use the data of x{ and F; in (m + 3) points, we let the determinants 
4m), and c(m) include the rows corresponding to all (m + 3) f-values except 
one for i — h and signify by d'™\ /pp and d{m) the determinants mentioned 
when they include the rows corresponding to all (m + 3) f-values except one 
for i = k. Further we then let cj^+2) and 4'm+2) siSnify the subdeterminants 
of the first order corresponding to the element in the (m -f 2) :th column and 
in the row with index i = j.

If Fi is changed in G; or Kx or some other quantities eb fh gb k-, in the above 
determinants we signify these determinants by c("'\ c(n'L c(’n>, c('"t. . . and 
so on.

§ 16. Given one component (F).
Firstly, some particular facts have to be pointed out. It is important to state 

that the values of the parameters of the interpretation equation are dependent 
on the position of the zero point at the reference line. On changing the point 
mentioned from one point (0) to another point (O'), having x=d, the following 
relations are valid between those parameters corresponding to the new zero 
point (indicated by a dash) and those corresponding to the original zero point.

Putting cp(x) = A0 + A,x + A2x2 + .. . + /l11+1*n+1, 
rp(x) = b0 + b,x — x2,

we can write
Aa' = <p(d) = A„ + Axd + Azd‘ + ... A- An+idn + I,

A1 = ?-j-- = AX -j- 2A.,d + 3.43d2 + • • • + (w + 1) Aa+ida,

A, = ^ = At + 3A3d + 6 A,d2 + ...

<p”+,(d)
n + 1 («+!)! u+’

ip'(d)
b0' = yi(d) = b0 + M - d2, b\ = =b1- 2d.

. . (16.,)

It is often possible to simplify the calculations of the parameters considerably 
by a suitable choice of zero point at the x-axis and of calculation points on the 
given F-curve. For example, if we take an extreme point (xcFt) as calculation 
point, we find by differentiating the interpretation equation that
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A j + 2A 2xe + 3.4 axe + ... + {n + 1) ^n + i xe “t- bxFc—2 xcFc.
Putting xe = o, the extreme point gives us the two relations

A0 + KF, = o.
A1Jr bxFc = o.

In treating actual interpretation problems, the possibility of choosing the 
positions of the calculation points from a point of view of facilitating the cal­
culations varies widely from case to case. The field measurements available 
may have been made at such distances from each other in the terrain that the 
positions of the extreme points on the F-curve cannot be fixed with sufficient 
accuracy. Also magnetic fields from disturbing bodies in the neighbourhood 
of the sheet may so distort the magnetic picture that only F-values from 
limited portions of a measured profile line can form the basis of the inter­
pretation calculations. The qualification that the basic points are to refer to 
points in the terrain lying along a straight line, may restrict the choice of 
calculation points, if the ground is broken. It thus appears from the foregoing 
that the technique of calculating the parameters must be suited to the nature 
of the observation data at hand.

Simple cases.

Below there are treated some cases of great importance for the practical 
work.

i) Four calculation points (xxF x, xl'F1, x-,Fx-/F.,) having pairwise the 
same F-value.

Since the interpretation equation (6.i) is of the second degree in x and for 
F = F1( and F = F2 must be satisfied by x2 and x/ respectively x2 and x2', 
we may write

Fj(x — x2) (x — x/) = x2F1 — x(rtj + ^Fi) — b0F1 — a0,
F2(x — x2) (x — x2') = x2F2 — x[a1 + &iF2) — b0F2 a„.

From this we obtain by equating the coefficients for x in the left and right 
membra

a0 + &0F1 = — xixi'Fi, a1 + hxF1 — (xx + xx)Fx, ^ ^
a„ -f- b0F2 = — x2x2,F2, ax + bxF2 = (x2 + x2 )F2. j

The parameters may hence be expressed
(xiXi x2x2 )F1F2

f2-f7"
b„ =

XyXX Fj X2X2 F 2

(xx-\~xi x2 x2 )FiF2 , _a = ----------------- —---------- , ox =
f2-f2

Fo-F 2
(Xi + Xi')Fi — (x2 + x2')F 

F2 - Fi

• (16.3)

Special case: One pair of calculation points coincide in an extreme point, 
i. e. we can put x2 = x2' = xe and F2 = Fe.
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Putting xe = 0, we obtain

«o = - b0Fe = - _1 » Fe,
Fe— Fi

«t =—btFt—--'t' Fe.
Fc — Fj

{i6.4)

Obviously, the above formulae are valid for the case where both pairs of the 
calculation points each coincide with an extreme point, i. e. xt = xt' = x ' and 
Pi = FJ.

2) Two of the calculation points {x1F1, x1’Fll x,F,,, x3F3) have the same F- 
value.

As in i) it is evident that
a0 + b0F1 = — x1x1’F1, al + b1F1 — (x1 + xx)Fx.

FPutting «; = (x; — xl)(xi - Xl’), ............................................ (j6.5)
Fi— F;

we may write the interpretation equation
a0 + axx; = WjFj.

Making use of this equation for the points (x2F3) and (x3F3), one obtains two 
equations, which give a0 and av We obtain

«0

a i

X2 X 2U 3------------- rlt
X$ X2

U3 — «2 T'- ^1,
%2 *1+

(r6.6)

Special case: The two points having the same F-value coincide in an extreme 
point (x<Fe).

We put aq = = xe = 0 and F1 = Fe in the above formulae and obtain

«o = — &oFe x3x3 i x 2 F 2 
*3 — *2 \Fe — F2

a1 = —b1Fe
V; Pe - P3/

Fe.
(j6.7)

3) Four datum points {x-fF-f), having x3 — *3 = x3 — x3 = x2 — xx.
A straight line F = Fi in the interpretation diagram cuts the F-curve in 

two points which have the ^-coordinates xL and xx.
We now put

and make use of equation below (16.5), which may be written 
a0 + ax%\ + Xi(x[ — x1)niF1 = x;(x; — xx)niFx.
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From the three equations corresponding to i = 2, 3, 4 we obtain

and further

n2x2 — 4w3^3 + SriiXt 
nl, — 4«3 3«4

a0 = [x3(x2 — Xi)ns — 2 x2(x3 —
u2 = — \.[x2 x2 )n2 2 (x3 x2 )w3]F i, |

= *1 + Xi — «i

(j6.5)

General case.

A profile curve of (F) corresponding to a straight profile line is determined 
by (n + 4) parameters. These can be given in the form of the n parameters of 
the remainder field Fr and the four parameters a0, au ba and bt, which are 
functions of the six magnetic parameters of the sheet. Thus it is not possible 
to compute more than four of the six quantities x0, t0, eM//, eMj_, a and ft with 
the aid of data from one profile curve of F. For this reason we assume in the 
following that the angles a and y are known.

Obviously it is always possible to solve all the parameters of equation (12.3) 

in the common way out of the system of (n + 4) equations corresponding to 
(« + 4) chosen data of x-„ Fb by computing (n + 5) rectangular determinants 
of (n + 4) rows. Without b0 and b1 we then obtain a„, ax and the parameters of 
Fr with the aid of the expressions (12.4).

It is often better, however, to follow another line of calculation. A system 
of (n -f 3) equations according to {12.3) satisfies the relation

I 1 X\ x. . *"+1 F&* + b1xi — x-] I = 0

As (n + 4) calculation points are given it is possible to select two different 
relations of the type above. These two relations can be written (pp. 53—54)

b0c' 
b.d1

,(n + l) i 7 (n + 1)    (n + 1)
F ~^°lCxF “Cx2F 
(n + 1) .
F 1+*.<?"-CM

Hence
j(n + l) .(n + l) ,(n + l) j(n + l)

b0 xF x2F — c{nJL,d[xF x2F
(n + 1) j(n + l)

xF 4n+1) 4+ D»

C

c

(n + 1) j(n +1) j(n +1) (n + 1)
F___x*F ____ F Cx2F
(n + 1) j(n + l) j(n + l) (n + 1)*
F “xF “F CxF

(i6.9)
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After the computation of b0 and b1 it is convenient to calculate 
A = k(n-2> = | 1 *i X\ ' ' H— &Q—&l*i+*j)| =

| 1 Xi x\ . . x" X“
_h r[uoc'F,(n) . h c("> _i_ c(n> °lCxF ' CxSF

„(n) (16.10)

The quantities Al“ , ... kF, AF may be calculated with the aid of similar
formulae.

Putting
Fi' = Fi-*S
F" = F{—x\

n—1 J.(n— 2)

n-2 l(ii—3)

pin 1) ___ pin—2)-----X[kpt

pM

we obviously have
_tj r(»—i)f.(n-S)_ °oCF'

F _(n—1)
hC,(n 1) i _(n—1)* vSTT'xF'

z,fn—4>_
___ 7, 2) A -(n— 2) i (u—*2i(n_4, 6oCf„ — ÖlC + C

„(n—2)

JF
öoCF(n_i) iic + c®2p(n —1)

/.W

a0 + «!*; = F|n) (x* — biX{ — bo).

With the aid of the formulae above we may successively calculate k{"~s\ 
- • • AF. Thereby we only need (n + 1) values xit F,’ by calculation of 
n values of x;, F" by calculation of k(°~A) and so on all the way to 3 values of 
x-i, F:n_1), when calculating AF. Finally a„ and ax may be calculated from two 
equations of the last mentioned form.

§ 17. Given two components (F, G).
We distinguish the two cases when a and y are both known or both un­

known.
a AND y KNOWN.

Before the treatment of the general case, formulae are derived for a simple 
case which is often very useful in practical interpretation work.

Simple case.
We presuppose: X and Z given at three datum points (r, 2, 3).

Wr = AX, Z, = AZ, 
a =(}= y = o.
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Significations:
_(X2 — X;) ix1X1—■ X\X) -j- (Z2 — Z;) (x1Z1 XjZj)

li ~ ~Tx1-x-y+(z1-z^

_ _ (xt — Xj) (XiZ■ — X,21) (17
(Xl-X^ + [Zl — Z-y
(x^.— Xi)(Xi — X;) _ (Xi X,) (Zi Z;)

m' ~ (Xl-x-)i + (z1-zy n' ~ (X1-Xiy + (Zi- z-y

If AX = AZ = 0, we have according to the formulae (6.9) 
that *0 = h\ and t0 = l-,.

If the real anomaly values are (X-, — AX) and (Z; — AZ) we can write 

x0 = h; + Jh — h — m{AX — n-tAZ, \ 
to = li -f- == l\ fi\AX + ini AZ. |

For i = 2 and 3 we obtain four equations altogether from which AX, AZ, x0 
and to may be solved. <AI: and ed/j_ may then be calculated according to equa­
tion (6.8). We find that

^ Y (ft2 — A3)(»»2 — wi3) + 2 — ^)(w2 wa)
(m2 — W3)a + («2 — *»)*

^ _ (A2_-- ^3) («a — »3) — 2 — /3) (»W2 — m3)'

(w2 — ma)2 + (ra2 — «3)2
................ (17.2)

x0 = hi — m;AX — M;dZ,
t0 = k — n-t AX + niiAZ,

2eM// = — (%; — *0) (X; — dX) + io(Z; — dZ),
2eM± = — to(Xi — AX) — (Xi — *0) (Zi — AZ).

General case.
If the remainder fields F,. and G, each contains (n) parameters we have to 

calculate (2n + 4) unknown quantities.
Consequently we must use data of F; and G\ for (n + 2) points X\ on a refer­

ence line. As each of the two equations (7 .JO ) contains (n + 3) unknown para­
meters we may put the determinants
|1 *; x\....x\ [a(AvGi — AaF{) — b(BvGi — BaF()+Xi(B,Gi — BaF{)]\=0, 
|1 xl...x; [a(BwGi—BaFi)+b(AvGi — AaFi) — Xi(AvGi—AaFi)]\=0.

These expressions can be written

<■[».«“-B-c“]+4K

,(«>
G -B c,'n)l

u r B >> A"'»,Cy.G -®uCxF’

C(G‘ .(«)A cu xi1
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Solving a and b from these equations and inserting the expressions [7.10} 
for Av, Au, B,, B.„ we obtain

^ _ to _ [' ,(n) _(n) fn) (n)
CG CxF~CF

B* (4"02 (u'l + u'D + (c^y (v'l + v'l) - 2 4"Vg"> (oxV + ®,V)’

b = x 0 — a p cos y
cos a [17-3)

.(n).(n) f„>t 
. CF xF (“-+“'■)+■S’. *S (•"■+ O- («,’«/+».•*.■)

(4’)‘(»t+»';)+(«“)■ VI + o - 24* 41 (», v+«, v) '
where the quantities v*'» zY, wx'> mz', p and /12 can be computed with the aid 
of the expressions given in (7.6).
Observing that

— K = a* + b\ 
h = 2 b,

we may use the equation (16.J0) by calculation of the quantities AF, kF, kF' ...
ky . We obtain

= 11 I
|l x; x- X. X 

1 i
n + 1

b^-b^l + c*.(a) I „(n)
.(a)

In a similar way we obtain
_*-.(“)__^ -(") 1 »(a)^(b—»)  °°CG ÖlCxG + Cx»G

,(n)

U7-*)

Putting F;' = F; — x"-1 G/ = G, — x”"1 A'"-'2',

P," = PY - x"“2 ^n-8), G," = G{ - Yn-2) Å(Gn“3), 

and so on all the way to

Ff~l) = if~2> - x; *F, G[”-1) = Gf~
we then obviously may write

-X\kG.

^(a-8)_— ■("-i>-s1Y”7i)+Yr1)xSF'
„(u-l)

__7, _(n—1)___ 7 _(n—1) i (a—1)A(n-S) _ Ö°CG' He + C*»G’

G fa-1) >

__ 1, .(a—9)__ 1 .(n— 2) i (a—2)7,(a-4) _ 6oC F" *lCxF" +Cx2F"

F -(a—2) '



INTERPRETATION OF MAGNETIC ANOMALIES AT SHEET-LIKE BODIES. 6l

„ -6o4n.72)-Ain—4) __ G
rg

•bic\xG" ’ + ‘(, 2G"
„(n-2)

(17-5)

_ u .(1) _J, rW I /u*0Cp(n — 1) OiCxp(n_i) -p cx2p(n—1).(1) „(1>AF — 7»

AG =
50cG(n_i) &irG(n_1) + c.2G(n

„(i)

With the aid of the formulae above we may successively calculate k^~2’, 
k("~s} . . . AF and £G~2), &G_3> • • • AG. Thereby we only use (n + 1) values 
of xj. F\ , G{ by calculation of 3) and åg~3), n values of X\, F ", G," by cal­
culation of k("~4> and Ay 4> and so on all the way to 3 values of x;, F'!! h, 
Gjn_1> when calculating AF and AG.

Finally we calculate sM// and eM± by inserting values in the formulae (7.10) 
corresponding to one i-number of the quantities F:n) == (F(n 11—AF), 
G'nl = (GUx l} — AG) and further t) and x{, computed from the expressions 
(7-9)-

a AND y UNKNOWN.

In this case we have (2 n -f- 6) unknown quantities. Consequently we must 
use the values of Ft and G; from (n -{- 3) datum points.

We apply the equation (12.3) to F and G and write
Ao + AiX; + A2X{ + . . . . +dn + 1x” + 1 + boFi -f- b\X\Fi = *iFj, 

d0' + AiX[ + A2'x; + .... + dn+1' x"+1 -)- b0 Gi + by xfii = XiGr

Since b0, blt b0', by are independent of the direction of the field components 
(see 7.6) and belong to the same datum line, it is obvious that b0 = b0' and 
bt = by. As each of the two equations above contain (n -f- 4) parameters we 
obtain by eliminating A0, Ay ... Aa+1 from the system corresponding to the 
first equation and d„', Ay ... dn+1' from the system corresponding to the 
second equation

&oC(Fn + 1) + byC%+1) = 

&„c(Gn+1) + i!C(;G+1) =

„(n + l) 
x»F ’

Hence

b0 =
,(n + l).(n+l) 
xG x*F

.(n + 1) (n + 1) 
xF x2G

(n+lWn+l) 
CF CxG

(n+lLOi + l)’ 
CG x-F

by
.(n+1) (n + 1) 
CF x*G

An+ 1) (n+1) 
' CG Cx*F

>+l)in+l) 
°F xG

(n + 1) (n + 1)’
‘ CG CxF

(17.6)

After the computation of b0 and by we may obtain k'
,(n-2) ^(n-3) . AF and

?(n—2) T(n—3) Ka > . . AG in the same way and with the aid of the same formulae
as in the case where the angles a and y are known.
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Further we compute, a0, a()', ax and ax with the aid of the equations 
a0 + ax Xi = F:n>(x; — byx-, — b0), I

a0' + a/xi = G:D)(Xi — 6,^ ■ (r7v)

The expressions of sM// and sMj_ according to (7.7) must give the same result 
if we insert the values of a0, ax or a„, «/. Thus, a and y are determined by 
two conditions. These may be written

cvx' + axvz cuj + axuz

where c =

t & 1 I &
Vx + V z

cvz — axvx
v x + v z

2«o 4"
ijV-460 — &;

c =

/2 ■ rz *w X 4 M Z
c'w/ — «i'wx' 

72 j /2 >
M x + M z

2«0 4«i
v— 4&0 —(->

(r7-s)

In the expressions of c and c' the (—) sign in front of the root marks corresponds 
to negative values of

If the first and second equations above are squared and added, we have
>2 i /2 q i 2v x + V z _ ca 4-

= (*7-9)'2 , '2 '21 /»»Z+», C 2 + a ,
On inserting this expression as the expressions for vx', vz, wz' according to 
(7.5) in the equations {17s) and putting

Ax = axvx— ai'm2ux,
.y —• «ll’y --  «1 >» «y,
4Z = fliz;z — «i'w2mz,

we obtain

tan a sin y — 4y sin y 4 A

c X cvx — c ■>n2ux,
cy = CV y   C m2uy,
c cvz — c'm2uz,,

A, cos y+Cy tan « =
cos a

cz cos y-A , tan a
cos a

Ax.
{17.11}

From these equations a and y can be calculated.
If F and G both are parallel to the xz-plane through origo, we have

/ly = Cy = o and

tan a sin y ■ AXAZ 4 CXC7 cos y _ z4*4C£
A XCZ—A,CX cos a AXCZ— AZCX

(17.12)

If F and G both are parallel to the vz-plane through origo, we have A x = Cx = 0 
and

cos a tan y = A yA z 4 CyCz sin a _ A VCZ — A zCy
a: c: cos y A y 4 Cy 47-^)
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If F and G both are parallel to the ry-plane through origo, we have A z=C, = 0 
and

1 + Ay + Cyy "b Cy- sin y = h —--------------------- -2 A,Cy—AyCx
1 ±\/l-4( tA^r MsV \aI + a;, + c: + c.

-tan« = Ax + Cy siny
Ay— Cx sin }

If the value of sin y is real we obviously have
A* + Ay + Cx + Cy

{17-14}

AxCy—AyCX
2. Further only the (—) sign in front of the root mark

will give a value between — 1 and 1.

§ 18. Given three components (F, G, K).
When three components of the anomaly field are known in two points at a 

profile line we can compute the six magnetic parameters x0, t„, eM//, sMj_, 
a and y. If it is necessary to assume the existence of the remainder fields F,., 
Gr, Kr, each determined by n parameters, we thus need (n + 2) datum points 
at the profile line for interpretation.

First we derive suitable formulae for calculation of a and y. For this reason 
we apply the equation (7.5) to F, G and K for a point x-t and thus obtain the 
equations

2eM//(t{vr'—Xy'vJ) — 2eM± (t{vx' + x{vz')—F; (t'[ + x'\) =0,
2eM// {t'uz—x'ux)—2eM_L(ti'ux'XiUz')—Gy(t-y +X; ) = 0, 
2eMji{ti'sx'—Xy'sJ) —2eMj_ (ty'sx + x'sz)—K-y{t'\ + x \) =0.

We assume in the following that cos a and cos y are both different from zero. 
Then [t'\ + x'[) = 0 only if t0 = 0 and x, = x0 that is at a point on the edge 
of the plate, where all field-components are either °° or 0. Thus we have 
(t'\ + x'i) =t= 0 for all practical cases of interpretation.

If neither eM„, eMx nor {t'\ + x'\) are 0, we must have the determinant
[t-X- x’vx) (k /Vx + X-'VZ) —Fy

(*i V --x’ux) — [ti /
+ XyUz) ---- Gy = 0.

(^i sz Xi'sx) — {ti "F X[ Sz) ---- Ky

This equation can be vritten
F; [ujs.,' — uzsx) 4- Gy (Sx r r t\Vz —sz Vx) + K, [vxuz — vz'ux') == 0 ..

According to (7.6) we have
u .'sj — uzsx = — sin y {ujy — wysx) + cos a cos y (wxs2 — wzs.,) 

+ sin a cos y (uysz — uzsy),
S.4V — sz'vx = — sin y [sxvy — sy.vx) + cos a cos y {sxvz - szvx)

+ sin a cos y(syv, — sxvy),
vx'uz — v7'us' = —- sin y (vxuy — vyux) + cos a cos y {vxuz — vztix) 

+ sin a cos y(vyuz — vzuy).
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Inserting these expressions in equation (18.1) we obtain 
— tan a [(«ysz — uzsy) F; + [syvz — szwy) G, + (vyuz — vzuy) F,]

+----- [(m^s — M sx) F; + (sxv — S I)J G; + (vxuy — vyux) A',]cos a
= (MvA — MzS.v) F; + (sxl>z — SZJ>X) G; + (l>xWz — flzWx) F;................................................... (X<S.3)

Changing F; in (F; — Fr), G; in (G; —Gr), Fj in (F; — Fr) and putting

A = Ka — wzsy) F; + (syvz — s2wy) G; + (iVyWz — vzuy) Fi;
& = Ksz —Mzsx) F; + (sa-sa) G; + {vxuz — vzux) K„

— £i= («xSy— «y«x) -P; + (Sx^y — svwx) G; + (vxuy — vyux) Fj,

and

% = — {«ys2 — uzSy) tan a + (w,sy — «ysx) — (wxsz — mzsv),
cos«

vG = — {syvz — s,vy) tan a + (sxvy — syiq) tan y — (sxwz — szi>x) ,
cos a

VK = —(vyuz—vzUy) tan a + {vxuy — vyux) — (vxuz — vzux).
cos a

(18.3)

we may mite the equation (i8.s 
tan yA tan a -f- k, -

+ +A
cos a

n—1
+ (vpAF + vaAG + vkAK) -j- x; (vFkF + vGkG -\-vKkK)

.....................w.4)

In the special case where F = X; G = Y and F = Z, we have vx = uy—sz = 1 
and vy = vz = ux = uz = sx — sy = 0. Then

A = Xit vF = — tan a, 
gi = —Yi, va=l,

k = -Zi, _ tany
vk---------•cos a

(i8.5)

As we have (n + 2) equations of the form (18.4), we can compute the (n + 2) 
unknown quantities tan a, *--■(vvAF-^VqAG +^kz1F), ■.. (yFk(™~2) +

+ »gäg 2) + wk^k_2>)- Thereby it will often be suitable to make the calcula­
tions in the following manner.

Obviously the determinant of (n -f 1) rows
tan y

A tan a + &;----- + g-tcos a 0 J = 0.
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Thus we may write

_(n—1) tan a + cV1.(n—!> tany
cos a

d{rr> tan « + d(rr> ^ = - d('~l\f k „„„ „ gcos «

Hence
c(„-l)i(n-l)_c(D-l,i(n-l)

+nn „ _ k g_____ g k____
.(n-1) j(b—1)__.(Q-l) i(n—1) ’
Cf ak Ck *f

tan y 
cos a

.(■>-1) J(n-l)d>r> — C{(n-l)^n-l)

„(n-l) j(n-l) (n—1) J(n—1)— cn_iV

Putting

= — /; tan a - , tany■h------— gi>
COS «

<->■- *r mt1+»oC*+v4"'”) ■ 

«”=«. - *r (vr*+”o*r''+vr1”)•

{" 3> = Fj" + !>gAG' + %*K').

we may successively compute

vr2)+vr2>+v(r2)= 

^;-*>+^r3,+vr =

c(n-2)

C^’
c(n-3)

e

. .. . (r^.7)

c"U |i^n-2)|
vFkF + vGkG + -----“T---------- 1 i—,

I 1 I
Wf/lF + vGAG + vkAK — e‘"~2) — xt (vFkF +pg^g + vRkR).

After the computation of the angles « and y according to the formula (18.6) 
and of the n expressions above, we have reduced the calculation problem in 
solving t0, x0, eM/f, eM and the 2 n parameters of the remainder fields F, 
and Gv, from the data of two components Fr and Gr in (n -f- 2) points. This 
problem is already treated in § 17.

5—-1S2.118. S. G. U., Ser. C. Ar:ojo?. Werner.
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§ ig. Calculation of actual determinants.

In the previous treatment of the calculation technique, determinants of the 
forms c',™1, c';’, and c'n> dominate in the formulae. The key of calculation 
of these determinants is the calculation of the subdeterminant c°"', „ . As thisJ (n+2)

determinant is a function of the distances (x: — x,.) (comp. 15.i) between the 
datum points at the profile line, we may once for all compute the subdetermi­
nants mentioned corresponding to a lot of systems of calculation points (point 
pattern) useful in interpretation work.

For the simple point pattern, where the distance (X\ — xq) between conse­
cutive points has a constant value r we have according to (15.1)

cS+2) = (- 1)"+1*! (*- 1) 1 (»■- 2)! • ■ • • 2 • 1 • , =

(n + l)
= (-l)"+V)! ,

M = 1 p-1 (w + 1) «(n —1) . . . (w + 3—;) (n)
j(n+2) ' ' __Jjj l(n+2)‘

. ... (ig-1)

If the determinants c'"‘, c[J. and cCn) have the indices i — 1 in the first 
row, i — 2 in the second row and so on all the way to i = n + 2 in the last row, 
we may write

r = x 2 — Xi = x3 — *2 = • • . = xn+2 — xn+1 and
(n + l)

CpJ = (—1)”+1(«!)! r" ~1

.. (— l)n + 1F,

zr n + lT7,(n + l)n {n + l)n(n—l)
11 --------------T 2 1 --------------------- J? 3-----------------------------—------ F 4

2 1-2 1-2-3

= (—l)n+1 (»!)! <n+»r n+ 1 (m + \)nxiFx----- — x2F2 + ■ x3F3 ...

... (— l)n+1 xa+iFu+-2

, x . (n + l) (n + 2) _ _ (n+l) (n+2)
c(n) = [n + \)\n\ {n — 1)! . . . 2 • 1 r 2 = [(» + 1)!]! r 2

• • (i9«)

It is of interest to state that the coefficients of F1: F2 ■ ■ ■ Fn+2 within the 
brackets are identical with the coefficients obtained by expanding a binome of 
the potence (n -f- 1).

In the following, we demonstrate the way of calculation using the above 
mentioned point pattern in the case of one given component (F). Thereby 
we indicate the (n + 4) given data of xlt F\ with the suffix i = 1, 2 ...(« + 4)
and put *2   X1 — X3 — x2 = • • • *n + 4   *n+3 = r-
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We let Cy J contain the rows from 1 to (n + 3) and d *+v> the rows from 2 
to (ra-j-4). Then 

cw = [(w + l)!]!r^!i±2H2±?)j

f(n + D = (_ l)" + 2c(n)

<£n+1) ’ F (— l)n+2c(n)

Ft — -~F2

, (n + 2)(« +1) „
+—r2— 

*-^f.

(w + 2) (n +1)
1-2

(— l)n+2F„+s

(-l)n+2^

(*9-j)

The quantities, c("F+1>, d('^v>, d<"i+l>, are obtained if we change jFx, F2. . .
F(ll+4) in the above expressions in xlF1, x2F2, ... xa+iFB+i and x[l\, xlF2... 
x~»+i Fn+i respectively. Thus we may easily compute the quantities contained 
in the formulae (i6.g) for b0 and Zq.

Let the determinant cj,"' contain the rows from i = 2 to i = (n + 3), the 
determinant cff" u the rows from i— 2 to i — [n2), the determinant 

the rows from * = 3 to i = (n -f- 2) and so on all the way to c£(n_i) 
then we may write

(11—1) , r.(r+l) (ii — 2) (- uHl H" j ,c = (»!)! r—2—, c — [_(n — l)!J!r—and so on» and
„(n) . = (— 1)" + Vn + 1 (n—1) Fi - ?L±i F3 + (n±*)M f, ... (- l)n+1Fn+sj,

cjT” = (- l)n c(-2) jVj' - ” F3 + FJ ... (- 1)" Fn+2'j,

4r- (— i)"-1 c1n-l (11—3) n — 1 F."

[n 1 )(w 2) „ , 1N(n—1) 77 <-- j “ „------  ^5 •••( 1) Hn+2

.. (79.4

and so on all the way to c^n_]).
These expressions facilitate to a high degree the computation of the quantities 

included in the formulae (i6.g—i6.n, 17.3—17.6, 18.6—18.3).



CHAPTER V.

Two Sheets.
§ 20. Interpretation equations.

The interpretation methods given in chapter II and III can easily be ex­
tended to the case, where the magnetic body may be considered as consisting 
of two sheets.

When the anomaly field F is the sum of the fields Ft and F2 from two sheets, 
we can according to (12.2) write

F == Fxoo + Fa^o + FTt + in­

putting
Fr = FH+Fr^=AF + kFx + k;x* + . . . +kf-»xn-\

and marking the parameter functions a0, au b0, bx with a second index (1) for 
one of the sheets and with a second index (2) for the other sheet, we have

F floi d- ci<s% d~ cii2x
-b0 ■ bnx ■ ■ bnx -\-xi

+ AF + kFx-K . .+4n~V-

This equation can be transformed into the form
A0 d~ Axx d- A 2X* d~ • ■ • d~ An+ixn+' + B0F -f- BxxF

-f B2x2F -f B3xsF = x*F, .... (20.1)
where

A0 = d01 — B0AF,
A i — An — BiAF — Bokp
.12 — A 21 — B2AF —- Bih — B0kp’,
A 3 — A 31 — B 3AF — B 2kp — Bikp' — B0h , 
.4 4 = AF — B3h — B2h' — Bih" — B0h'", 
As = h — B3h' — B2h" — Bih'" — Boh""

4 = hin~^*n+2
A*.-*?"

and

-B./rv’

10 2^ 01)dot — #0X^02
'Ill ” ^01^12 ~ ^02^11 ' ^1X^02 * ^12^01,
A 21 — a
-4 31

ox

fln
*11^12

(20.o)

{2O.3)
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and

B0 — b0xb02,
B1 = b0ibi2 ^02^11»
B 2 = &01 “I- b02 -- &11^12>
B 3 = &11 + biz.

{20.4)

Equation (20./) is the general form of the interpretation equation of the case 
of two sheets. The number of parameters of this equation is (n 8).

The procedure of interpretation calculations, based on equation (20./), is 
in principle the following:

1) Determination of the parameters A 0> A 2 .. . An+S and B0, Blt B2, B3 
from a system of interpretation equations, corresponding to (n + 8) datum 
points at a reference line.

2) Computing the quantities A01 
kF *-(n_2>

■411, A, and the coefficients AF,
UA of the potence series Fr. This can be made with the aid of the

relations (20.2) or by carrying out the division Ar + A n+2*" .A 0
x4 — B3x3 —B 2x2—BiX—Bo

3) Calculation of b01, bu, b02, b12 from the relations (20.4) and after that 
determination of a01, «n and aoz, a13 with the aid of the relations (20.3).

4) Computing, according to the formulae (7.7), x01, t01, (eM//)1(
corresponding to sheet (1) and of xU2> t02, (eM//')2, corresponding to
sheet (2). Further estimation of the magnitudes of eM// and sMj_ of the sheets 
(1) and (2), based on the apparent values of these quantities which correspond 
to infinite length of the sheets.

5) For each of the two sheets: calculations from eM// and eMj_ according 
to the description in § 8.

From the steps of calculation given above it is obviously only necessary to 
treat those pointed out in 1—3, since the computations according to points 
4—5 are identical with those studied in chapters II and III.

Before the treatment of the calculation technique concerning the mentioned 
points x—3, it is, however, convenient to consider the interpretation problem 
from a more general point of view.

INTERPRETATION EQUATION IN THE CASE OF («i) SHEETS

The interpretation equation corresponding to a number of (m) sheets can 
obviously be derived in a similar way as equation (20.1). In this case we have

k=m

J--V #ok + dhk*
— &ok — bvvx + A2

Fr- (20.5)

Putting
(pp(x) = A0 + A2x + A2x2 + .. . + Apxp,
0p(x) = — Ba — Bxx — Bzx‘i — ... — B^x*-1 + xp,
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the interpretation equation, corresponding to (m) sheets and a remainder 
field Fr with (n) terms, can be written in the condensed form

9,(„+2m-i){x)-F- VJx) = 0...........................................'• • • • (20.6)
Let us first study the above equation with regard to the stipulations that it 

has to correspond to an anomalous field derived from real sheets.
We assume that 99(n+2m_i)(#) and 0im(x) (often designated in the following 

as (f(ix+‘2 m—i) and 0-2 m) have no common root and hence no common factor. 
Further, it may be stated that the problem mentioned above obviously implies 
a study of the conditions that allow the expression

F = n+2m—1)
0,

to be split up into a potence series Fr, containing (n) terms, and into partial 
fractions each representing the field from a real sheet.

Since all coefficients entering in Fr and the partial fractions must be real, 
the same must also hold for the coefficients of 99(n+2m-D and 02m, i. e. all 
parameters of the equation (20.5) must be real.

