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INTRODUCTION

The object of this work was to build a magnetometer suitable for 
conducting model experiments with a view to studying the magnetic ef«* 

fects of ore bodies. In order that a magnetic model body may truly 

simulate another body* three parameters hare to be adjustedi

(») Dimensions of the model, or distances from it at which 

magnetic effects are measured, 

br (b) Magnetic susceptibility of the material of the model*

(c) Magnetic field acting on the model.

It can be easily shown that for a true simulation, the following-

requirements must be fulfilled!

1. Geometrical similarity between.the model and the original, 1. e.,

-1 1 « a constant, say A * ' 
lo

where 10 = distance between any two points on the

original.

1 = distance between the corresponding

points on the model.

. . Ab.1 - Model ratio of length.

where distance, from the original, , of a point P at

„ j which the magnetic effect is to be deter- 
.mined.

d, s distance from the model at which it produces,’ j

the same magnetic effect as the original 

does at P.
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where Icq = Magnetic susceptibility of the original, 

k - Magnetic susceptibility of the model.

Hq - Earthfs total magnetic field.

H * Total magnetic field (Earth*s field plus 

the artificially produced field) made to 

act on the model.

mhen these conditions are satisfied, the magnetic effect produced 

by the original at any distance dQ will be accurately reproduced by the 

model at a distance A dQ*

The model ratio of length has to be made small for practical con- 

Biderations. This fact introduces difficulty in the us© of an ordinary 

magnetometer (the Schmidt-Askania balance) for these model experiments* 

For example, let a model 1 foot long be made to simulate a vein 1 mile 

in length*

Then, X - 1 foot
1 mile

1
- 5,2ao

The magnets in the Schmldt-Askania magnetometer are about 3j inches 

long, and they therefore represent a distance of about 0.3 mile. When 

this magnetometer is used to measure magnetic field in model experiments, 

the indicated field will have a value somewhere in between (not the 

arithmetic mean) the field values at two points 0.3 mile apart (corres

ponding to the' two ends of the magnet system), and the desired value of * 

the magnetic field at a single point will not be obtained. The only way



to lessen this difficulty is to build & magnetic field detector having a 

very small length so that the indicated field corresponds to that exist

ing at a relatively small area, if not at a single point*

This requirement of a small detector length suggests possibilities 

in the use of a saturation core magnetometer for model experiments, since 

the core length can be made fairly small. This idea was tested experi-
i .* ' t , {

mentally by building saturated core detectors with short cores and then 

measuring their sensitivity*



OPERATION 01 THg MAGNETIC DETECTOR

The magnetic detector consists of two permalloy cores, each arranged 

axially within a "primary* coil* The two primary coils are connected in 

series but oppositely oriented, so that when fed with a signal from an 

oscillator they produce equal but oppositely directed magnetic excita

tion on the cores. These coils lie within a secondary coil, the output 

of which is fed into a suitable amplifying and indicating mechanism* . 

Fig* 1 is a schematic representation of the detector*

Fig. X~— Detector.
' )

The working of the detector can be explained, in a qualitative 
way, by Fig. 2.
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Curve a represents the magnetic excitation on one of the permalloy 

cores due to the alternating current in the enclosing primary coil. > *. 

Curve £ similarly represents the excitation on the other core.

The magnetic flux through the cores can be determined from the hys

teresis cycle of the permalloy cores. In the absence of an ambient i>~ 

field, the hysteresis cycle will be as shown by curve H. The parts in

dicated by i represent saturation. Saturation of the cores is of vital 

importance in the working of this detector. If excitation is not suffi

cient to produce saturation, the instrument will not work at all. Whoa 

no ambient magnetic field Is present, the two parts 1 will be equal,

The magnetic flux through one core will then be equal and opposite to*> 

that through the other core at any instant, and hence the total flux <V 

through the secondary coil and therefore the voltage generated in it, 

will be aero at all times.

In the presence of an ambient magnetic field, however, the center 

of the hysteresis curve will shift from 0 to 0̂ . This phenomenon is ev

idenced by the fact that at the instant when the coil excitation is aero, 

the magnetization through the core will be not the normal remanent mag

netization ON, but greater, since at this Instant a magnetizing force is 

present —  the ambient magnetic field. The field required to remove 

this magnetization will be, not the normal coercive force OBI, but larger 

because there is the ambient field to be overcome first. The new hyster-
i

esis curve JJ8 will obviously have the saturation portions jL unequal.

From the hysteresis and. the core excitation curves, the magnetic 

flux in the cores can be easily computed; it is shown by the curves JL 

and B for the two cores. Because of the inequality of the two saturation 

portions of the hysteresis curves, the flattened positive and negative 

peaks of these curves will be unequal« The time-points have been pro-



Jected from the core excitation curve8 into the new part of the figure 

by the method indicated. The voltage contributed to the secondary coil 

by each core at any instant can be figured by finding the inclination of 

tangents drawn to the magnetic flux curves at points of intersection of 

the curves and an ordinate drawn through that time instant. Thus are ob

tained curves C and D, showing the voltage contributions, by the two 

cores, *to the secondary coil. The inequality of the flattened positive 

and negative peaks of the magnetic flux curves prevents the positive 

parts of curve C from being directly opposite to the negative parts of 

curve JD, and vice versa. This offset produces, in the voltage curve of 

the secondary coil (obtained by vectorial addition of fl and D), a sys

tem of sharp pips as shown by curve E. The voltage on the pips depends, 

to a certain extent, on the offset, which, in turn, depends on the ambi

ent field. Even very slight change in the ambient field will produce

appreciable change in the pip voltage, and this is the property.used in*» * V .* - r •1 ■ • .....   ■ v
the measurement of changes in magnetic field*



BUILDING THE

The first problem was to wind coils for the detector* Three coils 

were required! two primary coils and one secondary coil* The method of 

winding these Coils is described in the appendix.

On each of the two primary coils and the secondary coil the wind

ing was done in counter-clockwise direction. The two primary coils were 

then placed side by side, but oppositely directed, within the secondary 

coil. The inner end of the wire in one of the two primary coils was 

then soldered to the outer end of the wire In the other primary ooil.

The two primary coils thus connected in series produced magnetic fields 

oppositely directed along their axes. The secondary coil was enclosed 

in a shield made of brass sheet and then mounted on a rectangular Bake- 

lite block. The two terminals of the combined primary and the terrain-* 

als of the secondary were soldered to tie points on the block. The 

shield was' connected to one of the tie points of the primary. TOiile 

the equipment was in service, this tie point was grounded to prevent 

stray electrostatic pickup.

The coils were made from enameled copper wire. The diameter of 

the wire, the length of the coils, and the number of turns on them are 

discussed separately. The overall diameter of the various secondary 

coils ranged from 0.8 cm to 1.1 cm (in the case of the various colls 

made). The material of the cores was hydrogen-annealed 4.-79 molybdenum 

permalloy developed in the Bell Telephone Laboratories. ; ,

The end-on view of the final coil combination after mounting is - 

shown in Fig. 3.
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Fig. 3‘— Detector (mounted)

A, A* .•*.*.Permalloy cores*
B,B* *****.Primary colls.
C ...*•* Secondary coil.
D . *. * *.Shielding.
E *. *...B&keiite block.
F *****.Tie points.
G *****.Bolt nuts to hold 

{ the combination 
on to the base. 

 ««<.*. .Winding direction.

