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This invention relates to electromagnetic trans 
lating devices and more particularly to armature 
type electromagnetic units especially suitable for 
use in telephone receivers and transmitters. 
One known type of electroacoustic transducer 

comprises, generally, a magnetic armature fixed 
at one end and having its other end extending 
into a gap between a pair of pole pieces between 
which a direct current flux is maintained by One 
or more permanent magnets. A signal coil is 
asSociated with the magnetic circuit including 
the armature for varying the flux in the circuit 
thereby to cause vibrations of the armature in 
accordance with signal currents supplied to the 
coil or, conversely, for establishing a signaling 
current in accordance with vibrations of the 
armature. 
One object of this invention is to simplify the 

construction and to facilitate the manufacture 
of electroacoustic transducers of the general type 
above described 
Another object of this invention is to expedite 

the attainment of substantially exact magnetic 
balance of the armature in the absence of sig 
naling currents in the signal coil. 
A further object of this invention is to increase 

the magnetic and operating efficiencies of arma 
ture type electromagnetic translating devices. 
In accordance with one feature of this inven 

tion, the elements, including the armature, pole 
pieces and magnets, of the magnetic system are 
constructed and arranged so that when the ele 
ments are assembled in pile-up relation the free 
end of the armature is substantially centered 
automatically in the gap between juxtaposed 
faces of the pole pieces and preassigned mag 
netic gaps between the armature and these faces 
obtain. 

In one illustrative construction, the magnetic 
System comprises a pair of longitudinally mag 
netized, bar permanent magnets mounted in 
alignment, with the juxtaposed pole faces there 
of of unlike polarity, a pair of pole pieces each 
seated upon the other pole face of a respective 
magnet and having a pole tip coplanar with the 
respective One of the juxtaposed pole faces, an 
armature having one end portion extending be 
tween the pole tips and another portion extend 
ing between the juxtaposed pole faces, and mag 
netic shins interposed between and spacing the 
armature from the juxtaposed magnet pole faces. 
The shins are of equal preassigned thickness 
so that when the elements are assembled in pile 
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up relation, equal magnetic gaps of prescribed gg. 
mercially as "Alnico.' 

2 
length obtain between the armature and the tips 
of the pole pieces. 
In accordance with another feature of this in 

vention, the magnets are provided with grooves 
in the juxtaposed pole faces to permit the in 
Sertion of a tool therethrough in the assembled 
structure, for effecting bending of the armature 
adjacent the magnets thereby to adjust the 
arnature-pole piece spacings if necessary or 
desired. 
In accordance with a further feature of this 

invention, the armature is provided with one or 
more extensions, for example tabs extending from 
the fixed portion thereof, in juxtaposition to the 
magnets, these extensions constituting magnetic 
shunts across the magnet or magnets and being 
adjustable relative to the latter to compensate 
for magnetic unbalances in the magnetic system. 

In accordance with still another feature of 
this invention, the armature is formed of two 
portions having different magnetic character 
istics, to enhance the magnetic and, hence, the 
operating efficiency of the device. More specif 
cally, in accordance with this feature of the in 
vention, the portion of the armature extending 
between the juxtaposed faces of the magnets is 
constructed of a material having a higher re 
versible permeability at low flux densities and 
lower coercive force than the part of the arma 
ture which extends between the tips of the pole pieces. 
The invention and the above-noted and other 

features thereof will be understood more clearly 
and fully from the following detailed description 
with reference to the accompanying drawing in 
which: 

Fig. 1 is a side elevational view in section of an 
electroacoustic transducer illustrative of one em 
bodiment of this invention; 

Fig. 2 is an exploded perspective view of the 
magnetic unit included in the transducer illus 
trated in Fig. 1; and 

Fig. 3 is a diagram illustrating the magnetic 
circuit included in the transducer shown in 
Fig. 1. 

