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ELECTROMAGNETIC TRANSDUCER 

William J. Muldoon, Garden City, N. Y., assignor, 
by mesne assignments, to The Wheeler In 
suiated Wire Company, Incorporated, Bridge 
port, Conn., a, corporation of Delaware 
Application May 17, 1946, Serial No. 670,585 

(C. 179-14) 2 Claims. 

The present invention relates to transducers 
and is more particularly concerned with tele 
phone transducers used in Sound-powered or bat 
teryleSS Systerns, although the invention may ad 
vantageously be used in battery telephone Systems 
as will hereinafter appear. 
Transducers for use in Sound-powered systems 

are usually of the magnetic armature type as dis 
tinguished from the magnetic diaphragm type. 
The magnetic armature type consists of an arna 
ture connected with a diaphragm. The arnature 
may be of the “balanced' or of the "reed' type, 
but in either case the armature passes between 
two air gaps one at each end. The unit is pro 
vided with a permanent magnet or magnets for 
the polarizing flux, which passes through the two 
gaps in parallel, while the alternating signal flux 
passes through two air gaps in series, 
The principal object of the present invention is 

to provide a transducer of the magnetic anature 
type which is of simpler and more inexpensive 
construction, and which is of higher magnetic and 
electro-accoustic efficiency than existing trans 
Eucers of this general class. 
According to the present invention, the arma 

ture is clan ped at one end between two per 
manent magnets. The magnets are provided 
With poie pieces terminating adjacent to the free 
end of the arnature. The construction is such 
that the alternating flux is required to paSS 
through only a single air gap. If the reluctances 
of all parts of the magnetic circuit other than 
the air gap were negligible, the unit would pro 
duce twice the force on the arrnature for any 
given signal current, as compared with the con 
ventional reed type. Actually, the alternating 
flux is required to pass through the polarizing 
magnets for which the reluctance is not neglio 
gibe, and the figure of merit is somewhat less 
than twice that of the conventional reed type, but 
with existing magnet materials of high energy 
product, it is possible to obtain a materially higher 
efficiency than with the usual forms of reed 
transducers. 

In the accompanying drawings illustrating 
what is now considered the preferred form of the 
invention, Fig. 1 is a sectional elevation; Fig. 2 is 
a plan view; Fig. 3 is an end view; and Fig. 4 is a 
diagran of the analogous electrical circuit. 
As shown in the drawings, the unit comprises 

a base 4 to which is clamped a diaphragm 6. 
Mounted on the base is a magnetic structure in 
cluding two magnetically equivalent permanent 
nagnets 8 and 9 magnetized in Series relation, 
that is, with the “north” pole of one adjacent 
the 'south' pole of the other. Pole pieces 2 
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2 
and 4 extend symmetrically from the ends of the 
magnets toward the center of the unit. An ar 
nature S is clamped at one end at the mag 
netic center between the two magnets. The free 
end of the arnature is normally centralized in 
the Space between the ends of the pole pieces, 
whereby air gaps 8 and 20 are formed between 
the armature and the respective pole pieces. A 
coil 22 of conventional type is mounted within 
the pole pieces and surrounds the armature. A 
drive rod 24 is connected between the end of 
the arnature and the center of the diaphragm S. 
The base 4 is provided with a central aperture to 
accommodate the drive rod 24 and is suitably per 
forated as indicated at 26 in the conventional 
manner. The magnets, pole pieces and armature 
are conveniently secured together and to the base 
by a Single fastening means, shown as a rivet 
28. The unit may be provided with a suitable 
cover which is not shown in the drawing. 

In operation as a sound-powered unit, the 
transducer may be used either as a receiver or a 
transmitter. For example, as a receiver upon ap 
plication of a signal current to coil 22, a force is 
applied to flex the armature, decreasing one of 
the air gaps and increasing the other, and there 
by moving the diaphragm to emit acoustic en 
ergy. Conversely, when the armature is flexed 
by a COUstic energy impressed on the diaphragm, a 
signal voltage is generated in the coil 22. 
The equivalent electric circuit of the Systern is 

shown in Fig. 3 wherein the batteries E are 
analogous to the magnetoinotive forces of the 
magnets and the resistances Rim, Rip and Ra are 
analogous respectively to the reluctances of the 
magnet, the pole pieces, and the arnature. The 
reluctances of the gaps 8 and 20 are represented 
by the resistances Rg1 and Rg2. The flexing of 
the armature is analogous to the moving of a 
tap over these electrical resistances; thus, if the 
tap is noved upwardly Rg1 increases and Rig2 de 
Crea.SeS, the Sun of Rg1 and Rg2 remaining Con 
stant. Thus motion of the tap up and down at a 
certain frequency will result in the flow of cur 
rent at that frequency through the resistor Ra. 
Analogously, motion of the diaphragm Sets up 
an alternating flux in the arnature 8. 