11

m- *■ vfri
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Balancing the Coils

The two primary coils should produce, for efficient operation of 

the equipment, equal and opposite magnetic fields within the secondary 

coil* A ballistic galvanometer was first tried to test this balance 

and to correct it if necessary. The two primary coils and the second** 

ary coil each’had 1050 turns and each Was X inch long* The coils were - 

made from No* 36 gauge enameled copper wire. The setup used is indicat-
• - •; r . .ed as follows i
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Fig. A Balancing magnetometer coils.

If a current of 0.2 amp is started or cut off in the circuit of "■ 

the primary Coils, in the unbalanced primary coils, it sets up a moment

ary voltage in the secondary coil, and a kick should be produced in the1 * 

ballistic galvanometer placed in the secondary coil circuit. The kick 

produced was found to be so small that it was almost impossible to O b* 

serve it —  probably the result of the low sensitivity of the galvan

ometer used. The sensitivity was 0.0019/**C/mm at 1 meter distance6 The 
method was abandoned.

The ballistic galvanometer of Fig. A was then replaced by an a-c 

electronic voltmeter, and an alternating current from an oscillator was 
fed into the primary coils. The recording of a very substantial voltage



in the secondary coil indicated that the primary coils were not balanced, 

this condition was assumed to arise from an unavoidable difference, In 

the transverse dimensions of the two primary coils, introduced during the 

process of building them. r

To improve the balance, the self-inductance of each primary coll was 

measured on a self-inductance bridge. The determined values weret ,

533/^H, for one coil and 

620/cH, for the other coil.

Then 78 turns were removed from the coil with larger self-inductance 

and its self-inductance was then found to be 53A/tH, a value which was 

close enough to the other coil. A repetition of the measurement of volt* 

age produced in the secondary coil when an alternating current (of the 

same magnitude as in the previous experiment) was sent into the primary, 

indicated a very considerable fall in the voltage. This was low enough 

to consider the two primary coils to have been fairly well balanced.

Later experience (described in detail separately) indicated that it 

was highly preferable to have an arrangement whereby two systems of pips 

were obtained —  one set rising and the other set falling as the ambient 

field is changed continuously. Measurements could then be made by adjust* 

ing for equality of the two sets of pips. As the condition of a rising 

and a falling set of pips could be obtained by adjusting the position of 

permalloy cores within the colls, this preliminary step of balancing the 

primary colls without the cores .was, unnecessary and was not taken for 

coils wound later i
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Amplification §nd Cleaning Ue &f the Magnetometer Output
«♦*

the two permalloy stripe, each 76 mm x 3.12 mm x 0.32 mm, were 

placed within the coils into which was fed an alternating voltage (a fre

quency of 200 cps appeared to be most satisfactory) from an oscillator.

A cathode ray oscillograph (DUMONT type 208-B) with a 5-inch diameter 

screen was used to study the magnetometer output, i. e., the voltage gen-* 

erated in the secondary coil of the magnetometer. The output consisted 

of sharp maxima and minima —  "pips" —  and a considerable amount of ir

regular oscillation —  ̂hash1* —  having a smaller amplitude. Fig. 5 is 

a qualitative representation of the output.
U }■>• . - , . ‘ ■ *’ -*  ̂ t™.*'-, i t \ ■

■■ » ■ ** - 2X f ** • ♦ 5 . I ■

ft

"1

Fig. 5— Output from detector.

A, A® ....... Positive pips.
A®i A® ....... Negative pips.

B .......Hash.

The next step was to eliminate the hash from the output and retain
•M, 1the pips only | so as to make the output pattern look somewhat as shown In 

Fig. 6.



Fig. 6— — Output pattern desired.

It was planned to bring about this change by feeding the magnetom

eter output into a sharp cut-off tube biased, beyond the cut-off point, 

to such an extent that the top part of the positive pips would be trans

mitted and the hash would be cut off# Fig. 7, which represents the 

transfer characteristic of the tube, explains the working of this dipper#

s.

Grid Voltage

} I •>* *«K W dtoftlfaiN
‘ • / ',•< ( r {'♦

Fig. 7— Clipping.



An experimental difficulty was encountered in putting this princi

ple into practice. The magnetometer output was extremely email, and the 

difference between the amplitudes of the pips and the hash was correspon— 

dingly small. This fact, coupled with the curvature of the transfer 

characteristic in the neighborhood of cut-off point, made it impossible 

to adjust the grid bias in the desired manner. On varying the grid bias, 

either both the pips and the hash were transmitted or none at all. This 

difficulty was overcome by using one 6J7 stage to amplify the magnetometer 

output before feeding it into the clipper. Thus, although both the pipe 

and the hash were amplified, the difference between their amplitudes be

came large enough to make possible the bias adjustment referred to above*

The amplification and clipping having thus been achieved, another 

shortcoming was discovered. The magnetometer output produced, after a 

suitable adjustment of the position of the permalloy cores within the pri

mary coils, the pattern of Fig. 9 on the oscillograph screen. The height 

of th9 pips was considered to be a measure of the component of the mag- ;

netic field parallel to the axis of the magnetometer. On turning the-"' 

magnetometer, on a horiaontal plane, from an orientation parallel to the 

horizontal component of the Earth's magnetic field to an orientation per

pendicular to it, the height of the pips decreased to zero, as was ex

pected! but, when the magnetometer was turned through 90 degrees beyond ; 

this orientation, no pips were present to indicate the magnitude of the 

field. This absence of pips was explained on the assumption that within 

that range there would be variation in the height of the negative pips 

which had been cut off by the clipper.
* *>

It was therefore considered desirable to have a dipper that would 
transmit both the positive and negative pips and out off the hash alone*



This was achieved by using two tubes —  actually a single envelope tube 

6SL7-GT with two independent triodes was used —  in push-pull connection 

in the clipper* The clipper circuit is illustrated in Fig* 8.

* Fig. 8—— Clipper circuit.

Signals 1 and 2 each represent the amplified magnetometer output, 

but they have 180-degree phase separation. During the positive part of 

the cycle, say, signal 1 swings the grid of tube 1 in the positive dir

ection, and this tube therefore transmits the positive pips. During 

this timei signal 2 gives a negative grid swing to tube 2, and since 
this tube is biased beyond the out-off point, it does not transmit* Dur
ing the negative half of the oyolei conditions are reversed, and it is

* *tube 2 that transmits this part of the eyelet The eofreet amount of
frtft W-M- fcr Bff tto* tort*! w o m m -  and negative parts of



the cycle, was taken from a grid bias battery. The negative pipe having 

thus been inverted, i. e. made positive, appear between the positive pips 

on the screen, and the pattern appears as shown in Fig* 9*

... - «!.

o yv; luv? -'*t «? -re-'V**
Fig. 9--Output pattern after clipping.

A,B,C.......Positive pips.
D,E . * Inverted nega

tive pips •

Because phase inversion was required for the clipper, the amplifica

tion stage had to be a two-sided one. Fig* 10 represents the oircuit em
ployed for obtaining the amplified signals 1 and 2 180 degrees apart to be

■ r, »’fed into the olipper*



magnetometer 
/ $eco rtdary

Fig* 10— First stage amplification and phase inversion.

