THE INFLUENCE OF METALLIC BODIES ON A COIL RADIATING AN
: ALTERNATING MAGNETIC FIELD :
By Alladi Prabhakar, Institute of Armament Studies, Kirkee.
R " ABSTRACT ce o :
The response of 2 metallic sphere placed in an alternating
magnetic field has been studied in details and the con-
clusions derived therefrom have been verified experi-
mentally. Similar investigations on cylinders and disc are
also reported. The recent trend for developing non-metallic
mines, in which' the metallic components are “very ' few,
makes it imperative that a more detailed study with very
small cylinders should be carried out. ’
Introduction _ o '

A study of the influence of metallic objects of various sizes and shapes
on a coil radiating an alternating magnetic field was undertaken with a view to
correlate the nature and magnitude of the influence with ()" size of the object
(b) shape of the object (c) the metal of which the object is ‘made (d) the distance
at which the object is situated from the detecting coil (e} the frequency of the
magnetic field and (f) the dimensions of the detecting coil. The study is bound
t0 be of interest to the operator in the mine field-and also to the designer of the
mine detector—the former wanting toform an idea of the buried object from
the nature of the response and the latter to know what sort of characteris-
ties his detector should haveto give the maximum response to a given object.
‘A detector working on the Heterodyne Principle ‘was built here for making the
measurements and the accuracy of these measurements was tested in the case
of metellic spheres by theory.-Having made sure about the soundness of the
measuring technique employed, responses of metellic cylinders ‘and. discs-of
various sizes were found and tabulated. The most interesting result that has
come out of these investigations is the behaviour of ferromagnetic metals,
such as mild steel whose response depends on the frequency employed. -In
fact there is a critical frequency for-each object. at. which the eddy. current

effect swamps the magnetic effect giving practically zero response. Here again
the results calculated from theory agree very well with experimental values.
The Theoretical Problem \

The disturbance produced by a spberical metallic particle in a homo-
geneous alternating magnetic field is a classical probiem and it has been dis;
cussed by Poritsky, Clapp and others. The exact solution can be obtained as
a series involving Bessel furctions! :

jwt i . -
Let in = Ie] be the initial current in the detector coil ¢.e. when no
disturbing body is present. _
L=inductance of the detecting coil in c.g.s. units

R=Resistance of the coil in ¢.g.s. units

a= 4/1* + x2
where
r=radius of the detecting coil in cms _ o
=distance of the centre of the sphere fromthe centre of the coil
along the axis of the coil in ems. -
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w=2rX frequency g B
. N=No. of turns in the coil : e .
p= dmpe where p =permeability of the material of the sphe:e.

' T =conductivity of the material of the
R sphere. el :
b=radius of the sphere : e
P’y (008 )= Associated Legendre funetion of srdern -
. A r :
In (x) ;Modiﬁéd Bessel function ef the first kind of order n.
In the presence of the body the current becomes
e v . ) ) ) jwt’ v- . ‘: i
o = Jot 4r?sin?aajole  (R—jwl)N2
T 1gis = I € — - Rz—l— szz pEa
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In view of kthe actual values of the parametersf rovolved, it wﬂl be suﬁ"xciently
accurate to take only the first term of the series and to replace each of the
Bessel funetions by the Jeading term of its asymptotic expansion. Then,-
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Experimental results

The arrangement employed initially for the measurements of change in
" inductance at low frequencies is shown in fig. 1 o .

SEARCH Coil

@)

A . :\» ) N 2000 A

“Fig. 4 ) £

A is the Audio frequency generator connected to the search coil and the cur-
rent was measured by-the Cambr.dg® Vacuo-junction whose heater element.
was conneeted in series w.th the generator and the thermo-junction connected
across a D.C. potentiometer. In the above arrangement the sensitivity of the
potentiometer wire turned out to be 1/38 millivolt per cra length. Changes in
e.m.f. upto -01 m.v. could be accurately measured this way and the percentage
change in current was found for Brass, Aluminium and Mild Steel spheres
kept at various distances: The observed values agreed well with those cal-
eulated from theory, es the followirig Tables show. ‘

z Brass sphere 762 cms dia. frequency of magnetic ﬁdld 2,000 cps.

. ] Observed 9, o| = - f
Distance. of object decrease in Calculated. 9%

i Jnductance value’ :
2 ems o .. .. 4.70, ' 4-54
5oms .. ‘e .. . . . 2+50 2-50.
7-Boms .. .. .. G 1-50 154
10 cms . A ) 0-68 0-68
1245 eme . e e 040 0-37
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-Aluminium sphere 7-62 oms. dia., frequency of magnetio field 2,000 cps.

e - : Observed 9, g
Distance of Object S  decrease’in - | Calculated 9,

inductance value

2 . . . .. .. .. 4-5 425

5 .. .- .. . .- sl 24 | 20827

5L L .. B IO R (T A 1-426

10 .. .. . - . 0-68 0-654

12-5 .. ve . . - 0-35 0+:35

The arrangement however was not . satisfactory at high = frequencies
when the current was obviously very small. A detector workirig on the hetero-
dyne principle was therefore built in the laboratory and the percentage
change in inductance was deduced by observing percentage change in fre--