According to (20.5) the denominators of the partial fractions can not include 
a higher potence of x than the second one. If the denominator of a partial 
fraction has a double root, it must be real, since the coefficients of the denomi­
nator are real. Further, it is easy to prove that the partial fraction in the 
mentioned case corresponds to a real sheet only if the numerator has the same 
root, i. e. if the partial fraction may be reduced to a simple fraction

Cl l

From the facts mentioned above and the known rules for splitting a fraction 
into simple partial fractions, it may be deduced that 0im, in the case of real 
sheets, can only have real single roots and conjugate complex single roots. To 
each of the real single roots corresponds a sheet for which t0 = 0. Every pair 
of conjugate complex roots correspond to a sheet for which t0 is 4- 0.

Regarding the interpretation calculation it is according to the preceding 
natural to divide them into two head groups, viz. a) determination of the 
parameters of the interpretation equation and b) splitting up the fraction 
<P(n+2m—n : 02m into a remainder field Fr and partial fractions. In the fol­
lowing, we treat partly some general principles for these calculations, partly 
the calculation technique in the case of two sheets.

§ 21. Determination of the parameters of the interpretation equation.
The parameters of 95(n+2m—i>(x) and 0im(x) in equation (20.6) vary with 

the position of the zero point (x = 0) at the reference line. By a displace­
ment of the zero point to the point x = d at the reference line, the values A'„, 
Ax ... A\n+2m —1) and B0', BC . .. #'2m_ 1 of the parameters, corresponding
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to this new zero point, can conveniently be calculated according to Horner’s 
method, well-known from the theory of equations.

Marking the successive derivates of <pv{x) and (l>^[x) with one, two, three ... 
dashes ('), (") . . . (') we have

' (n + 2m—1)

‘ k k\ '
(d)‘2 m ' '

k\
and thus

A (n+2m—1) ^(n+2m—1)> F 2m—1 * ^2m—1 2flld.
The parameters of 9?(„+2m-i)(*) and (P2l„(x), obviously, always can be cal­

culated from a system of (n + 4m) linear equations (20.6), corresponding to 
(n + 4m) datum points at the reference line. Writing the head determinant of 
this equation system

D = \ 1 *, x* .... *"+2m-1 F-, XiFt .... x^-% I

and using the symbols DA] and DB]i for the determinants obtained, if the 
(k + i):th or the (n + 2m k + i):th element in the above determinant 
of D is replaced by x!'"F., we have

^4k — A\.k: D, and D.
One or more of the equations in the system mentioned above may in certain 

circumstances be replaced by equations of another form. For instance if the 
F-curve has an extreme point (xcFt) in one of the datum points, we obviously 
have

<p\n«n,-l)W — F' ■ (*,) = 0.

Should also the second derivative at the extreme point be known we obtain 
yet another equation, viz.

<P"(n+2n,-l> (*e) ~ Fe • 0"‘2m(*e) ~ F” • #2m(*c) = 0.
where Fe" denotes the second derivative of F with regard to x in the mentioned 
extreme point. Since the radius of curvature at an arbitrary point on the F- 
curve is generally given by

P_,(l+F')3/*
F" ’

we have

where Rc is the radius of curvature in the extreme point. Making xe = 0, we 
obtain from the three relations above

A0 + F'B0 = 0,
Ax + FCB, = 0,
2RC[AZ -T FeF2) + B0 — 0.

(2I.I)
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Let us regard a datum point (i) at which F and the first k derivatives of F 
are known. By repeatedly differentiating the interpretation equation (20.6) and 
by choosing x; = 0, we obtain

A0 + F-,B0 = 0,
Ax + FlB1 + F/Bo = 0,
-42 + F B2 -f- Fl'B1 Fi"B0 = 0,

pW
Ak + F,Bi Bk~2 • • • + - ' B0 = 0. k!

Hence it is possible, from a theoretical point of view, to calculate all para­
meters of the interpretation equation, if F and the first (n 4- 4m — 1) deriva­
tives of this quantity are known in a datum point. In practical interpretation 
work, however, it is generally not possible to obtain the mentioned derivatives 
of a higher order with an accuracy, satisfactory for the calculations, from an 
F-curve derived from field measurements. Even the second derivative will 
in most cases be determined with too great an uncertainty.

In the following we treat the calculation technique in the 
case of two sheets.

In the general case, i. e. by an arbitrary location of the datum points in the 
interpretation diagram (Fig. 5.1), the calculations become very tedious. In 
making special selections of datum points, however, the work of calculation 
may be much simplified. We first treat a number of such selections and pre­
suppose at this treatment that the remainder field (Fr) can be omitted, i. e. 
the interpretation is

A0 + Atx A 2x2 + A 3x3 + B0F + BxxF -f B,2x2F + B3x3F = x*F.

Simple cases.

1) Given four datum points with F = Ft and four datum points with

f = f2.
Since the interpretation equation is of the 4th degree with respect to x, a 

straight line (F — Fj) in the interpretation diagram will cut the F-curve in 
four points at the most. Denoting the ^-coordinates of the cutting points by 
xlt Xi, x", Xj"’, we obviously have

<Pa(x) — = — Fi(x — xt) (x — Xi) (x — x") [x — x”').
From this relation we obtain 

A0 + F1B0 =—x1x1'x1"x1'"F1 =— [xxxx]1F1,
Ax + F1B1 = {x1x1'x1" + *!*/*/" + xlXl"Xl'" + x1'x1"x1'")F1 

= [xxx^F^
A 2 + F^a = — (XiXi + Xxx" + xxx"' + X1X1' + X1X1"

+ *1 'V")^ = - [**]iFlf
A 3 + F.B, = (xt + + ^"OF, = [^Fj.

.... (21.2)
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Completely analogous equations hold for the datum points corresponding 
to a line F = F2 in the interpretation diagram. Denoting the quantities con­
taining abscissae terms by suffix (2) and solving A„ and B„ from the first of 
these equations and the first of the equations (21.2) and solving Ax and Bt 
from the following two equations and so on, we obtain

A0 F2-Fx,
B 0 =

Ax
FxF2([xxx}2 — \xxx]x) B, —

Fa — Fx

A, FXF,([**], — [xx]x) B,~

F2[xxxx]2 — F{[xxxx]l
~ F2 - F,

A, = —

F, —Ft 
f1f2([x\2 — MQ 

F2 - Fx
B3

F, — Ft
_ F2[xx]2 — F^xx]!

F2 — Fj 
FjM, — F1[x]1

F2 - Fv

... (21.3)

2) Given eight datum points of which four have the same F-values. 

Let us denote the abscissae of the datum points, corresponding to F = Fu 
by Xi, Xi, x", x"'. Further we make use of the notations [xxxx\lt [xxx]1} [xx]u 
[x]i according to equation (21.2).

Since the relations (21.2) are also valid in this instance we may write

4 AB0 =----- - — [xxxx]lt B2 = — —- — [xx]lt
Fx F1

B1 = — ~ + [xxx]lt
Fi

B3 = - ^-3 + [*]x.
F1

{21.4)

If we insert these expressions for B0 . . . B3 in the interpretation equation it 
may be written

FiFA0 + Axx + A2x2 + A3xa ■■
Fx-F

X4 — xs[«]i + x2[xx]i — x[xxx]i

+ [xxxx], (2f-s)

On inserting the coordinates (x-tF;) for four other datum points in this equation 
we obtain a system of four equations from which A0. . Aa may be solved. 
Thereupon the parameters B0 . . Ba are easily calculated with the aid of ex­
pressions (21.4).

The calculations may be further simplified by suitably choosing the four 
last mentioned datum points (aqF;). In the following, two such cases are treated.

a) Two of the other four datum points have a common value F = F2.
We denote the data corresponding to the four datum points by x.,F2, xJF2, 

x3F3, xtFt and choose the origin on the x-axis so that x2 -f x2 = 0.
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On adding and subtracting the two equations (22.5), corresponding to the 
datum points with the common F value, we obtain

F FA 0 + A2xl = —-—— [x\ + x( [xx\ + [xxxxh] = E0Fi, 
F1 F 2

A! -j- Aax, =

On putting

C:=-

FlF~r KWi + [xxx]i] =E1F1.
Fx — Ft

(21.6)

Fx-F,
{x\ — x\ [x]t + * ■ [xx\ — Xi[xxx]l + [xxxx],)................... (22.7)

we obtain with the aid of equations (22.6) and two equations (22.5) correspond­
ing to the datum points (3) and (4)
A0 = E0F!—A 2xi,
Ai = E1F1 — A3xl,,

—____ xÅxa Xi) (f i E0 E^i) Xi (xt xa) (C3 — E0 — EiXa) p
(*» — x,) (xi — x]) (x\-- xl)

[ ^ _ [X3 xi) ((■ 4 Eq —E\Xi( (xt X,) (C3 E0 — E1 A':;)

(Xi — X3) (xi — xl) (xi —■ xl)

(2I.S)

Special case: Should the points (x>T 2) and (x./F2) coincide with an extreme 
point (xeFc) we have x2 = x2 =0 and F2 = Fe. Equations (22.5) may then be 
written

A 0 

Ax 

A*

_ FiF'
Fa — F'

[xxxx]lt

FlFe
Fx—f] [xxx]lt

__ xljCjFx — A 0 — AaX,) —xj(CaFi—A0— ALx3)
xixi(x, — X3)

xa(C-iFi A0 ■ A1X4) ■ x^CzFi — Aq — AiXa)

xixi(Xi — X3)

(21.9)

b) The four remaining datum points (2, 3, 4, 5) are chosen so that x2 + xs 
= x3 + x, =0.

The four equations (22.5) that correspond to the remaining datum points 
may, by addition and subtraction pairwise, be transformed to

A 0 + A 2x j = 

A0 + A2x 3 -

c2+c5

„ -Cl,
AiXt + Aaxl=^~~CtFx

2 2

C3+C4 

~2~ 11 ^1X3 -f- AaXz = —E__—t pv
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Hence
_.ta (Ci -t“ Ci)—Xx (C3 + ( 1) p ^ ____ ((_. a -f- C5) (l 3 -|~ ( 4)

2(xl — xt) 2(^3 — ^)
= xl (C, —Cs)—x\ (C,—C«) F ' = X3(C2 — C«) — (C, — c4) Fi

2x<xt(x\—x?) 2xtxs(xl—x\)

(21.10)

3) Two OF THE EIGHT DATUM POINTS HAVE A COMMON VALUE OF F.
We denote the common F-value with Fx and the corresponding ^-values 

xx and Xi. Included is also the case of xx = xi = xK and Fx = Fe. Further let 
ttl = xx"xx'" and fix = */' -f- xi" whereby x" and x"' denote the two roots 
(real or complex) that, along with xx and xi satisfy the interpretation equation 
of F = Fx. According to (21.2) the following relationships then hold.

[xxxx]x = axxxxx',
[xxx]x = ax(xx + Xt) + pxxxxi, ^

[xx)i = CCX fii(x 1 Xi) XxXx ,
|>]l = /?! + *1 + xi.

Solving B0 ... B3 from (21.2) and inserting these expressions in the interpre­
tation equation, it can be written
A0 + AiXi + A2x] + A3x\ — ciiUiFi + U-Fix], )

p. , } ........................ {21.12)
where t/; =----- -— (xx — xi) (x;—xx).

Fi—Fi )
Equation (21.12) can be applied to the other six datum points for calculation 

of ax, fiu A„ . . A 3. By these calculations it is convenient to begin with the 
determination of ax and fix.

For a system, containing five equations (21.12), we have the determinant 
\\ X, x\ x\ {—^UFi + PiUFiX — UtFxX^ I = 0.

On using the symbols of determinants from § 15, this expression can be 
written

or

Hence
.(3) d(S) — C® i®
xU X2U x2U xU
c(3) dm - c(3)T dii ’

u xU xU
;(3) i(S) — c<8> i®u *X3U x2U a
c(8) d^ — e®<i ‘

u xU xU u
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[21.15)

After the determination of oq and /?x it is often expedient to calculate 

Xl' = 2 [ft + V— 4 «x + /?;] and xl"= 1 [& — j/— 4«t-)-(3;]............. (2Z.r^)

If %" and xl" are real, then the F-curve must contain the points (x", FI) 
and (xx , Fl) according to the interpretation equation. However, it may occur 
that such a course of the F-curve is in bad agreement with the measured F- 
curve, drawn in an interpretation diagram according to (Fig. 5.1). Such being 
the case, the calculations ought to be interrupted since they obviously do not 
give satisfactory results.

If xl' and xl" are complex numbers, then the interpretation equation 
generally corresponds to two sheets, having *=t=o (comp. § 22 pp. 81—83).

By determination of A0 . . we use four equations

A0 + A1xi + A2x] + A3x] = ViF1, [
where V, = (cq - (3lXi + *■) f/; |
By determination of B0 . . B3 we calculate at first [xxxx)x, [xxx]X) [xx]lt [*]t 

with the aid of the expressions [21.11) and obtain after that the desired quan­
tities from {21.4).

By a suitable choice of the six datum points (2, 3 ... 7) the calculations 
will be further simplified. In the following, two such cases are treated.

a) Two of the other six datum points have the same value of F.
W e denote the common F-value with F 2 and the corresponding ^-coordinates 

with x2 and Further we put a2 = *2"*2"' and = x2" + xl", where 
x2 and xl" are roots of the interpretation equation when F = F«.

In the same manner as in the preceding, we may derive expressions for 
[xxxx]2, [xxxj2, [xxj 2, [x],. These expressions proceed from {21.zi) if suffix 
(1) is changed to suffix (2).

Further, on putting
FiUl {xi — *2) (*i — xl),

«i

where P-. =

Ft-F,
an interpretation equation, containing a2, /S2, U{, may be written analogously 
to that in {21.12).

On subtracting the two interpretation equations mentioned we obtain

-A*i — «2Pi + PtxFi = x\ {P1 — 1), I
Uj Ft _ Ft (Fx — Fj) {x-x — xl) (x; — xl) }.... {21.16) 
U,Fi Fi (Ft — Fj) (x, — xl) (.Xi — xl)' I

Thus, it is possible to solve alt ftx, «2, (j2 by applying the above equation to 
the four remaining datum points (3 .. 6).

After the determination of these four quantities, we obtain [xxxx]lt [xxx\ 
[xx]i, [x]x from the equations (21.11) and in the same manner we calculate the 
analogous quantities, corresponding to suffix (2).

Finally formulae (21.3) yield the values of A0 .. A3 and B0 .. B3.
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b) The remaining six datum points (2 .... 7) have x3 + %i = x3 + x3 — 

— x 4 -j- x3.

First we calculate
u3 — \(U3— F7), 
u3 =$(17,- 17.), 
m4 = $(C7.— 17.),

= 2 (172 + C/7),
y3 = 5 (C' 3 + C e),
Vi = 2 (t/4 + C/s). ,

(21.17)

Assume that F-curves, corresponding to single sheets, are drawn through 
the points (xx, Fj) and (*/, Fx), and further through the two points (x3, F2) and 
(x7, F,), or the two points (x3, F3) and (*„ F.), or the two points (*4) F4) and 
(#5) Fs). It can easily be proved that the parameters (a„, ax, b„, b3), corresponding 
to the three mentioned F-curves, are obtained from the formulae

I-CNII

«2 p«i2 = — -hi, boi = — v2-— X\Xi , b13 — U 2 + Xl 4- Xl
*2 Xt

= v3Fi, II Ls &03 = — v3 — XiXi, ^13 =
n 3

+ *1+ Xl
X 3 x3

II

hC

siII**

1II**0 — Xi%i, bn —
_ U i ~hXi -(- Xi

X i Xi

(21.18)

where the parameters are marked with a second suffix for separating the differ­
ent curves.

If v2 = v3 — vt and *- =-3 = U' then the above parameters are identical
X2 %Z ^4

and the three F-curves coincide. It obviously implies that the F-curve in the 
interpretation diagram emanates from one sheet, and the magnetic parameters 
of this sheet can be calculated from the mentioned parameter functions.

By practical interpretation work the actual F-curve can often be considered 
as emanating from one sheet even if the three groups of parameter functions 
mentioned above have a little deviating values. When the agreement is not 
satisfactory, the calculations are continued in the following manner.

On calculating

Ci -j-Ui
2

—
xt

C’2 — V3 (x2 X() ' V3 (x3 X3) -)“ Vi (x3 x3),

C3 — U3X3 (x3 X3) U3X3 (Xi x() 1 UiXi (x) x^j,

Ci = v3xl (x\ — xl) — V3x\ (xl — x\) + ViX\ (x\ — x~3),

(21.19)

we may obtain and fix from the expressions

Co C2C4 q C^Cz
«1 = 1--------- , Pi = —5—— CiCz C* ^1^3

(21.20)
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After the computation of the above quantities it is often convenient to 
determine ft" and ft'" according to {21.14) and with the aid of these values 
judge the probability of satisfactory results by a completing of the calculations.

It is now possible to compute [xxxx\, [xxx]u [xx]u [x]2 from the formulae 
{21.11). Further we calculate

— v3 (ft + oft — u2 /?! x2, g2 = u2 (ft + oft — Viftat,

e3 ^3 (ft T" ft) M3 ft1 Xa, ga = U3 (ft -j- ft) — ft/hft,
Cl = Vi (ft + ft)  Ui ft X4, gi = Ut (ft + O'!)  ftft*4.

{21.21)

Then
A ___ ^2X3 77> ^2^4 £\X2 63X4 €4X3 t-.

A°------ 5----— Fi = —5----— Fi = —i----P Flf
X3 X2 X\ X2 %4 X3

q1== ffeAi jq . g*x* &*Xi jq _ gtxt p

ftft(ft—fti) xtXi{x\—x\) ft ft (ft —ft) *'
J ___ ^2 rr ___ ^4 ^2 r? ^4 7-,
^2--------- g----------- h -^1--------- 2------------ v -^1--------- 5------------ *

#3  Xl X4   X2 ------Xl

^ —— ^3^2 ^2^3 ^7^ __ 8*X2 $2XA p ___ &4^3 ^3^4 p

ft ft (ft —ft) ft ft (ft —ft) 1 ft ft (ft — ft) 1-

The parameters B0 ... B3 may be calculated from the formulae {21.4).

{21.22)

General case.

The interpretation equation
9W s) {x)-F- 04 (ft = 0

has {n + 8) parameters. Thus, if {n -j- 8) datum points are known, it is possible 
to determine the parameters by calculating {n + 9) determinants, Z)A , 
ÖAn+3. Dp0. . . DBj andZ) (comp. p. 71) of the equation system, corresponding 
to the mentioned datum points. It is often more convenient, however, to split 
up the calculations in the following manner.

For a system of {n + 5) equations we have the determinant
|l xx ft.... ft Ft{B0 -j--Bift + Btx] -j- B3x]—ft) | = 0.

On using the symbols of determinants from § 15, this expression can be 
written
5„4n+3) (n + 3) + B2c',(» + 3)

xsF I R .(n + 3^   4“ + 3)+ -ösCx8F • {21.23)

Let the above equation correspond to the datum points (1, 2 .. {n + 5)). 
Then equations of analogous form correspond to the datum points (2, 3 
(« + 6)), or the datum points (3, 4 . . {n + 7)), or the datum points (4, 5 . . 
{n + 8)). The determinants in these equations are obviously different and may
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be denoted with the symbols, rf(F"+3) . .eF+S) .. /F+a) .. . From the four 
mentioned equations we calculate B„ . . B3.

After the determination of the parameters B0 . . B3 it is convenient to carry 
out the calculations of &01, &n and &02, &12 according to the method given in the 
next paragraph. By this proceeding it can be established whether the actual 
interpretation trial gives real results before the beginning of the calculation 
of Ao . . . dn+3. Further, it is often not necessary to determine the last men­
tioned parameters by solving the actual interpretation problem, for instance 
by the determination of the depth of an ore body.

When it is desirable to calculate the parameters A0 . . A n+;i it can be made 
from (11 -f- 4) equations of the form

A' + A*i + A*\...+Au„*+t = QiFi,\ ..................... {2i^
where Q\ = (x\ — B3x\ — B2x] — B1xl — Ba) Fx. |

§ 22. Determination of the parameters of the single sheets.

After the calculation of the parameters of an interpretation equation we have 
to split up the fraction 9?(„+2m_i)(x) : 0-2.„(x) into a remainder field (Fr) and 
partial fractions corresponding to single sheets.

By arranging the terms of the polynoms <p(ll+2m-n(*) and 0im(x) according 
to descending powers of x and dividing the former polynom with the latter we 
obtain

F = yc+a "~.»M = x"”1 + ... + kF + AF
$»«,(*)

I ^(‘2.n—1) X2m 1 + ■ ■ . + A\X + Ap _ p 1 <P( 2 m-l) {X)

X2m —B,m 1x--1 . . —BlX — B0 1 0,Jx)

In § 20 it has been pointed out that a proper fraction '■ 0>m can be
splitted up in partial fractions corresponding to only real sheets, if 0,m has 
only single roots. Thus the first criterion of a satisfactory result is that 0im 
and its derivative 0 ,.n have no common root, i. e. no common factor. The pro­
cedure of investigating this state is identical with the well-known method of 
calculating the highest common factor for two polynoms.

In an interpretation equation that represents the field correctly along the 
whole length of the reference line (and not only in the chosen datum points), 
the polynomial 02m can not generally have any real roots. The reasons for this 
fact are treated later on in this section. Thus the second criterion of satisfactory 
interpretation results is in almost all actual cases that 0.2m has only complex 
roots. By the aid of the well-known Sturm’s theorem, it is possible to state 
how many of the roots of 0.2m are real and how many are complex.

In separating <p-2m~ 1: 0-2m into partial fractions according to (20.5) it is 
necessary to know the roots of 0,,n or, what is in principle the same thing, to
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determine the coefficients included in the factors (x2 — blkx — 60t). When 
0-2m is of a higher degree than the fourth, these calculations must be made 
with the aid of methods of approximation given in the theory of equations.

After the factorizing of &.lm the numerators of the partial fractions can be 
determined according to the method of undetermined coefficients.

In the following, we treat the calculation technique in the case of two sheets. 
Thereby we write

<Pa(x) _ _A o + -1i* + ASX* + AaX3
0i(x) — B0 — Bxx — B2x3 — B3x3 + xi

where the parameters A0 .. A 3 are identical with the symbols A01 . . A 31 in 
equations (20.3) and the formulae (20.4) are valid for the parameters B„.. . Bs.

From the expressions for Bl and B3 in (20.4) we obtain

Bi 4~ b01B3 j___ Bx + b03B3
b<n ^02 ^01 ^02

(22.1)

Thus
_j j __ (Bi ~f~ b01B3) (Bx 4~ b02B3)__^1 r BxB3(b0l -j- b03) — B0B3

(b0x — f>02)2 (b01 + b02)3 + 4B„
and

R _ fn 1 i, \ 1 + ^i-Bs(6oi + ^02) — B„B3£>% — l°oi — O02) d---------------- —--------------- •
(&01 + &02)2 + 4fi0

Hence

(&01 + ^02)* — B2(b0x + b02)3 -f- (TB0 -f BxB3) (b01 + b03)
= 4:B0B3 + B0Bl — B\..........  (22.2)

Further we obviously may put

^01 = 5 [(*« + &02) + \ 4^o + (^01 + ^oa)2!» I
______________ >  ............ .. (22.3)

b03 = 5 [(60i + ^02) — V 4-^0 + {b01 + ^oa)2]- J

With the aid of equations (22.1, 22.2, 22.3) it is possible to determine bol, 
b02 and bn, bv,. For this we first calculate (b01 + b02) from (22.2) then b01 and 
b02 from (22.3) and finally &n and b12 from (22.1). When bnl = b„2 formulae (22.1) 
assume the indefinite form o : o. In this case the following formulae hold

^11 = J [ -S3 d- V -Ss + 4{52 — (b0i -j- ^02»)} ]» I ^
bxz — 2 [ B3 — ]/ B3 + — (^oi + &02)} ]• 1

When the parameter functions above mentioned have been determined, we 
may calculate a01, a02 and allt a13 from equations (20.3).
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If we put
D   (&01   ^02)^ “l- (^11 ^12) (^01^12 b02bll),

f^ani = (^01 — ^02) (*4o 4" ^01^2) 4" (^11 — ^12) (^ll^o ^Ol^l)

4- ^oi^43(^01^12 ^02^11).

•Dail = (^01 — ^02) (4i 4" &oi*43) — (bn — &12M0
+ (^01^12 -- &02^Il) (-4 2 4“ ^llAa),

then
aoi 

^ 0 2

= D.„v D,
A0 4- <*01^02

all — £>aii • D,

^12 “ A 3 Ä11.

.... (22.5)

On calculating (b01 -f b,n) from equation (22.2) it is better first to compute

p = 4S0 4- -BiB3 -B',,ö
, ............................. (22.6)

9 = b;-b«b: + b2K-4b« + |m.

Equation (22.2) then may be written

(&01 4~ &02) + P [ (b<n 4“ &02) + 9 = 0. (22.7)

The character of the values of (bal + b02), which satisfy the equation (22.7) 
and the character of the values of x, which satisfy the polynom 0t(x) is 
determined by the quantity

(22.8)

The following cases can be separated:

a) Q > 0.
Equation (22.7) has one real and two conjugate complex roots. The real 

root is

(601 4- &02) — + u — ~~to ou

where 9 ; \Q
(22.9)

&i(x) has two real and two conjugate complex roots.
The interpretation equation (20.1) generally represents a field F, emanating 

from one sheet with t0 4= 0 and two sheets with ta = 0.
If 04(x) and <pa(x) have a common factor, the number of sheets is reduced. 

Is this factor of the second degree in x, the interpretation equation is also of 
6—4S2318. S. G. U. Ser. C, N:o 508. Werner.
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the second degree and gives the field F from one sheet with t0 =(= 0 or from two 
sheets with t0 — 0.

b) Q = 0.
Equation (22.7) has three real roots of which two are equal.

,, ,h, B2 3qwoi + o02) 1 — — + — .

(box + b02)2 = (b01 + b02)3

In this case 0t(x) has equal roots.
1) If the conditions

b2 +3-bI>0,
o

p + B2Bl + 4Bl + ^Bl>0
o lo

(22.10)

(22.11)

both are valid, all the roots are real and at least two of them are equal.
2) If the conditions (22.11) are not both valid, (I\(x) has two equal real roots 

and two conjugate complex roots.
Since 0t(x) always has at least two equal roots the interpretation equation 

generally does not represent a field F, only emanating from sheets. This is, 
however, still the case, where <p3(x) and (I>,(x) have such a common factor that 
the quotient, obtained by division of 0t(x) with this factor, has only single 
roots, 
c) Q < 0.

Equation (22.7) has three real single roots, which can be written 
(&01 + U1 = y+ 2\//-| «»(!).

(box + ba2), = f + 2 j/ - \ cos (§ + 2f\ ..........................

(&01 + bo2)3 =f* + 2y -f COS (| + y).

(22.12)

where cp is governed by the relationship
3 q (22.13)

If q < 0, then <p is taken in the first quadrant, and if q > 0, then rp is taken 
in the second quadrant.

As regards the roots of 0,(x) we have to distinguish between two cases, viz.



INTERPRETATION OF MAGNETIC ANOMALIES AT SHEET-LIKE BODIES. 83

1) If the conditions (22.11) are valid &t(x) has four unequal real roots.
The interpretation equation corresponds generally to four sheets which

have t„ = o.
2) If the conditions (22.11) are not both valid 0t(x) has only complex roots.
The interpretation equation represents a field F emanating from two sheets

with t0 =(= 0.

If the reference line cuts the edge of a sheet (l„ = o), we have obviously in 
practice always to reckon with a thick sheet by studying a field F within an 
interval (about three times the breadth of the sheet) situated nearest around 
the edge. On both sides of this interval it is, however, still possible to represent 
F with the aid of an interpretation equation of the form (20.1). If the calcu­
lation points are selected in such a way that they all are situated outside the 
mentioned interval we may thus apply the interpretation method given above.

In such a case the F-curve corresponding to the interpretation equation may 
have two or one points of discontinuity where the curve changes from an 
infinite positive to an infinite negative value. These points of discontinuity 
are situated at the edge of the sheet.

By working with actual cases of interpretation it is, however, a rare chance 
that the selected reference line cuts the edge of a sheet. Further, the form of 
the given F-curve mostly, a priori, excludes the mentioned possibility.

On the other hand, it may often occur that the calculations according to the 
method treated above give results which inter alia correspond to sheets with 
t0 = o. Such results, however, generally indicate that the calculated F-curve 
is not in agreement with the observed one. It is true that the two mentioned 
F-curves coincide in the datum points used for the calculations, but they must 
at least show considerable differences around the points of discontinuity of 
the calculated curve.

The facts given above imply that the interpretation calculations generally 
may give useful results only if the case c) 2 occurs.

The roots of the polynom </>., (x) can be written
x — 2 (bn dr V^&oi H- bn) and x = ^ (b22 dz V^&02 d- bI2).

Hence we may derive the following expressions for the three real roots of 
(601 + b02) given in (22.12).

(b01 + 01 = - i[Mi. - V(*V + &!,) (4&„+ &!,)],

(b01 + 602)2 = b01 -f- b02,
(b01 + b02)3------ |[>u&»+ (*&„. + &)].

According to the third equation under (20.4), we have
bnbi2 — B2 (b01 -)- b02) i

On adding the first and third of the expressions above, we thus obtain
(K -f- bo2)i -f- (Ä01 -f- 602)3 = 6x1612 = B2 — (601 { 602)2-
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It is easy to prove that this relation is in agreement with the formulae 
(22.12).

On summing up the discussion above, we may establish that the inter­
pretation calculations generally may give useful results only if the case c) 2 
occurs and that in this case we have to use the value

boi + &o2 = + 2 j/— I cos (| + y) - .................... (.22.14)

where <p is governed by equation (22.13).

§ 23. Thick sheet.

The anomaly field at a thick sheet may in many actual cases be treated as 
emanating from two thin sheets. It is, however, possible to give a more general 
and more accurate method of interpretation for this case.

In the following, we treat the common cases where X or Z, or both these 
components are given along a horizontal profile line, running at right angles to 
the strike direction of the sheet. Further we assume that the thickness of the 
sheet has a constant magnitude (B), and that the top side is limited by two 
horizontal edge-lines, the position of which are determined by the coordinates 
x = x01, t — iol and x = x0i, t = t„2 respectively.

If the centre line of the top side has the coordinates x = o and t and those 
of another line, situated on the top side and parallel to the centre line, are x0 
and (t — At) then the components X and Z may be written (comp. 5.1, 5.2)

R

X = _2 f + (* — At)Mx ds

“J (t — At)* + (x—x „)*
_ R 

2
B

z= 9 l'(t — At)Mi, — (x — X'>)M±dc
~ J (t — At)* + (*—*,)*

_B
2

We now introduce the symbol <pc for the angle between the negative %-axis 
and the inner perpendicular to the top side, and the symbol f for the distance 
between the centre line and the line determined by the coordinates x0 and 
(t — At). If £ is reckoned positive in the direction towards the edge-line 
determined by coordinates x01, tn we have

x„ = £ sin <pc, At — — £ cos (pc, de = cos (<pe — <p) • d£, 

where cp is the dip angle of the thick sheet.
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Further we may state that 
dX _ dX
d£ =
dj_
d£

Hence

dx 
dZ .

<P*

— =------ sin w.
di dx

dx
dt

dZ

dX 
dx 
dZ .

cos 9pe =----j- sin 9=>e — — cos <P*
dt dx dx

cos <pc = ——~ sm <pe 
dt dx

dZ
dx
dX
dx

cos <pe

dX dX . dZ------  - — sm w.------ cos ffie
dx d£ d$
dZ dX 
dx d£ *

dZ— sm w..d* V

If the limit - of the above integrals corresponds to the edge-line of coor- 

dinates x01 and tou and the limit — - corresponds to the edge-line of coor­

dinates x02 and t02 (i. e. (x0
dX
d£
dZ
d£

= — 2 cos
L hi + (x — x,

2 cos (<pc — <p)

sin (pe >■ 0), we obtain
t01Mx (x — x02)M/i + toiMx

4 + {x — x02y
tnM„ — (x — x01)M j_ t02M// (x x02)Mx

hi -j- {x A01)2 t02 -j- (X ^02)2
and consequently

dX 9 (x—x01)(M)\ + t01(M)\j (x —x0 a) (M) i + t02(M)n
dx to i + (x—x0iY too + (x —x02)2
dZ 9 t01(M)i—(x—x01)(M)n to 2(^)1 {x #02) [M) 11

~ dx 4 + (X—Xoj2 4 + (x ■—- xo 2)2 t

where (M) j = [Mj/ sin (pe — M i_ COS (pc) cos (9Pe — 9?)
_j^{Xqi Xoz) M//— [toi to 2) 31 !

(toi — U2)2 ~h (#01 Xc2)2
(Af)n = (Mu cos <pc + M± sin <pc) cos (<pe —9?)

D (toi — toi) M/i -f- (xoi *02) M i— ts ---------------

tan <pe

(toi — ton)2 -f- (Xoi ^02)2 
x01 Xq2

(23-1)

The above expressions of (M)i and (M)u give
BM/i = (xoi — X02) (M) i + (foi —• tm) (M) 11, I 

BMX = — (foi — hi] (M)\ (xoi — X02) (M)i[.|
(23-2)

The formulae (23.1) of — — and — — have the same form as those of
dx dx
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the components X and Z respectively, which are valid for the anomaly from 
two thin sheets with the edges coinciding with the edge lines of the top side of 
the thick sheet. The only difference is that the quantities (Af)x and (M)u are 
substituted for eM// respectively eM.

By using the derivatives of X or Z as regards x instead of the components 
themselves the interpretation of the anomaly at a thick sheet is thus transferred 
into the earlier treated problem of interpreting the anomaly of X and Z at two 
thin sheets. It is, however, so far a special case as the interpretation problem 
includes the stipulation that the values of eM// and eM± which are valid for 
one of the thin sheets are numerically the same but have opposite signs from 
those of the other sheet.

