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This invention is for an electromagnetic two pairs of pole pieces 16-16' and 17-17' ' 
translating device of novel construction and 
improved operation for converting electric 
impulses to mechanical vibration and vice 
versa. One of the main uses of my inven 
tion is for operating loudspeakers, especially 
those of the cone type. My new instrument 
is exceedingly simple and compact, and per 
mits a short direct connection between arma 
ture and diaphragm without lost motion, so 
that a high degree of efficiency is attained. 
My new electromognetic device in a pre 

ferred embodiment comprises a magnet 
frame having two pairs of pole pieces be 
tween which the ends of a centrally sup 
ported armature vibrate. The armature is 
rigidly connected at the center to the central 
or neutral part of the field magnet structure. 
The latter is preferably of circular or ellip 
tical shape with a diametric arm to which the 
armature is secured at right angles thereto. 
The armature is an elastic reed free to vic, 
brate at both ends and carrying one or two 
polarizing coils. When operating, a large 
diaphragm, the armature has both ends rig 
idly connected to the diaphragm by short 
stout rods which are free from disturbing 
vibrations. This short direct connection is 
possible because the driving unit as a whole 
can be mounted very close to the center of 
the diaphragm. 
In the accompanying drawings, which ill 

lustrate two practical embodiments of my 
invention- - 

Fig. 1 is a face. view of an electromagnetic 
actuating unit for loudspeakers; 

Fig. 2 is a section on line 2-2 of Fig. 1; 
Fig. 3 is a section on line 3-3 of Fig. 1; 
Fig. 4 shows a perspective of the field 

magnet frame used in the construction of 
Figs. 1-3; 

Fig. 5 shows a 
U-shaped magnets; and 

Fig. 6 represents a section on line 6-6 of 
Fig. 5 to show how a portion of the field flux. 
is short-circuited for controlling the operá 
tion of the instrument. 

Referring to Figs. 1-4, there is a magnet 
10 mounted in a casing or other suitable sup 
port 12. In the present instance, the mag 
net 10 is a one-piece structure substantially. 
circular in shape, comprising a diametric 
arm 13 and two pairs of lateral extensions. 
14 and 15. These extensions terminate in 

modification employing two. 

which provide two airgaps 18 and 18. For 
distinction I have marked the pole pieces 16 
and 16 as south and north poles respectively, 
and the pole pieces 17 and 17 are repre 
sented as north and south poles respectively. 
As seen in Fig. 1, the magnet 10 in effect 
consists of two semi-circular magnets 14 and 
15 arranged in series and connected at their 
neutral points by the cross-bar 13. The in 
dicated polarity, however, is not essential, 
for the steel frame 10 can be so magnetized 
that the pole pieces 16 and 16 are of one 
polarity and the pole pieces 17-17 of the 
other polarity. In that case, the field flux 
would pass through the diametric bar 13 
and from there split into two parallel paths 
through the polar extensions 14-14 and 
1515 across the two airgaps 18-18'. . . 
The magnet 10 may be solid or laminated, 

and can be punched from sheet steel. It 
may be a permanent magnet, or of the elec 
tromagnetic type. The polar extensions 14 
and 15 may be made as separate pieces at 
tached to the arm 13, and those extensions 
need not be circular, but they may be ellip 
tical rectangular, or of any other practical 
shape. A simple way to secure the magnet 
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10 to the support 12 is by providing the lat 
ter with a pair of bosses 19 adapted to re 
ceive screws or bolts 20, which pass through 
the ends of arm 13. It goes without saying 
that the support 12 is of non-magnetic ma 
terial and may be cast-ormolded as a single 
member of aluminum, brass, bakelite, or 
any other material useful for that purpose. 
When the magnet 10 is cut or punched 

from sheet steel, the semi-circular extensions 
14 and 15 are cut as a complete circle which 
is slit at right angles to the arm13. The slit ends are then displaced relatively to each 
other, as indicated in Fig. 4. The pole 
pieces 17 and 17 are attached separately to 
overlap the pole: pieces 16 and 16. There 
are other ways of making the field magnet, 
and the suggestion just made is not to be con 
sidered in a restrictive sense. 
A flexible reed or armature 21 is rigidly 

