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UNITED STATES PATENT office 
2,454,425 

MAGNETIC TRANSLATING DEVICE 
Benjamin B. Bauer, Chicago, Ill., assignor, by 
mesne assignments, to Shure Brothers, incor 
porated, Chicago, Ill., a corporation of Illinois 

Continuation of application Serial No. 424,282, 
December 24, 1941. This application December 
23, 1943, Serial No. 515,463 

(C. 175-339) 1. Claims. 
1. 

The present invention relates to electromag 
netic translating devices of the type having a 
novable arnature and has particular applica 
tion to devices involving voice or other variable 
CurrentS. In such an electromagnetic translat 
ing device, the translating action fundamentally 
involves the variable reaction between a sub 
Stantially constant and variable magnetic fields. 
The constant field may be obtained by electro 
magnets or more commonly by permanent mag 
nets. The variable field may be obtained by 
variable currents acting on an electromagnet or 
by mechanical motion of an armature, depend 
ing upon the direction in which translation 
occurs. 

Both the variable and constant fields have 
magnetic circuits and for maximum efficiency 
have conflicting requirements. Thus for high 
efficiency, the constant field magnetic circuit; 
must have certain portions, notably the pole 
pieces defining air gaps, operate at high flux 
densities. The variable magnetic fields are gen 
erally weak in comparison to the constant field 
and high efficiency demands that the magnetic 
circuit have high permeability. The art has gen 
erally provided common paths for a substantial 
portion of the magnetic circuit of each system 
particularly at those portions of the constant 
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field circuit operating at high flux densities. 
Since iron or other ferromagnetic material op 
erating at high flux densities has low perme 
ability it is clear that the efficiency of the 
variable field part of the translating device and 
hence, the translating device itself suffered. 

In general, the art has provided constructions 
which have aggravated the above problem. Thus 
the disposition of an armature between the arms 
Of a U-shaped magnet is common, the armature 
generally extending back from the poles toward 
the central part of the magnet. Such a con 
struction not only promotes flux leakage but at 
the same time the flux density in the armature 
tends to reduce its permeability and thus renders 
it less efficient, for use with weak variable mag 
netic fields. - 
This invention contemplates the provision of 

minimum paths common to the constant and 
Variable magnetic field circuits. Since transla 
tion involves the interaction between such two 
fields, complete segregation is impossible. How 
ever, this invention contemplates reducing the 
Common paths substantially to the air gap por 
tions of the system, including of course any in 
tervening armature. In general this is accom 
plished by providing two substantially separate 
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2 
ferromagnetic circuits which interlink at the air 
gaps and are otherwise substantially complete in 
themselves. 

Referring now to the drawings: 
Figure is a diagrammatic isometric illustras 

tion to show the magnetic circuits; 
Fig. la shows a modified coil construction for 

Fig. ; 
Fig. 2 is a view in a diagrammatic form similar 

to Fig. 1 but showing a modification; 
Fig. 3 is a plan view of a translating device; 
Fig. 4 is a section on line 4-4 of Fig. 3; 
Figs. 5 and 6 are details of the arrnature bear 

ing magnetic circuit with Coils shown diagram 
matically; and 

Fig. 7 is a section online - of Fig. 4 with the 
voice current coil omitted and showing in more 
or less diagrammatic form some magnetic lines 
of force. 

Referring first to Fig. a permanent magnet 
O having poles and 2 is provided. This 
magnet is preferably of any alloy Such as 
"Alnico,' having high coercive force and gen 
erating a relatively intense field. Pole pieces 
and 5 are disposed on poles and 2 of the 
magnet and are shaped to provide pole faces 6 
and T. Pole face is may be shaped to provide 
a pair of recesses fe and 9 and leave three 
projecting parts 20, 2 and 22. Similarly pole 
face has recesses 24 and 25 with projecting 
parts 26, 27 and 28. For economy in manufac 
ture, pole pieces 4 and 5 may be substantially 
alike. Projections 2 and 2 in this figure are 
Spaced apart to form an air gap 30 therebetween 
in which translation may occur. The remaining 
pairs of projections 20 and 26; 22 and 28 are 
kept separated by non-magnetic spacers 32 
and 33. - 
Tightly clamped between the non-magnetic 

