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 The oldest telephone receiver is invented by A. G.
Bell in 1876

A. G. BELL.

TELEGRAPHTY.
Wa. 174,485, Patented March 7. 1876.

A. G. Bell, U.S.
paent in 1876
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e Attraction and release of the armature are
controlled by the current from the coils, which
generates electromagnetic fields

* Has evolved into the modern hearing-aid devices



An example of the modern style BAR, Knowles ED7045
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Overview of the BAR’s operation
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Magnetic force, I,,: Force between
two nearby magnetized surfaces to
create a magnetic image
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lllustrative case studies of the BAR:
[ =0and I # 0 (Eddy-currents)
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The magnetic dipoles are lined up from N to S.
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The armature behaves as a magnet with magnetic flux
density B, (Tesla=Wb/m?)
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The armature is balanced
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|>O Going up
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Eddy CuU rrent @ (Vanderkooy 1989)

Z (_®_ VXH, =]+ D ~ J.p = 0E4 (1. Ampere’s law)
dNp

H VXEg = —B, (2. Faraday’s law)

Vx(VxH)=V(V-H)— V?H (3. Vector identity)

Vx (W xH,=-V?H,(~3)
Vx(06Ey) =—V2H, (~ 1)
oV x Ey = —0B, (~ 2)

Finally, V?H, = o, d:tz
In the frequency domain

(k) *=on4jw
k, = +/OHa0 e~ “*> (diffusion)

2H,(p, t)=2H el *t-kp



Force on the armature and hysteresis



* Force on the armature exists for two
opposing poles across an air gap

— Opposite poles attract and like poles repel
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can be explained by describing the F,,,

* Assumption: Core is initially not magnetized
1. Electrical energy: W = f%(t)iét)dt [J =N'm]

2. Wy = ["5F = [ HAB adsfipughacke =]

LA 2u 'm3  m2

3. Therefore E,, = W, A
AB? AyB,S W’

E =— =—9 N
T 2u 2 ZMOAg[]




W —leAdB—fHdB—ldeB—Bz J] N
4= A u _Z,u[m3_m2]

The green formula can

be related to the- Hysteresis - energyused to establish field [JJij= eneray retumed back by the steel
famous hysteresis loss i -
B

loop graph flux densty fox donety
* Xx-axis and y-axis Pa

represent H and B / /

subtraction of two
regions :

* A typical hysteresis
phenomenon of
Ferro-magnetic
material

(http://info.ee.surrey.ac.uk/Workshop/advice/coils/power_loss.html#eddy)

We are interested in BAR’s operational region




Ch. 7, Moving armature
transducer systems

F,rn =BmSm
[webers]

* BAR type receivers are operating in a
lens shaped region

— The region can be linearly approximated

TS Hpdty,
— Centered at ¢, (due to the permanent / ngr e

magnet)
— Alternating @;
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* Principles of the BAR's operation include the
Eddy-current effect, hysteresis loss, and force
on the two magnets Voving

Current | the mass cuent
Magnetic field

Force F
Hysteresis e o

ed H Coupled

vai, auv

* This work will provide a fundamental, clearer
insight into this type of BAR system
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