In the following, we treat a convenient method of calculation for the case
where both — and - ^ are known. 

dx dx

On putting — = X',
ox

r dX Given — and
dx

dZ
dx

dZ
d~x = Z', and solving (M)l and [M)n from the

first two equations {23.1), we obtain
Z’{Cnxl + Cxx + C2) — X'(D0x* + DlX + Z>,)

Cl + Dl
2 (M)t =

2 (M)u = 

where

X (C0x2 -f- C\X d- C2) -f- Z (D0x2 -{~ D±x d- Da)
Cl + Dl

[23-3)

C 0 == 4l 62»
Ci = 2(^01^02 *0 do l) 1
C2 “ 61(62 T *02) 62(61 d~ %oi)>

Dq ---- Xni *■)

Di — — (6i d~ *01) d~ (62 d~ *02).

D» — ■—*01(62 d- *02) d- *0 2(61 d- *01) •

(23-4)

Further the following relations are valid:
Ci — — (a;0i -f- *02)C0 d~ (61 d- 62)64,

Di = — (t01 62)C0 —• (*01 d- *02)64,

C2 — (*01*02 6l62) Cq (61*02 d- 62*0l)64> 
64 = (6l*02 d~ 62*0i)Cq d" (*01*02 ' 6162)64*

(■23-5)

We now insert the expressions (23.3) of (M)i and (M)u in the formulae 
(23.2). On putting C0 and Do instead of (4i — 62) respectively (*01 — *02) in 
the latter equations and using the expressions (23.5) of Ci, C2, Di, Dt in 
the former equations, we obtain

2BM/i — — X' [x* — x(x0i + *i:2) -f (x01X02 — 4l6i2)] 
d~ Z' [x(toi d- 62) — (61*02 d" 4**oi)]»

. .......................... (23.6)

2BM± — — Z' [x! — x (*oi -+• x, 2) -|- (*<>1*02 — 4i4*)] j 
— X [*(61 d" 42) — (61*02 d~ 62*01)] • ]
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gi =

The two equations above contain six unknown quantities which may be 
solved by using three datum points (i, 2, 3).

On putting
*; fZi'tX;' - XA+zqz-; - z,')] - x\ \_xqx-: - x;)+zqz-;~ z/)] 

\x{-x;y + (zi-zyy

h; =
xt [XliX-: - ATHZ/tZ;' -Z/)] —Xilx-xx-: — X]) + Z '{Z ' Zi}],

(2J-7)
(Xi'—XtY + iZi—zsy

jx1—x1)(Xi'Z1'—X1'Zi')
(xf—Xi')* + (Z,'—Zi'y

we may calculate four of the unknown quantities in (23.6) with the aid of 
the following formulae.

k[ = l\(X[ + X2), —

(g2 — gs) (h2 ■— h3) + (k2 — k3) (l2 l3)
x01 + x„i- (ht-h,)* + (h-i3r

<01 + <02 —
_ (h2 — h3)(k2 — k3) ■— (g2 — ga)(l3 • *3)

(h2—h3y + (i2—i3y
(23-8)

X01X02 —<01*02 = gi — hi(x01 + *02) + <i(<0i + *02),

t0lX02 + <0 2*01 = ki —<i(*oi + *02) —*i(*oi + *02)-

The quantities BMn and BM are then obtained from (23.6). 
For determination of C„ and D0 we note that

4(*0i*02 — <oi*o2) = [(*01 + *02) + Do] [(*01 + *02) D0]

+ [(<01 + <02) + Co] [(<01 + <02) Co]

= (X0l + *oo)2 —(*oi + <02)* + Co D0,

4(<01*02 + <02*01) = [(<01 + <02) + Co] [(*01 + *02) D0]
+ [(*01 + *02) + Do] [(<01 + <02) Co]
= 2(^01 + *02) (<01 + <02) 2C0D0,

and put
p = Cl ----  D\ = 4(x01X02 ---- <01<02) + (<01 + <02)* (*01 + *02)2>

q — 2C0D0 = — 4(/0i*o2 + <02*01) + 2(*0l + x02)(<0i + *02)- 

On squaring and adding these two expressions we obtain
(Cl + Dl)2 = p* + f and thus C\ + D\ = V^2 + ?■ 

The above expression and the relations (23.9) give

Do — i
—p+ \> + g2 tan <pe =

— p + V^2 + ?2
<1

(23-9)

(23.10)

Further we obviously have

*01 = 2 [(*01 + *02) + Do]. *01 = 2 [(*01 + *02) + Co], [ 
*02 = 2 [(*01 + *02) —D„], <02 = 2 [(<01+ *02) Co]. I
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By deriving the formulae [23.1) we have assumed that (xol — x02) sin <fc > 0. 
Consequently D0 shall be positive if 0 < < n, and negative if n < < 2ei.
Whether we choose the positive or the negative value of D0 in (23.ro), we 
obtain, however, the same position of the top side of the thick sheet, since 
the only difference in the results calculated from (23. „) is that x01 and x02 
as well t01 and t02 exchange values.

The expression (23.10) of tan <pe gives two values of cpe which can be 
written <p r and <f> c = (p c -f- 5T. where 0 < <p\ < n. These two values of <pc 
satisfy both the primary equations (23.x). This is apparent from the fact 
mentioned above regarding x01, x02. tQ1, t02 and the relations (23.2) which 
imply that (M) j and (A/)u change signs if cp'e is changed in <p'e'.

Ihe values of BM// and BM±, obtained from the formulae (23.6), may be 
used for further calculations concerning the quantities x, <p and the natural 
remanence of the thick sheet. Thereby we may use the formulae given in 
§ 8, if we put s = B, where

B = |(*oi —*02) sin 9>|.
Relation figure.
On solving x and x2 from the two equations (23.6), we may obtain two 

different expressions for x2, which give the equation
4(ax.BM± — az.BM„y + 2(*01 —*03) (tol —t02) (axBM± — az-BM/f] 
+ 2(<01 + 4«) (axBM„+ azBM _J = t01t0i[(t01 + t02)* + (x01—*02)2],

where ax. = X'
X'2 + Z'2 az' —

Z’
X'* + r2

• • • (23-12)

Consequently, the relation between ax■ and az- may be illustrated by a 
curve of the second degree in the same way as earlier described (comp. p. 24) 
regarding X and Z in the case of a thin sheet.

The above equation may be written

\(ax-BMx-az.BM//) ~x 02) (4i — ^02)

1 (41+T02)2
2 (axBM, + azBM) — (xo ■T 4 4 d r

■1- (23.13)

Hence it is clear that the relation figure for ax- and az- is a parabola. 
The axis of the parabola forms an angle <pp with the ax.— axis and the 
vertex of the parabola has the coordinates ax-o and aZ(>. These quantities 
may be calculated from the formulae
, m itan

— x02)2 + 4<01<02] 2BA/j_(x01 —x02) (t01 —102)
8 (BMT)2

_ 44?M//(x01 xot) (t01 —102) + BM^ [(*01 — x02)2 + 44^02]

(23-14)



CHAPTER VI.

Actual Examples.

In order to illustrate the actual application of the methods of interpretation 
deduced in the foregoing, some examples of the interpretation of anomalies 
from a number of iron ore deposits will be given.

First we treat three Z-profiles given in a paper by M. Rössiger and K. Pu- 
zischa: “Magnetic Measurements on Diabase Formations in the Oberhartz 
Mountains” (19). The three chosen profiles are designated Spitzenberg I and 
II and Eisener Weg II. In all three cases the anomalies originate from thin 
sheet-like ore-bodies consisting of magnetite derived from hematite.

Further an interpretation is made of a profile curve of the total intensity 
measured by an airborne magnetometer across the Benson Mines, Adirondac 
district, U. S. A. Finally we treat two published profile curves representing the 
vertical and horizontal intensities along a profile line across the vast Russian 
iron ore deposit in the Kursk district.

In the interpretation work it should not be necessary to calculate the magnetic 
parameters of the sheets with greater accuracy than what can be useful in 
practice. It is often difficult, however, to judge a priori what accuracy this 
condition corresponds to as regards the parameters of the interpretation equa­
tion. Further the checking possibilities in the calculations are much better if 
the values of the last mentioned parameters are so exactly computed that 
they almost exactly satisfy the interpretation equation in all the calculation 
points. For that reason the calculations are made with great exactness. 
Essential approximations are only introduced into the final results.

[§ 24. Spitzenberg II.

In Fig. 24.1 an interpretation diagram is shown where the primary data are 
taken from figs 27 and 31 (p. 89 and p. 94) in the above-mentioned paper (19). 
The magnetic profile is measured at right angles to the strike of the sheet 
and the edge of the sheet can be considered horizontal (a = y = 0). The 
measured values of Z are marked out by open circles. The terrain profile is 
a straight line having a slope angle = 6°.

The points of observation in the interpretation diagram indicate that the 
course of the magnetic profile curve is characteristic of the anomaly at a single 
sheet (comp. § 9). Consequently it is possible to use the interpretation equation
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Fig. 24.1. Interpretation diagram for a Z-profile across a sheet-like iron ore-body at Spitzenberg in 
Harz, Germany. The open circles give the Z-values observed at the ground. The curve line corre­

sponds to the calculated values of the magnetic parameters of the ore-sheet.
The real position of the sheet is marked by the heavy line. The dashed line shows the calculated 

position of the sheet assuming only induced magnetization caused by T'.

(6.1) by the calculations if we assume that given data of Z emanate from a 
sheet of infinite length.

In order to neutralize as much as possible the influence of punctual errors 
on the calculated result one had better include all observed data in the calcu­
lations. Hence we place the eight given observation points in two groups to the 
arrangement below
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I II
*! = — 20 m zx = I 260 gammas *1 = - 30 m Zx = 240 gammas
*2 = 0 » ^3 = 6880 » X 2 = — 10 » Z3 = 4 44° »
*3 = 20 » z 3 = 4240 » ^ 3 == 10 » z s = 5 940 »
*4 = 40 » Z \ = 2 360 » *4 = 30 » Zx = 3 200 »

and calculate *0, to, sM/i and eM± from both groups I and II.

For the abscissae of both groups
X^ ---- Xg ---- Xg X 2 ---- Xg X\ ---- 20 IT1.

We may thus carry out the calculations according to case 3) in § 16. The para­
meters of the interpretation equation may then be computed in the following 
way:

I II

1

InII

Z3
^3

zx- Z3
Zx

= — 1.224.2,

= — 1.4228,

= — 2.1455,
~ *4

xx — — x3, *a = 0, xt = 2*3, 
, — 4n3 -f 6«4

Xj_ — - *3 = 3.6465 *3,
«2 — 4«3 + 3»4 

uq = *3*x it3Zx ==z <4.464 x3Zx,

ax = [n2xx -F 2n3(xa — xx')]Zx 
— 3.067 x3ZXf

bo = — — + *l'*3 = — 0.8l8 *',
Zx

bx— — — — *3 + *1 = — 0.420*3
Zx

Z1 -- Z 2

zx — z 3
Zx

= — 1.0571,

= — 1.0421,

= — 1.0811,

Zx - Z*
*1 =-----3*3, *2 = ----- *3, *4 = 3*3,

, —n3—4n3-i-9nt
n 2 — 4«3 + 3wi

*3=34.124*3,

tt0 -<-k
Xl ,-----I n3
x3i

+ 2^1

Zx — I06. I 7 X3Zx,

&■i — X a n2 I 1 H——) + 2«3 (1 X3I
-4)]Z1 — 3^-9°7 x3Zx,

7 ^0 , Q f 2b0 = — — + d*x*3 = — 3.795 *3,

&x = — — — 3*3 + *4'

= — 0.783 *3.

The magnetic parameters of the ore-body may now be calculated with the 
aid of formulae (7.7). Since a = y — 0 and vx = vy = 0, vz = 1 we have 
vx' = 0, vr' — l,p = tan (} and /<2 = 1 + tan2/?. We may therefore write
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*0 = 5 [&1 + tan ^ V — 4&0 — öj], eM/i = \

_1 4- tan2 /?

«x tan /?
2«0 -f- öiftj

V— 4&„ — 6,

V — 460— b\, eM = i 2 ± 2 - • y—4j0—
2«0 + «!&!

— fli + ./-... .== tan/3

(24.7)

As mentioned earlier we have /3 = 6° for groups I and II, and thus tan /? = 
= 0.105 and tan2/? = 0.011.

Subsequent calculations are carried out according to the following plan:

I II
V— 4&0 — b\ = 1.759*3.

2^0 4~ &iby === 7*^39 *3^x.
2flo ~f~ ^1^1

,/ ,2 == 4-343 *3^1.

V— 4i0 — 61
= 20 m,

Zx = 1260 • io-'1 Gauss, 
0.237*0 =-----— *3 = — 2.37 m,

_1.78
?o — *3 17.8 m,

eMn 4.664 x3Zx =0.588 m • Gauss,

eMl = 2.613 *3Zi

V — 4^o— b[ =3-8i7*s.
2a0 + = 187.4 x3ZXl

2Clo -j~
. / 7 73 ~ 49-°9 *3-^1.V — 460 —

a;3 = 10 m,
Zj = 240 • io~B Gauss;

_ 0.384
Xo — xa — 1.92 m,

, _3-86to — x2 — 19* 3 rn>

eM// = x3Z1 = 0.629 m • Gauss,

eMj_ = 26.78 * \\Z \

= — o.321 m • Gauss.= — 0.329 m • Gauss,

For I and II we obtain the mean values 
*0 = — 2.i5d;0.23 m, eM//= o.608 4; 0.021 m-Gauss, |
?0 = 18.5 ±0.8 m, eMj_ = — 0.325 4; 0.004 m • Gauss.j

In order to visualize the Z-curve corresponding to these mean values we 
calculate a number of points on it. For this we use the formula

{24.2)

Z = a iX
— bo — bxx 4- *2

According to (24.1) the parameters in this formula are determined by the 
following mean-values of the quantities given above for the groups I and IL

ax = 0.7693 m • Gauss, ^ — 4Ö0 — b\ = 36.68 m,
2Cto —j— dyby

by = — 8.12 m
V- 4&0 - b\

= = 1.136 m-Gauss.
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Hence we obtain

bo =-
36-68\2 / 8.12

= — 352-8 m2>

0.7693 • 8.12 + 36.68 • 1.136 
do = ———------------—-----------------— = 23.96 m2 • Gauss.

and
23-9^ + 0-7693* 

352.8 + 8.1ZX + x2
gammas.

The curve drawn in Fig. 24.1 has been calculated with the aid of the formula 
above. The coordinates of the points designated by (X) are given in the table 
below. There are also given the differences between observed (Zobs) and cal­
culated (Zcalc) values of Z.

X 2-calc ^obs ^obs ^calc ZC3.\C Zohs ^obs ^calc

—40 m —418 I m 6833

-30 87 240 •53 2 6 835

—20 I 452 1260 —192 5 6646

-g 2 724 10 5928 5 940 12

—10 4 378 4440 62 •5 5 074

—5 5 965 20 4299 4240 -59

0 6 791 6880 89 30 3 144 3 200 56

40 2403 2 360 —43

The extreme points on the Z-curve may be calculated from the formulae 
(9.x). We obtain

do ^ — b0 = — 31.15 ± 32.71 m-

Hence the coordinates of the maximum point (M) and the minimum point (m).

xM = 1.56 m
„ a, 0.7693 „ . _ZM =----- -— = ——Z± • I05 = 6 844 gammas

2*m—11-24
xm = — 63.86 m
„ 0.7693 ,Zm —-----------=----- - — • io5 = — 643 gammas.

2 xm — b1 —119.60

The calculated curve conforms rather well with the observed points. The 
differences between Zobs and Zcalc for the six southernmost points of measure­
ments are less then 2 % of the observed values of Z. The corresponding dif­
ferences for the two nothernmost points of observation are, however, rather 
great and of opposite signs. It seems probable that this defective agreement 
is caused by a strange disturbing field.
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In the preceding we have seen that the values (24.2) of the magnetic para­
meters satisfy rather well the observed profile of Z. It remains to investigate 
whether these values are also in agreement with the data of the ore-body.

According to the earlier mentioned paper (19) the values
x0 « o, t0 18 m, e « 3.5 m

are valid for the ore sheet. The susceptibility (x) is determined for two samples. 
For these the values 0.44 and 0.49 are given. In the following we use the value

x = 0.46.
The ore sheet dips 68° to the south i. e.

cp = 1800 — 68° = 1120.
For the earth’s normal magnetic field we have

T =0.478 Gauss, i =66°. 5, it- = 165°.
As a = y = o we obtain from the formulae (3.2)

T' = T Vl — cos2 i sin2 14 = 0.475 Gauss,
•/ tan * „ , „tan j =-------------------=2.38, 1. e. 4 =67.2.

cos d
According to the values (24.2) the edge of the ore-sheet is situated approxi­

mately 2 m to the north of the above given position. The calculated depth of 
the mentioned edge practically coincides with the given value. In the paper it 
is not stated, however, with what degree of reliability the position of the ore- 
sheet edge has been determined.

Calculations ftroceding from sMi, and sM^.
The length of the ore-body seems to be at least 100 m. The depth to the lower 

edge of the ore-sheet is unknown. Applying the formulae (3.3) for Np and N_L 
and putting 21 = 100 m we obtain for

1) d = 00 N// = 0, N= o. 9 6 6 • 47T,
2) d = 100 m, Nh = 0.033 • An, N= 0.935 •4n.

Further we obtain with the aid of the formulae (8.4) in case
1) tan (»" — 95') = — 3-52, i" — <p' = i" — <p = — 74°. 1,

sT" = 4.8 5 m • Gauss,
2) tan (t" — 9?') = — 2.87, i" — y = i” — <p — — 70°. 8,

sT" = 4.80 m • Gauss.

As the calculated values in the cases 1) and 2), which represent extreme 
cases, show only small differences we use in the following the mean values

i" — <p = — 72° and sT" =4.82 m • Gauss.

Starting from the known x-valne and the assumption that no remanent 
magnetization exists in the ore-body (i" = i', T" = T') we thus have

cp = i' + 72° = 140° and e = 4.82 : T' = 10.2 m.
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These results imply that the ore-sheet should have a dip of 40° to the south 
(see Fig. 24.1) as against a given value of 68° to the south and a thickness of 
10.2 m as against a given value of only 3.5 m. It is therefore highly probable 
that the ore-sheet in fact possesses a remanent magnetization.

It is possible to calculate this remanent magnetization by using also the 
given values of e and cp. Thereby we compute at first from the above expressions

i" = (p — 720 = 40° and T" = 4.82 : e = 1.38 Gauss.

Thus T" : T = 2.90, cos (i" — i') = cos (— 270) = 0.891.
sin i" = 0.643, sin i'= 0.921 
cos i" = 0.766, cos i' = 0.391.

Inserting these values into the formulae (8.3) we obtain 
k' = 2.06, tan xp' = 0.515, ip' = 270.

Hence 7/ = k'xT' =0.45 Gauss, cp — ip' = 85°.

Thus the natural remanence has an intensity of 0.45 Gauss and its direction 
is approximately perpendicular to the plane of the ore-sheet.

Finally some remarks as regards the demagnetizing factors and the remanent 
magnetization:

In the formulae (8.1) we have introduced the effect of the remanent magneti­
zation by using the quantities T" and i" of the apparent magnetizing field 
instead of the quantities T and i' of the real magnetizing field. In an analogous 
way we may from the primary equations (j.1) derive the formulae

exT' cos (*' — <p') = eM//( 1 + xN'/f), I
>................................ (24.3)

exT' sin (*' — <p') = eM±( 1 + xN’j_),|

where N'p and N'± are apparent demagnetizing factors.

In the actual case the remanent magnetization is perpendicular to the plane 
of the ore-sheet. Consequently, only the magnitude of sMj_ is influenced by this 
magnetization and thus N/' — Np. On assuming xNp < 1 and considering 
qo' as known, we obtain from the relations (24.3)

xN / = £M/I. tan (»' — cp') — 1 = 0.673, 
eM j_

eM ii
ex =-------------------= 1.72 m.

T' cos (*' — cp')

Fixing the thickness of the sheet to 3.5 m these relations give 

X = O.49, N'± = I.37 = 0.447T.

Hence it is evident that the remanent magnetization of the ore-sheet has 
the same effect as if the demagnetizing factor Arj_ were diminished to about 
one ninth of its real value.
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Fig. 25.1. Interpretation diagram for a /"-profile across a sheet-like ore-body at Eisener Weg in 
Harz, Germany. The diagram shows the calculation results according to case I.

The curve line corresponds to the calculated values of the magnetic parameters of the ore-sheet. 
The real position of the sheet is marked by the heavy line. The dashed line shows the calculated 

position of the sheet assuming only induced magnetization caused by T'.

§ 25. Eisener Weg II.

Fig. 25. i shows an interpretation diagram that has been drawn from Fig. 19 
on page 200 of Rössiger and Puzicha’s paper (19). The terrain profile coin­
cides in the diagram with the x-axis and a = yS = y = o. The measured values 
of Z are indicated by open circles. The authors state that there is probably 
a regional anomaly in the vertical intensity of approximately 100 gammas 
in the locality of the ore-body. The points in the diagram are not, however, 
reduced by any such anomaly.
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In the following, there are first given the results of an interpretation calcula­
tion based on the given observed data, without any correction for the regional 
anomaly having been added to the Z-values. The use of the method of least 
squares is thereby demonstrated for calculating the parameters of the inter­
pretation equation (6.1). Subsequently we apply the equation (12.3) for a simul­
taneous calculation of AZ and the magnetic parameters of the ore-sheet.
I. Calculation of the parameters of the interpretation equation (6.1) according 
to the method of least squares.

If we postulate that all datum points in the magnetic profile are of equal 
importance, we have to determine a0, au b0, bl so that

locale - Zobs)2

is a minimum. The summation should include in this instance, as in the following, 
all given datum points.

In order to complete the calculations we first choose suitable proximate 
values a0', V, bjf with the aid of calculations for four of the datum points. 
We can then write

a0 = a0' -)- Aa0, b0 = b 0 -f- Ab0,
ax = ai + Aalt bt = b\ + Abt.

It is thus required to calculate the four increments Aa0, Aalt Ab0, Abx. 

The following notations are introduced

Z‘ calc
a,xixi

,calc - 6„ - Mi + *, 

1—7. _ 7 ’— ^‘obs z'1 »

Z{ a1 X\
- — bjfxi + X;

V‘ = Z‘calc Z‘obs’

C\ =
da„'

1 , dZ-S----- 5. d;= ------ V = C:*i,

K'-Wxi+x1- da/
dZf 7,«i = ^TT = CiZi • 

dbo
, dZ 7,
fi = -XT7 = ci*iZi ■db,

When the increments Aa0 . . Abx are small the error equation holds as follows: 
Z[calc— Z{ = l\ T- Vi = C;Aa0 -T d-lAa1 T e^Abo + fiAb^

By making use of the summation notation [], introduced by Gauss in his 
theory of probability, the condition that

Q = [to] = JU(Zicajc— Zi0bs)2 = ^M«o T" d[Aa1 -(- eiAb0 -)- f\Abx — If}2

is to be a minimum may be expressed as follows:
1 dQ— = [cv] = 0,
' d(Aa0)
1_^L = [dv\=0,

2 d(Aai)

\ dQ - = [ev] = 0, 
- d(Ab0)

* « w-o.
d[Abf)

7—482318. S. G. U. Ser. C, N:ojoS. Werner.



Further it is obvious that

å^ = ^Kalc-^J = M = o.

On multiplying both sides of the error equation by c;, du eu ju lx respectively 
and adding each of these equations over all given datum points we obtain

[cc] Aa0 + [cd] Aax + [ce] Ab0 + [cf] Abx = [cl],
[dc\ Aa0 + [dd\ Aax + [dé] Ab0 + [df] Abx = [dl],
[«] Aa0 + [ed] Aax + [ee] Ab0 + [ef] Abx = [el],
[fc] Aa0 + [fd] Aax + [fe] Ab0 + [ff] Abx= [/q,
[lc\ Aa0 + [Id] Aax + [le] Ab0 + [If] Abx + [w] = [«].

The five equations above are the normal equations necessary for the calcula­
tions. From the first four equations we obtain Aa0, Aax, Ab0, Abx and then [vv] 
from the fifth equation. For the actual evaluation it is convenient to use the 
well-known method developed by Gauss.

The Z-profile under consideration has been treated according to the method 
detailed above. Thereby the following proximate values have been used

a0' =0.8 m2 • Gauss, b0' = — 50 m2,
ax =0.02 m • Gauss, bx — o.

Since the evaluation comprises a fairly large volume of calculation only the 
final results are noted below, as follows:

ao = ao’ + da0 = 0.8 -(- 0.08286 = 0.88286 m2 • Gauss,
ax = ax -f- Aax = 0.02 — 0.00677 = o.01323 m • Gauss,
bo = b0' + Ab0 = — 50 -)- 2.590 = —- 47.410 m2,

bx — bx' Ab'x = 0 — 2.562 = — 2.562 m.

The curve drawn in Fig. 25.1 corresponds to these parameter values. A com­
parison between Zca|c and Zobs for the eight given datum points is given in the 
table below.
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X Zahs Zca\c ^calc ^obs

\ —40 m 70 23 —47 Gammas

—30 40 56 16

—20 150 156 6

— IO 570 616 46

O I 850 I 862 12

10 565 587 22

20 250 230 — 20

40 I IO 8l —29 ^(Zca,c — Zob<) = 6 Gammas.
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If the increments Aa„, Aalt Ab0, Abx had been sufficiently small
•^(^alc — Zobs)

would have been zero. Since this is not the case now
-^(■^calc — iTobs)2

is not a minimum as required by a perfect equalizing calculation according 
to the method of least squares. The difference from zero of the first mentioned 
quantity is so small, however, that an improved equalizing calculation with 
better proximate values of .. . b\ would produce only very slight changes 
in the values obtained above for the parameters of the interpretation equation.

Since a = ft = y = o, the magnetic parameters of the sheet should be con- 
puted from the formulae (6.5).

Thus

x0 = \ bx = — 1.28 m,

t0 = 2 V— 460 — b\ = 6.72 m,

eMII
2 a0 + axbt 

2 V - 4ft0 - b\
= 0.06447 m-Gauss,

eMj_ = — \ a! = — 0.00662 m • Gauss.

II. Simultaneous calculation of AZ and the magnetic parameters of the sheet.
From the eight given datum points we choose five that have the greatest 

values of Z and put
*1 = — 20 m, Z4 = 150 Gammas
^2 = — 10 » z2 = 570 >>
2T3 = 0 Z3 = i 850 »
*4 = 10 » ^4 = 565 »
*5 = 20 » Z5 = 250 »

These datum points should according to the formulae (12.3) and (12.4) satisfy 
the equation

A0 + A & + A 2x i + b0Zi + Wi = xi^i>
where

A 0 = a0 b0AZ,
A1 = ax — bxAZ,
A, = AZ.

We calculate at first b0 and bL according to (16.9). As
xs — xt — xt — x3 = x3 — %2 = x2 — xx = xt 

we obtain with the aid of the expressions (ig.3) 
cf = — 2x\[Zx — 3Z2 + 3Z3 — Z4) = — 6 850 • 4 
c® = —2x\{xiZi — 3X2Z2 + 3x3Z3—XiZi) — — 2x\ (— 2Z4 + 3Z2— Z4)

= — 1 690 • x\,
c® = — 2x° (x\Zx — 3x\Zt + 3x\Z% — x%) = — 2^'(4Z1 — 3Z2 — Z«)

= 3 350 • x\.
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and
df = — 2x\{Zt — 3Z3 + 3Z4 —Z6) = 7 070 • x\,
d™ = — 2x\(x2Z2 — 3x3Z3 + 3*«Z4 — *6Z5) = — 2x\(— Z2+ 3Z* — 2Z5) 

= — 1 250 • xx,
d% = —2x\ {x,Z2 — 3*JZ» + 3xlZt — *’Z6) = — 2*4 (Z2 + 3 Z4 — 4 Z5)

=—2 530 • *!•
The formulae (16.9) give

bo
125-335—169-253 , , ,------ Xi = — O.41262 • Xa =
685 • 125 -f 707 • 169

41.262 m2,

685-253—707-335 
685 • 125 + 707^169 Xi = — 0.3°979 '*4 = — 3-°979 m.

For the calculation of A 2 = AZ according to (jö.xo) we compute 
c(1) — 2xl,
cf = %4(Z2 — 2Z3 + Z4) = — 2 565 • *4,

<'> = xt(x2Z2 — 2%3Z3 + XiZt) = x](— Z2 + Zt) = — 5 • x2, 
c[% = x,(x;Z2 — 2x\Z% + x\Zi) = x\(Z2 + Z4) = 1135 • x\.

The formula (16.10) gives
t**? blC''z + CxVz —0.41262-2565 — 5-0.30979 +1135

A,= JZ = cfl) 2
— 37.54 Gammas.

Writing the interpretation equation
a0 “t" alXi — {Z’l — AZ)(X{ &J#; - b0) 

we obtain for the datum points (3) and (4) 
a0 = — b0(Z3 — AZ) =0.41262-1 812.5 x\ = 747.86 -x\ m2-Gammas,

ax = (*4 — bx) (Z4 — AZ) + —(Z3 — Z4) =^(1.30979-527.46— 0.41262-
*4

• 1 285) = 160.64 #4=1 606.4 m' Gammas
or a0 =0.74786 m2 • Gauss,

ax = — 0.01606 m • Gauss.
Finally we obtain with the aid of formulae (6.5)

x0 = — 1.55 m, eM/i= 0.05798 m-Gauss, ^=37.5 Gammas.
t0 = 6.23 » eiWj_ = — 0.00803 » »

The Z-profile corresponding to these values can obviously be calculated from 
the expression

Zcalc
aQ —{- cl-^x 

— b„ — bxx + x2
zlZ.
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This profile curve passes through the five datum points used by the cal­
culations above. The following values apply to the other three given datum 
points.

X ^calc ^obs ^calc ^obs

e0
1 44 70 —26 Gammas

—30 > 70 40 30 »

40 > 116 no 6 >

On comparing the results for the two cases I and II treated above it is 
apparent that the calculated Z-curve agrees much better with the given datum 
points in case II than in case I. In the latter case (I) the calculated Z-values 
are smaller than the observed values in the northernmost observation point 
and in the two southernmost ones, but greater than the observed Z-values 
in all the other points. This fact implies in itself that a better agreement can 
be obtained between Zc,lc and ZQ.S by supposing a regional anomaly AZ of 
convenient magnitude.

The upper edge of the ore-sheet is stated (19) to be situated just below 
the zero point of the x-axis at a depth of approximately 6 m below the datum 
plane (thickness of soil -j- height of stand). As there is no outcrop of the ore- 
sheet in the vicinity of the actual profile line, it is quite possible that these 
data may be a metre or two out. We can thus only deduce that the values given 
by I or II for x0 and tB lie within the limits of uncertainty for the given data.

Calculations proceeding from eM// and eMj_.

For the earth’s normal field we have

T = 0.478 Gauss, i = 66°.5, it = 1350,

and according to (3.2)

T' — T V1 — cos2 i sin2 it = o. 4 5 9 Gauss

tan i -votan 1 =--------- - = 3.253, t.e. 1 = 73 .
cos it

According to given data (19) the ore-sheet stands approximately vertically 
(9=90°).

Measurements made by the authors on pieces of iron-ore taken from dumps 
gave a mean value of n = 0.05. Various circumstances, however, indicate that 
the average susceptibility of the ore-body may be substantially greater.

The thickness of the ore-sheet is not known but in all probability it does not 
exceed two metres.

We assume in the following that N// = 0 and N = 4n.
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a) On assuming that x = o. o 5, we obtain according to {8.4) for cases 1 and II
I II

tan [i" — <p) = — 0.167a, tan (i" — 9?) = — 0.2255,
i" — <P = — 9°- 5, i" — (p = — 12°. 7,

exT" =0.0653 m-Gauss exT" =0.0595 m- Gauss.

If we suppose that the ore-body has no remanent magnetization, i. e. T" = T' 
and i" = i' the values above give

= *' + 9°-5 = 82°. 5, <p =i' + 120.7 = 85°. 7,
e = 2.85 m £ = 2.59 m.

The calculated value of 95 in I is approximately 8° smaller and that in II 
approximately 40 smaller than the given value. (The dotted line in Fig. 25.x 
refers to I). The thickness is in both cases larger than is considered probable 
from available geological data.

b) Starting from the given value <p = 90° and the assumption that i" = i' 
we obtain from the formulae (5.6)

I II
X — O. I 57, X = 0.096,

exT" =0.0674 m-Gauss, exT" =0.0606 m-Gauss,
If we suppose that there is no remanent magnetization in the orebody t. e. 

T" = T' we then have
e = 0.94 m, e = 1.38 m.

The above value of (x) in case I is thus approximately three times as 
large as, and in case II approximately twice as large as that found from de­
terminations on samples. The values of the thickness are in both cases of a 
magnitude that can be considered probable. As the given rvalue is very un­
certain it is possible that the values of x and e in case II can be in good agree­
ment with the real ones.

c) Finally we assume that the natural remanence is perpendicular to the 
plane of the ore-sheet. Further we use the given value 99 = 90°.

Putting ip’ — 90 = — 90° in the equations (3.x) we may derive the formulae

ex eMn
T' cos (i' — 95)

k' = sin (»' — 99) — eMj_(1 + 47r^) 
exT

Hence we obtain in the cases I and II
I II

ex =0.147, ex = 0.132,
k' = — o. 194 -f- 1.23 • x, k' = — o. 160 -(- 1.66 • x.