For feeding the magnetometer output, with 180 degrees phase differ* 

ence, into the two sides of the amplifier, a transformer with a center
■ j

tap in the secondary was used. The primary of the transformer was con

nected to the secondary of the magnetometer through a dry cell, a vari

able resistor, and a microammeter (the function of these is described sep-
i

arately) • With the center tap grounded, the transformer secondary supplies 

the signal, in opposite phases* to the amplifier tubes*

A complete wiring diagram of the amplifler-olipper is given in
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Adjustment of Permalloy Cores within the 

Coils and Measurement of Magnetic Field

By varying, even slightly, the position of the permalloy cores within 

the magnetometer coils, several different patterns of pips with various sen

sitivities could be obtained on the oscillograph screen. At first the cores 

were adjusted so as to give a pattern with pips all of the same height. AS 

the magnetometer was turned on a horizontal plane, the height of the pipe 

decreased, becoming zero when the cores were perpendicular to the horizon

tal component of the Earth*s magnetic field. On turning the magnetometer 

beyond this position, another set of pips started to rise.

The method employed for measurement of magnetic field, relative to 

an arbitrary value, was to send an adjustable direct current into the sec

ondary coil of the magnetometer so that the magnetic field produced by the 

direct current along the axis of the magnetometer would be equal and oppo

site to the Earthfield (i. e., the field which was to be measured), 

thus annulling it and therefore causing the pips to disappear. The magni

tude of the direct current would then be a measure of the magnetic field 

relative to a field that would cause the pips to disappear (this reference 

field would not necessarily be zero). As shown in Fig. 11, the direct 

current was obtained from a small dry cell. A potential divider was used 

for varying the current, and a micro-ammeter included in the circuit to 

measure it. The direct current circuit included the magnetometer second

ary and the transformer primary. The small magnitude of the required 

bucking-out current necessitated the use of a high resistance volume con

trol as potential divider. A condenser with a fairly large capacitance 

(25 microfarads) and therefore low impedance at the signal frequency, had 

to be connected as shown in the figure so that the alternating output in
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the magnetometer secondary by-passed the direct current supply.

This arrangement did not work, however. When the direct current was 

adjusted to buck out the field, it was found that, between the disappear

ance of one set of pips and the appearance of another set, the direct cur

rent could be varied through a very appreciable range. This probably re

sulted from the fact that the clipper had cut out the roots of the output 

and in the direct current variation range through which the pips were ab

sent, variation may have been going on in that part of the output that had

been cut out.
* >

The output pattern had therefore to be changed. The cores were ad

justed so as to give two systems of pips, one system rising and the other 

falling as the magnetic field was varied (e. g., by turning the magnetom

eter on a horizontal plane). For one particular value of the field (or 

one particular orientation of the magnetometer) the two sets of pips had 

equal heights. This value of the field was taken as the reference field, 

and any magnetic field could then be measured, relative to this reference 

field, by the magnitude of the direct current required to restore the 

equality of the pips. The comparison of the heights of the pips was 

greatly facilitated by lowering the gain on the horisontal amplifier of 

the oscillograph to such an extent that any pip belonging to one system, 

was almost in contact with the adjacent pip from the other system. It 

was, furthermore, found advantageous to adjust the sweep frequency on the 

oscillograph until only one pip from each system appeared on the screen. 

The gain on the horizontal.amplifier of the oscillograph was then adjust* 

ed until the two pips were almost in contact with one another.



STUDI OF THE HELMHOLTZ COIL

A large Helmholtz coil, built eight or nine years ago for conduct

ing magnetic model experiments, was used for determining the sensitivity 

of the magnetometer* No data were available on this Helmholtz coil* The 

general appearance of the coil is as shown in Fig* 12.

.. _ *■ • ’ . ■ i . , * ‘-'..I • 1 * <*■ > r .* . . ** f

* 1. • . • .. *; ; - , «; , y,

A v ..*** V *  >•-» " . k*4.*x

a v '■ nr

Fig. 12— Helmholtz ooil.



The Helmholtz coil consists essentially of two pairs of similar 

square eollB (side 6 ft.), one pair being Vertical and the other horizon- 

tal. The two pairs of coils produce fairly uniform magnetic fields in 

horizontal and vertical directions respectively, at the center of the ap- 

paratus. There are two adjustable horizontal platforms —  one for the 

model ore body and the other for the magnetic detector. A sheet of co

ordinate paper can conveniently be placed on the platform meant for the 

detector, and helps greatly in setting the detector at any desired posi- .. 

tion on the platform. Each of the coils has a tapping point, the ratio 

in which this tapping point divides the total number of turns in the coil 

being unknown. The number of turns in the coils was likewise unknown. A 

small circular pickup coil was provided for use with the apparatus (in 

case alternating current was used in the Helmholtz coils) and no data 

were available on it* The apparatus can be set in all possible orienta

tions consistent with the horizontal and vertical orientations of the two 

pairs of coils.

Experiments had to be performed in order to obtain the following in

formation about the apparatust \
1. Number of turns in the Helmholtz coils.

2* Turns ratio into whioh the tapping points divide the co***' 

 3* The coil constant, i. e#, the magnetic field created at , */y 

the center by passage of 1-ampere current in the Colli.

A* The diameter of the pickup coll and the number of turns

on it.

The following measurements were made direetlyi 
Side of the square Coil (a) ............. 183.............. 183*7 cm
Distance between coils in any pair 

Number of turns on each coll (n) .
91.7 cm = a/2

H  x 12 * 168



The last provisional figure was computed from the fact that there ap

peared to be, as seen in a notch present in the wooden form of the colls,

12 layers with 14 turns in each layer. Because this method of counting 

was not too reliable, the figure had to be checked experimentally.

Expression for Field a£ the Center of th& Apparatus.

The expression for horizontal coils can be derived with the help of 

Fig. 13.
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Fig. 13-— Sectional views of horlsontal coils. 

From Fig. 13 (c) we obtain,

Field at 0 due to 1 e.m.u. ourrent in dl is 

dF s i.dl.cos^ l/
T T F "

1/ Page, L.| Introduction to Theoretical Physios, D. Van No strand Com
pany, Inc., New York, p. 370.
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l.p.gec2<g >d ̂ «cob , since 1 a p.taa^* 
p «f p2. tan ^

dF

Hence F

.Mtnn ,'<•■■

* T.r .

' ' ' S .‘-ii** l*cos & .d ̂  .
p: - ■ ■ " r> f '

l.cos <^»d

-X

’a* ‘ 21 , sin o(*

= _2i 
P

5 _21 
p

a/2T W T F J i
a/2

;,-t 1 ,
■i"

• '? \r UvfV U?< oi!

((a/2)* + (a/2)* * ( a A ) p

l&L
3J5 .a

This force will be directed perpendicular to p as shown in Fig* 13 (b)
, * V'-' <* v'*

Component of F along the axis of the coil
- 1 ;,w

a F.cos f .

'a. I 6 l _ j t   a/2 - - .. ,
' 3j?.a ((a/2)* + (a/U) ̂

= .32,1 ..
15a

Hence the axial field due to AB, BC, CD and DA

= 4 *  321 
15a

Field due to both coile of the pair* with n turns in each coll
! < ) U

s A x  3 2 i x 2n
*>4 . *cv■* ■ .15a : t «-'<■ x i ■■ nu .

\ r « . * i. 2 256in ,...j ■ : „t «• -<
15a

■r« i  . ’ i  * ,  •* v . i . h ' • ■
as 256in , if i be measured in amperes*

f .”St 150a * » -a p' * •4.- .1 .