Spacers is a generally E-shaped member 35 of 
soft steel or other ferromagnetic materia. 
Member 35 has end arms 36 and 37 with an in 
termediate arm 38 all connected by a body por 
tion 39. The precise shape of the various arms 
is unimportant. End arms 36 and 37 are tightly 
gripped between spacers 32 and 3. Center arm 
38 extends into air gap 30 and has sufficient 
elasticity to vibrate therein. Normally, the three 
arms are symmetrical with respect to the median 
plane between the opposed pole faces. It is pre 
ferred to have end arms 36 and 3 about equal 
in width and each have a width about half that 
of the center arm or armature 38. 
Surrounding armature 38 is a voice current 

Coll 40 and within this coil arnature 38 is free 
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to vibrate. A bolt 4 may pass through body 
portion 39 to anchor member 35 and restrict 
vibration to armature 38. 
The general paths of the lines of magnetic 

force are suggested by heavy lines for the con 
stant field and light lines for the variable field. 
Thus, as a rule, parts 43, 44, 45 and 46 bordering 
on the recesses have low field. density from mag 
net O. By providing recesses, the reluctance 
between opposing pole piece surfaces is increased. 
Obviously these recesses may be made as large 
or small as desired and may even be omitted. 
The clamped ends of arms 36 and 3 between the 
pole pieces will normally provide a substantial 
reduction in reluctance for the permanent field 
flux so that even without recesses, there would 
be a tendency for the field to divide somewhat 
as shown. The variable flux goes from the ends 
of arms 36 and 37 through spacers 32 and 33 to 
parts 43, 44, 45 and 46 and thence to central 
projections 2 and 27 through air gap 30 and 
armature 38. 
Movement of the armature in the air gap 

either causes or results from (depending upon 
the direction of translation) the variable reac 
tion between two magnetic fields. The main 
field has part of the lines of force passing through 
the armature magnetic circuit and during trans 
lation the flux distribution in the gaps is altered. 
Paths of comparatively low reluctance are pro 
vided for the main flux between the pole pieces. 
The variable flux path through member 38 has 
low reluctance, generally avoids highly saturated 
parts and thus has high permeability throughout 
most of the path. Furthermore, member 38 has 
most of its bulk out of the space enclosed by the 
main field structure and thus leakage is educed 
to a minimum. 
Armature 38 may have an apertured tip 8 for 

receiving or transmitting vibratory notion. Thus 
a diaphragm or stylus or other Eleans gay be 
operatively connected thereto. 

It is evident that the secondary Inagnetic cir 
cuit, here the E-shaped member including the are 
mature furnishes a substantially separate con 
plete path for the variable or what may be terried 
the alternating flux. Except for the gaps End the 
arnature tip in air gap 36, the two circuits are 
quite separate. 
The disposition of member 38 outside of the 

Space enclosed by the main magnetic field struc 
ture exposes member 33 and voice coil 30 to strey 
fields, unless suitable shielding is provided. En 
order to eliminate any hunn or noise due to stray 
fields, coil may be replaced by two cois (3GS’ 
and 60' so connected as to be magnetically op 
posed, and disposed on parts 39 and 39' of body 
part 39, as shown in Fig. a. For voice currents, 
the two coils are the equivalent of single coil 
since the opposed fields go into center leg 38. 
However, any stray fields particularly along the 
direction of arms 36 and 3 will result in equal 
and opposite potentials. Thus hum Snay be 
easily eliminated. 

Referring now to Fig. 2, a modified form is 
shown wherein member 35 has central arm 38 
tightly clamped between non-magnetic spacers 
32 and 33 disposed between parts 2G and 27 

of pole pieces and 2. Arms 36 and 3 
Operate in air gaps 30 and 30 between pole 
parts 20, 26 as one pair and 22 and 28 as the 
other pair. Instead of one coil for voice cur 
rents, a pair of coils f40 and 40' are disposed 
Over arms 36 and 37, the arms being free to 
vibrate therein. The coils are connected as 
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4 
shown so that corresponding coil ends have oppo 
site magnetic polarity. A torsion rod 50 is suit 
ably anchored to central arm 38 so that as arms 
36 and 37 vibrate, rod 50 is vibrated torsion 

ally. A stylus 5 may be carried by rod 50 for 
phonograph recording or reproduction. If de 
sired a diaphragm may be actuated. It is under 
stood that torsion rod 50 may be supported in 
bearings. This construction has hum buck 
properties similar to the modified construction of 
Fig. Z. 
The coils may be connected so that the cur 

rent flow is in the same direction in both and will 
result in arms 36 and 37 being urged in the 
same direction. Obviously only one coil may be 
disposed over central arm 38 in that case. 