Referring now to the drawing, the electro 
magnetic device therein illustrated is operable as 
either a telephone receiver or transmitter and 
comprises a pair of substantially identical bar or 
block magnets 10A and OB, advantageously of a 
high coercive force magnetic material such as an 
aluminum-nickel-cobalt-iron alloy known com 

The magnets are posi 
tioned in alignment with each other, are equally 
magnetized in the direction of their alignment 
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and have the juxtaposed ends or pole faces 
thereof of unlike polarity, as indicated in Fig. 1. 
Each magnet has affixed thereto, as by soldering, 
an L-shaped pole piece i? having a flange 2 ter 
minating in a pole tip face f3, the pole pieces 
being of high permeability material, such as a 
nickel-iron alloy known commercially as "Perm 
alloy." In the fabrication of the device, each 
pole piece is affixed to the respective magnet and 
the pole tip face and respective magnet face are 
made accurately coplanar, as by grinding or lap 
ping thereof. 
one of the pole pieces, specifically the lower 

pole piece in Fig. 1, may be formed as an integral 
part of a foundation plate 14, the function of 
which will appear presently. 
A rectangular armature (5A, 5B extends be 

tween the pole tip faces 3 and the magnets 0 
and is spaced from the latter by Substantially 
identical, high permeability, e. g. "Permalloy," 
shims 6. These shins are made of preassigned 
thickness, for example .004 inch, so that, inas 
much as the pole tip faces and the respective 
magnet faces are coplanar, the armature to pole 
tip face spacings are equal and fixed at a desired 
value by the shins. 
The magnets 0, pole pieces if, armature 5 

and shims S are assembled in pile-up relation 
and are fixedly clamped together as by a pair of 
screws extending between the pole pieces and 
threaded into one of them. 
A signal coil 8 is mounted between the pole 

pieces and encompasses the armature 5. 
The plate 4 serves as a mount for a circular, 

non-magnetic diaphragm 9 which, together 
with annular washers 20, may be Secured to the 
plate by an annular clamping band 2. The dia 
phragm 9 is coupled at its center to the free 
end of the armature 5 by a connecting link or 
drive rod 22. 

It is apparent that faithful translation of 
sound into electrical signals or vice versa, and 
also high efficiency, require that in the absence 
of current in the coil 8 or when the diaphragm 
9 is at rest, the armature be magnetically and 
mechanically balanced. As has been indicated 
heretofore, when the elements constituting the 
magnetic system are assembled, the free end por 
tion of the armature is centered in the air gap 
between the pole tip faces 13. However, because 
of a number of factors, such as, for example, dif 
ferences in the strengths or reluctances of the 
two magnets or dimensional variations in the 
shims 6, the desired exact balance may not 
obtain. 
The parameters involved in the magnetic sys 

tem will be understood from Fig. 3 wherein M. 
and Ma, are the magnetomotive forces of the two 
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magnets, R1 and R2 are the reluctances of the 
magnets and Gi and G2 are the reluctances of 
the two gaps between the armature and the pole 
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4. 
by to exactly center the armature in the gap be 
tween the pole tip faces 3. 
To allow compensation for inequalities in the 

two magnets, the armature 5 is provided with 
integral extensions or tabs 24 adjacent the mag 
nets. These tabs, represented by S1 and S2 in 
Fig. 3, constitute adjustable shunts across the 
magnets. Adjustment is effected by bending the 
tabs to increase or decrease the spacing thereof 
from the magnets to establish exact equality of 
the two arms, R1, M1, S1 and R2, Ma, S2, of the 
magnetic bridge circuit. Adjustment of these 
tabs is equivalent to a vernier mechanical adjust 
ment of the position of the armature in the two 
air gaps. 
Thus, in the construction illustrated and de 

scribed, it will be noted that the air gaps may be 
equalized and the two arms, above-noted, of the 
magnetic circuit also may be equalized, whereby 
both mechanical and magnetic balance of the 
system are attained and, therefore, high effi 
ciency and faithful translation of signals are 
realized. 
The magnetic and, hence, the operating effl 

ciency of the transducer is dependent upon the 
magnetic character of the armature 5 particu 
larly upon its reversible permeability, which is 
one aspect of its magnetic character. The tractive 
force on the armature is a positive function of its 
reversible permeability, which is therefore a meas 
ure of the displacement response of the armature 
to variations in that force. In accordance with a 
feature of this invention, substantially optinum 
magnetic characteristics for the armature are real 
ized. Specifically, as illustrated clearly in Fig. 2, 
the armature 5 is constructed of two sections 
5A and 5B joined end to end, as by butt weld 