Expression for the Voltage Picked m  by the Pickup !i' 4 ***

i'v r* V. ■Coll Pieced at the Center of the Apparatus
,> „• 0 * ’! ■ V f *  V *  * 'C  “ * • *

Now i s l0.sin 27Tft , where f s frequency. ."•*. * 1 O' fV
. Hence field - 256 :*<*.■ X Bin 2Trft. ' "•150a

. .*

If d be the mean diameter of the pickup coil and N the number of 

turns on it,

Magnetic flux M through it (the primary induction assumed constant

over the cross section of the pickup coll)

s 7Td2 . M. 256 Inn . sin 2 ttft*
4 150a

Hene* _J| = Voltaga V .H. 2nt. 2 5 6 ^  , co8 2 rTtt.

V„ cob 27Tft « BMfff2d2 _._m _ 27rft>

"raa — ft fV?' .4^ . lfu,150a

Here VrmB is measured in e.m.u. and lmn in amperes• If VrmB is 
measured in volts instead, we have, ;

Vr«B = 128 n H tv* d2 , ,
150 x 10“ x a rB*

Obviously, the expressions will apply to the vertical pair also.

Determination of the Diameter of thg Pickup 

Coll and the Number of Turns on It

An experimental pickup coil was built with known diameter and number 

of turns (one layer only) and placed axially at the center of the pair of 

vertical colls. A known magnitude of alternating current was sent into 

the Helmholtz coils and the alternating voltage generated in the experi

mental pickup coil was measured on a sensitive a-c voltmeter. The experi-
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ment was repeated using the original pickup coil in place of the experi

mental one and keeping the current in the Helmholia coils constant. Full 

number of turns were used on each of the vertical colls which were con

nected in series so that the current might be the same in each. Connec

tions on the coil terminals were made to terminals 1 and 6 (terminals 3 

and 4 having been connected one to the other) so that the magnetic field 

produced by each at the center of the apparatus might be similarly direct* 

ed* Fig. 14 indicates the setup. . ,,4*

Fig. 14— Haluholte call setup for dotsrain&tlon of constants of pickup coil.
'If 3 • ••••••• •■•Terminals of one vertical ©oil.

2 ••••••••..Tapping point on.above.
4f & • ••-••••»• .Terminal® of the other vertical

coil o
5 .......•..Tapping point on above.



The fallowing data were obtainedt * *

Current in Helmholta coils (full turns).... . •'• ... * 0.75 amp.

r, .. Voltage
Pickup coll used Diameter No. of turns generated

Experimental 6.35 cm 39 * 0.0054 volt

Original Unknown Unknown 0.101 volt V
V

Obviously, the voltage generated, for constant current in the

Helmholta colls, should be proportional to the area of the pickup eoil

- and the number of turns on it. Hence, if the original ‘coil has an area

A cm and has N turns on it, we have, ’ * 1

■■ ■’' 0.101 ’ ' _ H A __________ , '
0.0054- “ 39x (6.35)2x 3.142/4 , ,

... AJ/j •« 0-101 39 x (6.35)? x 3.142
•‘ 0.0054 4

s 23,104 tums-cm^.

It' was not possible to measure the average diameter of this coil 

since it is mounted on a closed form. Hence, it was not possible to de- 

termine N and A (or diameter) separately. The values of N and A separ

ately are not required, moreover, because in the use of this coil for 

measuring magnetic fields it is the product NA that is involved, 

r̂ ttai' for **le original pickup coil f ■ C.t11 e . ,..

128 n N tTT2 d2 1g ... .. .1 i m ,. \ > «-• 14 •' * '• M’ I t!> • ! ViO v a  ‘150 x 10° x
 ̂ftr 1' '*' * i *;♦ ~'X' «•*.'> ci*.128 n fTTWi X  4 M tt&  • * ,

150 x 10 x a U

128 n f T7i«mfl x 4 x ixtii*
150 x 10° x a

U-v ; ! : -1 -if
s $ » Q ,4.. x 23,104 volt, ■, , „r150 x 10® x 183.7 ‘ 1 1

s 0.10197 volt.



The calculated value agrees very well with the experimental value 

0<101 volt, indicating that the computed value of NA ie correct*

Number of Turns in the Helmholta Coils

The computed value for the voltage generated in the original pickup 

coll was obtained on the assumption that the full number of turns on the 

Helmholta coils was 168. The fact that the computed voltage agrees with 

the observed voltage checks this assumption*

Turns Ratio in which the Tapping Points Divide the Coils

The tapping point divides each coil into two segments. With the ori* 

ginal pickup coil, the procedure mentioned above was repeated using only 

one segment of each coll at a time* The current in the Helmholta coils 

was the same as in the experiment mentioned above * The results for the 

pair of vertical coils werei

Calculated no. of turns in the 
-a; r . Voltage generated segment (Full turns X voltage .

in the original generated/voltage generated in
'♦ Segment ; pickup coil xi . r above experiment)

v<;, One / v  0.0505 volt y 0*0505 3 c>/
0.101 , *

Other 0.0502 volt 168 x ...Q.rQffR- - 8*0.101
This proves that each coil is tapped at the middle* The same ap

plies to the horizontal coils, as in that case the voltages picked up 

were 0,052 volt and 0*051 volt on feeding the same current successively 
into the two segments.

Hie fact that the coils are center-tapped was also established (not 

too rigorously because of the limited accuracy of the meter) by measuring 

the resistance of each segment on a Bylvania Polymeter* The observed



Values for resistance arei

Pair of vertical coilsi '

One coil:

One segment...... ...... ........ ... ..»• 13 ohms ^
Other segment ’***.* *.. . **V........... A-. : 13 ohms ■

too Other coll: • *" ■ •n-e.V v m

',I? ■1 *T One segment ....... .«»»«»•», «■*. *« «........ . 13 ohms . **■ ■ *
Other segment  ................ . 13 ohms

Pair of horizontal coilst

One coil:

One segment ............................».. 13 ohms
Other segment **«.««««.*.,..«««..«*«.«>**«. 13 ohms

Other coil: * ■ «
One segment . *  ...... 13 ohms
Other segment 13 ohms

* * : *
The Coll Constant

If F gammas be the field at the center of the colls when a current 

i amperes flows through any one pair of the coils (full number of turns 

being used), we have,

F 3 k.i , where k can be called the *coll constant.*•*V ’ I
As shown earlier,*,b •'. I.

a 356, n-~- gauss. „150a 6

3 x 10* gammas.
.tvo

m x i gammas. t ..150 x 183.7
Henoe, k - 2?6 x,,.l68 x_,10?. nusmae/uiper.. 'c

*■* 150 X 183.7 r*.