If k' = 0, i. e. no remanent magnetization exists, the above relations give 
the same values of x and e as in case b).



If k' > 0 we have in case (I) x > 0.157 and in case (II) x > 0.096, and if 
k' < 0 the x-values are smaller than the mentioned values.

A negative value of k' implies that y>' = 1800. It is, however, not probable 
that the remanent cross magnetization should be in an opposite direction from 
the cross magnetization induced by the magnetic earth field.

For this reason we may infer that the susceptibility of the ore-body is at 
least as high as 0.1 and the thickness of the sheet not larger than 1.4 m. If the 
ore-sheet possesses a remanent magnetization then probably x > 0.1 and 
e < 1.4 m.

INTERPRETATION OF MAGNETIC ANOMALIES AT SHEET-LIKE BODIES. IO3

§ 26. Spitzenberg I.

The continuous line of the Z-curve in Fig. 26.1 is taken from Fig. 26 of the 
previously mentioned paper (19). The positions of the observation points are 
not given.

The shape of the Z-curve (steep sides and a broad, flat-domed crown) is 
suggestive of an Z-anomaly that derives from one thick sheet or two (possibly 
more) thin sheets lying close together. Hence we shall attempt to reproduce 
the Z-profile by using an interpretation equation (20.1) of the form

A0 + -f- A 2xa + A 3x3 + B0Z + BxxZ 4- B2xaZ + Bax3Z = xlZ.

For the calculations we choose the method of approach given in 3 b) of § 21. 
As calculation points we take those indicated by crossed circles in Fig. 26.1. 
Their coordinates are

Xi = 0, ze = Z4 = Zi = 8 300 Gammas
x2 = — 21 m, N to II O O »
x3 = — 14 » Z3 = 2 600 »
*4 = — 7 » Z4 = 7 000 »
X5 = 7 » Z5 = 7 600 »
*6 = 14 » z, = 5 500 »
X, = 21 » = 3 750 »

Since xx — xx =0 we have

t/; =

If we express all the abscissae as units of x5 we obtain according to (21.17)

u2 = i (U2— U-,) = — 3.48094 xl, v2 = \(U2 + U,) = 3.936640x5,

u2=\(U2— Ut) = — 3.016292 x\, v2=\ (Ua + U,) = 4.840852 x\,
m4 = i-(fy4— u6) = — 2.736264 xl, Vi=l(u2+ u6) =8.120879 xl.

As the values of v2, v3 and vt differ to a large extent from each other
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[-1000 V

Pro/v/e I

observed curve 

values used for ca/cu/atron 

x ca/cu/ated va/ues
- 7500

-5000

- 2500

Fig. 26.1. Interpretation diagram for a Z-profile across sheet-like ore-bodies at Spitzenberg in Harz, 
Germany. The diagram shows the calculation results according to case I.

The dashed curve A and the dotted curve B are Z-profiles corresponding to the calculated values of 
the magnetic parameters for sheet A and sheet B.

The probable positions of the two ore-sheets are marked by heavy lines. The dashed lines show 
the calculated positions of the ore-sheets assuming only induced magnetization caused by T'.
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the Z-profile can not emanate from one sheet. Hence we calculate according 
to (21.19)

Cj =*5(— «* + 4m3 — 5m «) = 5.09709**;, 

c2 = *;(3d2 — 8n 3 + 5vt) = 13.68750 •*;, 

c3 = *5(— 9 m 2 -f- 16w3 5m4) = 3.250894 •

c4 = *5(27i>2 — 32?;3 -(- 5s74) = 8.013577 • *5)
and further according to (21.20)

cl ---- C»C, „ 2 n C2C3 C1C4t2<-4 „ 2 o'ax = -j-------- = 0.58971 -*t, p1——i---------
C2 — C4C3 C2 — C4C3

„2.

O.OI79IOI .%s.

Since (— 4a! + $) < 0, thus and *4"' become complex. This is appa­
rently in agreement with the given Z-curve.

We now compute the quantities:

[xxxx]i = oq*!*'! = 0, [xx]1 =04 + fii(xi + xx') + *4X4' = 04,

and (comp. 2J.2j)

es — X6

Cl — ^6

gs = xl

g3 = xl

gl = xl

7 _ 0, [x] — Pi + Xx + Xl — fix,

“•) «2 +3
Pi u2 = 37.93828-*;,

xj Xs

V3+2 Pi Us 1 = 22.32615 •*;,
*si Xs

Vi + Pi Ui = 12.95885 •*;,
xj Xs J
i] u2 +3 Pi Vs — — 33-5927* •*;,
xj *5 -
aA u-3 +2 Pi Vs = —14.01730 •*;,
xl) Xs

1+“-) 
xj

L A
m4 -|- — r>4 

x5
= — 4-49 53 i1 -Xt.

Finally we apply the formulae (21.22) and (21.4). We obtain:
, ^ rr 4e2 9£3 v  £2 9e\ 7  ea 4e4 ___„ ® ^„ ^*7

Ao = —BoZ' =-------—Ze =-----ö— ---- “ v -A — 9 »3643 xhLK
■—5 —8 —0

4 jy ry — 8g2 +27ga 7 _ — gs + 27g4 7 _ — gs+ 8g4 7dl = -- LJ\/* e---- ------—------ Zc 0/| e--30 Xs --24 A/5 6 X&
= 3-65752 *X

H2 = — (jB2+«4)Zc = ------^Z -;ze = - ,zc = 3.i2243 x5ze

— 5*! e -8x: ' —3

/D 4,47 — 3g3 + 2g2 — 3g4 T- g2 7 2g4+g3 y
= -(Ba-^i)Ze=-—^-T-Ze------_24xf -fi*s

-30 *_
= 0.837782 *5Ze.

—6*
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By calculating each of the parameters A„... A3 from three different expres­
sions we obtain a check on all the preceding calculating operations.

The Z-curve corresponding to the parameters given above clearly passes 
through the calculation points and has the shape shown in Fig. 26.1 by the 
dashed curve. The points marked (X) in this figure have been calculated from 
the expression

7 _ AoA2xA2x3A3x3
^ calc IT ~ -------- —------------==

— B0 — BiX —B2x3 — B3x3 + x4
= i _____ — «i*2 + fnX3 — x4_____ 1

— B0 — B2x—B2x* — B3x3 + x4_

The agreement between the given and the calculated curve is, as may be 
seen, very close within the area between the northernmost and southernmost 
calculation points. Farthest to the north the calculated curve falls somewhat 
below the given curve, and farthest to the south it passes somewhat above 
this curve. If we were to make Z, slightly less it is very likely that we should 
obtain better agreement between the calculated and observed curves in their 
southernmost parts without the agreement otherwise appreciably altering. On 
the other hand not much seems to be gained by changing Z2 since the given 
Z-curve north of the calculating point (2) is probably disturbed.

For this reason we modify the results above in such a manner that the cal­
culated Z-curve passes through the point

x8 = 42 m, Zs = 1 450 gammas,

on the given Z-curve instead of the calculation point (7) used above. By the 
following calculations we mark the quantities corresponding to the modified 
Z-curve with (') and put

U/ = U, + AU,.

It is easy to prove that

«!=«! + Aa1 = c'3 ~ C2°l g*» (— + 6 XoCa — $xlc2)A U7 _
— Cic3 + 3X5 (— c3 -f- 6x5c2 — 9xlc2)A U7

120.2541 •*: — 202.0189 • A I/? 2
=----------- ——---------------------------------------------------- --------------------------X-

203.91-8 •*: -f 19.75104- AUi

^ ^ 4- A{31 = ClC* ~t~ kX3(— Ci 3x6c3 -T 9xlc2 — 21 x'hCi)A U7
c2 — CiC3 + Jxs(—c3 + 6 x2c2 — 9 xbCi)A U,

— 3.650688 ■ xl — 8.086518 • AU7------------------- s----------------------- x5.203.9178 -xl + 19.75104 ■ AU-,
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Further, as u3' = ua, ua = m4, v3 = v3, v3 = vit we have
2

4 (tf*--  ^4) + U! ( ^3--4^4)
x*Ao=Ao + AAo = -—— z,— 3

X,r
oO

+ 2^- (Ma — 2m4) 
Xs

Z„

A i — Ai -f- A Ax _ --  gs +8g4' y _ _ Xb
--  6X5

- 4(m3 — 2«i) ■— -4 («3 — 8 m,)
X.

— 2 — (v3 — 4V„) 
x&

A3 — A3-\~ AA3----- ——3— Ze — 3
3xl

4v3 — »» + ^4 (v3—vt) + — (2m3—ut) 
x« x3

Zc,

Z.

A3' = A3 + AA3 = ^~~-^Z
— 6*

_g»'—2gi'7 ___1 
6%s

4m3 — 2 Mi H—^ (m3 — 2m4)
*5

+ 2 (r3 — vt)

Xb
Z..

Using the interpretation equation in the form (21.12) and inserting the above 
expressions oi A'„.. A\ into this equation we obtain

m3 — 2ui[xi\3 6 XJ{„ ' [_ 2(^3— 4t’i) m3 — 8mi/X|\ 2(v3—Vj) /xA
x\ xl \xj x\ \XbJ

2(m3 — 2uj) v3 — 4vj

xl Xl 'Xbj

Xb \Xb

2 j?i Xb
2 Ms — Mi (X\ \2 V3 — VtlX\

Xb \Xb X, \Xb

x„

K-\*

(-[ = 2xl
\xj_

A(v3— Vt) 2(m3 — 2Mi) _4v3— Vj IX;
*1 '*5

+
2m3—utlxA3 3Ui iXiXjV , 3Uj I 

Xb xl ' Xb
Applying this equation on the calculation point (8) we obtain

— 643.9033 - a/ + 1 112.435 ‘Xtfii = — 672.6475-xl.
The above expression in connection with the former expressions of 04 and pL 
give

AU7 = — 0.4143147 xl, ot3 — 1.041989-xl, = — o.00153435 • xb.
Since (— 4a/ 4- /}{') < 0, the calculated Z-curve has no points of disconti­

nuity.
Further we have

9 x\Zi + (Z' — Z1)AU1 „ ,Z, =__5 ----------- - Z. — 3 632 gammas.
9xX + (Z'-Zi)AU7 

AZ7 — Z/ — Z, = — 118 gammas.
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Thus the modified Z-curve which passes through the calculation point (8) 
gives a value Z/ in the point x, at the reference line and this value is only 118 
gammas (about 3 percent) less than the observed value Z-.

Using the values of oq' and we obtain

ez' = 24.41678-x*, g3' == — 15.22297-4,
et' = 16.58694-4, g* = — 5.599881-4,

and
A„' = — B0'Ze = 13.9770 -4ZC,

A1 = — BiZc = 4.92935 ■4Ze,
d2' = — (B-f- cti)Ze — 2.60995 •4-2’e,

.4 3' = — (B3' — f}i)Ze = 0.670534 • xsZc.

Some comparisons between calculated Z-values corresponding to these para­
meters and observed Z-values are given in the table below.

X ■^calc ^calc ^obs

—3-5 m 8 084 8 100 —16 gammas

3-5 8 147 S 150 —3

21 3632 3 75° —ns

28 2 512 2 650 —138

35 i 857 1 950 —93 >

56 990 850 I40 >

From the table we may conclude that the calculated Z-curve runs a little 
below the observed Z-curve in the interval between x6(= 14 m) and xs(= 42 m) 
and runs a little above the given Z-curve north of x„.

Calculation of the magnetic parameters of the single sheets.
It seems evident that the above determined values of A0’. . A 3', B\. . B/ 

satisfy the given Z-curve better than the first determined values of A0 . . ^t3, 

Ba . . B3. In order to elucidate in what degree the results of interpretation 
depend on the accuracy with which the calculated profile curve coincides with 
the observed profile curve, we determine, however, in the following the magnetic 
parameters of the single sheets for the two mentioned groups of values. Thereby 
we speak of groups I and II, the latter corresponding to the dashed quantities.

As a first step we have to calculate the quantities p and q according to the 
expressions (22.6). Then we obtain

I
A0 = 9.83643 xlZc,
A1 = 3.65752 4ze, 
A 2 = 3-122+3 4Ze, 
A 3 = 0.837782 x5Ze

II
A0 = 13-977° x-Zc, 
Ai = 4-9I 2935 x\Z', 
A 2 = 2.60995 4ze, 
d3 = 0.670534 x5Zt
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B 0 = — 9.83643*8. 

Bx=— 3-65752 *5, 

B2 — — 3.71214*5,

B3 = — 0.855692 x5, 

p = — 40.80934 

q = — 76.87496 *5,

C<0,
B 2 -j- § -B3 < 0.

B„ = — 13-977° *5, 
B1 = — 4-92935 *6. 
B2= — 3.65194X5,

S3 = — 0.672068 x5, 

p = — 57.04070X5, 

q = — 105.9286X5,

Q <0.
b2 + |b: <0.

The two unequalities given nearest above (comp. 22.5 and 22.1/) imply ac­
cording to the description in § 22 that the polynom

— Z?0 — BjX — B2x2 — jB3x3 + x4

has only complex roots both in case I and II. This fact is, however, in these 
cases already clear as the values of oq and fSx are complex.

Consequently we have to calculate (i01 + i02) from the expression in {22.14). 
With the aid of the formulae {22.13) we obtain

cos <p = 0.7661218,

<p = 39°59'35"-8,
V + &os = — 6.299217X5, 

Further the formulae (22.3) and 

b01 = — 2.860452 x\, 
b02 = — 3-43876l X5, 

blx = — 2.092058 x5,

J12 = 1.236365 xs,

cos cp = 0.6388337,
99 = 5o°i7'42".3 

bn + ba2 = — 7.57°936 xf,

give

V = — 3-1915 13 *L 
b0-i = — 4-379424*5, 
in = — 2.343976 x5, 
i12 = 1.671908 x5.

and the formulae (22.5) give
a01 = 1.661823 xlZc, 
a02 = 1.440968 x3Zc, 
axl = 0.5206821 x5Ze, 

a12 = 0.3170999 xbZc,

a„i = X-693 390 xlZe, 
a02 =2.055741 x;ze, 

a21 = 0.6750455 x3Zt. 
a12 = — 0.0045115 x5Ze.

As the above quantities are calculated with a high degree of accuracy it is 
possible to have a good check of the calculations by inserting the obtained 
values into the expressions (20.3) and (20.4) of B0 . . B3 respectively A0 . .. A„.

With respect to the chosen coordinate system, the angles of strike and slope 
of the sheet-edges are zero, *. e. a = y = o. The slope angle of the reference 
line corresponds to tan ft = 0.093. It is hence possible to calculate the magnetic 
parameters of the two sheets from the formulae (24.1). Noting the sheet cor­
responding to floi, «u, b01, in with A, and the sheet corresponding to rt02, a12, 
i02, ii2 with B, we obtain
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I
Sheet A

x0 = — 0.92a •% = — 6.5 m,
G = 1.3 + 1% = 9-+ m- 

eM// = 0.44191 -%Z,,
= 0.2568 m - Gauss, 

eMl = — o.22125 • x&Ze

= —0.1301 m • Gauss 
eMT = 0.288 m • Gauss.

Sheet B
x0 = 0.781 % = 5.5 m,
G = 1.763•% = 12.3 m, 

eM// = 0.48291 •x5Ze
= 0.2840 m-Gauss, 

eM_i = — o. 11506 • xsZc
= — 0.0677 m • Gauss, 

eMj =0.292 m-Gauss.

II
Sheet A

%> = — 1.047-% = — 7.3 m, 
G = 1.360 •% = 9.5 m, 

cM// = 0.36597 -*5Ze
= 0.2126 m • Gauss, 

eM± = — 0.30641 -xhZe
— — 0.1780 m • Gauss, 

eMx = 0.277 m - Gauss.

Sheet B
x0 = 1.014-% =7.1 m,

G = 1-935 '% — 13-5 m, 
cAf// = 0.53269-%Z<.

= 0.3095 m • Gauss, 
eMj_ = 0.04748 -%Ze

= 0.0276 m-Gauss, 
eMT =0.311 m • Gauss.

Data of actual values of the ore-bodies are not available. It seems probable, 
however, that the deep angle (<p), the susceptibility (x), and the thickness of 
the ore-sheets are about the same as those for the case of Spitzenberg II.

A comparison between the results above in case I and case II shows that 
the values of % as well as those of G have differences of less than one meter for 
the sheet A and of a little more than one meter for the sheet B. From a practical 
point of view these differences are not essential.

The values of eM//, and especially of eM_L, show significant differences for 
the two sheets A and B. This is still more the case as regards the ratio eM//: 
: eM±. On the other hand, it is important to state that the values of eMT only 
differ a little (4 % for sheet A and about 7 % for sheet B). These facts ob­
viously imply that results obtained by calculations from eM// and eM± must be 
different for case I and case II as far as these quantities do not enter the used 
formulae in such a way that eMr can be substituted for the two mentioned 
quantities.

By the calculations in the foregoing we have assumed that the length of the 
sheets can be considered as infinite. Rössiger and Puzischa, however, state 
that the actual Z-profile is situated near the west end of a sheet-like ore-body. 
Consequently, the observed Z-curve ought to deviate perceptibly from the 
curve corresponding to an infinite length of the actual ore-body. The relative 
magnitude of this deviation must be greater the longer the distances are from 
the head points (or approximately from the maximum) on the terrain profile 
(reference line). For this reason the values of the magnetic parameters according 
to case I ought to be preferred to those according to case II, although the
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agreement between observed and calculated Z-curves are better in the latter 
case than in the former, if we consider the whole length of the given Z-curve ■ 
(comp. p. 108).

In the following only case I is treated.

Calculations from eM// and eMj_.
The data of the normal earth’s field are the same as for Spitzenberg II. Thus 

we have
T' =0.475 Gauss, i' =67°.2.

On assuming that the sheets A and B only have induced magnetization and 
further that N// = 0, Nj_ = 471, and x = 0.5 we obtain according to (8.4)

tan (i' — (p) <p e

Sheet A —3.69 1420 4.14 m
Sheet B — 1.74 127° 2.40 »

According to the above calculations the sheets should have the positions 
marked by dashed lines in Fig. 26.1. As these calculation results are in bad 
agreement with the real facts the ore-sheets probably possess a remanent 
magnetization.

On assuming that the remanent magnetization is perpendicular to the plane 
of the ore-sheets as in the case of Spitzenberg II, and fixing 99 = 1120, we 
obtain with the aid of the relations (24.3) the following values of ex and xN' ..

ex xN' j_

Sheet A 0.762 m 0.960
Sheet B 0.843 » 3.17

Further, as the susceptibility probably has a value of about 0.5, we have for -
sheet A:

s = 1.5 m N\ = 1.92 « 0.6n
and for sheet B:

0) II H 3 N'± = 6.34 « 2n.

§ 27. Benson Mines.
In the following we treat a magnetic aerial survey profile published by the 

Geological Survey of U. S. A. (24—25). The map (25) contains three magnetic . 
profile curves measured in the same vertical plane, approximately at right 
angles to the direction of strike of the ore-body and taken at altitudes of 2 400,
5 400, and 11 400 feet above sea-level. The profile curves represent the anomaly 
for the total intensity of the earth’s field, i. e. the difference between the ob­
served and the normal intensities of the earth’s field. Only the profile curve 
for the lowest line of flight (Fig. 27.1) approximately 1 000 feet above the 
ground, will be treated.

The highest value of the anomaly curve mentioned amounts only to circa. 
5 percent of the normal total intensity of the earth’s field. It is thus probable
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Total magnetic intensity 
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calculated curves
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Fig. 2T.i. Interpretation diagram for a profile curve showing the anomaly in the total intensity 
across Benson Mines in the Adirondac district, U. S. A. The profile curve is recorded by an airborne 

magnetometer 2 400 feet above sea-level (about 1 000 feet above ground).
The heavy dashed curve represents the calculated anomaly of the central situated ore-bodies. The 
fine dashed curve A and the dotted curve B correspond to the calculated values of the magnetic 
parameters of the sheet A and the sheet B. The positions of the two sheets calculated for three 

different alternatives (comp. p. 116), are marked.
(The length scale is incorrect. The distance marked as 1 km corresponds to only 800 m = 1j3 mile.)
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that the direction of the total field (the vector sum of normal earth field and 
disturbing field) varies only a few degrees along the measured line of flight. 
The observed anomaly curve drawn in Fig. 27.z may hence be regarded as 
representing the intensity (F) of the anomalous field in the direction of the 
earth’s normal field.

It is obvious from the shape of the given F-curve that the anomalous field 
originates from a number of disturbing bodies. The magnetic maps mentioned 
above show, however, that only the high peak in the middle of the given F- 
curve in Fig. 27.1 belongs to an anomalous band that has a persistent and rea­
sonable extension on both sides of the actual profile line. Flence only this 
central anomaly can be subjected to treatment.

The flanks of this central anomaly is hidden by superimposed anomalous 
fields from extraneous disturbing bodies. The interpretation must hence be 
based wholly on the shape of the central peak of the F-curve. This peak is 
characterized by two maxima and one minimum, which imply the existence 
of at least two sheet-like bodies. We attempt as a first step to determine an 
interpretation equation of the form (20.1) that conforms satisfactorily with 
the actual pait of the given F-curve.

Calculation of the parameters of the interpretation equation.
We assume that the remainder field Fr is zero, which implies that the inter­

pretation equation has the form given in § 26 p. 103.
Further we choose for the calculation the points marked in Fig. 27.1 by solid 

circles. These points constitute: 1) the minimum point (*m, Fm) and the other 
two points having F = Fm, 2) the maximum point (*M, FM), 3) the two points 
(*3, F3), and F4) where F3 = F4 = 1 000 gammas. It is thus possible to 
use the method of calculation treated in § 21 as a special case under 2 a (p. 74).

When determining the coordinates of the calculation points from the pub­
lished original curve the abscissae have been measured in mm from the origin 
placed at xM. In order to obtain the real distances of the points from x vt in 
meters, the values of the abscissae are to be multipled by a factor k =31.7. 
The calculation points have the following coordinates.

*1 = —14.4 • k m Fx = Fm =1931 gammas
*.n = Xx = *1" = ■»1 Fm = F1, = F1"= » »

in*1 = 4-3 -k » IIsII

£ »
*.\I = *2 = Xx = 0 Fm = F2 = Ft' =2318 »

*3 — — 22.+ • k » F3 = 1000 »
x4 = 10.0 • k » Ft = » *

We calculate at first (comp. 21.2)
Ml = *1 + Xi + x" + x"' =—29.1 k,

[XX]x = XxXi + XxXx" 4- XxX + XyXx' + Xx'Xx" + Xi'xjf" = 220.23 k3, 
[xxx]t = XxXx'Xx" + *i*i'*i"' -f *i*i"*i"' + Xx'Xx'Xx" — 264.955 k3,

[xxxx]x = *1*1 W" = — 5 588.28 k4.
8—4S2318. S. G. U. Ser. C. N:o 508. Werner.
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From (21.7) we now obtain

[*S — x\ Ml -f- x\ [xx]i — x»[xxx]i + [xxxxji] = 38 179.568 • k*,

c i = - Fi [x\—Mi 4- [xxji
Fm — F4

Finally the formulae (21.9), where 
formulae (21.4) give

A0 =33 47I-92 -klFm, 
Ai = i 586.991 -k3Fm, 
A t = 7&- 3 5747 ' k2Fnl) 

As = o. 1728852 • kFm>

Xi [xxxji !XXXXJi] = 56 804.696 • h*. 

put Fi = Fm and F2 = Fu, and the

B0 = — 27 883.64. • k4,
Bi = — 1 322.036 -ka,

B2 = — 296.5875 ■ ka,
B3 = — 28.92711 • k.

The F-curve corresponding to the above values of the parameters is indi­
cated by a heavy dashed line in Fig. 27.x. The curve has been drawn by making 
use of the calculation points and those points marked by (x) in the figure. 
These latter points have been calculated from the formula

__ A0 -f AiX + A2x2 + AsX3

P Cllc -- ------------------------------------------•— B0 — BiX — B3x2 — B3x? + x4

As is obvious the agreement between the calculated and observed F-curves 
is very close at their central parts. The only noticeable deviation occurs here at 
their highest peaks, where the calculated peak is somewhat narrower than the 
observed one. A comparison between the flanks of the observed and calculated 
F-curves is of no use, as explained above.

Calculation of the magnetic -parameters of the single sheets.
The calculations of a0u an, b01, bn of the sheet (B) and of a02, a13, b03, bl2 

of the other sheet (A) is completely analogous to those in the foregoing example 
(comp. pp. 109—no).

We obtain
p = 4B0 -f BiB3 — ^ B\ = — 102 613 k*,

flj = i 178 792 k\

F-2 + y F3 > 0,
P + B3B3 -|- § F» + Y5 Fs < 0.

The three unequalities given nearest above (comp. 22.8 and 22.11) imply 
according to the description in § 22 that the polynom

q — Bi — B0BS -f- B2 !-4B.

B0 — Bxx — B3x2 — B 3xs + x4
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has only complex roots. Consequently, we have to calculate (b01 + b02) from 
the expression in (22.14). The calculations give

(*01 + &02) = — 424- 7915 k*.
On inserting this value in the formulae (22.3) and (22.1) we obtain

&01 = — 81.1391 &2, bu = 3-9°488 k,
b02 = — 343-65M b12 = — 32.83199 k,

Further the formulae (22.5) give
«oi =76.9928 k2Fm «u = — 2.35169 kFm
a0i = 86.4338 &Fm, a12 = 2.52458 kFm.

It is now possible to calculate the F-curve for each of the two sheets with the
aid of the formulae

XT “*02 "t" <*12* ■p _ ^01 “1“ ^11%
— b02 — b12x + x2 ^01 ^11^ +

These curves are in Fig. 27.1. represented by a dashed line for F\, and a dotted
line for FK.

The line of flight runs in an east-west direction; also we may put a = /? = 
= y — 0. The magnetic parameters of the sheets may thus be calculated from
formulae (6.7). As in this case

vx — cos i • cos !! , vz = sin i, i — 750 and !) = — 90°
we have vx = 0 and vz = 0.966 and obtain the following values for the two
sheets.

Sheet A. Sheet B.
= — 16.416-^ = — 520 m, x0 = 1.952 • k = 62 m,

t0 = 8.612 • k = 273 m, t„ = 8.794 • k = 279 m,
eM// = 5.408 •kFm eM// = 8.524 • kFm

= 3.310 m - Gauss, = 5.218 m• Gauss,
eM_l = — 1.307 *£Fm eM j_ = 1.217-kFm

= — 0.800 m • Gauss = 0.745 m-Gauss.

The calculated positions of the magnetic edges of the sheets in relation to 
the ground surface are illustrated in the lower part of Fig. 27.1. The shown 
ground profile, in which the height scale is ten times the horizontal scale, has 
been derived from the contour lines on a topographical map, having a scale of 
1 : 62 500. The author has no detailed information as to the real positions of 
the ore-sheets.

Calculations from eM// and eMj_.
From the data of the earth’s normal field (T =0.58 Gauss, i =75° 

if = — 90°) we obtain from (3.2)
T' =0.56 Gauss, i' = 90°.
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Any data of the ore-body regarding dip angles, thickness or magnetization 
do not appear to have been published. For this reason only a few calculated 
results of dip angles and thickness for assumed values of x are given below. 
Thereby it is assumed that the sheets only possess magnetization of induction 
and that N// = o and N± = 471. The calculations are made with the aid of 
formulae (8.4).

Sheet A Sheet B

I. X — O.06 <p = H3° s = 107 m <p = 76° £ = 160 m
2. X — 0.2 <p = 130° e = 39 » <p = 63° £ = 52 *
3- X = 0.6 <P = 154° £ = 23 » <p = 39° £ = 24 »

The position of the sheets according to alternative 1, 2 and 3 are marked 
with heavy hnes, heavy dotted lines, and thin dotted lines in the Fig. 2j.i.

§ 28. The Kursk anomaly.

In an article (8) by G. Gamburzeff and M. Pohkarpoff, published in 1928 
in Gerlands Beiträge fur Geophysik, the authors describe an attempt at inter­
preting the gravitational and magnetic anomalies at the vast Russian iron 
ore deposit in the Kursk district.

They first treat the anomaly in the gravitational field, and make use of the 
observed data from a profile line (running at right angles to the direction of 
strike (N 30° W) of the ore body) in the neighbourhood of Stschigry. The 
results of four vertical bore holes along the said profile line indicate that the 
ore body consists of a sheet of ferriferous quartzite, 201 m in thickness, dipping 
6i° east, and having its upper edge located 160 m below the ground surface. 
From these data the authors find that the best agreement between the observed 
and calculated, anomalies is obtained, if the ore sheet is assumed to extend 
downwards to a vertical depth of 7 000 m from the ground surface, and the 
difference in specific gravity between the quartzite and the adjacent country 
rock is taken to be 0.85.

In order to study the magnetic field of the ore sheet, the authors make use 
of the data of the horizontal and vertical intensities from a profile line measured 
approximately 400 m south of the bore hole profile. The magnetic anomaly 
is assumed to originate from exactly the same disturbing masses as the gra­
vitational anomaly, and these masses are assumed to have a homogeneous mag- 
netizaton. Hence the authors make use of the relations, formulated by Eötvös, 
between the second derivatives of gravity potential, and the horizontal and 
vertical intensity components (X and Z) of the magnetic field in order to cal­
culate the intensity (I) and the direction of the magnetization of the sheet. 
In this way they obtain 1=0.7 Gauss in a direction dipping 65° to the east, 
and use these values to interpret the X and Z observations (see Fig. 7, p. 229 
of the paper referred to above). It appears that a considerable and systematic
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difference between the observed and the calculated profile curves of X and Z 
arises, if the values of the sheet dimensions obtained from the gravitational 
anomaly is used. By increasing the sheet dimensions and the depth 1.4 times, 
however, the authors arrive at a fairly good agreement between the observed 
and the calculated anomalous fields. The interpretation given by Gamburzeff 
and Polikarpoff is in accord with a sheet 280 m thick, dipping 6i° to the east 
and having its upper and lower edges 224 m and 9 800 m respectively below 
the datum plane. This sheet has a magnetization intensity of I =0.7 Gauss, 
the direction of which forms an angle of 65° downwards with the eastern direc­
tion of the profile line.

The above-mentioned observed data of the X- and Z-components are shown 
in Fig. 28.1. The observed X-values are marked with open circles and the 
observed Z-values are marked with solid circles. The full lines drawn through 
these circles are in the following called the observed X- and Z-curves. These 
curves will be treated according to some of the interpretation methods that 
have been described earlier in this paper. Thereby is assumed that the ore-body 
can be considered as a magnetically homogeneous sheet, which extends to 
infinity on both sides of the actual profile line. Further, as data regarding the 
terrain contours not are available, we assume that the datum plane is horizon­
tal.

I. The ANOMALOUS FIELD IS ASSUMED TO ORIGINATE FROM A THIN SHEET 

OF A VERY GREAT EXTENT IN DEPTH.

On knowing X and Z at two points (1 and 2) on a profile line, the magnetic 
parameters of the sheet may be calculated according to formulae (6.9), if the 
sheet has an infinite extent in depth. On choosing these points so that Zx = Z2 
the said formulae may be written

XyÅ.y x2X$
- Xi - x2

2eM„ = - U x2x2 - z;-

zx

to
(Xy X2)Zy 

Xy~X2’
2eM± = - t0(Xy + X2).

We now pick out on the %-axis 7 pairs of points at which Z is 1.25, 1, o.50, 
0.25, o. 15, and 0.05 Gauss respectively. For each pair of points we note the data 
for xlt x2, X±, X2, and Zx = Z2. These values are entered in the left-hand part 
of table 1 below. For each such group (1,2 ... 7) of observation data a series 
of values of x0, t0, eM//, and eM± is calculated with the aid of the formulae 
above. Thereby we obtain the results entered in the right-hand part of the table.

From the table it is apparent that the values of the magnetic parameters of 
the sheet agree fairly well within groups 1—4, whereas for groups 5—7 agreement 
is poor. Here, for instance, the values of t0 diminish quite appreciably. This is 
particularly marked in group 7 where i0 amounts only to 170.6 m, whereas 
the mean value of t0 for groups 1—4 is 282 m. Hence we exclude the values in 
group 7 by forming the mean value and furthermore, we assigne groups 1—4
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“ 15 Gauss

Anomaly of Kursk
Profile from Stschigry
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calculated values

Fig. 28.1. Profile curves of X and Z across the Kursk anomaly in the vicinity of Stschigry. 
The dashed curves correspond to the calculated values in table 3.
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Table 1.

Group X[
m

X{ 1 Z{ , #0
Gauss | Gauss m

eM//
m | m • Gauss

eM± 
m • Gauss

I
- 113 0.515

100 —0.405
1.25
1.25

-19.2 289.+ 205.0 -15.9

2
— 180 

192
0.740

—0.592
1.00
1.00

-14.6 279.2 200.8 —20.6

3
— 262

293
0.810 

-0.635
0.75
0.75 —18.1 288.1 206.8 -25.2

4
- 343

40
0.766

-0.635
0.50
0.50 1-3 271.1 199.8 -17.8

5
- 540 

610
0.612

-0.550
0.25
0.25 41 247-3 197-5 - 7-7

6
- 705 

780
0.500

-0.472
0.15
0.15 16.5 229.1 197-5 - 3-1

7
— 1 070

1 190
0.340

—0.322
0.05
0.05 30.2 170.6 191.8 - 1-5

Mean values for (1—7):
* * * (1—4):

O
— 12.6

2J3-5
282.0

199.8
203.1

-I3-1
-19.9

a double measure of importance as compared with groups 5—6. In this way we 
obtain the following values for the magnetic parameters of the sheet.

t0 = 273 m, eM/i = 202 m • Gauss, eM± = — x6 m ■ Gauss.
The parameters of the interpretation equations for the X- and 2-curves are 

thus:
60 = — tl — x\ = — 74 593 m2, b1 =2x0= — 16 m,

and for the X-curve
a0 = 2(x0eMi, — t0eM±) = 6 050 m2 • Gauss, 
al — — 2 eM// = — 404 m • Gauss,

and for the Z-curve
a0 = 2(t0eMn + x0eM±) = no 564 m2 • Gauss, 
ax = — 2eM± = 34 m • Gauss.