ing. The two sections are of different magnetic 
materials, the section 5B having a higher re 
versible permeability at low flux densities and 
lower coercive force than the portion or section 
15A, which has a higher reversible permeability 
at high/lux densities than the portion 5B. In 
an illustrative construction, the portion or Seco 
tion 5A may be of 45% Permalloy (45% nickel 
and balance iron) and the portion or section 5B 
may be molypermalloy (4% molybdenum, 79% 
nickel and balance iron). The latter portion is 
at a low superimposed flux density in the opera 
tion of the device, being adjacent the neutral. 
point of the two permanent magnets and having 
a larger effective area which the fiux traverses 
than the portion 5A adjacent the small pole tip 
areas. Because of the low coercive force of the 
portion 5B, positional variations of the armiature 
due to residual flux in the armature following 
mechanical or magnetic displacement of the 
armature are reduced whereby the stability of the 
magnetic unit is increased. Additionally, the pos 
sibility of the armature freezing to one of the pole 
tip faces is minimized, whereby very short air 

tip faces. The reluctances of the pole pieces are 
so small, usually, as to be negligible. In order 
that magnetic balance may exist, it is obvious 
that the parameters involved in the system must 
be such that the flux through the armature be 
280. 

Desirably, of course, G1 and G2 should be ex 
actly equal. This desideratum is obtainable 
readily in devices constructed in accordance with 
a feature of this invention. Specifically, the jux 
taposed pole faces of the two magnets are pro 
vided with parallel grooves 23 through which a 

gaps between the armature and the pole tip faces 
may be employed. 
Although a specific embodiment of the inven 

83 ton has been shown and described, it will be un 
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tool may be inserted to effect a permanent bend 
ing of the armature adjacent the magnets there S 

derstood that it is but illustrative and that vari 
ous modifications may be made therein without 
departing from the scope and spirit of this inven 
tion as defined in the appended claims. 
What is claimed is: 
i. An electromagnetic translating device com 

prising a pair of substantially equal permanent 
magnets positioned in alignment and magnetized 
in the direction of their alignment, one pole face 
of one magnet being in juxtaposition to the pole 
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face of unlike polarity of the other magn.net, a 
pair of pole pieces each extending from the other 
pole face of a respective magnet and having a 
pole tip face coplanar with the respective one of 
the juxtaposed pole faces, the pole tip faces de 
fining a gap, a unitary magnetic sheet metal 
armature assembly having an integral armature 
with one portion in said gap and another portion 
clamped between said juxtaposed pole faces, a 
signal coil in electromagnetic relation with said 
armature, and a pair of spacer members each 
interposed between said another portion of said 
armature and one of said pole faces, said arma 
ture assembly also comprising two integral mag 
netic shunt elements separately extending from 
between said magnets with each shunt element 
extending along a different one of the two mag 
nets away from the other magnet to a point of 
substantially different magnetic polarity. 

2. An electromagnetic translating device com 
prising a pair of substantially equal permanent 
magnets positioned in alignment and magnetized 
in the direction of their alignment, one pole face 
of one magnet being in juxtaposition to the pole 
face of unlike polarity of the other magnet, a pair 
of pole pieces each extending from the other pole 
face of a respective magnet and having a pole tip 
face coplanar with the respective one of the 
juxtaposed pole faces, the pole tip faces defining 
a gap, a unitary magnetic sheet metal armature 
assembly clamped between the magnets compris 
ing an integral armature having one portion in 
said gap, another portion between said juxta 
posed pole faces and magnetic shunt means com 
prising an element extending substantially per 
pendicular to said arnature along each of the 
two magnets away from the other magnet, a sig 
nal coil in electromagnetic coupling relation with 
said armature, and a pair of Spacer members each 
interposed between said another portion of said 
armature and one of said pole faces. 

3. An electromagnetic translating device com 
prising a pair of aligned, juxtaposed, block per 
manent magnets magnetized in the direction of 
their alignment and having their juxtaposed pole 
faces of unlike polarity, a pair of pole pieces hav 
ing pole tip portions spaced to define a gap, each 
of said pole pieces extending from the other pole 
face of a respective magnet, a unitary magnetic 
sheet metal armature assembly comprising an 
armature having one end portion in said gap and 
an intermediate portion clamped between said 
juxtaposed pole faces, said one end portion being 
of a material having a higher reversible perme 
ability at high flux densities than the material 
of said intermediate portion and said intermedi 
ate portion being of material having a higher re 
versible permeability at low flux densities than 
the material of said one portion, and a signal 
coil in electromagnetic coupling relation with 
said armature, said armature assembly also con 
prising two integral magnetic shunt elements 
separately extending from between said magnets 
with each shunt element extending along a dif 
ferent one of the two magnets away from the 
other magnet to a point of substantially different 
magnetic polarity. 