& 156080 gammas/ampere; 0/%
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if* .
HARMONIC ANALYSIS OF THE AMPLIFIER OUTPUT

A harmonic analyzer (Hewlett Packard Model 300A) was used to study 

the harmonic content in the output from the amplifier. The analysis was 

done under two conditionsi (!) with equality of the two sets of pips, 

brought about by suitably orienting the magnetometer on a horizontal 

plane, (2) with inequality of the two sets of pips*

With Equality of Pips

' Signal frequency  ......     200 Cps

The following observations were taken t

Harmonic
Frequency

(cps)
Meter reading 
(millivolts)

1st (Fundamental) \ > 200 0.0

2nd , 400 9.6

3rd 600 0.0
4th 800 9.6
5th 1000 0.0
6th 1200 9.4
7th 1400 0.0
8th 1600 9.4
9th 1800 0.0
10th 2000 9.4
11th 2200 0.0
12 th 2400 9.3
13th . 2600 0.0

14th 2800 9.4
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Harmonic

15th

16th

17th

13th

19th

20th

21st

22nd

23rd

24th

25th

26th

27th

23 th

29th

30th

Frequency
(cps)

3000
3200
3400

3600
3300

4000
4200
4400

4600
4300

5000
5200

\ 5400

5600 
5800 

6000

Meter reading 
(millivolts)

0.0
9.4 
0.0
9.4 

0.0
9.3 

0.0
9.6 

0.0
9.6 

0.0
9.3 

0.0
11.5

0.0
t

9.6



Tilth Inequality of Pipe

Signal frequency    .........   -....  200 cps

The following observatione were taken t

Harmonic

1st (Fundamental)

2nd

3rd
*•!

4th 

5th 

6th 

, 7th 

8th 

9th 

10th 

11th 

12th 

13th 

Uth 

15th

5 , ’

Frequency
(cps)

200
400

600
800

1000
1200
1400
1600
1800

2000
i

2200
I

2400
2600
2800 ; 
3000

i i

li<

t
L i r 1

*r-

Meter reading 
(millivolts)

4.6

7.0

4.6

7.0 

4.9 

7.2

5.7

7.1

5.4 

8.0
: 5.0

7.7
* • 4*8

k  7.8 -
' * * ’ * \ ! /

4*6

"A >. *‘h: i ’ t'. t  * ’ S’*



These observations bring out some interesting points of iihich use 

is made laterj (1) when the pips are equal, the odd harmonica (including 

the drive frequency) are absent and the even harmonics all have the same 

amplitude; (2) when the pips are unequal, all harmonics are present, the 

amplitudes of all odd harmonics being equal and those of the even harmon

ics being equal among themselves but larger than the former.

These observations agree very well with theoretical considerations. 

The pips are a special case of short triangular pulses when the vertical 

angle of the triangle is extremely small so that the inclined sides are 

.both practically vertical and appear as a single pip. Two sets of short 

triangular pulses are shown diagrammatically in Fig. 15*
■ t - ; * ." ■

' < - ■ „ 4

IT.

t

**Fig. 15— -Two sets of short triangular pulses.
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The harmonic content of these pulses will he given by the Fourier 

series jg/ indicated belowt

2J Manley, R. G., Waveform Analysis, John Wiley and Sons, New fork, 
pp. 143 and 55-

y = J*0 * 2 1  (% cos nx f bn sin nx)
/

where

*n = TT

jr
y cos nx . dx

bn =0 since the pulse pattern is symmetrical* For the sane 

reason the integral is taken over half the cycle.

i*0 =l. \ 1 (iTk! -  x) 3 - A +  f x -  ( l - k 2 )) ^ dx
TTka

'trOr*£-

( * %  )

And
“ir

-TTki

0

2E1

TT

n* rrkn

(nkv*x) -JEl . c o s  n x  dx-f- (x - tt ^ c o b n x  dx
TTkj TTka

:i-k2)

_ n rrk . 2E- „ m Tk„
W  _ L  +(-!)“   -  aln  2

2 nz T7 ka^  <* n~T7 X 9 2

Sinoe k^ and ka are small quantities, we shall havep for small values
of n,

sin nrrk^ nirk^ rnriu nTrk^ 
and sin —— s --- =-

2 2 2 2 
Making these substitutions in the above equations, we get*

«n = Eikj. + (-1)" Ejjkj, .
Hence the Fourier series becomes

7 ® ^(Eiki -f iy^) + (Ê k| *t (-1) cos nx
/•)»/
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end k2 can be assumed to be equal. Let either one of them be 

denoted by k. Then the above equation becomes,

y =* (ida + %) 4 j^T^i 4 (-i)nE2) cos nx)

* k + Rg) + (Ei-FgKcos x -I- cos 3x + cos 5x -f ......)

+ (E]+E2)(cos 2x + cos 4x + cos 6x 4- ...... .))
When the pips are unequal, E^^ • Hence both odd and even harmon-

* les are present* Furthermore, the amplitude of each odd harmonic la 

k(Er E2) and that of each even harmonic Is kfBj+Ijj).

When the pips are equal, E-̂ —  E2‘ Hence the amplitudes of all odd 

harmonics (including the drive frequency) become aero, and only the even

harmonics come to be present* each one having an amplitude equal to
K

kd^ + ia).



ELIMINATION OF OSCILLOGRAPH JUS INDICATING DEVICE

It has been shown earlier that when the pips are unequal, the 

drive component is present in the output from the amplifier, its am

plitude depending on the amount of inequality in the pips; but when 

they are equal, the drive component is absent. The absence of the 

drive component therefore indicates equality of pips* On this prin

ciple a device was built to replace the cumbersome oscillograph as a 

means of observing equality of the pips. The device consisted of a 

two-stage amplifier with a sharp peak in the frequency response curve.

This selectivity in the response was obtained by interposing a suitable 

parallel-T type of filter between the output of the second stage of am

plification and a cathode follower having a variable output which was 

fed back into the cathode of the first stage. Ihe parallel-T has a 

notch type of frequency response curve and was so designed that the 

transmission was sero for the fundamental frequency in the detector out

put, i. e., for the signal frequency fed into the detector. Since the 

feed-back, as can be seen from Fig. 17, is inverse, all frequencies fed 

back will be suppressed. The fundamentals, however, is not fed back 

since it is cut off completely by the filter, and the full gain of the
i

two stages is obtained.

Design of the Parallel-T Used

The signal frequency was 200 cps. It was found difficult to pro- 

cure suitable condensers and resistors required for obtaining Sero trons-—  

mission corresponding to this frequenoy; hence the more practical course 

of altering the signal frequency to 159 cps and constructing a parallel-T
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giving? a transmission notch at this frequency was adopted# The general 

arrangement of parallel-T is shown in Fig* t6*

5

Fig* 16— Parallel-T. 

The requirements*are* j/

jj Tuttle* W* N.* Bridged-T and Parallel-T Bull Circuits for Measure* 
ment at Badlo Frequencies* Inst* Badio Engineers Proc*, vol. 28* 
no* t* Jan** 1940* p* 29*

(1)* B m  2 E »  - * where w a  2 7Tf* f helng the
2  ̂ C|W

frequency that is to he exeluded*
(2>* CJ a  2 c *•’ ‘2 1

':t 11 y ’r ‘ For f =r 200 cps* we have*
w —5 zrrt sz 2 x >*142 x 200 »  1257 ♦\ 4 : S'* '* 'I »

' -k .. ’ ' •

If C is taken to he 0*01 microfarad, .■ . ) ,* ■ ■ „ 1-
C =s 2 X 0*01 sb 0*02 microfarad*



Hence R2 = --- — -
C1 w

1
0.01 x H r 6 x 1257

* 79,554 ohms

Henoe 2

39,777 ohms

Since 0.01 microfarad condensers were easily available, and two 

of them connected in parallel gave a 0.02 microfarad capacitance, 

and C2 were taken care of. For and R2 the closest resistors read** 
ily available were 0*05 meg-ohms and 0.1 meg-ohms respectively 