Referring now to Figs. 3 to 7 inclusive, a mag 
net 20 having pole pieces 24 and 25 is re 
tained in assembled relation by non-magnetic 
bolt 20. Bolt 202 extends through both pole 
pieces to engage a massive base 203. Pole pieces 
26 and 25 have pole faces 26 and 27. The 
center parts. 22 f and 227 of the pole faces define 
an air gap 230 while the end parts 220, 226, 222 
and 228 are spaced apart by non-magnetic 
spacers 232 and 233. Gripped between non-mag 
netic spacers 282 and 233 is a member 235 of a 
generally C-shape having arms 236 and 23 ter 
minating in inturned tip portions 236 and 237. 
This may be relatively thick to reduce reluctance. 
A central arm 238 (preferably separate to permit 
insertion of a wound coil) may be riveted to body 
portion 239 to make a generally E-shaped body. 
It is understood that the pieces as shown in Figs. 
5 and 6 are made of ferromagnetic material as 
soft steel. A voice current coil 240 wound on a 
Suitable bobbin is disposed around arm 238 within 
arms 236 and 27 and may be secured to base 203 
in a manner to permit free vibration of arm 238. 
Body portion 239 is bolted at 24 to a part of base 
203. Tip 28 of arm 238 has a non-magnetic rod 
25 secured thereto and this rod extends down 
through an aperture 252 in pole piece 25 to the 
apex of a diaphragm. 253 suitably carried by 
base 203. An insulating block 255 carried by bolts 
26S may support voice coil terminals 255. 
In order to protect against stray fields, a hum 

Eack coi 246' is provided. This coil is prefer 
ably disposed to enclose arms 236 and 23 and 
voice currera, coil 24, he hum buck coil 24 
Yizay have relatively few turns, as compared to 
coil 24. The two coils 246 and 24C" are connected 
in Series and the polarity is such that the mag 
Eletic fields of the two coils oppose each other. 
This is shown diagrammatically in Fig. 6. 

iips 236 and 23 function to reduce the air 
gaps extending toward arm 238 and thus reduce 
the reluctance of the variable field path through 
out member 235 and arm 238. Since these tips 
have air gaps (in the main circuit) on opposite 
sides transverse to the planes of the arms; i. e. 
toward pole faces 2 6 and 2 7 the reluctance of 
the main field path is kept at a predetermined 
Value and controlled. 
Thus referring to Fig. 7, the reluctance of the 

magnetic circuit containing the armature is low 
and the lines of force may be imagined as drawn. 
The reluctance of the main magnetic circuit must 
be considered generally along lines connecting 
the main pole pieces; i. e. extending up and down 
Fig. 7 and is maintained at a desirable value all 
the time. 
Thus as the armature goes down in Fig. 7, the 

variable flux density is increased below the arma 
ture and decreased above the armature. As the 



2,454.425 

armature goes up the reverse occurs. The reluc 
tance for the constant field remains more or less 
constant during armature travel. When used to 
translate arnature novernents into currentS, the 
permanent magnet supplies both the constalnt and 
variable fields. It is understood that the variable 
fields may be either due to a variation in field 
strength or variation in path or both. 
Thus in the various forms of the invention, the 

constant and variable fields have their magnetic 
circuits with minimum common paths. 
This application is a continuation of my co 

pending application Serial No. 424,282, filed De 
cember 24, 1941, now abandoned. 

claim: 
1. In a translating device, the combination of 

a constant flux magnetic member having opposed 
pole faces spaced apart to form a space therebe 
tween, a variable flux magnetic member having 
a plurality of end portions extending in a gener 
ally similar direction and an intermediate portion 
connecting said end portions together, said in 
termediate portion being disposed outside of the 
volume encompassed by said constant flux mage 
netic member and said end portions being dis 
posed in Said space and in adjacent spaced rela 
tion to Said pole faces to form with said constant 
flux magnetic member one or more variable flux 
ferromagnetic circuits which are substantially 
closed except for the Spaces between said end 
portions and Said pole faces, one of said end por 
tions in said ferromagnetic circuit or in each of 
Said ferromagnetic circuits being vibratable in 
Said Space to form an armature, means for Sub 
Stantially fixing the other of Said end portions in 
Said ferromagnetic circuit or each of said ferro 
magnetic circuits in position in said space out of 
ferromagnetic contact with said pole faces, and 
a winding Surrounding a portion of said variable 
flux magnetic member. 