ASSunning Rip and Ranegiligible, as is rea,Sonable 
in practice, it can be shown that for a given mag 
netomotive force NI in the coil, the force on the 
armature is proportional to 

2NI 
R. --R, 

(where Rg stands for the reluctance of either gap 
for the centralized position of the armature). 
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A comparative analysis for the conventional 
reed sound-powered unit may be made. The 
comparison is made on the basis that the con 
ventional unit has the same air-gap polarizing 
flux and the same area of air gap at each end of 
the armature as at the free end of the armature 
of the present invention. This basis of Com 
parison is necessarily dictated by the fact that 
the mechanical forces on the armature due to the 
polarizing flux, when the armature is off center, 
must in each case bear a similar relation to the 
mechanical stiffness of the armature, So that 
the arnature will not be flexed into contact with 
one or the other of the pole tips. This analysis 
shows that the force due to a magnetomotive 
force NI in the coil is proportional to 

NI 
R 

The difference is due to the fact that in the pres 
ent invention, a complete magnetic circuit for 
the signal flux includes one gap and one magnet 
in series, while in the conventional form the cir 
cuit includes two gaps in Series. 
ure of merit for the present invention, as com 
pared with the conventional unit is 

2R, 
R --R, 

The quantity Rm is the incremental reluctance 
of the magnet, namely, the reluctance to alter 
nating flux as indicated by the minor hysteresis 
loop for the magnet material. The magnets may 
be constructed of a material such as “Alnico II' 
which has a relatively high incremental perme 
ability and a sufficiently high “energy product’ 
to provide the necessary polarizing flux with a 
Small volume of material and an area of section. 
large relative to length. If Rim were negligible as 
compared with Rg, the comparative figure of 
merit would equal 2, Rm cannot be considered 
negligible, and this fact will reduce the figure of 
merit to about 1.4 or 1.5 for Alnico II, but in Spite 
of this factor the present invention is seen to 
have a considerably higher electro-mechanical 
efficiency than conventional units. 
In a system of transmitter and receiver, the 

figure of merit is the square of the figure of merit 
for a single unit. 
The magnetic efficiency is also increased Over 

the Conventional reed arrangement. Since a, 
complete magnetic circuit in the present inven 
tion includes only one air gap in which the 
polarizing flux must be maintained, the cross 
Sectional area of the magnet material may be re 
duced. On a comparative basis it may be shown 
that the volume of magnet material required is 
less by i5 to 20% than in the conventional reed 
type. 
The transducer is of simple and economical 

construction. For these reasons it is particularly 
suitable for very low cost telephones. It also 
recommends itself for other applications, where 
its high efficiency is important, such as loud 
Speakel'S and high quality telephones. Although 
the apparatuS is of particular utility in Sound 
powered or battery less systems, it will be under 
Stood that it is equally applicable to units and 
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4. 
Systems in which direct current is used. The 
direct current may be isolated from the coil by 
a condenser, although the condenser is unnec 
essary if the resistance of the coil is sufficiently 
high. Thus the transducer of the present in 
vention may be used as a transmitter or receiver 
in a battery telephone system, or as a high-effi 
ciency loudspeaker especially suitable for Small 
radios; in any of Such instances the device com 
mends itself because of its compact construction, 
high efficiency and low cost. 

Having thus described the invention, I claim: 
1. A transducer comprising only two blocks of 

permanent magnet material magnetized as mag 
netically equivalent magnets in Series, an arma 
ture comprising a straight Strip secured at One 
end between the magnets and extending away 
therefrom for a substantial distance, two pole 
pieces attached to the outer faces of said mag 
nets and extending therefrom in a direction gen 
erally parallel to the armature and being formed 
at their ends to approach the arnature near the 
free end thereof, to form symmetrical magnetic 
circuits which are similar for both polarizing 
and alternating flux, the pole pieces being of low 
reluctance compared to the reluctance of the 
magnet material, means for rigidly securing the 
magnets, the armature and the pole pieces to 
gether, and a coil Surrounding the armature and 
enclosed within the pole pieces. 

2. A transducer comprising only two blocks of 
permanent magnet material magnetized as mag 
netically equivalent magnets in series, each block 
having an opening, an armature comprising a 
Straight strip Secured at one end between the 
magnets and extending away therefrom for a sub 
Stantial distance, two pole pieces attached to the 
Outer faces of Said magnets and extending there 
from in a direction generally parallel to the ar 
mature and being formed at their ends to ap 
proach the armature near the free end thereof, 
to form Symmetrical magnetic circuits which are 
similar for both polarizing and alternating flux, 
the pole pieces being of low reluctance com 
pared to the reluctance of the magnet material, 
the armature and pole pieces having openings 
registering with the openings in the magnets, a 
fastener passed through all of said openings for 
rigidly Securing the magnets, the armature and 
the pole pieces together, and a coil surrounding 
the armature and enclosed within the pole pieces. 

WILLIAM J. MULDOON. 
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