On denoting the sheet by A and the corresponding X- and Z-components 
by A'a and ZA we can write

ao T~ aix _ 6 050— 404^__
A A = — bo — M 74 593 + 16% + %2

z = a, + axx___= no 564_+ 34^ Gausg
— b0— bxx + x2 74 593 + i6x + %2

The values of XA and ZA given in the table 2 below have been calculated 
according to these formulae.
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Table 2.

X
m

■^obs
Gauss

XA
Gauss

■^obs — XA 
Gauss

Z,b<
Gauss

ZK
Gauss

-Zobs---Z\
Gauss

1 400....................... —0.262 —0.272 0.010 0.030 0.077 -0.047
1 200....................... -0.318 —0.312 —0.006 0.049 0.099 —0.050
1 000....................... -0.385 V

Od
1 —0.020 0.085 0-133 —0.048

800....................... -0.463 -0.436 —0.027 0.144 0.189 -0.045
600....................... -0.555 -0.532 -0.023 0.262 0.295 -0.033
400....................... -0.638 —0.646 0.008 0.530 0.515 0.015 |
3°o....................... —0.636 —0.680 0.044 0.715 0.713 0.002 j
200....................... -0.590 -0.635 0.045 0.960 0.996 1 0 b <J

v

100....................... —0.400 -0.398 —0.002 1.260 1.322 —0.062 1
0....................... 0.060 0.081 —0.021 1.470 1.482 -0.012 !

— 100....................... 0-555 0.560 —0.005 1.285 1.291 — O.O06 !
— 200....................... O.780 0.780 0 0.920 0.932 — 0.012
- 3 °°....................... 0.793 0.796 —0.003 0.615 0.628 —O.013 !j
— 400....................... 0.724 0-735 —O.OII 0.405 0.425 — 0.020
— 600....................... 0.565 0.585 — 0.020 0.208 0.212 — O.OO4
— 800....................... 0.450 O.469 — O.OI9 0.109 0.119 — O.OIO j

— 1 000....................... 0.367 0.387 — 0.020 0.062 0.072 —O.010
-1200....................... 0.302 0.328 — 0.026 0.035 0.047 -0.012 |

- 1 4°°....................... 0.258 0.284 — 0.026 ! 0.021 0.031 —O.oio j

The remainder fields (Xobs — XA) and (Zobs — ZA) given in table 2 are 
negative for the majority of the calculated points of the profile curves. This 
fact obviously implies that it is possible to have a better agreement between 
observed and calculated profile curves by assuming the occurrence of two 
additional anomalous fields and ZB which are constant, or linearly vary 
along the profile line from x = — 1 400 to * = 1 400 m. In the point r=Oon 
the profile line these additional fields ought to have the intensities

.*=1400 .*=1400

x‘=ilw)(x’'"~x'L)ix and
■*= — 1400 x = — 1400

On evaluating the above integrals by using the values of (Xuhs — XA) and 
(•^obs — ZA) in table 2 and by assuming a linear rate of change in these data 
within the various intervals we obtain

*Tb = — 0.0098 « — 0,010 Gauss, ZB = — 0.0224» — 0,022 Gauss.

We now assume that the anomalous fields Å’B and ZB arise from the fact 
that the ore-sheet has a finite extent in depth. From a magnetical point of 
view, this implies that XB and ZB can be considered as emanating from a 
sheet (B) having the upper edge coinciding with the lower edge of the ore-sheet 
and having a magnetization equal to that of sheet {A) in magnitude but in 
the opposite direction.
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According to (6.8) the magnetic parameters of sheet (B) satisfy the relations.
2sM// — XqX b -j- t0ZB, 
2 eMj_ = *oZB — io-Yji,

where eM// and sMj_ have the same numerical values as, but the opposite signs 
from the corresponding quantities for sheet (A). Hence we obtain for sheet (B \

*0 = 2 eM//X b 
”Äh

eMxt, b _
ZB

= 5 637 m, t0 2eMiiZb - eMxX ,1 

X'b + ZB — 15 801 m.

The calculation result above implies that the lower edge of the ore-sheet 
should be situated about 5 600 m east of the origin of the profile line, and at 
a depth of about 15 800 m under the datum plane. Further the ore-sheet 
should be dipping 70° to the east.

As the lower edge of the ore-sheet is situated at such a great depth under 
the datum plane, XB and ZB vary nearly linearly between x — 1 400 m and 
x = —1 400 m on the profile line*. With the aid of the formulae (5.1, 5.2) we 
obtain for the former point XB — — 0.0084 Gauss, ZB = — 0.0233 Gauss, and 
for the latter point ATB = — 0.0113 Gauss, Z8 = — 0.0205 Gauss. Thus XB 
alters by about 0.0001 Gauss per 100 m, and ZB by — 0.0001 Gauss per 100 m 
on moving from * = —1 400 m to * = 1 400 m.

The anomalous fields corresponding to the above-mentioned ore-sheet are 
obviously Xca)c = XA + XB and Zcalc = ZA + ZB. On adding the values of 
Ab and ZB given above to the values of XA and ZB in table 2 we obtain 
the field data in table 3. These values are indicated in Fig. 28.1 by (X) and 
the resulting curves are dashed. As may be seen, agreement between the cal­
culated and observed profile curves for X and Z are fairly satisfactory.

Table 3.

X
m

■^calc
Gauss

Yobs 
— -Vcalc 

Gauss
Zcalc

Gauss
Zobs 

— ^calc 
Gauss

X
m

•^calc
Gauss

-Xobs 
— -^calc 

Gauss
^calc
Gauss

^obs 
— ■Zcalc 
Gauss

1 400 —0.280 0.018 0.054 —0.024 — IOO 0.550 0.005 1.269 0.016

1 200 —0.321 0.003 0.076 —0.027 — 200 0.770 0.010 0.910 O.010

1 000 -0.374 — O.OI I 0.110 —0.025 - 300 0.786 0.007 0.606 0.009

800 -0.445 — O.Ol8 0.166 —0.022 — 400 0.725 —0.001 0.403 0.002

600 -0.541 —0.014 0.272 —0.010 — 600 0-574 —0.009 0.191 0.017

400 —0.656 0.01 8 0.493 0.037 — 800 0.458 —0.008 0.098 0.011

00CO —0.690 0.054 0.691 0.024 — I OOO 0.376 —0.009 0.051 O.OII
200 -0.645 0.055 0.974 —0.014 — I 200 0.317 —0.015 0.026 0.009

IOO —0.408 0.008 1.300 —0.040 — 1 400 0.273 —0.015 0.010 0.010

O 0.071 — O.OI I 1.460 0.010

A principal objection can be made to the way used by the interpretation 
calculation above, viz.: the magnetic parameters of the sheet (A) are cal­
culated by assuming XB = ZB = 0 (i. e. Aobs and Zobs are used in the for­
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mulae instead of Xobs — A'E and Zobs — ZB), and after that the values of XB 
and ZB are determined by using these values of the magnetic parameters.

At first it may be stated that the reason why, in the way above, we ought 
to obtain values of XB and ZB essentially differing from zero, is due to the fact 
that the values of the magnetic parameters from the groups 1—7 in table 1 
have been given different measure of importance by determination of the 
ultimate mean values of the mentioned quantities. Further, it is obvious that 
if the quantities XB and ZB are omitted by calculating the magnetic para­
meters of the sheet (A) this fact influences the calculated values the less the 
ratios XB : Xobs and ZB : Zobs are. Consequently, the parameter values are 
much less affected by the mentioned omission of XB and ZB within the groups 
1—4, where both the mentioned ratios are small, than within the groups 
5—7, where the ratio ZB : Zobs is of the magnitude 0.1—0.5. These facts 
justify the way used by the determination of the ultimate mean values of 
the magnetic parameters and the values of XB and ZB.

II. The anomalous field is a priory supposed to originate from an
ORE-BODY OF FINITE EXTENT IN DEPTH.

We make use of the calculation method given as simple case in § 17. Thereby 
we imagine that the ore sheet limited in depth is replaced by two sheets (.4 
and B) of infinite depth. The edge of the sheet (B), which is situated deeper, 
may be expected to lie so far from the measured part of the profile line that 
within this actual part the field components XB and ZB, originating from B, 
may be regarded as constant. Thus, we may calculate partly the parameters 
Xqi, to 1, £M//, and eMj_ of the sheet (A), and partly the quantities AX = A'B 
and AZ = ZB with the aid of formulae (17.1—17.2). Further we obtain the 
parameters xt2 and t02 of sheet (B) from the formulae

neMirAX + eM±-AZ J 0 eM± ■ AX — eM/, ■ AZ
Xn 9   ^ tno   “ ————————————

{Axy + (Azy ‘ {Axy + (Azy
where sM// and eMj_ have the values valid for sheet (A).

Table 4.

Group
*
m

A;
Gauss

Z\
Gauss Group X

m
A;

Gauss
Z\

Gauss

3 °° — 0.636 0.715 — IOO 0-555 1.2S5
i 1 400 — 0.262 0.030 5 600 - 0.555 0.262

400 0.724 0.405 — I OOO 0.367 O.062

200 — 0.590 0.960 — 200 O.780 0.920
2 1 200 — 0.318 0.049 6 5 00 — 0.605 O.380

— 500 0.640 0.280 — I 200 0.302 0.035

100 — 0.400 1.260 - 300 0.793 0.615
3 1 000 - 0.385 0.085 7 400 — 0.638 0.530

— 600 0.565 0.208 — I 4OO O.258 0.020

0 0.060 1.470
4 800 — 0.463 0.144

— 800 0.450 0.109



In order to increase the prospects of good agreement between calculated 
and observed profile curves of X and Z, it is advisable to carry out calculations 
from a great many point groups. In table 4 there are denoted the values of x-v 
Xu and Z; from 7 suitable selected point groups, numbered from 1 to 7. Within 
each such group in the table we let the values of the uppermost, middle, and 
lowest lines correspond to 1— 1, 2 and 3 respectively.

When carrying out the interpretation calculations one has first, for each 
group of given data in table 4, to calculate hb l„ mt, and corresponding to 
i = 2 and 3 according to the formulae (17.1). After that the quantities AX, 
AZ, x0l, t01, eM//, and sMx may be determined at once with the aid of the for­
mulae (17.2). The calculated results of the different groups are denoted in 
table 5.

INTERPRETATION OF MAGNETIC ANOMALIES AT SHEET-LIKE BODIES. 123

Table 5.

Group /IX
Gauss

ziZ
Gauss

*01
m

^01
m

eM//
m • Gauss

eM
m • Gauss

i 0.0262 — 0.0491 8.72 3°°-1 210.9 - 8.8

2 0.0029 — 0.0502 0.60 297.3 208.5 — 12.1

3 — 0.0077 — 0.0416 — 1.10 288.9 207.1 - 8.9

4 — O.oi 28 — 0.0284 1,25 272.6 204.2 - 7-2

5 — O.oi 56 — 0.0163 - 4-45 264. i 199.5 - 12.3

6
„— O.0204 — 0.0035 - 14-51 268.5 199.8 - 21.3

7 — O.029I 0.0022 — 18.11 271.7 198.7 — 26.3

| Mean: — O.OO92 — 0.0267 - 3-94 280.5 0N

- 13-8

On using the mean values AX = — 0.009 Gauss, AZ = — 0.027 
eM// = 204 m • Gauss, sM± = — 14 m • Gauss, we obtain 

x02 sk 3 600 m, f02 « 13 900 m.
The magnetic parameters of the sheets (A) and (B) thus become

Sheet A
Xqi = 4 ^U,
t01 = 280 m, 

eM// — 204 m • Gauss, 
eMj_ = — 14 m • Gauss,

Sheet B
x01 = 3 600 m, 
t Q., =13 900 m, 

eM a = — 204 m ■ Gauss, 
eMj_ = 14 m • Gauss.

Gauss,

III. Graphical interpretation.

In the XZ-diagram in Fig. 28.2 the thick arc-line represents the relation figure 
of the observed profile curves of X and Z according to the description in § 6 
p. 24. If we start from the point x = — 1 400 m on the ground profile, and 
follow this line towards the point near x = 0 where the observed A-value is o, 
that part of the above-mentioned arc-line is described which lies to the left of 
the Z-axis in the diagram. The (x)-signs, from the bottom upwards, correspond 
to the points x = — 1 400, — 1 200, — 1 000, — 800, — 600, — 500> — 400> 
— 300, — 200, — 100, and 0 m on the profile line. To the right of the Z-axis the
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r 1 5 Gauss

k* 1400 m

Gauss

Fig. 28.2. Relation figures corresponding to observed and calculated profile curves of X and Z 
according to Fig. 28.1 and calculations under I, II and III.

The heavy line represents the observed relation figure.
The small open circles in the centre are the centres of the calculated relation circles and the 
small open circles at the top of the figure correspond to the head points in the cases I, II and III.

(X)-signs, from the top downwards, correspond to x —100, 200, 300, 400, 500, 
600, 800, 1 000, 1 200, and 1 400 m on the profile line. The A'-axis has been 
taken positive to the left of the AZ-diagram in order to facilitate a comparison 
with the interpretation diagram in Fig. 28.1.

The left half of the above-mentioned arc-line in Fig. 28.2 agrees very well 
with a circular line, whereas the right half of the arc-line has a shape differing 
quite considerably from a circular line. On the other hand, we know (comp. § 6 
p. 24) that the observed relation figure must be a circle in this actual case, if 
the profile curves of X and Z only emanate from an ore-sheet of very great 
extension in depth (AX and AZ constante). For this reason the shape of the
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observed arc-line invites us to base the interpretation on a circle coinciding as 
closely as possible with the left half of the thick arc-line in Fig. 28.2. The 
lacking agreement between this circle and the right half of the »observed» 
arc-line is thereby assumed to originate from strange disturbing bodies.

If a circle (III) is drawn through the three (X )-signs that correspond to x = o, 
— 200, and — 1 400 m, it will follow the left part of the arc-line very closely 
(comp. Fig. 28.2). By a graphical construction of this circle, the coordinates a 
and b of the centre, and the radius r are determined. These quantities (comp.
the formulae 6.11) are functions of f f AX, and AZ, but none of the

to t0
latter quantities may be obtained solely from the values of a, b and r. Con­
sequently, the magnetic parameters of the sheet can not be determined only by 
a construction of the relation circle. In order to determine the magnetic parame­
ters, the way of calculation already used under II is the most suitable.

As regards the quantities AX and AZ, at least one of these must be differing 
from zero, if the relation circle does not pass through the origo of the XZ- 
diagram. On the other hand, AX and AZ arc not necessarily zero, even though 
the relation circle passes through the mentioned origo.

Although the observed relation figure can not be used for the proper deter­
mination of the magnetic parameters of the sheet, it may give a good and 
convenient guidance by choice of expedient alternatives of interpretation, 
by choosing suitable calculation points and by assessing various results of in­
terpretation. It should be pointed out, however, that a good agreement between 
an observed arc-line and a calculated circle does not necessarily imply an equally 
good agreement between observed and calculated X- and Z-curves. The fact is, 
that the arc-line represents a function of X and Z, whereas the profile curves of 
X and Z are functions of x.

For the three above-mentioned points of circle III we have

X\
m Gauss

Zi
Gauss hi k Mi

0....................... 0.060 1.+70

— 200....................... 0.780 0.920 — 13.5461 265.903 -I75-4<7 133-999

— 1 400....................... 0.260 0.020 -15.0293 448.961 —130.688 947.491

From this we obtain:
AX = — 0.0209 Gauss, x01 =— 17.1 m, eM// =197.0 m-Gauss,
AZ =—0.0007 » , t0i = 268.8 », cA/_l =—23.4» • » .
A comparison between the observed X- and Z-curves and the ones calculated 

from the above parameter values, are given in table 6 below.
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Table 6.

X
m

X obs — -^calc
Gauss

Zobs— ■Zcalc 
Gauss

*
m

-*^obs — 2k calc 
Gauss

Zobs— Zcajc | 
Gauss

— i 400 0 0 100 0.011 - 0.035
— 1 200 — 0.002 0.001 200 0.042 — 0.011
— 1 000 0.003 0.005 300 0.035 0.017
— 800 0.002 0.009 400 0.001 0.021
— 600 — 0.002 0.018 500 — 0.021 — 0.002
— 500 — 0.003 O.008 600 — 0.025 - 0.035
— 400 — 0.002 0.004 800 — 0.024 — 0.050

- 3 °° — 0.001 O.007 1 000 — 0.013 - 0.053
— 200 0 0 1 200 0.003 - 0.055
— 100 0.004 — 0.004 1 400 0.021 — 0.052

0 0 0

IV. The anomalous field is assumed to originate from a thick sheet.

On determining the derivatives of X and Z with respect to x from the ob­
served profile curves, we may draw the relation figure for ax , and «z., according 
to the description on page 88. This relation figure will, however, deviate essen­
tially from the form of a parabola, especially as regards the part corresponding 
to the east halves of the X- and Z-curves. Thus, carrying out the interpreta­
tion calculations according to the method developed for a thick sheet (comp, 
pp. 86—88), the agreement between the observed and calculated profile curves 
(considered in their whole length) will probably not be essentially better than 
that obtained in the cases I and III. On the other hand we may use the re­
sults from the cases treated above in order to carry out the interpretation in 
the case of a thick sheet.

In the following we use the same symbols as under III for a sheet of thick­
ness B and mark the corresponding quantities for a thin sheet of thickness 
e with a dash ('). Thereby x01 and x0i denote the ^-coordinates of the centre 
line of the upper and the lower edge-side of the thick sheet.

We stipulate that the value Y",, of X and the value Z0 of Z in the point 
* = *01 = *01 ~ o each should be equal in the case of a thin and a thick 
sheet and that the same is valid for the expressions

Ka £a
J Ycalc dx and j Zcalc dx.

— Xa. - -Xa

If xa is much greater than t01, t'B1 and B: sin cp and if further YB and ZB vary 
approximately linearly in the interval — xa < x < x.„ the above conditions 
may be written ,
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— 4 Afj_ sin <p • tan 1 

4 M/i sin 9o ■ tan-1

B
2101 sin <p 

B
2101 sin <p

XR=- t ' 
»'Ol

X»' = x0.

2 eMi'ZB =*£M/L + Z«' =Z0,
^01

- 2 BM± tan'1 ^ -f *aXB = — 2fM±' tan 1 ^ + *aXB',
/ ' 
‘■01

2BM/i tan-1 — + *aZB = 2eAf// tan 1 ^ + xaZ 
/01 ^01

where XB, XB', ZB, ZB' refer to the point x = o. From these equations we 
may derive the relations

BM l : BM/i = eMj_' : eM//' = £, XB + kZH = XB' + kZR .

Further the relation

-i

... (28.1)

and the equations (6.8), applied to the sheet^0 2 ^01

tan (p = ---------- --------------
2-01 %02 X01 Xo 2

(£) give: XB (tan <p — k) + ZB (1 + £ tan 9?).

Hence
X l+k tan_g ^ t)| = tan y (^B> + ftZB') ... (28.2)

1 4- Å2 1 + k*

If B : 2t(n sin 99 < 1, the second equation in (28.1) may be written 
1/ B V 1 / £ \4 1/ B

‘IBM, 1 — — ^01 (Xo Zb).

3 \2 t0l sin pi 5 \2 t01 sin 99/ 7 \2 *01 sin 99/

On using the four first terms of the series expansion, the above equation 
may be written in the form

B \2 7B___\»__7
2 t01 sin 99/ 15

126

£ 2 <01 sin 99' 15
+ 9=0,

where p = — = 1.68, q = 7 
75

UZ.-Zp) 7j_61 _ t 
2J3M,, (15)s

__7 f0i(Z0 — Z R) _

2M/;

As p is positive we obtain (comp. p. 81 case a))

6.1144.

/ 7B = (i) 2 <01 sin <p\l r^ + u~ o
y ID o w
RfP

where w =
(28.3)
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7*7* AlThe above formula gives useful values of B only if — i. 0477 < q <___ -_=
(15)3

= 0.88563.

The lower limit corresponds to B : 2t0l sin (p = 1 and the higher limit cor­
responds to B = 0.

The formulae above have been applied to the interpretation results from I 
and III. As the dip of the ore-sheet is 6i° to the east (95 = 1190) we obtain 
with the aid of formulae (28.2) in case

I: ZB = — 0.00912 Gauss, ZB = — 0.01376 Gauss,

III: Xg = — 0.02492 Gauss, ZB = — 0.03459 Gauss.

On inserting these values in the fourth equation in (28.1) and putting 
*a = i 400 m, we may calculate BM„ for different values of t01 and compute 
the corresponding values of t02 in the way shown under I and III. Further,
we obtain B from (28.3). After that Mr = M„ V1 + k2 has been calculated.
The results are given in table 7.

Table 7.

*01
m

1 III

*02
m

B
m

mt

Gauss
*02

m
B
m Gauss

200 ................ 20 170 320 0-597 8 550 346 0.603
220 ............................... 20370 296 0.653 8 640 340 0.619
23°................ 20 470 271 0.7:7 8 680 329 0.644 j
24°................ 20 580 236 0.825 8 720 310 0.687
25°................ 20 680 192 1.023 8770 282 0.757260................ 20 780 129 1-523 8 810 246 0.871

The intensity of the magnetization (M,) of the ore-body has been deter­
mined to 0.7 Gauss (comp. p. 116). Nearly the same value is according to 
table 7 valid in case I for t01 = 230 m and in case III for tf01 = 240 m. For 
Mr = 0.7 we obtain more precisely by graphical interpolation in case I: 
Ai = 228 m, 12 = 20 450 m, B = 277 m, and in case III : t01 = 242 m, t02 = 
8730 m, B =-.305 m. Further Mr forms an angle of 65.5° downwards with 
the eastern direction of the profile line in the former case and an angle of 
68° in the latter case.

The values mentioned above for case I agree very well with the values ob­
tained by Gamburzeff and Polikarpoff, except the value of t02 which is about 
twice that given by the mentioned authors. In case III the value of t02 is in 
fairly good agreement with that of the russian authors but other values are 
somewhat greater. It is, however, apparent that the determination of t02 is 
much uncertain.

Finally may be pointed out that the agreement between observed and 
calculated values of A' and Z in the points x = 1400 m, and = x — 1 400 m 
for the values mentioned above of case I is better than that given in table 3 
and also better than that valid for the mentioned values of case III.
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Table i.

/ = oo X = - 2E'[kxMll + ktM^ (4.1 a) Z = 2E'[k"tMll - Zv'l/J. (4-1 b)

Table 2.

I finite, j 
t> o

X = - 2£'

Z = 2£'

VI + /2
l'

\jéxMu + te) — sin

Vi + r \PMu — (&• _ C± cos

(4-3 a) 

(4-3 b)

Table 3.

/ finite, \^~ 2£ ~~ s^n V^l], ........................................... (4-4 a)
/ = O j Z = — 26"COS <p]4/L...................................................... (4-4 b)

Table 1.
/ = 00

+ . 
<—)* 4 (V, (V k't A-*; + . 

(-)* <->4 + ,
(-)* »t

+3

0.0 I .OOOO 0 3-o 0.1000 0.3000 6.0 0.0270 0.1621 9.0 0.0122 0.1098
0.1 O.99OI 0.0990 3-1 °943 2922 6.1 0262 i596 9.1 OI19 1086
0.2 90I5 1923 3-2 089O 2847 6.2 0254 1572 9.2 OII7 io74
o-3 9174 2752 3-3 0841 2775 6-3 0246 1548 9-3 OII4 1063
0.4 8621 3448 34 0796 2707 6.4 0238 >525 94 0112 1052

0.5 0.8000 0.4000 3-5 0.0754 0.2641 6.5 0.0231 0.1503 9-5 O.OIIO O.I04I
0.6 7353 44” 3.6 0716 2579 6.6 0224 1481 9.6 OIO7 1030
0.7 6711 4697 3-7 0681 2519 6.7 0218 1460 9-7 0105 1020
0.8 6098 4878 3.8 0648 2461 6.8 0212 1439 9.8 0103 IOIO
0.9 5525 4972 3-9 0617 2406 6.9 0206 H'9 9.9 OIOI 0999

1.0 O.5OOO O.5OOO 4.0 0.0588 0.2353 7.0 0.0200 0.1400 10.0 0.0099 0.0990
1.1 4525 4977 4-i 0562 2302 7-1 0195 1381 10.5 0090 0944
1.2 4098 49l8 4.2 0.537 2253 7-2 0189 1363 II.O 0082 0902
1.3 37’7 4832 4-3 0513 2206 7-3 0184 1435 ”.5 0076 0863
14 3378 4729 44 °49! 2161 74 OI79 1327 12.0 0069 0828

1.5 0.3077 0.4.61 3 4-5 O.O47I 0,2118 7-5 O.OI75 O.I3IO 12.5 0.0064 0.0795
1.6 2809 4494 4.6 0451 2076 7.6 OI7O 1293 13.0 0059 0765
i-7 2571 437° 4-7 °433 2035 7-7 0166 1277 J3-5 0055 0737
1.8 2358 4245 4.8 0416 1997 7.8 0162 1261 I4.O 0051 0711
1.9 2169 4121 4-9 0400 1959 7-9 0158 1246 14.5 0047 0686

2.0
2.1

0.2000
1848

O.4OOO
3881

5-o
5-1

O.O385
O37O

0.1923
1888

8.0
8.1

O.OI54
OI5O

0.1231
1216

15.0
15-5

O.OO44
OO4I

0.0664
0642

2.2 1712 3767 5-2 °357 1854 8.2 0147 1202 16.0 0039 0623
2.3 1590 3657 5-3 0344 1822 8.3 OI43 1187 16.5 0037 0604
2.4 1479 3550 54 °332 1790 8.4 OI4O ”74 I7.O 0034 0586

2-5 0-1379 0.3448 5-5 0.0320 0.1760 8.5 O.OI37 0.1160 !7-5 O.OO32 0.0569
2.6 1289 3351 5.6 0309 1730 8.6 0133 ”47 18.0 0031 °554
2.7 1206 3257 5-7 0299 1702 8.7 0130 ”34 18.5 0029 0539
2.8 1131 3167 5.8 0289 1674 8.8 0128 1122 I9.O 0020 0525
2.9 1063 3082 5-9 0279 1648 8.9 0125 mo 20.0 002 5 0499
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Table 2.
x positive l' = o

X 4
C. cos <p

O IO° 203 30° 40° 5o° 6o° 70° 8oc

0.0 1.0000 0 I .OOOO 0.8391 O.7OO2 °-5774 0.4663 0.3640 0.2680 0.1763 0.0875
0.2 0.9428 0.1886 0.8039 6945 5945 5016 4137 3293 2469 1654 0835
04 8004 3202 6286 5560 4861 4181 35" 2842 2166 1474 °757
0.6 6305 3783 4855 4374 3889 3397 2896 2378 1838 1269 0660
0.8 4762 38l° 3753 343° 3091 2734 2358 i960 1533 1071 0564

1.0 °-3536 0-3536 0.2Q2Q 0.2707 0.2465 0.2203 O.I9IQ 0.1610 0.1271 0.0897 0.0477
1.2 2623 3'48 2327 2161 1985 1788 *57° 1328 1057 0752 °4°3
1.4 1963 2748 1863 1749 1617 1466 1296 1103 0884 0634 0342
1.6 1489 2382 I520 1435 1335 1217 1081 0925 0746 °537 0292
1.8 "45 206l 1258 1194 1115 1021 0912 0784 0635 0459 0251

2.0 0.0894 0.1789 0.1056 0.1006 °.°943 O.0867 0.0777 O.067O 0.0545 O.O396 0 .0218
2.2 0708 1559 0896 0857 0806 °743 0668 0578 0472 0344 OI9O
2-4 0569 1365 0769 °737 0695 0643 0580 °5°3 0412 0302 0167
2.6 0463 1203 0667 0640 O606 0561 0507 0442 0363 0266 0148
2.8 0380 1065 0583 0561 0531 °494 0447 0390 0321 0236 0132

3-o 0.0316 0.0948 0.0513 0.0495 0.0470 0-0437 0.0397 0.0347 0.0286 0.0211 0.0118
3-z 0265 0849 0455 O44O 0418 039° °354 03 10 0256 0189 0106
3-4 0225 0764 0406 °393 0374 0350 0318 0279 0231 OI7I 0096
3-6 OI92 0690 °365 °373 °337 °3I5 0287 0252 0209 0155 0087
3.8 0165 0612 0329 0319 0305 0286 0261 0229 0190 OI4I OO79

4.0 O.CI43 O.O57I 0.0299 0.0290 0.0277 0.0260 0.0237 0.0209 0.0173 O.OI29 0.0073
4.2 0124 0522 0272 0264 0253 0237 0217 OI9I 0159 0118 0067
4-4 OIO9 0479 0249 0242 0232 0218 OI99 0176 0146 OIO9 0061
4.6 0096 0441 0228 0222 0213 0200 0183 0162 0135 OIOI 0057
4.8 vo

0000 0407 0210 0205 0196 0185 0169 0150 0125 0093 °°53

5.0 0.0076 0.0377 O.OI94 0.0189 0.0182 O.OI7I 0.0157 0.0139 0.0116 0.0086 O.OO49
! 5-2 0067 °35° 0180 0176 0169 0159 0146 0129 0108 0081 0046

54 0060 0326 0167 0163 0157 0148 0136 0120 OIOI 0075 0043
5-6 0054 0304 0156 0152 0146 0138 0127 0112 0093 OO7O 0040

| 5-8 0049 0280 0145 0142 0137 OI29 OII9 OIO5 0088 0066 0037

6.0 O.OO44 0.0266 0.0136 0.0133 0.0128 O.OI2I 0.0111 O.CO99 0.0083 0.0062 0.0035
6.2 OO4O 0250 0128 0125 0120 OI 14 0104 0093 0078 0058 °°33
6.4 0037 0235 0120 0117 0113 OIO7 0098 0087 0073 °°55 0031
6.6 0034 0222 0113 OIII OIO7 OIOI 0093 0082 0069 0052 0030
6.8 0031 0209 0106 0104 OIOI 0095 0088 0078 0065 OO49 0028

7.0 0.0028 0.0198 0.0101 0.0099 0.0095 O.OO9O 0.0083 O.OO74 0.0062 O.OO47 0.0026
7-2 0026 0188 0095 °o93 0090 O085 0078 OO7O 0059 OO44 0025
74 OC24 0178 0090 0088 0085 0081 0074 0066 0056 OO42 0024
7.6 0022 0169 0085 0084 0081 00 77 0071 0063 0053 OO4O 0023
7.8 0021 0160 0081 0080 00 77 0073 0067 0060 0050 0038 0022

8.0 O.OOI9 0.0153 0.0077 0.0076 0.0073 0.0069 0.0064 O.OO57 0.0048 0.0036 0.0021
8.2 0018 OI46 0074 0072 0070 0066 0061 0054 0046 °°34 0020
8.4 OOI7 0139 0070 0069 0067 0063 0058 0052 0044 0033 OOI9
8.6 0015 0132 0067 0066 0064 0060 0056 OO50 0042 0032 0018
8.8 OOI4 0127 0064 0063 0061 0058 0053 0048 0040 0030 OOI7

9.0 O.OOI3 O.OI2I 0.0061 0.0060 0.0058 0.0055 0.0051 O.OO45 0.0038 0.0029 O.OOI7
9.2 0013 OI l6 0059 0058 0056 0053 0049 OO44 0037 0028 OOl6
94 0012 OI I I 0056 °°55 °°53 0051 0047 OO42 0035 0027 OOI5
9.6 OOII OIO7 0054 0053 OO5I 0049 0045 OO40 0034 0025 OOI5
9.8 OOIO 0103 0052 OO5I OO49 0047 0043 0039 0032 0025 OOI4

10.0 0.0010 O.OO99 0.0050 O OO49 O.OO47 0.0045 0.0041 0.0037 0.0031 0.0024 O.OOI4



INTERPRETATION OF MAGNETIC ANOMALIES AT SHEET-LIKE BODIES. Ill

Table 2.
xnegative t — o

cos c

o° IO 20° 3“ 4°° 50° 6o° 70° So0 90 - 90°

0.0 1.0000 0.8391 O.7OO2 °-5774 0.4663 0.3640 0.2680 0.1763 0.0875 O.50OO 00
0.2 1961 9691 7850 6306 4976 3804 2746 1774 0865 4855 49.5242
04 37‘4 1.0673 8365 6534 5°32 3763 2664 1689 0787 4470 12.0582
0.6 5H5 1276 8532 6477 4868 3564 2476 1543 0727 3958 5-1594
0.8 6247 1540 8426 6217 4564 3276 2236 1372 0638 3424 2.7829

1.0 1.7071 1.1549 0.8138 0.3842 0.4196 0.2956 0.1986 0.1202 0.0578 O.2929 1.7072
1.2 7682 1384 7748 5420 3815 2643 1751 1047 0476 2499 1391
i-4 8137 1106 7313 4993 345° 2355 1540 09II 0408 2137 0.8067
1.6 8480 0760 6867 4584 3”4 2097 1357 0796 °355 1836 5977
1.8 8741 0395 6430 4205 2812 1872 ”99 0697 O3O9 1588 4585

2.0 1.8944 I 0007 0.6015 0.3858 0.2544 0.1675 c.1064 0.0614 0.0270 0.1382 0.3618
2.2 9io4 0.9620 5625 3544 2307 1504 0948 0544 0238 1211 2921
2.4 9231 9236 5263 3261 2098 1356 0849 0484 0211 1068 2404
2.6 9333 8865 4928 3007 1914 122 7 0763 0433 0188 0948 2010
2.8 94’7 8506 4620 2778 1751 i”5 0689 0389 0168 0846 1704

3.° 1.9487 0.8163 0-4337 °-2573 0.1607 0.1016 0.0626 0.0352 O.OI5 I 0.0760 O.1462
3-2 9544 7837 4076 2389 1480 0930 0569 0319 0137 0685 1268
3-4 9594 7525 3837 2223 1366 0854, O52I O29I 0124 0621 1 io9
3-6 9635 7229 3617 2072 1265 0786 0477 0266 on 3 0565 0978
3.8 9671 6946 34*4 1936 ”73 0726 0440 0244 0104 0516 0869

4.0 1.9702 0.668l 0.3227 0.1812 O.IO92 0.0673 O.O406 0.0225 0.0095 o-o473 0.0777
4.2 9728 6429 3°54 1700 1018 0625 0376 0207 0088 0436 0698
44 9751 6188 2895 1597 0951 0582 0349 OI92 0081 0402 0631
4.6 977° 5962 2747 i5°3 0891 0543 0324 0178 0075 0372 °573
4.8 9789 5743 2609 1417 0836 0507 0303 0166 0070 0345 °523

5-° 1.9806 0.5540 0.2482 0.1339 O.O786 0.0476 0.0283 0.0155 0.0065 0.0322 0.0478
5-2 9820 5346 2363 1266 0740 0446 0265 0145 0061 0300 O44O
54 9g33 5160 2253 ”99 0698 0420 0249 0136 0057 0280 0405
5.6 9844 4985 2150 ”37 0660 O396 0234 0128 °°53 0263 0375
5.8 9854 4816 2054 1080 0624 °374 0221 0120 0050 0247 0348
6.0 1.9863 0.4657 0.1964 0.1027 0.0591 0-0353 0.0208 O.OII3 O.OO47 0.0232 0.0323
6.2 9872 45°7 1880 0978 0561 0334 0^7 OIO7 0045 0219 0302
64 9880 4362 1801 0032 0533 0317 0186 OIOI 0042 0206 0282
6.6 9887 4225 1727 0889 0507 030I oi77 0096 0040 0195 0264
6.8 9893 4092 1657 0849 0483 0286 0168 0091 0039 0185 0248

7.0 1.9899 0.3967 o.i59l 0.0812 0.0461 0.0272 O.OI59 0.0086 0.0036 0.0175 0.0233
7-2 99°5 3848 1529 0777 O44O 0260 0152 0082 0034 Ol66 0219
74 9910 3732 1471 0744 0420 0248 0144 0078 0032 0158 0207
7.6 9914 3623 1416 °7!3 0402 0236 0138 0074 0031 0I51 0196
7.8 99l8 35i8 1364 0685 0385 0226 0132 0071 OO3O 0143 0185

8.0 1.9922 0.3417 °-I3I4 0.0657 0.036g 0.0216 0.0126 0.0068 0.0028 0.0137 0.0176
8.2 9926 3321 1268 0632 0354 0207 0120 0065 0027 0131 0167
8.4 9929 3228 1223 0608 °339 0199 0115 0062 0026 0125 0158
8.6 9933 3I4° 1182 0585 0326 OI9I OI II 0059 0025 0120 OI5I
8.8 9936 3°55 I 142 0563 0314 0183 0106 0057 0024 0115 0144

9.0 L9939 0.2973 0.1104 °-o543 0.0302 0.0176 0.0102 0.0059 0.0023 0.0110 0.0137
9.2 9942 2895 1068 0524 0290 O169 0098 0052 0022 0105 0131
94 9945 2820 1033 0506 0280 0163 OO94 0050 0021 OIOI OI25
9.6 9947 2747 1001 0488 02 70 0157 OO9I 0048 0020 0097 0120
9.8 9948 2677 0970 0472 0260 OI5I 0087 0047 OOI9 0094 OII5

IC.O 1.9950 0.2610 0.0940 0.0436 O.0251 O.OI46 O.O084 0.0045 O.OOI9 0.0090 0.0110



IV S. WERNER.