(0.05 meg-ohm resistor was obtained by connecting two 0.1 meg-ohm re** 

sistors in parallels). With these new values, the notch frequency

= 159 cps

For working with this selective amplifier the signal frequency 

was therefore adjusted to be 159 cps.

becomes,

Hence f 1
2*rTĈ  R2

2 % 3.142 x 0.01 x lcr6 x 0.1 x ioc

Selective Amplifier

The wiring diagram ie given In Fig. 17. The switoh 8 made pos- 

sible selection of either the peak or notch type of response*
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Frequency Response of the Selective Amplifier

A Signal from an oscillator was fed into the amplifier, and the out

put was measured on an a-c type of voltmeter. The input voltage was 

maintained constant throughout the experiment. The following observa

tions were obtained:

Peak Type Response: 

Input Voltage (V̂ )

“equency
(cps)

Output (volts)
<v2) Gain (VaAl)

Deoibel Gain 
(20 log10 Vjft)

25 0.0068 6.8 16.65

50 0.010 10.0 20.00

75 0.015 ... 15.0 • 23.52

100 0.023 : 23*0 27.24

125 0.042 42.0 v 32.47

150 0.240, . , . 240.0 47.60

156 1.250 1250.0 61.94

175 0.078 78.0 37.84
200 . 0.038 38.0 : I 31.60 , !‘ ‘
225 0.027 27.0 " ; 28.63
250 0.024 ... 24.0 , ,' /■ ; 27.60 ,

275 0.022 . ,22.0. 26.85 ' ' .V

oo0»\ : 0.021 21.0 ,, 26.44 ■
325 ,0.020i 2o.o • : 26.02
350 1 0.020 20.0 26.02

400 0.020 20.0 26.02
450 •“ 0.0198 19.8 25.93
500 0.0195 19.5 25.30

Plotted graphically, these figures give the frequenoy response curve 

of Pig. 18.
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Notch Type Response!
Input voltage (Y1) .I.*.***.;*..**.*......**'* »’«»**«.....0,001 volt

Frequency
(cpe)

Output (volte)
(v2) Gain (Vj/Vi)

Decibel Gain 
(20 log1Q Vjj/Vi.)

25 0.62 620 55.85

50 0*75 750 57.50 .

75 0.57 570 55.12

100 0.37 370 51.36

125 0.18 180 45.11
150 0.044 44 32.87

156 0.037 . 37 31.36

175 0.11 110 40.83
200 0.23 230 47.23

225 0.34 340 50.63
250 0.43 430 52.67

275 0.52 520 54.32
300 0.59 590 55.42

325 0.66 660 56.39

350 0.70 700 56.90

400 0.84 840 58.49
450 0.94 940 59.46
500 1,00 1,000 60.00

600 1.12r 1,120 60.98

700
\
1.19 1,190 61.51

800 1.28 1,280 62.14
900 * 1,32 1,320 62.41

1,000 1.36 1,360 62.67

3,000 1.52 1,520 63.64



Frequency
(cps)

Output (volts)
<v2) Gain (Vj^)'

Decibel Gain 
(2° log1(J VVj.)

8,000 1.45 1,450 63.23

10,000 1.42 1,420 63.05

20,000 1.14 1,140 61.14

Plotted graphically, these figures give the frequency response curve 

of Pig. 19.
» • ‘ . i
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! Adjustment of Pip Voltage

Let the input to the selective amplifier consist of two sets of pips 

^having equal voltages. As shown earlier, this is equivalent to even har- 

'* monies of equal amplitude and odd harmonics (including the fundamental)

' of aero amplitude. The off-the-peak gain of the selective amplifier is 

about 20, and not zero. Hence the pips are transmitted by the selective 

amplifier after being amplified 20 times. Now, if a slight inequality 

! is introduced into the two sets of pips, this will introduce a fundamen

tal component which is amplified 1250 times, 1250 being the peak gain of 

the amplifier.

The output from the selective amplifier thus consists of the even 

harmonics amplified 20 times and the fundamental amplified 1250 times* 

Since the amplitude of the fundamental was extremely small to begin with, 

in spite of high amplification, its amplitude in the output is small

compared to that of the even harmonics. A small change in the amplitude

of the fundamental is therefore not likely to show too well on a volt*

.* meter connected to the output of the selective amplifier.

The way to get around this difficulty is to lower the voltage on 

' the pips to very small magnitude by increasing the grid-bias on the clip* 

per* When this is done, the output of the selective amplifier consists 

mainly of the fundamental, and even small variations in the amplitude of 

the fundamental (in the selective amplifier input) will show well on the 

voltmeter.

The adjustment suggested above is to make the voltages on the two 

sets of pips equal and very small in magnitude* It was found, however, 

that the former condition was perhaps preferable but not essential, “

1. e«, when the voltages on the two sets of pips had been made small,



even if there was inequality in the pip voltages to start with, a vety 

small additional inequality introduced by a slight change in the magnet

ic field around the detector would cause an appreciable change in the 

reading on the voltmeter. After the grid-bias on the clipper had been 

adjusted for small voltages on the two pip systems, equality of the pip 

voltages could be brought about by slightly varying the magnetic field 

(by sending a suitable direct current into the secondary coil of the de

tector) until the voltmeter reading was minimum. If the detector were 

moved to another place at which the magnetic field (relative to that at 

the first place —  reference station) is to be measured, the relative 

magnetic field should be considered to be proportional, not to the direct 

current required to restore the original reading on the voltmeter, but to 

the current relative to that which was required to bring about equality 

of the pips (1* e«, minimum reading on the voltmeter) at the reference 

station i

Hie reason for preferring equality of voltages on the two sets of 

pips is to be seen in the fact that in order to obtain a readable change ~ 

in the reading on the voltmeter (produced by introduction of, or addition 

to, the fundamental component as a result of a change in the magnetic 

field around the detector), the ratio, ■ .

Change in the voltmeter reading 
Original voltmeter reading

should be maximum. Now the numerator will be constant depending on the

magnitude of the change in the magnetic field$ hence the ratio will be

maximum when the denominator, i, e., the original voltmeter reading, is

minimum, which will be the case when the voltages on the two pip systems •

are equal. ,, . , „ t



; r DETERMINATION OF SENSITIVITY f *
* «•. ;

The detector was placed at the center of the Helmholta coils and 

was oriented so that the cores were lined up axially with respect to 

the vertical pair of coils. Controlled direct current could be fed 

into these coile from a storage cell through a rheostat and a milli- 

ammeter or a micro-ammeter (whichever was required)* A signal (about 

A volts rms) was fed into the primary of the detector, and the output 

from the secondary was fed into the amplifier-clipper of Pig. 11. lhe '  ̂

output from the amplifier-clipper was fed into the selective amplifier 

of . Pig. 17 and a sensitive a-c voltmeter was connected to the output

terminals of the selective amplifier.

By regulating the grid-bias on the clipper tube, the voltage on 

the pips could be varied. By turning the Helmholtz coils about a ver

tical axis, voltage on the two pip systems could be varied relative to 

one another. These adjustments were made so that the voltages on the 

two systems of pips were equal and very small. If the pip voltage (as

indicated on the voltmeter) be made too small, a small change in the

magnetic field will not produce any change in the voltmeter reading. 

Simultaneous use of an oscillograph connected to the output terminals ' 

of the amplifier-clipper is likely to be of help in making this adjust

ment but after a little experience, the oscillograph can be completely 

dispensed with.