2. A construction as claimed in claim 1, in 
which the pole faces of the constant flux mag 
netic member are in substantially parallel spaced 
relation to each other and the end portions of the 
variable flux magnetic member project into the 
space between said pole faces and at least One 
of the pole faces has projecting surfaces at the 
portions thereof opposed to said end portions, 
whereby the magnetic reluctance between said 
pole faces is lower at said projecting portions 
than at the Spaces between Said portions. 

3. A construction as claimed in claim 1, in 
which the space between the pole faces of the 
constant flux magnetic member is throughout of 
Substantially uniform length in the direction of 
the flux path at said space and the end portion 
or portions of the variable flux magnetic member 
define the paths of low magnetic reluctance be 
tween Said pole faces. 

4. A construction as claimed in claim 1, in 
which the end portions of the variable flux mag 
netic member are thin and flat and, in the at 
rest position of the vibratable end portion, all of 
said end portions are located in substantially the 
Sane plane. 

5. A construction as claimed in claim 1, in 
which the pole faces of the constant flux magnetic 
member are in substantially parallel Spaced rela 
tion to each other and the end portions Of the 
variable flux magnetic member project into the 
Space between said pole faces and, in the at rest 
position of the vibratable end portion or portions, 
are arranged to lie in a plane substantially mid 
way between and parallel to said pole faces. 

6 
6. A construction as claimed in claim 1, in 

which a coil is wound about a portion of the vari 
able flux magnetic member disposed outside the 
volume encompassed by the constant flux mag 
netic member. 

7. A construction as claimed in claim 1, in 
which a voice coll and a hum buck coil are wound 
about a portion of the variable flux magnetic 
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member disposed outside the volume encom 
passed by the constant flux magnetic member. 

8. In a translating device, the combination of 
a constant flux magnetic member having a pair 
of Opposed pole faces spaced apart to form a sin 
gle space therebetween, a variable flux magnetic 
member having a body portion and a plurality of 
Spaced apart Substantially flat arms lying in sub 
Stantially the same plane and extending from 
Said body portion in a generally similar direction, 
means for supporting said variable flux magnetic 
member with said body portion disposed outside 
of the volume encompassed by said constant flux 
magnetic member and the free ends of Said arms 
disposed in said space and in adjacent spaced re 
lation to and out of ferromagnetic contact with 
said pole faces to form with said constant flux 
magnetic member one or more variable flux ferro 
magnetic circuits which are substantially closed 
except for the spaces between said arm ends and 
said pole faces, at least one of said arms in Said 
ferromagnetic circuit or in each of said ferro 
magnetic circuits being, vibratable in said space, 
and a winding surrounding a portion of said vari 
able flux member. 

9. In a translating device, the combination of 
a constant flux magnetic member having a pair 
of opposed pole faces spaced apart to form a single 
Space therebetween, a variable flux magnetic 
member having a body portion and a plurality of 
Spaced apart Substantially flat arms lying in Sub 
stantially the same plane and extending from 
Said body portion in a generally similar direction, 
means for supporting said variable flux magnetic 
member with Said body portion disposed outside 
of the volume encompassed by Said constant fux 
magnetic member and the free ends of said arms 
disposed in Said Space and in adjacent Spaced re 
lation to and Out of ferromagnetic contact with 
Said pole faces to form with said constant flux 
magnetic member One or more variable fux ferro 
magnetic circuits which are substantially closed 
except for the Spaces between Said arm ends and 
Said pole faces, at least one of Said arms being 
fixed in said space and the remainder of said arms 
being vibraltable in Said Space, and a winding Sur 
rounding a portion of Said variable flux member. 