~ quency. The detector was quite sensitive to small cbjects and the circuit which
‘was employed is sh6wn below: e S :
DEAT
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) Fig. 2 :
I1sa fixed oscillator of the Colpitt type, and II is a variable oqcﬂlator alse of
the Colpltt type, whieh has for its inductance the search coil. The mixed. sig-
nal is fed through a step up transformer and amplifier to the Y’ plates of the
Cathode-ray-oscillograph where its frequency is compared to that produced
“in a standard beat frequency oscillator. The variable oscillator ig initially ad-
<‘]usted so that thereis no beat signal. Any object in the vicinity of the search
~coll gives a beat signal and the frequency of the signal is a measure of i;he
change in inductance of the search coil. -

This technique for measurements at hlgh frequencies is obviously not as
acourate as the former experiment which is a more direct method. The a,ccu~
racy is limited by the following factors:

(@) The standard B.F.O. used for frequency comparison is cahbrated
for ¢ every hundred cycles and there is bound to be a 1% erTor in
the measurement of frequencies of the order of 2,500 eycles;”
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(b) errors in the: measurement of 1nduci;anc§ of the search 0011 by the,n

Universal Bridge: ~

- *(c) errors in the measurement of the dlmensmns of (1) the object to

be detected: (2) the search coil.

“*(d) errors in the measurement of the dlstance ‘of the centre of the

object from the centre of the search ¢oil.

_ Wlt}ﬁn the limits of experlmental €rTors - lmted above the results le:’
Brass and Aluminium spheres compare favourably with those calculated from:

theory, as will appear from the following Tables.

R £

Brass sphere 762 cms dia., frequency of the magnetic field 70,000 cps.

% ‘décrease

) % deerease :
Distance of object in mductanoﬁ as caleulated
“observed |
2 .. o . .. . 41" 4-53
b .. ' 24 2-49
8

7-5 .. . . . 13 1-52
0 .. 2064 0-68
12+5 . . .. .. N RN I T 0-37

Aluminium sphere 7-62 cms cl'ia.,ﬂeguency of the magnetic fReld 70,000 'cps.

. r" R : %. decrease % decrease o
Distance of object “in inductance | as calculated.: !+
observed
2L S .. . “3e9 424w
: Es) SEUTEIONG
5 .. o . . e e 2-25 2-32
7-8s.. . oy . . . 126 1-42
100 . e . o 0:6 0-65
125 . .o o e 0.4 0:85 -

Tk A]zo applicable to the first experiment.

ARt
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The influence of frequency on sensitivity

-: The influence of frequency on sensitivity—In the case of non-magnetic
metals like brass, copper and aluminium it was found that there is very little
change of sensitivity with frequency. A mild steel sphere on the contrary
behaved differently at different frequencies; the response at low frequencies
was predominantly magnetic, while at high frequencies the eddy current had
the better of the magnetic effect. The lowest- sensitivity for the mild steei
specimen under consideration was at forty thousand cycles per second, the
corresponding theoretical figure being 35,000 cycles per second. The discre-
pancy between the theoretical and experimental curve may be attributed to
the rather doubtful value of 150 which has been assumed as the permeability
of the specimen under investigation. , '
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~ Variation of Sensitivity with Distance
In the case of a non-magnetic metal for which the value of ‘p’ is large,
" the expression (2) can be further simplified to ~
. jwt 2n? sinte bPw (wL 4 jR)N2
igis = Ie [1 + a? (R? + %3
If further we assume that the resistance of the detecting: coil is negligible in
comparison with its inductive reactance, we have

) jot 27% b3 N2 4 »
g = le 1+T] . .o (6)

It may be seen from this that the sensitivity at large distances of the object is
proportional to the cube of the diameter of the sphere and inversely propor-
tional to the sixth power of the distance of the object. The variation of sen-

sitivity with distance is shown in the graphs below.

(6)

,
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Influence of coil diameter on sensitivity o b4

It is clear from eqn. 6 para 6 that for x<<r tHe sensitivity
falls off with the increase in the radius of the coil and.for X>>T>T sensitivity
increases as the cube of the radius of the coil. With the object. at a
fixed distance from the centre of the detecting coil, the sensitivity
for coils of varying radii is a maximum when the radius of the coil
is equal to this distance. The graph below shows the variation of
sensitivity with the diameter of the search coil - for - various distances of
the objectas calculated from the theory. The experimental valies ate also
marked. It will be seen that experimental values withini the limits of error.
agree fairly closely with the corresporiding theoretical values.

% .
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Sensitivities of objects of other shapes - : L

Experiments for the sensitivities of other ob]ects suoh as brass cylin-
ders (solid andhollow) of various diameters and lengths and dises of various
diameters were done and results are expresqud in ﬁgureb 7,8 an( 9. .
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Conclusion '

A theoretical formula has been deduced for the response of a spherical
metallic particle in an alternating magnetic field, and it has been verified by
- experiments performed. on metallic spheres (1) for different coil diameters,
(2) for various distances of the object and (3) for different frequencies. The
analysis for a sphereis bound to give ug at least a qualitative idea regarding the
behaviour of objects of other shapes such as cylinders, dises ete. A few pre-
liminary experiments have been done on cylinders of various lengths and
diameters as well as discs of different diameters. The modern trend has been
to develop non-metallic mines in ‘which the igniter is perhaps the only metal-
lic part. Design of metal detectors sufficiently sensitive to detect small cylin-
ders seems therefore to be an urgent need. Further work on the theoretical and
‘practical agpects of response to small cylinders is contemplated.
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