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Some Viewpoints on the Magnetic Field for the Test of

Induction Pick-up Coils in Hearing Aids

Ann-Cathrine Lindblad

In this report the distribution of the magnetic field from
circular and rectangular loops for testing the induction pick-
up coil in hearing aids is described by calculations. The in-
fluence of magnetic materials in the vicinity of the loop is

also discussed.

The induction pick-up coil in hearing aids is normally used in
connection with telephone sets or with especially arranged mag-
netic loops. It is very important that the sensitivity of thg

induction pick-up coil is matched to that of the microphone.

It is desired that the frequency response should be the same for

microphone as well as induction pick-up coil input.

It is obvious that there is a need for standardization how to
test and describe the performance of the hearing aid with the
use of the induction pick-up coil. Normally existing noise
levels in the form of stray fields from different sources as
well as the risk for saturation in the hearing aid has been

1)

described in earlier investigations™’.

The field strength must be adapted to the relevant inductive
stray fields, and at the same time account must be taken of the
requisite power output of the loop amplifier and the risk of

overloading the hearing aid.

A simple device for the test of the induction pick-up coil is

a loop with one single turn. The number of turns and the phys-
ical dimensions of the wiring is of minor interest, the volume
in which a given field strength can be kept within given tolepr-
ances for its level and its direction being the important infor-

mation,

The magnetic field from a circular loop

The magnetic field strength from a circular loop with the radius

a - in air, under stationary conditions - can be calculated
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from Biot-Savart's law

g - Mol (dSxP
G r3
or from
—_ T 15 - —
A = Hﬁ; 5; and B = rot A -

In cylindrical coordinates _
2, 2,72
g0z MO 1 2 1 “K(K) 4+ a_tp *tz E(kﬂ
P : . A
v Top &a&p)2+zzﬁé, ‘ (a—p)2+22

B¢ =0

B, = ol i N O EE:RE:EE_ E(Eﬂ

where K and E are eiliptical integrals of the first and the

second order,
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The magnetic field from a rectangular loop
A calculation made in the same manner as for the circular loop

gives for a rectangular loop with the dimensions 2a and 2b,
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in the plane of the loop and on the axis B = B, = 0.
In the plane of the loop B, can be written
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On the axis of a quadratic loop
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and in the center of the loop
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Toleprances

The field atrength and thﬁ direction of the magnetic field
should be kept within given tolerances in a volume of suffi-
cient size for hearing aids. This volume could be described as
a cube ov as a sphere. For the field the tolevances 5% for the

level and 10° for the direction could be regarded as reasonable.
The field distribution for a quadratic lcop has been calculated
over computer,

The absolute value of B, on the axis and B, as a function of

% and y for z = 0 and 2z = 0.2a is shown in fig. Z. Thé first

.quadrant may be rotated around the zZ-axis 1o get the other

quadprants. B? inereases when moving from the center Wwith z con-

ES

stant and decreases with incrcasing absolute value of 2z, "The

tendencies work against each other at points not lying in the

plane of the loop making a better result than at corresponding

points in the plane. According to the results in fig. 2, a

sphere with a radius of 0.2a is a better test space than any
asily used cube.

The angle between the field and the z-direction is presentﬂd in

fig. 3. The angle incpreases with z, but is well within the to-

lerance of 10 for analyzed points.

In the suggested test sphere the absoclute va]ue of B will always

he within the tolerances,

Thus for a guadratic loop a sphére with the radius 0.2a is a

suitable test space. Similar calculaticns for a circular 1oop



will be presented in a later report.

Influence by metallic objects

The distribution of the magnetic field can be seriously changed
by metallic objects in the viecinity of the loop. Such an in-
fluence has been theoretically calculated for two special con-
ditions, a sphere and a cylinder of infinite length in a homo-

geneous field,

A sphere with the radius a in a homogeneous field, B, gives

a superimposed field that can be described in spherical coordi-
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For u:s very much near 1, the influence is negligible. When

u is increased, however, and approaching an infinite value, the
5% tolerance limit of the field strength will be reached at
5,4a and 4.5a from the sphere and the cylinder center respec-

tively.

Objects made of magnetic materials should not be allowed within

the 1loop.

Reinforced concrete can influence the field distribution as be-
ing a magnetic material in the vicinity of the loop as well as
through transformer effects with shortcircuited turns. Measure-
ments have been made with a quadratic loop over a grid made of
steel. The quadratic loop was placed parallel to the grid with

a distance between the loop and the grid of 1.5a. The magnetic



field strength level in the center of the loop was reduced by
0.1 dB. With the same distance reduced to 0.3a, the level de-
creased by 0.2 dB. With the loop perpendicular to the grid sur-
face and the nearest side of the loop at a distance of 0.6a and
0.3a, the field strength level was reduced 0.1 dB and 0.2 dB
respectively. To be quite safe for an influence of reinforce-
ments, the distance between the loop and any surface of the

test room should be at least Z2a.
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Fig. 1. The rectangular test loop.
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Fig. 2. The distribution of the
absolute value of BZ,[Bél.
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Fig, 3. Angle in degrees between the

'field and the z direction.

Teknisk Audiclogi 6303




i Karolinska Institutet Renoprt Ho,. 61

July 1369

Teknisk Audiologi

Stockholm Addendumn ) ~ACL

Addendum to the report

some viewpoints on the magnetic field for the test of induction

pick-up coils in hearing aids

by Ann-Catihrine Lindblad

With the radius a, in air, under stationary conditions B, has

been calculated using cylindrical coordinates.
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Fig., 4% The distribution of the absolute value of B, 'B?l, for

a ciprcular 1loop with the radius a.
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Fig. 5 Angle in degrees between the field and the z direction

for a circular 1loop with the radius a,

Thus the test space can be described by a sfere with the radius
0.0 a or as a cylinder with the radius 0.18 a and the length

2 % 0.25 a.
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