4. An electromagnetic translating device com 
prising a pair of aligned, juxtaposed, block per 
manent magnets magnetized in the direction of 
their alignment and having their juxtaposed faces 
Of unlike polarity, a pair of pole pieces having 
pole tip portions spaced to define a gap, each of 
said pole pieces extending from the other pole 
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6 
sheet metal arnature assembly comprising an 
armature having one end portion in said gap, an 
intermediate portion between said juxtaposed 
pole faces and integral magnetic shunt means 
comprising an element extending substantially 
perpendicular to said armature along each of the 
two magnets away from the other magnet, said 
one end portion of said armature being of ma 
terial having a higher reversible permeability at 
high flux densities than the material of said in 
termediate portion and said intermediate portion 
being of material having a higher reversible per 
meability at low flux densities than the material 
of said one portion, and a signal coll in electro 
magnetic coupling relation with said armature. 

5. An electromagnetic translating device com 
prising means defining a magnetic circuit having 
an air gap therein, a vibratile armature having 
a first portion in Said air gap and a second por 
tion coupled to a region in said circuit removed 
from said air gap, said first portion being of a 
material having a higher reversible permeability 
at high flux densities than the material of Said 
second portion and said second portion being of 
a material having a higher reversible permeability 
at low flux densities than the material of said first 
portion, and a signal coil in electromagnetic cou 
pling relation with said armature. 

6. An electromagnetic translating device com 
prising means including permanent magnet 
means having a neutral point and pole pieces 
spaced to form an air gap, defining a magnetic 
circuit, an armature extending from adjacent said 
neutral point and projecting into said air gap, 
and a signal coil in electromagnetic coupling re 
lation with said armature, the portion of Said 
armature adjacent said neutral point having a 
higher reversible permeability at low flux densi 
ties and a lower reversible permeability at high 
flux densities than the armature portion in Said 
air gap. 

7. An electromagnetic translating device com 
prising a pair of magnets disposed with one pole 
of one magnet in juxtaposition to the unlike pole 
of the other magnet, a pair of pole pieces each 
extending from the other pole of a respective 
magnet, said pole pieces having juxtaposed tips 
defining an air gap, an armature having a first 
portion between the juxtaposed poles of said mag 
nets and having a second portion in Said air gap, 
said first portion having a higher reversible per 
meability at low flux densities than Said second 
portion and Said Second portion having a higher 
reversible permeability at high flux densities than 
said first portion, and a signal coil in electro 
magnetic coupling relation with Said armature. 

8. An electromagnetic translating device in ac 
cordance with claim 7, wherein said first arma 
ture portion is of an alloy of substantially 4% 
molybdenum, 79% nickel and balance iron and 
Said second portion is of an alloy of substantially 
45% nickel and balance iron. 

9. An electromagnetic translating device com 
prising a pair of aligned bar magnets substan 
tially equally magnetized in the direction of their 
alignment and having unlike pole faces in juxta 
position, a pair of pole pieces each extending from 
the other pole face of a respective magnet, said 
pole pieces having juxtaposed tips defining an air 
gap, an armature having a first portion fixed be 
tween said juxtaposed pole faces and having a 
second portion in said air gap, and a signal coil 
in electromagnetic coupling relation with said 
armature, said first portion having a higher re 

face of a respective magnet, a unitary magnetic versible permeability at low flux densities and 
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lower coercive force than said isian and UNITED STATES PATENTS 
said second portion having a reversible Nuber Name Date 
permeability at high flux densities than said first 265,485 Cochran ------------ Oct 3, 1882 
portion. s 847-555 Craft -------------- Mar. 19, 1907 

RANT VR 936,503 Williams----------- Oct. 12, 1909 G C. AVR. 1,677.336 Goldsborough ------- July 17, 1928 
REFERENCES CE) 1,876,64 Pridham -----------. Sept. 6, 1932 

The following references are of record in the 3. GEISE 
file of this patent: 2,215,782 Ellis -------------- Sept. 24, 1940 