Variation in the magnetic field acting on the detector was brought 

about by sending a direct current through the Helmholta coils. The mid- 

imum change in the magnetic field that the equipment can deteot was then



determined by noting the smallest current that is required to be sent 

through the Helmholtz coils in order to produce & definitely noticeable 

change in the reading on the voltmeter.

Observations were taken on two detectors —  one with cores 3 inches 

long and coils 1 inch long, and the other with 1-inch cores and J^inoh 

coils. On each detector, each of the three coils (two primary coils and 

one secondary coil) had 1000 turns.

Detector with 3-inch Cores

Voltmeter reading without current in the Helmholtz coils, 0.20 volt* 
Current (in Helmholtz coils) required to change the voltmeter 

reading by 0.05 volt   20 x XCT^ amp.

' From page 30, we have, .. . .

F = k.i

= 156080 x 20 x 10r6 gammas, 

s 3 gammas approx.
Hence the equipment will detect a 3~gamma change in the magnetic 

field by a 0.05-volt change in a 0.20-volt reading on the meter*

Detector with 1-inch Corea

Voltmeter reading without current in the Helmholtz coils, 0*20 volt. 

Current (in Helmholtz coils) required to change the voltmeter

reading by 0.01 volt......... ..........*..... 0.1 X 10~3 amp*
* -  ' *  < . *

As before, the field change » 156080 x 0,1 x 10*^ gammas
< V. ’ '■ . ^  . I

u 16 gammas approx.



SHORTCOMIHQS QF TH£ DEVICE ,

■' J

1. Considerable trouble was caused by the presence of hum in the 

output of the amplifier-clipper. If an oscillograph was used to study . 

the output, the hum appeared as a low frequency vibration on the tips

of the pips, so that it was almost impossible to tell a Condition of 

slight inequality of pips from & condition of equality. If the select

ive amplifier and voltmeter were used, the hum caused the meter reading 

to fluctuate within fairly wide limits.

A prolonged investigation indicated that most of the hum was f 

coming from (a) the oscillator (Hewlett Packard Model 201B), (b) power 

supply (General Radio Type 672-A) which apparently did not have suffi- 

clent filtering.

The Hewlett Packard oscillator was therefore replaced by a 

General Radio oscillator (Type 713-B) which had very little hum in the 

output. The output from the power supply was filtered by using a 

25,000-ohm resistor in series with the "High" terminal and then ground- 

ing through three cbndensers connected in parallel (each 8 microfarads  ̂

and 450 volts, thus giving 24 microfarads total capacitance). This cut 

off a very appreciable part of the low frequency voltage from the sup- f 

ply voltage.

2. The tube (6SL7-GT) used for clipping has its limitations. Even
, i

when the grid is biased tQ such an extent that the signal should be cut 

off completely. It transmits the signal (very much attenuated though)• I S \*V-»
because of the grid-cathode capacitance# The.amplitude of 1he signal



transmitted without change because of the grid-cathode capacitance, is 

ordinarily very small compared to the clipped signal coming out as clean- 

cut pips. As mentioned earlier, the pips have to be adjusted, however, 

to have very small voltage, and when this adjustment is made, the ampli-, 

tude of the unchanged signal transmitted because of the grid-cathode ca

pacitance is no longer negligible compared to the amplitude of the pips* 

This imposes a limitation on the working of the selective amplifier, as 

its action is based on presence of clean-cut pips alone.

3. An instability was observed in the output from the amplifier- 

clipper. On an oscillograph screen this resulted in the height of the 

pips changing abruptly and Irregularly after small to large intervals of 

time. If the selective amplifier and voltmeter be used, corresponding 

instability is exhibited by the reading on the voltmeter. Using the de

tector with 1-inch cores, this instability produced changes in the volt

meter reading that would correspond to a magnetic field change of 60 

gammas or more.

Part of this instability Was found to result from irregular magnetic 

variations constantly going on in the laboratory. This conclusion was ar

rived at by setting up an Askania-Schmidt magnetometer and observing the 

variations in Its reading. The maximum variation noticed was about 35 

gammas, indicating that the irregular variation of magnetic field in the 

laboratory was only part of the cause for the observed instability in the 

magnetometer output. Besides, the observed variations of the reading on 

the Askania-Schmidt magnetometer were not so frequent as those occurring 

in the magnetometer output. It is, however, possible that magnetic varia

tions of very short durations and larger amplitudes are going on in the 

laboratory, and these would not be picked up by the Askania-Schmidt mag



netometer. Voltage variations in the power line may have something to 

do with it, for it was observed that when a lathe or any other motor- 

driven machine is started or stopped in the adjoining workshop, the 

height of the pips on the oscillograph screen (or the reading on the 

voltmeter connected to the selective amplifier output) undergoes an 

enormous change. The full explanation of the observed instability has 

not been figured out*



CONCLUSIONS

The sensitivity of the detector depends very closely on the length 

of the permalloy cores used —  the longer the cores, the greater the sen

sitivity. As stated in the Introduction, however, the shorter the 

length of the detector, the more desirable it is for model experiments. 

Hence the detector with 1-inch cores, irtien used in conjunction with the 

amplifier-clipper, the selective amplifier, and electronic voltmeter, 

would be preferable. Its sensitivity (5 per cent change in the volt

meter reading for 16 gammas change in the magnetic field) should be good 

enough for model experiments. More work needs to be done on investiga

tion aid elimination of the instability in the magnetometer output. Even 

if these attempts are unsuccessful, the magnetometer should still be use

ful for model experiments if large magnetic fields are used to excite the 

model body, so that the magnetic field differences between various points 

that are to be measured will exceed those corresponding to the meter read

ing variations due to instability. Furthermore, the detector must be 

mounted on a base with leveling arrangement.
4 ' '

In a model experiment using model ratio of length equal to 1/5280 

(i. e*, 1 foot representing 1 mile), the 1-inch detector represents a dis

tance of 440 feet, and a reading taken on this magnetometer will therefore 

represent the magnetic field over a distance of 440 feet on the original, 

body. This indicates a substantial advantage over the Askania-Schmidt . 

magnetometer, a reading on which will represent, on the same scale, the 

magnetic field over a distance of 1540 feet on the original body*



APPENDIX

Winding Magnetometer Coile

A mechanism had to be oonstructed for winding coile having any de

sired dimensions and number of turns. This mechanism consisted of the 

following partei ,

1. A mechanical revolution counter.

Fig. 1A— -Revolution counter.

2. A specially constructed axle.

■cl

Fig. 2A— —Axle for holding form.

The part CA was made to fit smoothly into the bearings in the counter 

and was made long enough so that after fitting it into the counter, the * 

projecting part could be clamped between the jaws of a lathe chuck.



3. A rectangular bra a a atrip 125 m® x 3«20 mm X 1*08 mm to serve 

as a form on which to* wind the primary coils* The permalloy cores were

0.32 mm thick, but a strip of this thickness was found to be too flexiblei
for the purpose. A thicker strip was therefore used.

This rectangular strip could be clamped axially in the cylindrical 

hole AB in the axle of Fig. 2A between & serai-cylindrical bar and two 

clamping screws. Fig. 3A represents axial and transverse sections of the
•• ' . ■ ■ ; i * * ' *

axle with the rectangular form clamped to it.

i* a . v ■>

& o

Fig. 3A— Setup for winding primary coils. 