Table 2.
x'positive C — 1

x' K K
C cos <p

o° IO° 20° 3°° 40° 5°” 1 6o° 70° 80°

0.0 I .OOOO O 0.7071 0.6202 °-535> 0.4524 0.3724 0.2948 02193 0.1453 0.0724
0.2 0.9*520 0.1904 6080 5420 4751 4080 3410 2740 2067 1390 0702
04 8295 3318 5146 4651 4>34 3598 3047 2481 1898 1292 0662
0.6 6769 4061 43°9 3940 35+2 3>>9 2672 2201 >7°3 1175 0609
0.8 5308 4246 3589 33>4 3009 2676 2314 1926 1506 1049 055°

i.o 0.4082 0.4082 0.2988 0.2782 0.2546 0.2282 0.1991 0.1671 0.1318 O.O927 0.0491
1.2 3!25 375° 2496 2339 2156 1946 >7°9 >445 1148 08l4 0435
1.4 2401 3361 2096 1976 1831 1662 1469 1249 °999 °7>3 0384
1.6 i860 2976 >773 1679 1563 1427 1267 1083 087I 0625 0338
1.8 >457 2623 >5» 1436 >343 1231 1098 °943 0762 °55° 0299

2.0 0.H55 O.2309 0.1297 0.1238 0.1162 0.1068 0.0957 0.0824 0.0669 0.048 5 0.0265
2.2 0926 2037 1123 1074 IOII 0934 0838 0725 °59° 0429 0236
2.4 °75> 1802 0979 °939 0886 0819 °738 0641 0523 0382 0211
2.6 0616 1601 0860 0827 0782 0724 0654 0569 O466 03+> 0189
2.8 0510 1428 °759 0732 0693 0644 0583 0508 0417 0306 0170

3.0 0.0426 O.1279 0.0675 0.0652 0.0619 0.0576 0.0522 0.0456 0.0375 0.0276 0.0154
3-2 0360 1151 0604 0583 °555 0517 0470 O4II 0339 0250 0139
34 0306 IO40 0542 0525 0500 0467 0424 0372 °3°7 0227 0127
3-6 0262 °9+3 O49O 0475 °453 0423 0385 °338 0280 0216 0116
3.8 0226 0858 0444 °43> 0411 0385 °35> 0323 0256 0189 0106

| 4.0 0.0196 0.0784 O.O4O4 °-°393 0.0775 0.0352 0.0321 0.0283 0.0234 O.OI74 0.0098
4.2 OI7I 0719 0370 0360 °344 0323 0295 0260 0216 0160 0090
4.4 OI5O 0661 °339 °33° °3>6 0297 0271 0239 0199 0148 0084
4.6 0133 0610 0312 0304 0292 0274 0251 0221 OI84 0137 0077
4.8 0118 0564 0288 0281 0269 0253 0232 0205 OI7I 012 7 0072

s.o 0.0105 0.0523 0.0267 0.0260 0.0250 0.0235 0.0216 O.OI9I O.OI59 0.0119 0.0067
5-2 OO94 0487 0248 0242 0232 0219 0201 0178 014S om 0062
54 0084 0453 0231 0225 0216 0204 0187 0166 0139 0104 °°59
5o 0076 0424 O2I5 0210 0202 OI9O 0175 0155 0130 0097 0055
5.8 OO68 0397 0201 0197 0189 0179 0164 0145 0122 0091 0052

6.0 0.0062 O.0372 0.0189 0.0184 O.CI78 O.O167 0.0154 0.0137 0.0114 0.0086 0.0049
6.2 0056 035° 0177 o>73 0167 0157 0145 OI29 0108 0081 0046
64 005 1 0329 0167 0163 0157 0148 0137 0121 0102 0076 0043
6.6 0047 0310 OI57 0154 OI48 0140 0129 OII5 0096 0072 OO4I
6.8 0043 0293 0148 0145 0140 0132 0122 0108 OO9I 0068 0039

7.0 O.OO4C 0.0277 0.0140 0.0137 O.OI32 O.OI25 O.OII5 O.OIO3 0.0086 0.0065 0.0037
7-2 0036 0263 OI33 0130 0125 0119 OIO9 0097 0082 0061 0035
74 °°34 0249 0126 0124 OII9 0113 OIO4 OO92 0078 0058 0033
7.6 0031 0237 OII9 0117 0113 0107 OO99 C088 0074 °°55 0032
7.8 0029 0225 OII3 OI 11 0107 0102 OO94 0084 0070 0053 0030

8.0 0.0027 0.0214 0.0108 0.0106 0.0102 O.OO97 0.0089 0.0080 0.0067 0.0050 0.0020
8.2 0025 0204 0103 0101 0098 OO92 0085 OO76 0064 0048 0020
8.4 0023 °>95 0098 0096 0093 0088 0082 0073 0061 0046 0026
8.6 0022 0186 0094 0092 OO89 0084 0078 0069 0058 OO44 0025
8.8 0020 0178 0090 0088 0085 0081 0075 0066 0056 0042 0024

9-° O.OOI9 O.OI70 0.0086 0.0084 O.O081 O.OO77 O.OO7I 0.0064 O.OO54 O.OO4I 0.0023
9.2 0018 0163 0082 0081 OO78 0074 0069 0061 005I OO39 0022
94 OOI7 0157 0079 0077 OO75 OO7I CO66 0059 OO49 0037 i 0021
9.6 0016 OI5O 0075 0074 0072 0068 0063 0056 °°47 0036 0020
9.8 OOI5 0144 °°73 0071 0069 0065 O06 T 00 54 CO46 0034 0020

10.0 0.0014 0.0139 C.OO7O , 0.0068 O.OO66 j 0.0063 0.0058 0.0052 O.OO44 0.0033 o.oc 19



V

Table 2.

INTERPRETATION OF MAGNETIC ANOMALIES AT SHEET-LIKE BODIES.

x negative

,
C cos c /

1_

\ ~x
o° IO° 20° 30° 40” 50° 60° 70° 8o° 9°° - 90°

! 0.0 0.7071 0.6202 0.5351 0.4524 0.3724 0.2948 0.2193 i 0-1453 0.0724 0.4142 2-4H3
0.2 8061 6941 5879 4885 3955 3081 2257 1472 0723 4078 3118

1 O.4 8995 7584 6298 5134 4081 3126 2253 1448 0701 3806 0486
0 6 9833 8103 6581 5257 4101 3088 21891 1386 0662 363° 1.7169
0.8 1-0553 8482 6731 5264 4029 2981 2081 1299 0612 3316 3931

1.0 1.1153 0-8734 0.6764 O.5I76 0.3887 0.2829 0.1946 O.II99 0.0558 0.2988 I.II52
1.2 1646 8871 6702 5020 37°1 2650 1798 1094 0503 2671 0.8921
I.4 2045 8917 6570 4818 3489 2461 1648 0991 0451 2377 7178
1.6 2269 8894 6390 4589 3268 2273 1504 0896 0405 2112 5833
1.8 2632 8816 6178 4349 3048 2092 1370 0809 0362 1878 4792

2.0 1,2845 0.8701 0.5948 O.4IO7 0.2835 0.1923 0.1246 O.O73O 0.0325 0.1674 0-3983

2.2 3020 8557 57°9 3870 2634 1767 1136 0660 0292 1496 3348
24 3163 8391 5468 3642 2446 1625 1035 0598 0263 1341 2843
2.6 3284 8215 5230 3425 2273 1495 0946 0543 0237 1207 2438
2.8 3383 8027 4997 3221 2113 1378 0866 0495 0215 1090 2110

3-° 1.3468 0.7837 o-4773 0.3030 0.1966 0.1272 0.0795 0.0452 0.0196 0.0988 0.1841
I 3.2 3538 7643 4557 2852 l832 1177 0731 0414 0179 oSoQ 1618

34 7000 7449 4351 2687 1710 1091 0674 0380 0164 0820 1432
3.6 3653 7258 4155 2533 1598 1013 0623 0350 0150 0751 1275
3-8 3699 7068 3969 2390 1496 0943 0577 0323 0138 0690 II42

4.0 1.3738 0.6886 0-3793 0.2258 0.1402 0.0879 0.0536 0.0299 0.0128 0.0636 0.1028
4-2 3772 6699 3626 2135 1316 0821 0499 02 77 0118 0587 O93O
44 3802 6520 3469 2021 1238 0768 0465 0258 0110 0544 0845
4.6 3830 6346 3329 1925 1165 0721 0435 0240 0102 0506 0771
4-8 3853 6177 3179 1817 I099 0677 0407 0225 0095 0471 0706

5.0 1.3875 0.6012 0-3045 0.1725 0.1038 0.0637 0.0382 0.0210 O.O089 0.0439 0.0649
5.2 3893 5854 2920 1640 0981 0600 °359 OI97 0083 0411 0598

*v4 3911 5699 2802 1561 O929 0566 0338 0185 0078 0385 0553
5-6 3927 555° 2689 1487 0881 0535 0319 0175 0073 0361 0513
5.8 3941 5403 2583 1418 0836 0506 O3OI 0164 0069 0340 0477

6.0 1-3954 0.5264 0.2483 °-i353 0.0795 0.0480 0.0285 0.0155 0.0065 O.032O O.0444
6.2 3965 5I29 2388 1293 0756 °455 0270 0147 0062 0302 °4i5
64 3975 4996 2298 1236 0720 °433 0256 0139 0058 0286 0388
6.6 3985 4870 2213 1183 0687 041 I 0243 0132 0055 O27O 0364
6.8 3994 4746 2132 1133 0656 0392 0231 0125 0052 0256 0342

J.O I .4OO2 O.4628 0.2055 I 0.1086 O.0626 0-0373 0.0220 O.OII9 0.0050 0.0243 0.0322
7-2 4OO9 4513 1982 1 1042 0599 0356 0209 0113 0047 0231 0304
74 4016 44°1 IOOO 0573 °34i I 0200 0108 0045 0220 0287
7.6 4023 4294 1847 i 0961 0549 0326 0191 0103 0043 0210 0272
7.8 4029 4189 1784 0924 0527 0312 ; OI82 0098 OC4I 0200 0258

8.0 14034 0.408g 0.172s | 0.0889 0.0505 O.O299 0.0174 O.OO94 O.OO39 O.OI9I 0.0244
8.2 4039 3992 1668 0856 0485 O286 0167 OO9O 0037 Ol82 0232
8.4 4°44 3897 1614 0825 0467 0275 0160 0086 0036 0174 0221
8.6 4°49 3806 1562 0795 0449 0264 0154 0083 0034 0167 0210
8.8 4°53 37i8 1523 ! 0767 0432 0253 0148 OO79 0033 0160 0201

9-° 1.4057 0.3633 0.1466 | O.O74O 0.0416 0.0244 0.0142 0.0076 C.OO32 O.OI54 0.0191
9.2 i 406O 355° 1421 °7i5 O4OI 0235 0136 0073 OO3O 0147 0183
94 1 4063 2469 1378 I 069I 0387 0226 0131 OO7O 0029 OI42 0175
9.6 ; 4067 3392 1337 0668 0373 0218 0126 O068 0028 0136 0167
9.8 4070 3317 1297 j 0646 0360 0210 0122 0065 0027 0131 0160

10.0 1.4073 0.3244 J 0.1260 | 0.0625

O
OrhrnO6 10.0203 0.0117 0.0063 10.0026 0.0126 qd



VI S. WERNER.

Table 2.
x'positive C — 2

C, cos 50

0 IO 20° 3°° 40° 5°° | 6o° 7°g So°

0.0 1.0000 O 10-4472 0.4087 0.3645 0.3165 0.2661 0.2I4I 0.1612 0.1077 0.05390.2 °-9577 0-1915 I 4°74 3750 3373 2956 2509 2039 "551 I047 °53°0.4 8486 3394 3684 3415 3°94 2735 2341 1920 H75 1006 O5I4.0.6 7102 4260 | 3313 3089 2817 2508 2164 "791 1387 °954 04930.8 5742 4593 2966 2779 i 2551 2285 1987 1656 1293 0897 0467

1.0 04564 0.4564 0.2646 0.2492 j 0.2299 0.2072 0.1812 O.I52I 0.1 iq6 0.0837 0.04391.2 36” 4333 2357 2229 2066 1872 1647 1390 I IOI 0775 O4IO1.4 2863 4008 i 2099 1992 1854 1688 1492 1265 1008 0715 03811.6 2284 3655 1870 1780 1663 1519 1349 1151 0021 0656 ! °3521.8 1837 33°7 l668 1593 H93 1369 1220 ! 1045 0840 0602 °325
2.0 0.1491 0.2981 0.1491 0.1427 0.1342 0.1234 0.1103 10.0948 0.0766 0.0552 0.02992.2 1220 26.85 !336 1282 120S III4 0999 0862 0699 0505 0275
24 1008 2420 1200 ”54 IO9O I008 °9°7 0784 0637 0463 02532.6 0840 2185 1 1082 1042 O986 0914 0824 °7I5 0583 04242.8 0706 1976 0978 °944 0894 0831 °75° 1 0652 °534 0389 0215

3-o 0.05 98 o-i793 O.0886 0.0857 0.0813 0.0757 0.0685 0.0597 0.0489 0.0558 0.01983.2 0510 1631 0806 0780 0742 0691 0627 0548 °45° 033° 0183
34 °437 1487 0736 <=713 0679 0634 °575 0503 0414 0304 01693.6 °378 1361 0673 °653 0623 0581 0529 0463 0382 0282 0157 !3-8 0329 1248 0618 0600 0573 0536 0488 0428 °353 0261 01461
4.0 0.0287 0.1148 0.0568 °-°553 0.0528 O.O494 0.0451 0.0396 0.0327 0.0242 0.0135f; 0252 i°59 0524 O5IO 0488 0458 0418 0367 °3°4 0225 0126 j
44 0222 0979 0485 °473 0452 0425 0388 °342 0283 0210 01184.6 0197 O908 °45° 0438 0420 0394 0361 °3*8 0264 0196 0110

; 4*8 0176 0843 0418 0408 0391 0367 0337 0297 0247 0183 0103

! 5-° 0.0157 0.0785 0.0389 0.0380 0.0365 0.0343 0.0314 0.0278 0.0231 0.0172 0.0097 |
5-2 OI4I 0732 °364 °355 0341 0321 0294 0260 0216 0161 0091
54 0127 0685 0340 °332 0319 0301 0276 0244 0203 0152 0086 -i 5-6 OII5 0642 0319 0311 O3OO 0282 0259 0229 OI9I 0143 0080! 5-8 OIO4 0602 0299 0293 0282 0265 0244 C2IÖ 0l80 OI35 0076

1 6.0 0.0094 O.O566 0.0281 0 0276 0 0265 ^.0250 0.0230 0.0204 0.0170 0.0127 0.0072! 6.2 0086 °533 0265 0260 0250 0236 0217 0192 Ol6l 0120 00681 6.4 0078 0503 02C0 0245 0236 0223 0205 0182 0152 0114 00656.6 OO72 0475 0236 0232 0223 0211 0194 0172 OI44 OI08 00616.8 OO66 045° 0224 0219 0211 0200 0184 0:63 0137 0102 0058

7.0 0.0061 0.0426 0.0212 0.0208 0.0201 O.OI9O 0.0175 0.0155 0.0130 0.0097 0.0055
7-2 0056 0404 0201 0197 OI9O 0180 0166 0147 0123 0093 0053 1
74 OO52 0384 OI9I 0187 Ol8l OI7I 0158 0140 0118 0088 00507.6 0048 0365 0182 0178 OI72 0163 0150 0134 0112 0084 0048
7.8 0045 0347 0173 OI7O 0164 OI55 0143 0128 OIO7 0080 i 0046

8.0 O.OO41 0.0331 0.0165 0.0162 0.0156 0.0148 0.0137 0.0122 1 0.0102 0.0077 0.00440.2 0039 0316 0158 0155 0149 0142 0131 0116 0098 OO73 0042!
84 0036 0302 015° 0148 oi43 OI35 0125 ! om 0093 0070 00400.6 0033 0289 0144 0141 0137 0129 0120 ; 0106 OO9O C067 00388.8 OO32 0276 OI3S 0135 0131 0124 OII5 0102 0086 0065 0037

9.° O.OO29 0.0265 O.OI32 1 0.0130 O.OI25 0.0119 0.01 IO 0.0098 j 0.0082 O.O062 0.0035;
9.2 0028 0254 0127 OI24 0120 01 r4 OIO5 0094 OO79 0060 1 10034

0026 0243 0121 o"9 0115 0109 010FI 0090 1 0076 OO57 1 00339.6 0024 0234 0117 OII5 OI I I 0105 0097 00871 °°73 °°55 0032 1!9.8 0023 0225 0112 OIIO 0107 OIOI OO94 0084 OO7O 0053 J 0030 j

10.0 0.0022 0.0216 0.0108 0.0106 0.0103 0.0097 J C.OO9O 1 0.00811 0.0068 O.OO5I 1 0.0029



INTERPRETATION OF MAGNETIC ANOMALIES AT SHEET-LIKE BODIES. VII

Table 2.
x’negative t — 2

C" cos f C

o° IOC 20° 30° 40° 5°° 6o° 70” 80° 90° - 90°

0.0 °4472 0.4087 0-3645 0.3165 0.266l 0.2I4I 0.1612 O.IO77 0.0539 O.3O9O 0.8090
0.2 4871 4415 39° i 33<4 2790 2221 1654 1094 0542 3069 8000
0.4 5259 4726 4133 3525 2891 2276 1675 1095 0536 3009 774>
0.6 5632 5012 4336 3644 2961 2303 1676 1083 0524 2913 7344
0.8 5978 5266 45°2 3737 2999 2304 1657 1059 0507 2790 6848

1.0 0.6298 0.5487 0.4632 0-3795 0.3006 0.2281 0.1621 0.1024 0.0487 0.2646 0.6298
1.2 6587 5674 4726 3818 2985 2236 1571 O982 0462 2491 573°! 14 6845 5825 4785 3812 2940 2176 15 > > O936 0436 233° 5>74
1.6 7075 5944 4812 3778 2876 2101 1444 0886 0408 2169 4649
1.8 7276 6033 4813 3724 2796 2OI9 1373 0834 0382 2013 4165

2.0 0.7454 O.6096 0.4789 0.3652 0.2705 °->93> 0.1301 0.0783 0.0356 0.1863 •3727
2.2 7608 6137 4745 3565 2608 1841 1227 °734 °33> 1723 3336
24 7745 6157 4687 3469 2505 1751 1157 0686 0307 >593 299° :
2.6 7862 6l60 4613 3366 2401 1661 1088 0641 0286 1472 2684
2.8 7966 6149 4531 3259 2297 >573 1023 0598 0265 1362 2416

3-° 0.8057 0.6125 0.4441 0.3149 0.2194 0.1489 0.0962 0.0559 0.0247 0.1260 0.2180
3-2 8139 6092 4345 3039 2094 1409 0903 0522 0230 1168 >973
34 8209 6048 4245 2929 >997 >333 0849 0488 0214 1084 1790
3-6 8271 5999 4142 2820 1904 1261 0798 0457 0199 1007 1630
3-8 8326 5942 4°37 2714 1815 1193 0752 0429 0186 0938 1488

1 4-° 0.8375 0.5882 o-3933 0.2611 0.1730 O.II29 0.0708 0.0402 O.OI74 0.0874 0.1362
I 4-2 8419 5817 3828 25II 1649 IO7O 0667 0377 0163 08l6 1250 j

44 8459 5749 3725 2414 1572 1013 0629 =355 o>53 0763 1151
4.6 8494 5679 3622 2321 1499 0961 °594 °334 0143 0715 1062
+.8 8526 5605 3521 2232 >43> 0912 0561 0315 °>35 0671 0983

5-° 0.8555 0-5532 0-3423 0.2147 0.1366 O.0866 0.0531 0.0297 O.OI27 0.0630 0.09121
5-2 8580 5456 3326 2064 1304 0823 °5°3 0280 OII9 °593 0848
^•4 8603 5379 3232 1986 1246 0783 0477 0265 0113 °559 0790!
5.6 8626 53°3 3HI 1912 1192 0746 °453 0251 0106 0528 °737
5.8 8645 5226 3051 1840 II4I O7IO 0430 0238 OIOI 0498 0690

6.0 0.8663 0.5150 0.2965 0.1772 O.IO92 0.0678 O.O4O9 0.0226 0.0097 0.0472 0.0646 j
6.2 8679 5°72 2880 1707 1046 0645 0389 0214 0091 °447 0607
64 8693 4995 2799 1645 1003 0618 °37> 0204 0086 0424 °57>
6.6 8708 4919 2720 1585 0962 °59> °354 OI94 0082 0403 0538
6.8 8721 4843 2644 1529 0923 0565 °338 0185 0078 0383 °5°7 :

7.0 °-873i 0.4768 0.2570 0.1475 0.0887 0.0541 0.0323 O.OI76 0.0074 0.0364 0.0479
7-2 8744 4694 2499 1424 0852 0518 0309 0168 0071 °347 °454
74 8752 4620 2429 1375 0819 0497 °295 0161 0068 °33> 0430
7.6 8763 4548 2363 1328 0788 0477 0283 0154 0065 °3 >6 0408
7.8 8771 4475 2299 1284 0759 0458 0271 0148 0062 0302 0387

1 8.0 0.8780 0.4405 0.2236 O.I24I 0.0731 O.O44O 0.0260 O.OI4I 0.0059 0.0289 0.0368 j
8.2 8787 4335 2177 1200 °7°5 0423 0250 °>35 0057 0277 °35>

1 «4 8795 4266 2118 Il62 0679 0408 0240 0130 0054 0265 °334
8.6 8802 4199 2062 1125 0656 0392 0231 0125 0052 0254 °3>9
8.8 8808 4132 2008 1089 0633 0378 0222 0120 0050 0244 °3°5 ;

9.0 0.8813 O.4066 0.1956 0.1055 0.0611 0.0364 0.0214 O.OII5 0.0048 0.0235 0.0291 j
9.2 8819 4002 I906 1023 °59> °35> 0206 OI 11 0046 0226 0279
94 8823 3938 1857 0991 0571 0339 OI99 OIO7 0045 0217 0267
9.6 8827 3875 1810 0962 0552 0328 OI9I OIO3 0043 0209 0256
9.8 8831 3813 1764 0933 °535 °3>7 0185 OIOO OO4I 0201 0246

10.0 0.8835 0-3753 0.1720 O.O906 0.0518 0.0306 O.OI79 0.0096 O.OO4O O.OI94 0.0236 ;



VIII S. WERNER.

Table 2.
x positive 7 — 3

cos <p

"7 X
o° IO° I 20° 30s 40° i 5°° 6o° 70 80°

0.0 I .OOOO O 0.3162 O.2952 0.2682 0.2365 0.2013 0.1636 0.1241 0.0834 O.O419
0.2 0.9596 0.1919 2963 2777 2536 2250 1928 1579 1207 0817 0413

°i «553 3421 2765 1 2602 2387 2130 1837 I5V5 1167 0796 0406
j o.6 7224 4334 2573 2429 2238 2007 1742 H45 1120 0770 0396
| o.8 5912 4729 2387 , 2261 209I 1885 1644 1372 1070 0741 0384

1.0 0.4767 0.4767 0.2209 O.2099 0.1949 0.1763 0.1546 | 0.1297 O.IOIO 0.0709 0.0370
1 1.2 3831 4598 2040 1944 1811 1646 1448 1222 oqÖ4 0676 °355
I 14 3089 4324 1882 1797 1680 1532 ' 1354 JH7 0910 0641 0339

i.6 2506 4010 1735 1660 1556 1423 1263 1 i°74 0857 0607 0322
i.8 2049 3689 1598 1532 1440 1321 1176 1005 0804 0572 0306

2.0 0-1690 0.3381 0.1472 0.1414 0.1332 0.1225 0.1094 0.0938 0.0754 0.0538 0.0289

: 2-2 1405 3092 i356 1305 1232 1136 1017 0875 0705 0506 0273
24 1178 2828 1251 1205 1140 1054 0946 0816 0660 0476 0257

1 2.6 0996 2588 1154 III4 1055 0977 0880 0760 0617 0446 0243
2.8 0847 2371 1066 1030 0978 0907 0818 O7O9 0576 0419 0228

3-0 0.0725 0.2176 0.0986 °.°954 O.O907 0.0842 0.0761 0.0661 0.0540 0.0392 0.0215

i 3-2
0626 2001 °Qi3 0885 0841 0784 0709 0617 0505 0368 0202

34 0542 1844 0847 0821 0783 0729 0661 0576 0473 0345 OI9O
3.6 0473 1702 0787 0764 0728 0680 0617 0539 0442 0324 0179
3.8 0414 1574 0732 O7II 0679 0634 0576 050+ 0415 0304 0168

4-° 0.0365 0.1459 0.0682 O.0663 0.0633 0.0593 0.0540 0.0473 0.0389 0.0287 O.OI59
4.2 0323 1355 0636 0619 0592 0555 °5°5 0443 0366 0269 OI5O
44 0287 1261 0594 0579 °554 0519 0474 O416 0344 0254 OI4I
4.6 0255 1176 0556 0542 0519 0487 0445 0391 0324 0240 oi34
4.8 0229 io99 0522 0509 0487 0458 °4*9 0369 0305 0226 0127

5-° 0.0206 0.1028 O.O49O 0.0478 0.0459 0.0431 0.0394 0.0347 0.0288 0.0213 0.0120
5-2 0185 0963 O460 0449 0432 0406 0372 0328 0272 0202 0113
?4 0168 °905 0434 0423 0407 0383 0351 0309 0257 OI9I OIO7

! 5-6 0152 0851 0409 O4OO 0384 0361 °331 O293 0243 Ol8l 0102
5.8 0138 0801 0386 0377 0363 0342 03H 0277 C23I OI72 OO97

6.0 0.0126 0.0756 0.0365 0.0357 0-0343 0.0324 0.0297 0.0263 0.0219 0.0163 O.OO92
6.2 0115 0725 0345 0338 0325 0307 0282 0249 0208 0155 0087 •!
6.4 0105 0676 0327 0320 O308 0291 0268 0237 oi98 0148 00831
6.6 0097 0640 0310 0304 0293 0277 0254 0225 0188 OI4O 0080
6.8 OO89 0607 0295 0289 0278 0263 0242 0215 0179 0134 00761

7-° 0.0082 0.0576 0.0280 0.0275 0.0265 0.0250 0.0231 0.0204 O.OI7I 0.0128 0.0072
7.2 OO76 0548 0267 0262 0253 0238 0220 0195 0163 0122 00691

74 OO7O 0521 0254 0250 0240 0228 0209 0186 0156 OII7 0066
7.6 0065 °497 0243 0238 0230 0217 0200 0178 0149 0112 0063
7.8 0061 °474 0232 0227 0219 0208 OI9I OI7O 0142 OIO7 0060

8.0 O.OO57 0-0453 0.0221 0.0217 0.0210 O.OIQ9 O b 00 0.0163 0.0136 0.010-} 0.0058
8.2 0053 0433 0212 020S 0201 0190 OI75 0156 01 3I 0098 0056
8.4 OO49 0414 0203 0199 OI92 0182 0168 0150 0125 OO94 0054
8.6 0046 0396 0194 OI9I 0184 0175 0161 0144 0120 OOQO 0051
8.8 0043 °379 0186 0183 0177 0168 0155 0138 0116 0087 °°49

9.0 O.OO4O 0.0364 O.OI79 O.OI76 O.OI7O 0.0161 O.OI49 0.0133 O.OIII 0.0084 0.0048
9.2 0038 °349 OI72 0169 0163 0155 °i43 0127 0107 0080 00461

94 0036 0335 0165 0162 0157 0149 oi37 0122 0103 0077 0044
9.6 °°33 0322 0159 0156 0151 0143 0132 0118 0099 0075 00431
9.8 0032 03IC 0153 OI5° I 0146 0138 0127 OII4 0096 OO72 0041

10.0 O.COJO 0.0298 | 0.0147 O b OOd

0.0133 0.0123 O.OIIO 0.0092 0.0069 i 0.0039



IX

Table 2.