10. In a translating device, the combination of 
a constant flux magnetic member having opposed 
pole faces separated to provide a space therebe 
tween, a variable flux magnetic member having a 
main body portion disposed outside the volume 
encompassed by said constant flux magnetic 
member and a plurality of end portions disposed 
in Said Space, means for maintaining said end 
portions in spaced relation to and out of ferro 
magnetic contact with said pole faces, whereby 
Said variable flux magnetic member forms with 
said constant flux magnetic member one or more 
variable flux ferromagnetic circuits which are 
substantially closed except for the spaces between 
said end portions and said pole faces, at least 
One end portion of said ferromagnetic member 
being vibratable to form an armature, and a wind 
ing Surrounding a portion of said variable flux 
magnetic member. 
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li. In a translating device, the combination of 
a constant flux magnetic member having opposed 
pole faces separated to provide a space therebee 
tween, a variable flux magnetic member having a 
main body portion disposed outside the volume 
encompassed by said constant flux magnetic 
member arid a plurality of end portions disposed 
in said space, means for maintaining said end 
portions in spaced relation to and out of ferro 
magnetic contact with said pole faces, whereby 
said variable flux magnetic member forms with 
said constant flux magnetic member one or more 
variable flux ferromagnetic circuits which are 
substantially closed except for the spaces between 
said end portions and said pole faces, at least 
One end portion of said ferromagnetic member 
being vibratable to form an armature, and a winds 
ing surrounding a portion of said variable flux 
magnetic member, the arrangement, being such 
that the variable flux path in the constant flux 
magnetic member is shorter than the variable flux 
path in the variable flux magnetic member. 

12. In a translating device, the combination of 
a constant flux magnetic member having opposed 
pole faces separated to provide a space therebe 

20 

25 
tween, a variable flux magnetic member having 
a main body portion disposed outside the volume 
encompassed by Said constant flux magnetic 
member and a plurality of end portions disposed 
in said space, means for maintaining, said end 
portions in spaced relation to and out of ferro 
magnetic contact with said pole faces, whereby 
said variable flux magnetic member forms with 
said constant flux magnetic member one or more 
Variable flux ferromagnetic circuits which are 
substantially closed except for the spaces between 
said end portions and said pole faces, at least one 
end portion of Said ferromagnetic member being 
vibratable to form an armature, and a winding 
surrounding a portion of said variable flux mag 
netic member, the arrangement being Such that 
the constant flux path within the variable flux 
magnetic member is substantially confined to said 
end portions of said variable flux magnetic mem 
ber. 

13. In a translating device, the combination of 
a constant flux magnetic member having opposed 
pole faces spaced apart to form a space there 
between, a substantially U-shaped, variable flux 
magnetic member having the end portions thereof 
disposed in said space and in adjacent spaced re 
lation to said pole faces and the intermediate pore 
tion thereof disposed outside of the volume en 
compassed by said magnetic field member, one 
of said end portions being vibratable in Said Space, 
means for fixing the other of Said end portions in 
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8. 
said space and out of ferromagnetic contact with 
said pole faces, and a winding surrounding a por 
tion of said variable flux magnetic member, 

14. In a translating device, the combination of 
a constant flux magnetic member having opposed 
pole faces spaced apart to form a space there 
between, a substantially E-shaped variable flux 
magnetic member having a body portion and 
spaced apart arms extending from said body 
portion, said body portion being disposed outside 
(of the volume encompassed by said constant flux 
magnetic member and the end portions of said 
arms being disposed in Said space and in adja 
cent spaced relation to said pole faces to form 
with said constant flux magnetic member two 
variable flux ferromagnetic circuits which are 
Substantially closed except for the spaces be 
tween said arm end portions and Said pole faces, 
one of said arms in each of said ferromagnetic 
circuits being vibratable in said space, means for 
fixing the end portion of the other of said arms 
in each of said ferromagnetic circuits in said space 
and out of ferromagnetic contact with said pole 
faces, and a winding surrounding a portion of 
said variable flux magnetic member. 

15. A construction as claimed in claim 14, in 
which the middle arm of the E-shaped magnetic 
member is vibratable and the outer arms are sub 
stantially fixed in position. 

16. A constructio, as claimed in claim 14, in 
which the middle arm of the E-shaped magnetic 
member is substantially fixed in position and the 
outer arms are vibratable. 

17. A construction as claimed in claim 14, in 
which the middle arm of the E-shaped magnetic 
member has a width substantially equal to the 
sum of the widths of the outer arms thereof. 

BENJAMN B. BAUER. 
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