A ..... Axle.
B  Semi-cylindrical bar.
C ..... Rectangular strip.
D ...*. Clamping screws.

A. An aluminum form for winding the secondary coil*

o

Fig. 4A— Form for winding secondary coil



s c

The form i?as made by first constructing a rectangular bar of alum

inum and then using a lathe to round off the edges in the thicker part 

BO and to construct the cylinder AB (on the same center) so as to fit 

smoothly into the hole AB in the axle of Fig. 2A. The breadth and thick

ness of the aluminum bar were selected to suit the two primary coils that 

were built beforehand, so that the two primary coils together could slip
t%'+with moderate tightness into a coil wound on the form.

5. A lathe capable of turning at a fairly slow speed. The speed 

used for winding the coils was 30 rpm.

The axle of Fig. 2A was fitted into the counter and then clamped be

tween the jaws of the lathe. In the hole of the axle was clamped the rec

tangular brass strip referred to above, for winding the primary coils, or 

the form of Fig. Uk for winding the secondary coil. The complete mechan

ism for winding the secondary coil is as shown belowt

S

Fig. 5A—  Complete setup for winding coils.

A, A9 ..... Lathe jaws.
BC ..... Axle•
D ..... Counter.
EF ...** Form for winding

the secondary ooil«



* ■7
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For winding the primary coils the mechanism was the same except

that the form EF was replaced by the rectangular brass strip.

One layer of fine but strong thread was first wound on the form.

One round of ordinary paper that had been previously immersed in melted 

beeswax was then put on it, and the coil was wound on the top. Consecu

tive layers of the coil were separated by a layer of thin cellulose tape. 

This was necessary (l) for securing regular winding, and (2) for insula-* 

tion between the layers. In order to remove the coil from the form, the

thread layer was unwound and the coil could then be easily slipped off *



Relationship between tĥ g Model M ilaS ^en^th, Magnet^

Susceptibility and MatgieUs, Field IntepslJtE
In the derivations given below quantities with subscript 1 refer to 

the original and those with subscript 2 refer to the model. In all cases 

the quantities entering the equations are indicated on the diagram con-
J

\

cerned. Furthermore, in each case

I * Magnetic polarisation contrast (assumed vertical)

k « Magnetic susceptibility contrast
H s Vertical component of earth*s magnetic field

v z Calculated magnetic effect at point P

X z Model ratio of length

The Sphere t When the horizontal dimensions of a geologic body* are 
substantially less than the depth, its magnetic effects can be computed 

fairly accurately by assuming it to be a sphere. Examples are Igneous 

plugs or intrusions.

Fig. 6A— Magnetic effects due to a sphere

—  i u

3 2 2
A7TR k H( 2 a - x )

2— Z7577

liJ Nettleton, L.L., Gravity and Magnetic Calculations, Geophysics, 
vol. 7, no. 3, July 1942, p. 296.

If the model is to produce, at equivalent distances, the same magnetic



effect as the original, we ahall have,
T m  f

3 2 ?  ̂ i 2 2
4 7 7 * ,  k  2H2 ( 2  « 2 -  xjj )  *TTB, k ,  Ht ( 2  8 ,  -  * , )

~  -j Y - - j x n   a  ---- ~~7T*--- 7^ n ---3(* «*X ) 3(8 - x )2 r  \ v

2 2 2 2k, 1  J 2 z. - x, Zy - aL, 5/2Hence — S- =  ( _ L ) ( _ L )  (---- 1--i-)(,-,̂ .— X ,..)
H k 2 e — x e — x

1 2 2 2 2 1 1

2 2 2
,2 4 4 2 ®2How A  a*    as  r~ «  — -— y

E, XZ 2 Et 1 1
2 2 o 2 2E.-X 2Er X22 2 2Hence X = 2 2 2
V xi * v xi

H k 1 5 1 2 5/2
Hence — —  a  t— 1— )( > (— jj— )(X)

k2 A  X

k■J
k

.Xha y.gr.tlcfll Ujia Elementy This can he used to approximate a 

yertlcal cylinder for which the horizontal dimension Is considerably 

less than the Yertlcal dimension. Examples are salt dome or a volcanic
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Pig. _  Magnetic effects due to a vertical line element

2 8 H  1
t =  7TH k H(—  --- j-— ■- - ""  ...... y y g ')

(x + « V /2 (x2 + (« + o  )

2A/ Nett let on, L.L., Gravity and Magnetic Calculations, 

Geophysics vol# 7, no* J, July, 194-2, p. 2?8*

2 & U 2+(ss + i ) 2)^/2~  ( e +  t ) ( * 2 + ®2) ^ 2

= " “ s|— s ^ T T i r r O T " —
▲s In the previous case, we Shall have,

H k a2 {x2+ a2)y 2 (x2 + (« + X )2)y *

# «,(x2 + (*, + I,)2)5/2 - (*, + l,)(xa + *?)3/Z
♦ i W *  - (.’ ♦ i x x 2 ♦ v J v J * ^ 0

2 2 2 2 2 2 2 2



2 2 / i \2 2 . .2 2
Hence A2 =  -3j- «■ - “§• 2 2iLeiiei &i

*i ■> lw  *, v 1*'
X* =  A(A!)v 2  =  t-5L), j *

«, *, + (*, + 1,)

B *f 1 2 *f £I \ 1 T  |

__ 82(sc|f(®2+l2)Z)3/ (a24l2)(x2482)?

* (x2+(« 41 )2)^k = (e+1 ){x a *')V Z
S3

r~i ~r r ' ’" I ' T n " ! 1
2 2 2 2  y *

-  *(,a* V  > - < « 2 - S H » 2 + * 2)
• J{ * 2 ' + ( « ~ + ' i j ) 8 ) y 8 -  < « ~ + X j ) ( * 2  4  « 2 ) y a

... . ‘ ' (Making these substitutions in equation (!) above, we £fetr

A. = (A)(̂ -)(>3)(x?)(-JL) *» V A " X
 Hi.

k2
3Tnntieal Slmatt A vertical dike would We a good example,



CO.

Fig# —  Magnetio effects due to a vertical Sheet

B 2 + h
▼ a  2 k H t(— ■ a- - ■   ir-■—<;)■

a2 + x2 ( b + h)2 + x2

3A/ tfettleton, L.L., Gravity and Magnetic Calculations, 
Geophysics vol. 7# no. 3, July, 1?42» p# 302•

2 k H t h( a2 - X2 + zh)

(*2 4 *2)((« 4 h)2 4 X?)
Hence, as before, we have,
2 k2H2t2h2(z2 - X2 + Zgh2) ^  2 - x* + «,!>,)

(«2 ^ x2)((,2 + h2)* + x2) “  («2 + x2)((«, + 1»,)2 4 *2)

h«„. A  =  A (- A . )  A ,(J p p ^ - )(- - - r - l )(4 4 - )
Ht k2 t2 h2 W * 2 h2 « 1  *1^1

How A2 -  -^f- rr -  8^ X? p  -  A~X\+*Pz
T  •: v , '

Using these relationships and those derived previously, the



equation for the ratio of fields ‘becomes,
BL k. 1 1 t o 2

— S- s  ( ^ ) ( “ )(“7“ )(--t ^(X )(A )
H k A A A1 2

k1M M

k

/ Other eases can he treated in the sane way*
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