INTERPRETATION OF MAGNETIC ANOMALIES AT SHEET-LIKE BODIES.

x'negative ‘ — 3

Cj^ cos

o° 10° 20° 3°° 40" 50” 6o° 70° 8o° 90° - 90'

0.0 0.3162 0.2952 0.2682 0.2365 0.2013 0.1636 0.1241 0.0834 0.0419 0.2403 0.4625
0.2 3362 3125 2822 2473 2090 1686 12681 0845 0421 2394 4602
0.4 3559 3293 2956 2571 2157 1725 1288 0850 | 0420 2369 4535
0.6 3752 3453 3081 2660 2213 175 5 1304 0850 0417 2329 4428
0.8 3938 3605 3194 2736 2256 1773 j 1300 0844 | 0410 2275 4286

1.0 0.4116 0-3748 0-3295 0.2798 0.2287 0.1782 | 0.1295 0.0833 0.0401 0.2209 0.4x16
| 1.2 4284 3878 3384 2848 2306 '779 1 1282 0817 °39I 2133 3925
1 1-4 4442 3997 3458 2884 | 2313 1768 j 1262 0798 °379 2051 3720

1.6 459° 4103 3 519 2Q07 2308 1748 1236 °775 0364 1964 35°7
1 1.8 4727 4196 3568 2917 2293 1720 1205 °75° °35° 1874 3294
1 2.0

04853 0.4277 0.3603 0.29171 0.2270 0.1686 0.1171 0.0723 0.0336 0-1782 0.3083
2.2 4968 4348 3627 29°5! 2238 1647 ”34 0695 0320 1692 2878
24 5°74 4407 3639 2884 2199 1603 1095 0667 °3°5 1603 2682
2.6 5171 445 6 3643 2856 2156 1557 1055 0637 0290 1516 2497
2.8 5259 4496 3636 2820 | 2108 '5°9 1014 0609 0276 '433 2322

3° °-5339 0.4527 0.3623 0.2779 O.2055 0.1459 O.O974 0.0581 0.0261 Q-I354 0.2l60
3-2 5*73 4551 3602 2733 2001 1409 0933 °553 0247 1278 2009
3 4 5478 4567 3574 2683 1946 '358 0894 0527 0235 1207 1869
3-6 5538 4577 3542 2629 1889 1308 0855 0502 0222 ”39 1741
3-8 5593 4581 35°5 2573 1831 1268 0818 °477 0211 1076 1622

4.0 °-5643 0.4^8l 0.3464 0.2516 0.1774 O.I2IO 0.0782 0.0454 0.0200 O.IOI7 °-,5I3
4.2 5688 4575 3420 2457 1717 1163 0748 0432 0189 0961 1413
44 573° 4565 3374 2397 1662 1118 0714 O4I I 0180 O9O9 1321
4.6 5768 4552 3324 2338 1607 1074 0683 °39' OI7I 0861 1236
4.8 5804 4535 3273 2279 I553 1032 0653 °373 0162 0815 ”59

5-° 0-5835 0.4516 0.3220 0.2219 O.I5OO O.O99O 0.0624 0.0355 O.OI54 0.0773 0.1087 |
C.2 5865 4494 3i67 2160 1450 0952 0597 °339 0147 °733 1022
54 5891 4469 3”3 2103 1400 0914 °57! 0323 0139 0696 0961
5-6 59l6 4443 3058 2046 1353 0879 0547 0308 0132 0662 0905
5.8 5938 4414 3°°3 199° i3°7 0844 0524 0294 0126 0629 0854

6.0 0.5960 0.4385 O.2Q48 0-1935 0.1263 0.0812 0.0502 0.0281 0.0120 0.0599 0.0806
6.2 5979 4354 2893 1882 1220 0781 0481 0269 OII5 °57' 0762
64 5998 4321 2838 1830 ”79 0751 0461 0257 OIIO 0544 0722
6.6 6014 4288 2784 1780 1139 °723 0442 0246 OIO5 °5'9 0684
6.8 6030 4253 273° I73I IIOI 0696 0425 0236 OIOO 0496 C649

7.0 0.6045 ! O.42IQ 0.2677 0.1683 0.1065 O.067O 0.0408 0.0226 O.OO96 0.0474 0.06l6
7.2 6058 4i83 2624 1636 1030 0646 0392 0217 OO92 °454 0586
74 607O 4146 i 2572 1 1591 oq<)6 0622 °377 0208 0088 °434 0558
7.6 6082 4109 1 2521 1547 0964 0600 0363 0200 0085 0416 0531
7.8 6092 4071 ; 2470 I5°5 0933 j 0579 °349 OI92 0081 O399 °5°7

8.0 0.6103 i 0.4034 0.2421 0.1464 0.0904 0.0559 0.0336 ! 0.0185 0.0078 1 °-°383 0.0484
8.2 i 3996 2373 1425 0875 0540 0324 0178 °°75 O368 0462
84 6122 3957 2323 1386 0848 0521 0312 0171 0072 °353 0442
8.6 6130 39!9 2278 1349 0822 ! 0504 0301 0165 0069 0340 0423
8.8 6139 3880 2232 i3'3 0796 0487 0291 0159 0067 0327 0405

0.0 0.6146 0.3842 0.2l87 0.1279 0.0772 O.047I 0.0281 0.0153 0.0064 10.0315 0.0388
9.2 6153 3803 2143 1245 0749 0456 0271 j 0148 0062 0303 0372
94 6159 3764 2100 1213 0727 0442 0262 0143 0060 0292 °358
9.6 6166 3726 2058 1181 j 0706 0428 0253 ' 0138 0058 0282 0344
9.8 6171 3687 2017 1151 0685 0414 0245 °i33 OO5O i 0272 °33°

10.0 | 0.6177 0.3649 0.1977 1 O.II22 0.0665 O.04C2 O b N U
i 1 0.0129 | 0.0055 0.0262 0.0318



X S. WERNER.

Table 2.
x positive l' — A

X
cos V

o° IOC 20° 30° 40° 50° 60° 1 70° 8o°

0.0 1.0000 0 0.2425 0.2292 1 0.2105 c.1873 0.1607 0.1315 0.1002 0.0676 0.0540
0.2 0.9604 0.1921 2308 2186 2015 1802 1554 1278 0981 0665 0337
0.4 8581 3432 2191 2081 1924 1728 H97 1238 0956 0652 1 03320.6 7276 4365 2076 1976 1831 1653 1439 1196 j 0928 0637 1 °3 270.8 5986 4789 1963 1873 1 1742 2577 2378 1152 0898 0620 0320

1.0 0.4859 0.4859 0.1853 0.1772 10.1653 0.1501 °-I3I7 0.1105 O.0866 0.0602 0.05151.2 3935 4722 1747 1674 ■ 565 1426 j 1256 1058 0833 0582 0505
i-4 3199 4478 1646 1578 1480 !352 1195 IOII 0800 0561 0294
1.6 2619 4189 1548 1488 1397 1280 1135 0964 0765 0540 0284
1.8 2161 3890 1455 1400 [ 13*9 1211 1077 0917 °73i 0518 0275
2.0 0.1799 0-3599 0.1367 °-I3I7

1 o-i243 0.1144 C.1020 0.0872 0.0697 0.0496 O Ö O
N

-ri2.2 1510 33H 1284 1239 1 1171 1079 0965 0828 0664 °474 02532.4 1278 3068 1206 1165 1 1102 1018 i °9r3 0785 0632 °453 02432.6 1090 2835 1132 1095 1038 0961 0863 0744 0601 °43I 0233
2.8 0936 2620 1063 1029 09 77 0906 j 0816 0704 0571 0411 0223

3-° 0.0809 0.2426 0.0999 0.0968 0.920 0.0855 O.O77I 0.0667 0.0542 0.0391 0.0213
3-2 0703 2249 °939 O9II 0867 0806 0728 0631 0514 0372 0203
34 0614 2088 0883 0857 0816 0760 0688 0598 0488 0354 0194
3-6 0539 1943 0830 0807 O77O 0718 0650 0566 0463 °337 0185
3-8 0477 1810 0782 0760 0726 0678 0615 0536 0439 0321 0176

I 4-° 0.0422 0.1689 0.0736 O.O7I7 0.0685 0.640 0.0581 0.0508 0.0417 0.0305 0.0168 |
4.2 0376 1578 0695 0677 0647 0605 0551 0481 0396 O29O 0160
44 0336 1478 0656 0639 0611 0573 0522 °457 0376 0276 0152
4.6 °3o1 1386 0619 0604 °579 0542 °495 °433 °357 0262 0146
4.8 0271 1301 O586 °57‘ 0547 05*3 0469 O4I I °339 0250 OI39
S-° 0.0245 0.1223 °-°554 0.0541 0.0519 0.0487 0.0445 0.0391 0.0323 0.0239 0.0132

1 5-2 0222 II52 0525 °5r3 0492 0462 0422 0372 0308 0227 01 27
54 0201 I086 0498 0487 0467 0439 C4C2 °354 0293 0217 0121 1
5.6 0183 1026 °473 0462 0443 0417 0382 °337 0279 0207 0116
5-8 0167 O97O 0448 0439 0422 °397 0364 0321 0266 0198 OI 11
6.0 0.0153 0.0918 0.0426 O.O4I7 0.0402 0.0378 0.0347 0.0306 0.0254 0.0189 0.0106
6.2 1041 0870 0406 0398 0382 0360 °331 0292 0243 0180 OIOI
64 0129 0826 0387 0379 0364 °343 0315 0279 02321 0172 0097
6.6 0119 0785 0368 0361 0348 0328 0301 0267 0221 0165 0093
6.8 0110 0746 0352 °344 0332 °3!3 0288 0255 0212 0158 0089

7.0 0.0102 O.O7I I °-°335 0.0329 0.0317 0.0299 0.0275 0.0244 0.0203 0.0152 0.0085 :
i 7-2 0094 0677 0321 0315 °3°3 0286 0263 0233 0195 0145 0082! 74 0087 0646 0307 0301 0290 0274 0252 0223 0187 0139 0078

7.6 0081 0617 0294 0288 0278 0263 0242 0214 0179 0134 0075 j
7.8 0076 0589 0281 0276 0266 0252 0232 0206 0172 0129 0072;

8.0 0.0071 0.0564 0.0269 0.0265 0.0255 I 0.0241 0.0223 0.0197: O.O165
0.0124 1

0.0070 i
8.2 0066 0540 0258 0254 0245! 0232 0214 0190 OI59 0119 0067 j
8.4 0062 0517 0248 0244 0235 1 0223 0205 0182 °i53l 0115 0065
8.6 0057 0496 0238 0234 0226 0214 0198 0176 0147 OI IO 0062
8.8 0054 0476 0229 0225 , 0218 0206 OI9O 0169 0142 OIO6 00601

9.0 0.005 1 0.0457 0.0220 0.0217 0.0209 0.0198 0.0183 0.0163J O.OI37 0.0102 0.0058
9.2 OO48 °439 0212 0209 0202 OI9I 0176 OI57 0132 0099 0056
94 0045 0423 0204 0201 0194 0184 0170 OI5I 0127 0095| 0054
9.6 0042 0406 OI97 oi94| 0187 0177 0164 0146 0122 0092 00521
g.s OO4O 0392 0190 OI87 0180 OI7I 0158 OI4I 0118 0089 0050 :

10.0 0.0038 | 0.0377 0.0183 OO
OOÖ ■+Od 0.0165 j °-OI53 0.0136 [ 0.0114 0.0086 0.0049



INTERPRETATION OF MAGNETIC ANOMALIES AT SHEET-LIKE BODIES. XI

Table 2.
x negative t — 4

— X

cos c L

o° IO° 20° 3°° 40° 5° 6o° 7°° So" 90° -900

0.0 0,2425 0.2292 0.2105 0.1873 0.1607 0.1315 0.1002 0.0676 O.O34O O.I952 0.3202
0.2 2543 j 2396 219I 1942 1654 >347 1021 0683 0342 1948 3 >93
04 2659 2499 2276 2007 | 1702 1376 | >°35 0687 °34> >935 3167
0.6 2775 2600 2357 2066 >743 >399 1046 0691 0340 >9*5 3I25
0.8 2887 2696 2434 2121 1778 1418 1052 0690 °338 1888 3068

1.0 0.2997 0.2789 0.2505 0.2171 0.1808 0.1431 0.1054 0.0687 °-°334 0.1854 0.2997
1.2 3io3 2878 2571 2214 1831 >439 1052 0681 0328 1814 2915
14 3zo5 2961 2632 2252 1848 1442 1047 0672 °323 1769 2823
1.6 33°3 3°39 2686 2282 i860 1440 i°39 0662 0316 1719 2724
1.8 3396 3"2 2735 2308 1866 >434 1026 0650 0308 1667 2619

2.0 0.3484 0.3180 O.2777 0.2326 0.l866 0.1423 0.1008 O.0636 0.0300 0.1612 0.25 u
2.2 3567 324> 2813 2338 1862 >409 °993 0621 0290 >555 2402
24 3645 3298 2843 2345 !852 1391 0974 0604 0281 1498 2292
2.6 37>9 3349 2866 2346 1838 1369 0952 0587 0272 1440 2183
2.8 3788 3394 2885 2342 1820 1346 O93O 0570 0262 1382 2076

3-o 0.3852 c-3435 0.2898 0-2334 O.I798 0.1320 O.O906 °-°5 51 0.0252 0.1326 0-1973
3-2 3912 3471 2906 2321 >774 1292 0881 0533 °243 1270 1872
34 3969 3502 29IO 2305 >747 1264 0856 °5>5 0233 1216 1776
3-6 4020 3529 29IO 2284 1718 1233 0829 0497 0224 1164 1684
3.8 4069 3552 2905 2261 1687 1202 0804 °479 0215 HIS 1596

1 4-0
0.4114 o-357i 0.2898 c.2236 O.1654 0.1171 0.0778 0.0462 0.0207 O.IO64 °-I5I3

4.2 4156 3587 2886 2207 l62I 1140 °753 0445 0198 1017 >434
44 4195 3600 2873 2178 1586 1108 0728 0428 OI9O 0973 >359
4.6 4232 3610 2855 2146 I55I 1076 °7°3 0412 0182 0930 1289
4.8 4265 3616 2836 2113 I5l6 i°45 0680 0396 0175 0889 1223

3-o 0.4297 0.3621 0 N 00 U
l 0.2078 O.I480 O.IOI4 0.0657 0.0381 0.0167 0.0850 0.1161

^.2 4325 3623 2791 2043 1444 0984 0634 0367 0160 0814 1102
54 4353 3622 2766 2008 >4°9 °954 0612 °353 0154 0779 1047
;,6 4379 3620 2739 I97I >373 0925 0591 °339 0148 °745 0996
5-8 44°2 3616 2712 1935 >338 0896 °57° 0326 0142 0714 °947
6.0 O.4424 0.3610 0.2682 0.1898 0.1304 0.0869 0.05^0 0.0314 0.0136 O.0684 O.O902
6.2 4445 3603 2652 1861 1270 0842 °53> 0302 0131 0656 0859
64 4464 3594 2622 1825 1238 0816 0513 0291 0126 0629 0819
6.6 4482 3584 2590 1788 1205 0791 0495 0280 0121 0603 0781
6.8 4499 3572 2558 1751 1173 0767 0479 0270 0116 0579 0746

7-° o-4515 0.3560 0.2526 0.1716 O.II42 0.0743 O.O462 0.0260 O.OII2 0.0556 0.0712
7-2 453° 3546 2493 1680 II12 0720 0447 0251 OIO7 °535 0681
74 4544 3532 2460 1645 1082 0698 °432 0242 0103 05*4 0651
7.6 4557 35l6 2426 1610 1053 0677 1 0417 0233 OICO °494 0624
7.8 457° 3500 2393 1576 1026 0657 0404 0225 0096 0476 °597
8.0 0.4581 0-3483 | °-2359 0.1542 O.O999 O.0637 0.03 9° 0.0218 0.0093 0.0458 °-°573
8 2 4592 ■3466 2326 1510 0972 0618 °3 78 0210 j 0089 0441 0549
84 4602 3447 2293 1477 0946 0600 \ 0366 0203 0086 0425 0527
8.6 4612 3429 2259 1446 0922 0582 °354 OI96 0083 0410 0506
8.8 4622 3410 2227 1415 0898 0565 °343 OI9O 0080 0396 0487

9-° 0.4630 o.rw 0.2193 0.1384 0.0875 0.0549 0-0332 0.0184 1 0.0077 0.0382 0.0468
9.2 4639 3370 2161 >355 0852 °533 0322 0177 ! °°75 0369 °45°
94 4646 3350 2129 1326 0830 0518 0313 0172 0072 0356 0434
9.6 4653 3329 2096 1298 0809 °5°3 0303 0167 1 0070 °345 0418
9.8 4661 33°8 2065 1270 0788 0489 0294 0161 0068 °333 0403

10.0 0.4667 10.3286 ! 0.2033 0.1243 10.0768 0.0475 O b N
* O
O 0.0156 j 0.0066 0.0323 i 0.0388



XII S. WERNER.

Table 2.
x positive t — 5

K 4
C'± cos ?

o° IO° 20° 30° ! 40° 50° 6o° 70° 8o°

0.0 ! 1.0000 O 0.1961 i 0.1868 i 0.1727 0.1547 0-1334 0.1096 0.0838 0.0566 0.0285
0.2 0.9608 O.1922 1885 1798 1667 1498 1298 IO7I 0823 0560 0284
04 8595 3437 1807 : 1728 1606 1449 1259 1044 0807 055° 0280
0.6 7303 4381 1732 1659 1545 r397 1220 1016 0789 °54I 0277
0.8 6024 4819 1657 1589 i h8+ "347 1180 0986 0769 0531 0273

1.0 0.4906 0.4906 0.1584 O.I52I 0.1424 ! °-I295 0.1138 0.0955 0.0748 0.0518 0.0268 i
1.2 3989 4787 1512 1+54 1364 1244 1096 0924 0726 0505 0263
>4 1 .3257 4559 1442 >389 I3°5 1193 1055 0891 0704 0492 0257]
1.6 2680 4288 2374 ! >3*4 1247 ”43 IOI3 0859 0680 0478
1.8 ! 2224 4003 j 1308 1263 I I9I io94 0973 0827 0657 0463 °244 1

2.0 10.1862 0.3724 10.1245 0.1203 0-1137 [ 0.1045 0.0932 0.0795 0.0634 0.0449 0.0237
2.2 ! 1572 3459 1184 1146 1083 0999 0892 0763 0611 0433 0230
24 1338 3212 1126 1089 1032 °954 0854 0732 0587 0418 0223
2 6 1148 2985 1070 io37 0984 : 0910 0817 0702 0565 O4O4 0216!
2.8 0991 2776 1017 | 0987 0937 1 0869 0780 0672 0543 038S 0209 |

3.0 0.0862 0.2586 0.0967 1 0.0939 0.0892 0.0828 0.0746 0.0644 0.0521 0.0374 0.0202 !
3.2 0754 2411 0919 0893 0850 0789 07II 0616 0499 0360 OI95
34 0662 2252 0873 0849 0809 0753 0680 0589 0478 0346 0187
3.6 0585 2107 0830 0808 0770 0717 0649 0564 0458 °332 0181
3-8 0520 1973 0789 1 O768 0734 0684 0620 0539 °439 0319 0174

4.0 0.0463 0.1851 0.0751 0.0732 0.0699 0.0652 O.0592 0.0515 0.0421 0.0206 0.0168
4.2 0414 1739 0715 0696 0666 0622 0565 0492 0403 029+ 0161
44 0372 1636 0680 0663 0634 059+ 0540 0471 0386 0282 OI554.6 0335 1541 0647 0632 0605 0567 0515 0451 0370 0271 OI494.8 °3°3 1454 0617 0602 0577 05+1 0493 0431 0355 0260 0143

5.0 0.0275 0-1373 0.0588 0.0575 0.0551 0.0516 O.047I 0.0413 0.0340 0.0249 0.0138 1
5-2 0250 1298 0561 0548 0526 0+94 0450 °395 0226 0239 0132
54 0228 1229 0536 0523 0503 0472 0+31 °37* 0312 0230 0127
si 0208 1165 0511 0500 0480 0451 0412 0362 0300 0221 0123
5-8 OI9I II05 0488 0478 0459 0432 0395 0347 0287 0212 0118

6.0 0.0175 O.IOCO 0.0467 0.0457 0.0439 0.0413 0.0378 0.0333 0.0276 0.0204 O.OII3
6.2 0161 0999 0447 0437 0420 0396 °363 0320 0265 0196 OIO9
6.4 0148 0950 0427 0419 0403 0379 0348 0307 0254 0188 OI°56.6 0137 0905 0409 0401 0386 0364 0334 0294 02+5 0181 0101
6.8 0127 0863 0392 0385 0370 0349 0320 0283 0235 0175 00981

7.0 0.0118 0.0824 0.0376 0.0369 o-o355 0-0335 0.0307 0.0271 0.0226 0.0168 0.0004
7.2 0109 0788 0361 °354 0341 0322 0295 0261 0217 0162 0091
74 0102 0753 0346 0340 0327 0309 0284 0251 0209 0155 0087
7.6 0095 0720 0333 0326 °3!5 0297 027+ 0242 0202 015° 0084
7.8 0089 0690 0320 °3H °3°3 0286 0263 0233 019+ 0144 0082

8.0 0.0083 0.0662 0.0307 0.0302 O.O29I 0.0275 0.0253 0.0225 0.0187 O.OI4O 0.0078
8.2 0078 0635 0296 0290 O28O i 0265 0244 0217 0181 OI35 0076
8.4 0073 0609 0285 0280 0270 0255 0235 0209 017+ 0130 0073
8.6 0068 0585 0274 0269 0260 0246 0226 0201 0168 0125 0071
8.8 0064 0563 0264 j 0260 0251 0237 0219 0194 0162 0121 0069

9.0 0.0060 0.0541 0.0255 0.0250 0.0242 0.0229! 0.0211 0.0187 O.OI57 O.OII7 0.0067
9.2 0057 0521 0246 0242 0234 0221 0204 0181 OI52 0113 0064
94 0053 0502 0237 0233 0220J 0214 0197 0175 0147 OI IO 0062
9.6 0050 0483 0229 0225 0218 0206 0190 0169 OI42 0106 006c
9.8 0048 0466 0222 ! 0218 0210 | 0199 0184 0164 0137 0103 0058

10.0 0.00451 0.0450 ] 0.0214 1 0.0211 0.C204 0.0193 0.01781 O.OI59 O.OI33 0.009910.0056



INTERPRETATION OF MAGNETIC ANOMALIES AT SHEET-LIKE BODIES. XIII

Table 2.
x negative ? ~ 5

!

Cj^ cos c L

OO IO° 20° 30° 40° 50° 6o° 0 170 ! 80° 90° ~ 9°°

0.0 O.I96I 0.1868 0.1727 0.1547 o->334 0.1096 0.0838 0.0566 0.0285 0.1640 0.2440
0.2 2038 1938 1787 1594 1369 1119 0851 0572 0287 1637 2435
04 2114 ■ 2006 1843 •639 1401 >139 0862 0576 0287 1630 2423
0.6 2190 2074 1900 16S i >43> 1158 0871 0579 0287 1619 2402 i
0.8 2265 2140 1954 1722 1458 1173 0878 0580 0286 1603 2374

1.0 O -K
>

O
O 0.2204 0.2005 0.1759 0.1482 0.1185 0.0882 0.0579 0.0284 0.1584 0.2339

1.2 2410 2266 2054 >794 1503 1195 0884 0577 0281 1560 2297 [
1.4 2480 2326 2100 1825 1521 1203 0884 0574 0278 >534 22491
1.6 2548 2383 2144 1853 >535 1207 0882 0569 0274 >5°4 2196
1.8 26l4 2439 2184 1878 1546 1208 0878 0563 0270 1472 2140 1

2.0 0.2677 0.2490 0.2220 0.1899 o-i555 0.1207 00871 0.0556 0.0264 0.1437 0.2079 ;
2.2 2738 2539 2253 I9I7 >559 1203 0863 0547 0259 1401 2016
24 2797 2586 2284 1932 1561 1197 0853 °537 0253 >364 1952 '
2.6 2852 2629 2311 1942 1560 1188 0842 0527 0248 1325 1886
2.8 2905 2670 2334 >949 1556 I >78 0829 °5>7 0241 1286 1820

3.0 0.2955 0.2707 0.2355 °->955 0.1550 0.1165 0.0816 O.O506 0.0234 0.1246 O.I753 t
3.2 3003 2742 2372 >957 >54> >>5> 0801 0494 0228 1207 1687 |

34 3°49 2774 2387 >956 1529 1136 0785 0482 0221 1167 1622
3.6 3092 2803 2398 1952 1516 1118 0770 0470 °2I5 1128 >558 !
3.8 3133 2830 2407 1946 I502 IIOI 0753 0457 0208 IO9O 1513

4.0 0.3172 0.2854 0.2413 0.1938 0.1485 0.1082 0.0736 0.0445 0.0201 0.1052 0.1436
4.2 3208 2875 2417 1927 1467 1062 0719 0432 0195 1015 >377
44 3243 2805 2418 1915 1448 1042 0701 °4>9 0189 0979 1320
4.6 327S 2912 2417 1900 1427 1021 0683 O4OÖ 0183 0944 1266
4.8 33°5 2927 2414 1884 1405 0999 O666 0395 0177 O9IO 1213

5.0 0.3334 0.2941 0.2409 0.1867 0.1383 0.0977 O.0648 0.0383 O.OI7I 0.0877 0.1163
5.2 336l 2952 2402 1849 1360 0956 0631 0372 0165 0845 1114
54 3387 2962 2394 1829 >337 0934 0614 0360 o>59 0815 1068
r 6 3411 2970 2385 1808 1314 °9>3 °597 0349 o>54 0785 1024
5-8 3434 2976 2373 1787 1289 0891 O58O 0338 0149 0757 0982

6.0 0.343 s 0.2981 0.2360 0.1763 0.1265 0.0870 0.0564 0.0328 O.OI44 0.0730 0.0942
6.2 3476 2985 2347 1742 1241 0849 0548 0318 0139 °7°4 O9O4
6.4 349^ 2988 2332 >7>9 1217 0828 0533 0307 0135 0679 0868
6.6 3^13 2989 2316 1695 1193 0808 0518 0298 0130 0655 0833
6.8 3530 2989 2300 1670 1169 0788 0503 0289 0125 0632 0800

7.0 0.3546 0.2989 0.2282 O.1646 o-i>45 O.O768 O.O488 0.0280 O.OI2I O.0609 O.O769
7.2 3562 2987 2264 1621 1121 0749 0474 0271 OII7 0588 0739
7.4 3576 2983 2245 >597 1097 0730 0461 0262 0113 0568 O7IO
7.6 3 590 2980 2226 1572 >074 0711 0448 0254 OIIO 0549 0683
7.8 3603 2976 2206 >547 IO52 0694 0436 0246 0106 0530 0658

8.0 0.36l5 0.2970 0.2185 0.1522 O.IO29 O.0676 0.0423 0.0239 0.0103 0.0513 0.0633
8.2 3027 2965 2165 >497 IOO7 0659 O4II 0232 0100 O496 0610
8.4 3637 2958 2143 >473 0985 0642 0400 0225 0097 0479 0588
8.6 3648 2950 2122 1448 OQÖ4 0626 0389 0218 0093 0464 0567
8.8 3658 2942 2100 1424 0943 0610 0378 0212 0090 0449 0547

0.0 0.3667 0.2934 0.2078 0.1400 0.0923 0.0595 0.0367 0.0206 0.0088 0.0435 0.0528
9.2 1 3676 2925 2056 >376 0903 058° 0357 0199 0085 0421 0509

94 3685 2916 2034 1352 0883 0565 0348 0194 0082 0408 0492
06 3ÖQ3 2906 2012 1329 0864 0552 0338 0188 0080 0395 0475
9-8 37°> 2895 1989 1306 0845 °538 0329 0183 0078 0383 0459

10.0 0.3708 0.2885 0.1967 0.1284 0.0827 O.OC25 0.0320 0.0178 0.0075 0.0372 0.0444



XIV S. WERNER.

Table 2.
x positive ( = 6

x' ! k\ »x
C', cos T

o° IO° 20° 3°° 40° \ 5° 6o° 70° 1i 80

0.0 1.0000 0 ! 0.1644 0.1574 0.1463 0.1316 0.1139 c.0939 0.0720 0.0487 0.0246
0.2 1 0-9610 0.1922 1590 1524 1419 128c 1112 0921 0709 0482 0245
0.4 8602 3441 1536 1475 1376 1244 1085 O9OI 0696 0476 0242
0.6 73*7 439° h83 1425 1333 1208 1057 0881 0684 0469 0240
0.8 6046 4836 143° 1376 1289 II72 1027 0860 1 0670 0461 0237

1.0 °4934 0.4934 0.1378 0.1327 0.1245 °-!I35 O.OQQQ 0.0838 0.0655 °-°453 0.0234
1.2 4021 4825 1325 1278 1202 1098 0968 0815 0640 °443 0231
14 3292 4609 1276 1232 1160 I06l 0938 0792 0624 °435 0227
1.6 2717 4346 1225 1185 1117 1024 0908 O769 0607 0425 0222
1.8 2261 407 1 1178 1139 1076 0989 0878 0746 0591 0415 0218

20 O.I9OO O000md 0.1130 0.1094 0.1035 °-°953 i 0.0848 O.C722 0.0574 C.040S 0.0213
2.2 1610 3542 1085 1051 °995 0918 0819 0699 0558 °394 O2C9
24 I376 3302 IO4I 1009 °957 0884 O79O 0675 0540 o383 0204
2.6 1185 3°81 0998 0968 °9I9 0851 076: 0653 0523 0372 0199
2.8 1027 2877 °957 0929 0883 0818 °734 063O 0507 0362 0193

3-° c.0897 0.2691 O.O9I7 0.0891 O.C848 0.0786 O.O7O7 0.0608 0.0491 0.0351 0.0188
3-2 0788 2520 0879 0855 0813 0756 0681 0587 0473 0340 0182
34 0695 2363 0841 0820 0780 0726 0655 0566 0457 0329 0177
3-f 0616 2219 0806 0786 0750 0697 063O °545 0442 °318 0172
3-8 °55° 2087 °773 0753 0719 0670 0606 0525 0427 O308 0167

4.0 c.0491 O.1966 O.O74I 0.0722 0.0690 0.0643 0.0582 o.°5o5 0.0412 O.O298 0.0162
4.2 0442 1854 O7IO 0692 0662 0618 0560 0487 0397 0288 0157
44 0398 I75I 0681 0664 0635 °594 0539 0469 °383 0279 OI52
4.6 0360 1656 0652 0637 0609 0570 0518 0451 0369 0269 0148
4.8 0327 1568 0626 0611 0586 0548 0498 °435 °356 0260 0143

5-° 0.02Q7 0.1486 O.OÖOO 0.0586 0.0562 0.0527 0.0479 0.0419 0.0344 0.0251 0.0138
5-2 0271 1409 0575 0563 °54° 0506 0461 04.04 °33I 0242 0134
54 0248 1339 °553 0541 0518 0487 0443 0389 0319 0234 0129
s-f 0227 1273 0530 0519 O498 O468 0427 0374 0308 0226 0125
5.8 0209 1212 O5IO 0499 °479 0450 O4I I 0360 0297 0219 0121

6.0 O.OI92 0.1154 O.O49O 0.0479 0.0461 0.0433 0.0396 0.0347 0.0287 0.0211 C.OII7 i
6.2 0178 IIOI 0471 0461 °443 °4I7 0381 0335 0277 0204 0113
64 0164 1051 °453 0443 0426 O4OI 0367 0323 0267 0197 OI IO
6.6 OI52 1004 °435 0426 O4IO 0386 °354 0312 0258 OI9O 0106
6.8 OI4I 0959 04x9 0411 °395 0372 0341 0301 0249 0184 0X03

7-° 0.0131 0.0918 0.0403 0.0396 0.0380 0-°359 0.0329 0.0290 0.0240 0.0178 0.0099
7-2 0122 0880 0388 0381 0367 0346 0317 C-2oO 0232 0172 0096
74 0114 0843 0374 0367 °354 0333 0306 0271 0225 0166 0091
7.6 0106 0808 0361 °354 °34I 0322 0296 0261 0217 0161 : 0089
7.8 0100 0795 °347 0341 0329 0311 0285 0252 0210 OI56 0087

8.0 0.0093 0.0745 °-°335 O.O329 0.0318 O.O3CO 0.0275 O.O244 0.0203 O.OI5I 0.0085
8.2 0088 0716 0324 0318 0307 0290 0266 0236 01971 0146 0082
84 0082 0689 0313 0307 0296 C280 0257 0228 0190 0141 0080
8.6 00 77 0662 0302 0296 0286 0270 0249 0221 0184 0137 00 77
8.8 0073 0638 0292 0287 0276 0262 0241 | 0213 0178 0132 0074

9° 0.0068 0.0615 0.0282 0.0277 0.0268 0.0253 0.0233 0.0207 ; 0.0172 1 O.OI29 0.0072
9.2 0065 0592 0272 0268 0259 0245 0226 | 0200 1 0167 0125 OO7O
9-4 0061 0572 0264 0259 0250 0237 0218 0194J 0162 0121 0068
9.6 °°57 0551 0255 0251 0242 0230 0212 0188 0157 0H7 0066
9.8 0054 °533 0247 0243 0235 0223 0205 Ol82 OI52 OH4 0064

10.0 O.OO5I 0.0514, 0.0240 0.0235 0.0228 0.0216 j 0.0199 1 0.0177

00-'t-
0d O.OIII | 0.0062



INTERPRETATION OF MAGNETIC ANOMALIES AT SHEET-LIKE HOLIES. XV

Table 2.
x'negative f — 6

d cos 7' cl

o° IO° 20° 3°’ 4°°
0

50 6o° 70° So° 90" - 90°

0.0 0.1644 0.1574 0.1463 0.1316 O.1 139 0.0939 0.0720 0.0487 0.0246 O.I4I2 0 1967
0.2 1698 1623 1505 >349 1164 °955 0730 °49> 0247 1410 1965
04 1752 1672 1547 1383 1188 0971 0737 0495 0247 1406 1958
0 6 1805 1721 1587 1414 1211 0985 0745 0498 0247 >399 >947
0.8 1858 1769 1627 >445 1232 °997 0751 0499 0247 >39° 1931

1.0 0.1910 0.1816 0.1666 °->474 0.125 I 0.1008 0.0756 0.0499 0.0246 °->377 0.1911 (
1.2 1962 1861 >7°3 i5°i 1269 1018 0758 0498 0244 1363 1887
•4 2012 1905 >739 1526 1284 1025 0760 0497 0243 1346 >859
1.6 2062 1949 1772 1550 1298 i°3i 0761 0495 0240 1327 1828
1.8 2111 1991 1805 1572 1310 1036 °759 0492 0238 1306 >795

2.0 0.2157 0.2031 0.1834 0.11:91 O.132O 0.1038 0.0757 0.0488 0.0235 0.1283 0.1758
2.2 2203 2069 1863 1608 1328 1038 0754 0483 0231 1259 17 20
24 2247 2106 1889 1624 >334 1037 0750 0478 0227 1234 1679
2.6 229I 2142 1914 1638 >338 >°35 0744 0472 0223 1208 1638
2.8 2332 2176 >937 1649 >34° 1031 0737 0465 0220 1180 >595

3-o 0.2371 0.2207 0.1958 0.1658 0.1340 0.1026 O.C729 0.0458 0.0215 0.1152 °->55>
3-2 24.09 2237 1976 1666 >339 IOI9 0720 0450 0211 1124 >5°7
34 2446 2266 >993 1671 >336 IOII O7I 1 0443 0206 1095 *463
3-6 2481 2293 2008 1675 >33> 1002 0701 0435 0201 1067 1418
3-8 2515 2318 2021 1677 1325 0992 0691 0426 0197 1038 >374

4.0 0.21:48 0.2341 O.2032 0.1677 0.1318 0.0981 0.0680 O.O4I7 0.0191 0.1009 0.1330
4-2 2C78 2^63 2042 1675 1308 0969 O668 0408 0187 0981 >287
44 2607 2384 2050 1672 1299 0956 0656 0399 0182 0952 1245
4.6
4.8

2635
2663

2402
2AI9

2056
2061

1668
1662

1287
1276

0944
0929

0644
0632

0390
0381 0 c 0925

0897
1204
”63

5.0 0.2688 0.2436 0.2063 0.1655 0.1263 O.OQI5 O.0619 0.0372 0.0168 0.0871 0.1124 i
5-2 2712 2450 2065 1646 1249 09OI 0607 0363 0163 0844 1085
54 2736 2463 2066 1636 1235 0885 °594 0354 °>59 0819 1048
5-6 2757 2476 2065 1626 1220 0870 0580 0345 o>54 0794 1012
5.8 2778 2487 2063 1615 1204 0855 0568 °337 OI50 0770 0977

6.0 0.2799 O.2496 0.2060 0.1603 0.1188 0.0839 0-0555 0.0327 O.OI46 0.0746 0.0944
6.2 2817 2505 2055 1589 1172 0824 0543 0319 0141 0723 09I I
6.4 2836 2512 2050 1576 ”55 0808 0530 °3> > 0138 0701 0880
6.6 2853 2519 20441 1561 1138 0792 0518 0303 °>34 0679 0850
6.8 2870 2525 2037 1546 I 121 °777 0506 0295 0130 0659 0821

7.0 0.2885 0.2530 0.2029 0.1530 0.1105 0.0761 O.O494 0.0287 0.0126 0.0638 0.0793
7-2 2900 2534 2021 15 > 5 1086 °745 0482 0279 0122 0619 0766
74 2914 2537 2011 1498 1068 073° 047 > 0272 OI 19 0600 0740
7.6 2928 2539 2001 1482 I°5I 0715 0459 0265 OII5 0582 0715
7.8 2940 2541 1990 1465 >°33 C7OO 0448 0258 0112 0565 0692

8.0 0.2952 0.2541 0.1979 0.1447 0.1016 O.0686 0.0438 0.0251 O.OIO9 0.0548 O.0669
8.2 2q64 2542 1967 1430 °999 067I 0427 0244 0106 °53> 0647
8.4 2975 2542 >955 1412 0981 0657 °4!7 0238 0103 0516 0626
8.6 2986 2541 1942 >395 0964 0643 0407 0232 OIOO O5OI 0606
8.8 2997 2539 1929 >377 °947 0629 °397 0225 OO97 0486 0586

9.0 0.3006 0.2538 0.1915 °->359 0.0930 0.06l6 0.0387 0.0220 O.OO95 0.0472 0.0568
9.2 3OI5 2535 I9OI >34> 0914 0603 0378 0214 OO92 0458 0550
94 3026 2532 1888 1325 0898 °59° 0369 0208 OO9O 0446 0533
9.6 3°33 2529 1873 >3°5 088l 0577 0360 0203 0087 0433 0516
9.8 3041 2525 1858 1287 0865 0565 0352 0198 0085 0421 0501

10.0 0.3049 0.2521 0.1843 0.1270 0.0849 o-°553 0.0343 O.OI93 O b 0 00 U
j O.O4O9 0.0485

10— 43231S. S. G. U. Ser. C. Ar:ojoS. Werner.



XVI S. WERNER.

Table 2.
x positive t — 8

»t 4
C 1 COS ff _L '

o° IO° 203 30° 40° 5o" 6o° 70° 8o°

0.0 I .OOOO O 0.1240 0.1196 o.n 18 O.IOII 0.0880 0.0728 0.0560 0.0380 O.OI92
0.2 0.9612 O.1922 1210 1167 i°93j 0991 0865 0717 °554 °377 OI9I

1 04 8610 3444 1179 1139 1068 0970 0848 0706 0546 0374 OI9O
0.6 7333 4399 1148 IIIO 1042 0948 0832 0694 0540 0370 0188
0.8 6068 4854 1118 1082 1017 0927 0815 0682 0531 0365 0187

1.0 0.4962 0.4962 0.1088 0.1053 O.O99I 0.0906 0.0798 O.0669 0.0523 O.O360 0.0186
1.2 4053 4864 1057 1025 0966 0884 0780 0656 °5 H °356 0184
14 3328 4659 IO29 0997 0941 0862 0763 0643 °5°5 0351 0182

j 1.6 2755 4408 °999 0969 0916 0841 0744 0630 0496 0345 0179
,8 2301 4143 O97O 0942 0891 0819 0727 0616 0487 0340 0178

2.0 o.I94i 0.3882 O.O94I 0.0914 0.0867 0.0798 0.0709 O.0603 0.0478 o-°334 0.0175
2.2 1652 3634 °9H 0889 0842 0777 0692 0588 0468 0328 OI7324 1418 3402 0887 0862 0818 °755 0674 °575 0458 0322 OI7C

! 2.6 1227 3189 0859 0837 0795 0735 0657 0561 0447 0316 0168
2.8 1068 2992 0833 0811 0771 0714 0640 0547 °437 O3IO 0164

! 3-o 0.0937 0.2812 O.0808 0.0787 0.0749 0.0694 0.0622 °-°533 0.0427 0.0304 0.0161
3.2 0827 2646 0783 0763 0727 0674 0605 0520 0417 0296 0158
34 °733 2494 0758 °739 °6°5 0654 0589 0506 0407 0290 0155

' 3-6 0654 2355 0735 0717 0683 0636 0572 0493 °397 0284 OI52
3.8 0586 2226 0712 0695 0663 0617 °555 0479 0387 0277 0149

4.0 0.0527 0.2108 0.0689 0.0673 0.0642 0.0598 O.O54O 0.0467 °-°377 0.0271 0.0146
4.2 0476 1998 0667 0652 0623 0581 0524 0454 0367 0264 0143
44 °43> 1897 0646 0631 0604 0564 0509 0442 03 ^7 021:8 0140
4.6 0392 1803 0625 0611 0585 0546 0495 0429 0348 0252 0136
4-8 0357 1716 0606 0592 0567 0530 0480 0418 0339 0246 °i33
5.0 0.0327 0.1634 0.0586 0.0574 0.0550 0.0514 0.0467 0.040q 0.0331 0.0240 0.0130
5.2 0300 2558 0568 °555 °533 0498 0453 0394 0322 0234 0127
54 0276 1487 055° °538 0516 0484 0440 0383 0313 0228 0124
5.6 0254 1421 °533 0522 O5OO O469 0426 0372 0305 0222 0121
5.8 °235 1359 0516 0506 0485 °455 0414 0361 0296 0216 0119

1 6.0 0.0217 O.1300 O.O5OO 0.0489 0.0470 0.0441 0.0402 0.0351 0.0288 0.0210 0.0116
1 6.2 0201 1246 0484 °475 0456 0428 0390 0342 0280 0205 0113

6.4 0186 1194 0469 0460 0442 0415 0378 0332 0272 0200 OI IO
6.6 OI73 1146 °455 0446 0429 0402 0368 °323 026 ^ 0194 0108
6.8 0162 IIOO O44O 0432 0416 0391 °357 °3i3 0258 OI9O 0105

7.0 O.OI5I 0.1057 0.0427 O.O4I9 0.0403 0.0379 °-o347 O.O304 O.0251 0.0184 0.0103
7.2 1041 1017 0414 0407 0391 0368 0336 0296 0244 0180 0099
74 0132 0978 0402 0394 0379 0357 0327 0287 0237 0175 OOQ7
7-6 0124 0941 0389 0382 O368 0347 0318 0279 0231 OI7O 0095
7.8 0116 0906 0378 0371 °357 0337 0309 0272 0225 0166 0092

8.0 O.OIO9 0.0874 0.0367 0.0360 0-0347 0.0327 O.O3OO 0.0264 O.0219 0.0162 0.0089
8.2 0103 0843 °356 °349 0337 0318 0292 0257 0213 0157 0087
8.4 0097 0813 o34f °339 0328 0309 0283 0250 0207 0153 0085
8.6 OO9I 0785 0335 °33° 0318 0300 0276 °243 0202 0149 0083
8.8 0086 0758 0326 0320 0309 0292 0268 0236 0197 0145 0081

9.0 0.0081 0-0733 0.0316 0.0311 0.0300 0.0284 0.0260 0.0230 O.OI92 O.OI4I 0.0079
1 9-2 0077 0708 0308 °3°3 0292 0276 0253 0224 0187 0138 00 77

94 °°73 0685 0299 0294 0284 0268 0247 0218 0182 0134 0076
9.6 OOÖg 0662 0291 0286 0276 0261 0240 0212 0177 0131 0073
9-8 0065 0642 0283 0278 0268 0254 0234 0206 OI72 0128 0072 I

i 10.0 0.0062 0.0621 0.0275 0.0271 0.02ÖI 0.0247 0.0227 0.0201 0.0168 O.OI25
0.0070 1



INTERPRETATION OF MAGNETIC ANOMALIES AT SHEET-LIKE BODIES. XVII

Table 2.
x'negative t — 8

C, cos f c r
_L

o° IO° 20° 30° 40” 50° 60” 70” 80° 90” “ 90

0.0 0.1240 0.1196 0.1118 O.IOI I 0.0880 0.0728 O.O56O 0.0380 O.OI92 0.1103 0.1416
O 2 1272 1225 1143 1032 0896 °739 0566 0383 0193 1103 1415
0.4 1301 1252 1168 1052 09IO 0748 0571 0386 0193 I IOI 1412
0.6 1332 1280 1192 1071 0924 0757 0576 0387 0193 1098 1408
0.8 !363 1309 1215 1090 0937 0765 0581 0388 0193 1093 1401

1.0 0.1393 0-1337 0.1240 0.1108 O.0950 0.0773 0.0585 0.07 8q O.OI93 0.1088 0.1393
1.2 1423 1364 1262 1126 0962 0780 0588 0390 0193 1081 1383
1.4 H52 1390 1284 1142 °973 0787 0590 0390 OI92 1073 1372
1.6 1482 1417 1306 1158 0985 0793 0591 0389 OI9I 1064 1359
1.8 1511 1442 1327 1174 0994 °797 °593 0388 0189 1054 1344

2.0 0.1539 0.1468 0.1347 0.1188 O.IOO3 0.0801 0.0594 0.0387 0.0188 0.1043 0.1328
2.2 1568 1492 1367 1202 IOIO 0805 0594 0386 0187 1031 1311
2.4 *594 1517 1386 1214 1018 0807 0593 0384 0185 1018 1293
2.6 1621 1541 1404 1227 1024 0809 0592 0382 0184 1005 1274
2.8 1647 1563 1422 1238 1027 0810 0590 0379 0181 0991 1254

3-o 0.1673 0.1586 0.1438 O.I247 0.1034 0.0810 O.O588 0.0376 O.OI79 0.0976 0-1233
3-z 1698 1607 1454 1258 io37 0810 0586 °373 0178 0961 1211
34 1722 1627 1469 1265 1039 O808 0582 0369 0175 °945 1189
3.6 1746 1647 1482 i*73 1042 0806 0578 0366 0173 0929 1166
3.8 1769 1667 ■495 1280 1043 0804 0574 0362 OI7O °9'3 1143

j 4-o 0.1792 0.1685 0.1508 0.1285 0.1043 0.0800 0.0570 0-0357 0.0168 0.0896 0.1120
4-2 1814 1703 1519 1290 1042 0796 0564 0353 0165 0879 1096

1 44 •835 1720 1530 1294 1041 0792 0559 0348 0162 0862 1072
! 4-6 1855 1736 1539 1298 1040 0787 0553 0343 0159 0845 1049

4.8 i875 1752 1548 1299 1037 0782 0547 0339 0156 0828 1025

5.0 0.1894 0.1767 0.1557 0.1301 0.1033 0.0776 0.0541 0-0333 O.OI54 0.0810 O.IOOI
5.2 1913 1782 1504 1302 1029 O77O 0534 0329 oi5i °793 0978
54 1931 1795 >57° 1302 1025 0763 0528 0323 0148 0776 0955
5.6 1948 l8o8 1576 1301 1020 0757 0521 0318 0145 °759 0932

| 5.8 1965 1819 1581 1300 IOI4 0749 0514 0313 0142 0743 0909

1 6.0 0.1981 0.1831 0.1586 0.1298 O O O 00 0.0741 0.0507 0.0^07 0.0140 0.0726 o.c886
i 6.2 1996 1842 1589 1295 IOOI °733 0499 0301 0136 O7IO 0864

6.4 2011 1852 ^92 1292 °995 0725 0492 0296 0134 0694 0843
6.6 2026 1862 1595 1288 0987 0717 0484 0291 0131 0678 0822
6.8 2040 1871 1597 1284 °979 0708 0477 0285 0128 0662 0801

7.° O.2053 0.1880 0.1598 0.1278 O.O97I O.0699 O.O47O 0.0280 0.0125 O.0647 0.0780
7.2 2067 1887 1598 1273 0962 0690 0462 0275 0123 0632 0760
74 2079 1895 1598 1267 °954 0681 °455 0270 0120 0617 0741
7.6 2091 1901 1597 1261 0945 0672 0447 0264 0118 0602 0722
7.8 2103 1908 1596 1254 °935 0663 °439 0259 0115 0588 °7°3

8.0 0.21 14 0.1914 0.1595 0.1247 0.0926 0.0654 0.0432 0.0254 0 b 0.0574 0.0685
8.2 2‘2 5 ■9!9 1593 1240 0916 0644 0424 0249 OI 11 0561 O668
8.4 2135 1924 1591 1232 O906

0897
0635 0417 0244 0107 0548 0651

8.6 2146 1929 1587 1224 0626 0410 0239 0105 °435 | 0634
8.8 2I55 ■933 1584 1215 0887 0616 0402 0234 0103 0522 0618

90 0.2165 0.1936 0.1580 0.1206 0.0877 0.0607 0.0395 0.0228 O.OIOI 0.0510 1 0.0602
9.2 2173 1940 1576 1198 0866 0598 0388 0225 0098 0498 0587
94 2182 19+3 1572 1189 0856 0589 0381 0220 0096 0486 0572
9-6 2I9I 1946 1567 1180 0846 0579 0374 0216 0094 0475 0558

; 9-8 2I98 1947 ^62 1170 0835 0571 0367 1 0212 0092 O464 0543

10.0 0.2206 1 O.I95O 10.1556 ! 0.1161 0.0825 0.0562 O b O
J O
N O 1 0.0207 0.0090 C

O
V

I
-+■
0Ö 0.0530



XVIII S. WERNER.

Table 2.
xpositive t = 10

K ir
CJ_ cos V

.
0 IO° 20° 3°° 40° 5°° 6o° 70° So°

1 0.0 1.0000 O 0.0995 0.0963 O.C9O4 0.0821 0.0716 0.0594 0.0458 0.0311 0.0157
0.2 0.9613 0.1923 °975 °945 088S 0807 O706 0587 0454 0309 0157
0.4 8614 3445 °955 O926 0871 0793 0695 0580 0445 0307 0156

1 0.6 7340 4403 °935 O9O7 0854 0780 0685 0572 0444 0304 0156
! 0.8 6079 4S63 0916 0889 0838 0766 0674 0564 0440 0302 0155

1.0 °4975 04975 0.0897 0.0871 0.0822 0.0751 O.0663 0.0556 0.0435 0.0500 0.0153
1.2 4069 4883 0877 0852 0805 °73S 0651 0548 0429 0296 OI52
!•+ 3346 4684 0858 0834 07S8 0723 0640 0540 0423 0293 0151
1.6 2774 4438 0838 0816 0772 °7°9 0628 0530 0417 0289 0150

| 1.8 2321 4179 0820 0791 °755 0695 06l6 0522 0410 0285 0149

2.0 0.1962 0-3923 0.0801 0.0780 O.O74O 0.0681 0.0604 0.0513 o.°4o5 0.0282 0.0147
2.2 1672 3680 0782 0762 0723 0666 °593 0504 0399 0278 0146
2.4 439 3453 0764 0744 0707 °653 0582 0494 0392 0275 0144
2.6 1248 3244 °745 0727 0691 0638 0570 0485 0385 0271 0142
2.8 IO9O 3°5i 0728 O7IO 0675 0624 0558 °477 0380 0267 0141

3-° 0.0958 0.2875 O.O7IO 0.0693 0.0639 0.0610 0.0546 0.0468 °-°373 0.0265 0.0139
3.2 0849 2716 0694 0677 0645 0598 0536 0459 0367 0259 0137
34 °754 2564 0676 0660 0629 0584 0524 0449 °359 0255 0135
3.6 0674 2428 0660 0644 0615 0571 0512 0440 °353 °25° 0133

i 3-8 0606 2302 0644 0629 0600 °55 7 O5OI 0431 0346 0246 0131

4.0 O.O546 0.2186 O.0627 0.0613 0.0585 0.0544 0.0490 0.0422 0.0339 0.0242 0.0129
4.2 °495 2079 0612 0598 0571 °53i 0479 0413 0333 0238 0127
44 0450 1980 0596 °583 0557 0518 0468 0404 0326 0234 0125
4.6 0410 188S 0581 0568 °544 0506 0457 0396 0320 0229 0124
4-8 °375 1802 0566 °554 0531 0494 °447 0387 °3I4 0226 0121

5-° 0.0345 O.1722 0.0552 0.0540 O.O5I7 0-0483 0.0436 0.0379 0.0307 0.0221 0.0119
5-2 0317 1647 0538 0527 °5°5 0471 0426 0370 0301 0217 0116
54 0292 1577 0524 0514 O492 O460 0417 0362 0294 0212 0115
5.6 0270 1511 0511 0501 O480 0449 0407 0354 0288 0208 0113
5.8 0250 1450 0498 048s 046 S 0438 0398 0346 0281 0204 0111

6.0 0.0232 0.1392 0.0481; 0.0476 0.0456 0.0428 0.0388 0.0338 0.0276 0.0200 0.0108
6.2 0216 1338 0472 0463 °445 0417 0379 0330 0270 0196 0106
6.4 0201 1286 O461 0451 °434 0407 0369 0323 O264 0192 OI°5
6.6 0187 123s 0449 0441 0423 0397 0361 0315 0258 0188 0103
6.8 0176 1192 °437 0429 0412 0388 0353 0308 0253 oiS4 0100

7.0 0.0164 0.1149 O.O427 0.0418 0.0402 0.0377 0.0345 0.0301 0.0247 0.0181 0.0098
7-2 0154 1108 0415 0408 0392 0368 °337 0294 0241 0176 0097
74 0144 1069 0405 0398 0382 0360 °333 0287 0236 0172 0095
7.6 0136 1031 0395 0388 0372 °35i 0321 0281 0231 OI69 0093
7.8 0128 0996 °385 0378 0364 0342 °3i3 0274 0225 0165 OO92

8.0 0.0120 0.0963 0.0376 0.0369 °-°355 0.0334 0.0305 0.0268 0.0221 0.0162 0.0089
8.2 0114 0931 0366 0360 0346 0326 0298 0262 0215 0158 0087
8.4 OIO7 0901 °357 °35r 0338 0318 0291 0256 0211 0155 0085
8.6 OIOI 0871 0348 0342 0330 O3II 0284 0250 0206 0152 0084
8.8 0096 0844 °339 0334 0322 0303 0278 0245 0202 0149 0082

9.0 0.0091 0.0818 0.0332 0.0326 °-°314 0.0296 0.0271 0.0239 O.OI97 0.0145 0.0080
9.2 0086 0792 0323 °3‘8 °3°7 O289 0265 0234 0193 0142 OO79
94 0082 0768 0316 0310 0299 0283 0259 0229 0189 0139 0077
9.6 0077 0745 03 oS °3°3 0292 0276 0253 0223 0185 0137 0076
9.8 0074 0723 O3OI 0296 0285 0269 0247 0218 0181 °r33 0074

10.0 O.OO7O 0.0702 : 0.0293 0.0289 0.0279 0.0263 0.0242 0.0213 j O.OI77 0.0130 O.CO73



INTERPRETATION OF MAGNETIC ANOMALIES AT SHEET-LIKE BODIES. XIX

Table 2.
x negative ( = 10

—x 1
C, cos <p C±

o° IO° 1 20° 3°° 40° 5°° 6o° 7°° 1 So’ 90” - 90°

I 0.0 0.0995 0.0963 Tt-
OOO6 0.0821 0.0716 0.0594 0 b 'j» 00 0.0311 0.0157 O.O9O5 0.1105

1 0.2 1015 0982 0921 0834 0727 0601 J 0462 03'3 0158 °9°5 1105
j o-4 1034 IOOO 0936 0847 0736 0608 0466 °3'5 0158 °9°4 1103

0.6 1054 1018 0952 0860 0746 0614 0469 0316 °'59 0902 I IOI
1 0.8 1074 1037 0969 0873 °755 0620 j 0473 °3'7 0158 0900 1098

1.0 0.1094 0.1055 0.0984 O.0886 0.0764 0.0626 0.0476 0.0318 0.0158 0.0897 0.1094
1.2 1113 io73 1000 0898 0773 0632 0479 °3'9 0158 0S93 1089
L4 1132 IO9O 1014 0C)09 0780 0636 0480 0320 0158 0889 1083
1.6 1152 I I08 1029 0920 0788 064O 0482 0320 0158 0884 1076

[ 1.8 1170 1126 1044 0931 °795 0645 0483 0320 0157 0878 1069

1 2.0 0.1190 0.1143

000Ö 0.0943 0.0803 0.064S 0.0485 0.0320 O.OI57 0.0872

V
OO6

2.2 1207 1160 1072 0952 0810 0652 0486 °3’9 °'55 0865 1052
1 2.4 1227 1176 1085 0962 0815 0655 0486 0318 0155 0858 1042

2.6 1244 1193 1099 0972 0821 0657 0487 0318 0154 °851 1032
! 2.8 1262 1209 1112 0981 0827 0659 0486 0316 OI52 0843 1021

3.0 0.1279 0.1225 0.1124 0.0989 0.0831 O.0660 0.0486 0.0315 0.015 I 0.0834 O.IOIO
1 3-2 1300 1243 "39 0998 0837 0663 0486 °3'4 0151 0827 IOOO

3-4 I3,4 1255 "47 1005 o8iq 0662 0484 0312 0150 0816 09S6
; 3-6 1330 1269 "59 1012 0843 0662 0483 O3IO 0148 0806 0973

3-8 '347 1283 1169 IOI9 0846 0663 0482 0308 0147 0796 0960

1 4-° 0-1363 0.1298 0.1180 0.1025 0.0847 0.0662 0.0480 O b 0 O
n O.OI45 0.0786 0.0946

4-2 1378 1311 II9O 1031 0850 0662 047s 0304 0144 0776 0933
4-4 '394 1325 1200 1036 0851 0660 0475 030I 0142 0765 0919
4.6 1409 1338 1208 1040 0852 0658 0473 0298 0141 0754 °9°5
4.8 1424 1350 1217 '045 0853 0658 0470 0296 0139 0743 0890

5.0 0.1438 0.1362 0.1225 0.1048 0.0853 0.0655 0.0466 0.0293 0.0137 0.0732 0.0876 1
5.2 1452 '374 "33 1053 0854 0654 0464 0290 o'35 0721 0861
5-4 1466 '385 1239 '°54 0853 0651 0460 0287 o'34 0710 0846
5.6 I480 1396 1247 io57 0852 0647 0456 0284 0132 0699 0832
5.8 1492 1407 "53 1059 0851 0644 0452 0281 0130 0687 0817

6.0 0.1505 0.1417 0.1259 0.1061 0.0848 0.0641 0.0448 O.0277 0.0128 0.0676 0.0802
6.2 1517 1426 1265 1062 0847 0637 0444 0274 0126 0664 0787
6.4 1529 1436 1269 1063 0844 0633 0440 027I 0124 0653 °773
6.6 1541 '445 1275 1063 0842 0629 0435 0267 0122 0642 0758
6.8 '553 '454 1279 1063 0838 0624 0432 0263 0120 0631 0744

7.0 0.1564 0.1462 0.1283 O.I063 0.0835 0.0620 0.0427 O.0260 0.0119 0.0619 0.0730
7.2 1575 1470 1286 1062 0832 0615 0422 0257 OII7 0608 0715
7-4 1585 1478 1289 1061 0828 0610 0417 0254 OII5 °597 0701
7.6 '595 1485 1292 I060 0823 0605 0412 0250 0113 0586 0688
7.8 1605 1492 "95 1058 0819 0600 0408 0246 01 11 0576 0674

8.0 0.1615 0.1499 0.1296 0.1056 0.0814 0.0594 0.0403 0.0243 0.0110 0.0565 0.0661
8.2 1624 '5°5 1299 1054 0810 0588 0398 0239 0108 °555 0647
8.4 1634 1512 1300 IO5I 0805 0582 0393 0235 0106 0544 0634
8.6 1642 '5'7 1301 1048 0799 0577 0388 0232 0104 °534 0621
8.8 1651 1523 1302 1045 0794 0571 0382 0228 0102 0524 0609

9.0 0.1659 0.152S 0.1302 O.IO4I O.O788 0.0565 0.0378 0.0224 0.0100 0.0514 0.0596
9.2 1667 '523 1303 '°37 °7S3 °559 0373 0221 OO98 °5°4 0584
9-4 1675 '537 1302 i°33 0777 °554 0368 0218 0096 0495 0572
9.6 1683 1542 1302 1029 0771 °547 °3e3 0214 0095 0485 0561
9.8 1690 1546 1301 1025 0765 0541 035s 0210 0093 0476 0549

IO.O 0.1697 0.1550 O.I3OO 0.1020 1 0.075S O b L.
J U
i 0.0353 0.0207 O.OO9I 0.0467 0.0538



XX S. WERNER.

Table 3.
x”positive t = o

nX h"

C3 ’ cos r

o° ± 10° + 20° + 3°° + 40° ± 50° + 6o° ± 70° ± 80’

0.0 00 1.0000 0.9848 Q-9397 O.8660 0.7660 0.6428 0.5000 0.3420 0.1736
0.2 4.9029 0.8039 7936 7629 7118 6404 5489 4378 3082 1615
0.4 2.3212 6286 6216 6005 5649 5*4» 4473 3635 2616 1406
0.6 1.4292 4855 4806 4658 4405 4O4O 3552 2924 2139 1172
0.8 0.9761 3753 37^8 3610 34V 3159 2797 2323 °955
1.0 0.7071 0.2929 0.2903 0.2823 0.2686 0.2484 0.2210 0.1847 o-»377 0.0773
1.2 5335 2318 2298 2237 2131 1976 1764 1481 I I IO 0628
14 4152 1863 1847 1799 1716 »594 1426 1201 0904 °5»4
1.6 3312 1 52° I5°7 »469 1403 1304 1169 0986 0745 0425
1.8 2698 1258 1248 1217 1162 1082 °97» 0821 0621 °356

2.0 0.2236 0.1056 O.IO47 O.I02I 0.0976 o.oqoq 0.0816 0.0691 0.0524 O.O301 ,
2.2 1881 0896 0889 0867 0829 0773 0694 0588 0447 0257
24 1603 0769 0763 0744 0712 0664 0597 0506 0385 0221
2.6 1381 0666 0661 0645 0617 0576 0518 0439 0334 0193 j
2.8 1201 0583 0578 0564 054° °5°3 0453 0385 0293 0169

3-o 0.1054 0.0513 0.0509 0.0497 0.0475 0.0444 0.0399 °-°339 0.0258 O.OI49
3-2 0932 °455 0452 0441 0422 0394 °354 0301 0229 °»33
34 0830 0406 0403 0393 °377 °352 °3»7 O269 0205 OII9
3-6 0743 0365 0362 °353 0338 0316 0284 0242 0184 0107
3-8 0670 0329 0327 0319 0305 0285 0257 0218 0166 OO96

4.0 O.0606 0.0297 0.0296 0.0289 0.0277 0.0259 0.0233 0.0198 0.0151 0.0087
4.2 °55I 0272 0270 0263 0252 0235 0212 0180 0138 0080
44 °5°4 0249 0247 0241 023 I 0215 0194 0165 0126 0073
4.6 0462 0228 0226 0221 0212 0198 0178 0152 0116 0067
4.8 0425 0210 0209 0204 OI95 0182 0164 0140 0107 0062

5.0 O.O392 O.OI94 O.OI93 0.0188 0.0180 0.0168 0.0152 0.0129 0.0099 o.°o57
5-2 0363 0180 0179 0174 0167 0156 0141 0120 0091 0053
54 0337 0167 0166 0162 0155 °»45 0131 om 0085 OO49
5.6 °3»4 0156 0155 OI5I 0144 o»35 0122 0104 0079 0046
5.8 0293 0145 0144 OI41 0135 0126 0114 0097 0074 0043

6.0 0.0274 0.0136 0.0135 O.OI32 0.0126 0.0118 0.0106 O.OO9I 0.0069 O.OO4O
6.2 0257 0128 0127 OI24 0118 OI 11 OIOO 0085 0065 0037
64 0241 0120 OII9 OIl6 OI I I 0104 0094 0080 0061 °°35
6.6 0227 0113 0112 OIO9 0105 0098 0088 0075 0057 0033
6.8 0214 0106 0106 0103 OO99 0092 0083 OO7I 0054 0031

7.0 0.0202 0.0100 0.0100 O.OO97 O.OO93 0.0087 0.0078 0.0067 0.0051 0.0029
7-2 OI9I 0095 0095 OO92 0088 0082 0074 0063 0048 0027
74 0181 OO9O 0090 0087 0083 0078 0070 0060 0045 0026
7.6 OI72 0085 0085 0083 OO79 0074 0066 0057 0043 0025
7.8 0163 0081 0081 OO79 0075 0070 0063 0054 0041 0024

8.0 O.OI55 O.OO77 0.0077 O.OO75 O.OO7I 0.0067 O.OOÖO O.OO5I 0.0039 0.0023
8.2 OI48 0073 oo 73 0071 0068 0064 0057 OO49 0037 0022
8.4 OI4I OO7O 0070 0068 0065 0061 0054 °°47 0035 0021
8.6 °i34 0067 0066 0065 0062 0058 0052 0045 0034 0020
8.8 0128 0064 0063 0062 °°59 0055 0050 0043 °°33 OOI9

9.0 O.OI23 0.0061 0.0060 O.OO59 0.0056 0.0053 O.OO48 O.OO4I 0.003» 0.0018
9.2 0117 OO58 0057 0056 0054 0051 OO46 0039 0030 0017
94 0112 0056 <=055 0054 OO52 0049 0044 0037 0029 OOl6
9.6 0108 0054 0053 0052 OO5O 0047 OO42 oc35 0027 OOl6
9.8 0104 OO52 0051 0050 0048 0045 OO40 0034 0026 OOI5

10.0 0.0100 O.OO5O 0.0049 0.0048 0.0046 O.OO43 Q.OO39 0.0033 0.0025 O.OOI5



INTERPRETATION OF MAGNETIC ANOMALIES AT SHEET-LIKE l’.OOlES. XXI

Table 3.
x"negative t—o

n— X
• cos <p c"

-L

o° ± IO° I ± 20° ± 3°° | ± 40° ' ± 5°’ ± 60° ± 70° + 80 + 90°

0.0 1.0000 , 0.9848 O.9397 0.8660 0.7660 0.6428 O.5OOO 0.3420 0.1736 I .OOOO
0.2 1961 1.1736 I.IO77 1.0031 8668 7072 533° 3525 1729 0.9615
04 3714 3385 2443 1006 9230 7279 5293 3377 l600 8621
0.6 j 5'45 4679 3377 1485 9297 7062 495° 3052 1402 7353
0.8 6247 5605 3874 1505 8957 6549 4434 2652 1188 6098

1.0 >-7°7> 1.6217 1.4003 I-II7I °-8357 0.5802 0.3867 0.2256 O.O99O O.5OOO
1.2 7682 6579 3848 0605 7629 5204 3327 I90I 0821 4098
14 8118 6750 3489 0.9908 6871 4553 2848 l6oi 0683 3378
i.6 8480 6778 2994 9‘59 6141 3969 2438 >353 0572 2809
1.8 8742 6695 24.I2 8407 5469 3460 2095 >>5> 0483 2358

j 2.0 1.8944 1.6529 1.1782 0.7684 0.495° 0.3024 0.1809 0.0986 0.041 I 0.2000
2.2 9104 6299 1132 7008 4334 2653 >57‘ 0850 0353 1712
24 923> 6019 0484 6387 3869 2338 >374 0739 0306 1479
2.6 9334 5689 0.9850 5822 344 2071 1208 0647 0267 1289
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