secured at the cénter to the arm 13, as by 
rivets 22 or otherwise. As seen in Fig. 1, . 
the armature 21 is, arranged approximately 
at right angles to the supporting arm 13, 
and the vibratory ends 23 and 24 of the 
armature exterid into the magnetic airgaps 
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18 and 18 respectively. When the arma 
ture 21 is at rest, its ends are substantially 
midway of the airgaps, as shown in Fig. 2. 
The vibratory member 21 is preferably made 
of a magnetic metal or alloy having a higher 
degree of permeability than the steel body 
of field magnet 10, so that flux variations 
produced in the armature encounter the low 
est possible resistance. or blade The strip 
21 can be stamped out of solid sheet metal, 
or it may consist of thin magnetic laminae 
welded together or otherwise rigidly secured. 
The armature 21 is polarized by one or 

two coils 25 mounted on opposite sides of the 
central supporting arm 13. Only one coil 
is necessary, but I prefer to use two coils 
in series, so as to secure better magnetic 
balance and higher efficiency of the instru 
ment. The coils 25 are held in place by a 
pair of non-magnetic brackets 26, which are 
secured to the arm 13 by suitable fastening 
members 27. The brackets 26 terminate in 
heads 28 provided with grooves or recesses 
29 for receiving the coils 25. Any other 
practical means may be used for holding the 
coils firmly in position on the armature. The 
coils 25 are machine-wound and slipped over 
the armature before it is riveted to the arm 
13. By making the coils fit, tight over the 
armature, they will also serve as damping 
means to prevent or deaden unnecessary vi 
brations of the armature. In other words, 
stantly pressing against the armature to 
dampen its movements without interfering 
with its instant response to flux variations 
produced by the speech coils. The inherent 
elasticity of armature 21 and the width of 
airgaps 18-18 are so correlated that the 
armature ends do not strike the pole pieces 
even when maximum current passes through 
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coils 25. 
The reed or armature 21 is connected to a 

vibratory member 30, which is diagram 
matically shown in Fig.2 as a cone dia 
phragm. I want it understood, however, 
that in the broad aspect of my invention, the 
part, 30 represents any vibratory member 
capable of performing a useful invention. 
When the member 30 is a cone diaphragm, 
the latter is preferably provided with a 
ring 31, which is connected to the armature 
21 by a pair of rods 32 of sufficient strength 
and rigidity. The ends of these rods are 
firmly secured to armature 21 and ring 31 
in any practical way, as by riveting, weld 
ing, screw-threading and the like. The rods 
32 are preferably connected to ring 31 at 
diametrically opposite points. Since the en 
tire unit is flat and can be brought close to 
diaphragm 30, the connecting rods 32 can be 
made very short, so as to be practically free 
from disturbing vibrations of their own. 
This short direct connection between arma 
ture and diaphragm is of great, practical ad 

1,728,200 
vantage, as will be understood by those fa 
miliar with cone speakers. 
The operation of the instrument will be 

clear from the preceding description, but I 
may summarize it in a few sentences. Re 
ferring to Fig. 2, let us assume that at any 
instant the magnetic flux due to the speech 
coil or coils 25 produces a south pole at 23 
and a north pole at 24. The armature ends 
will therefore be attracted toward the north 
pole 17 and the south pole 17 respectively, 
and the diaphragm 30 is pulled toward the 
left (asyviewed in Fig.2). When the speech 
flux in armature 21 produces a north pole at 
23 and a south pole at 24, the armature ends 
are attracted toward the south pole 16 and 
the north pole 16' respectively, so that the 
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diaphragm is now pushed toward the right. . 
These vibratory movements of the armattire 
ends vary in direction and amplitude in ac 
cordance with the flux produced by the vari 
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able current impulses in coils 25. I do not 
consider it necessary to show or describe any 
circuit connections for the coils, because the 
art is replete with transmission and receiv 
ing systems in which the coils 25 can be 
connected. 

Attention is called to the fact that the vi 
bratory movements of the armature ends 23 
and 24 are transmitted with increased lever 
age to the diaphragm 30, due to the fact that 
the rods 32 are connected to the armature at 
a certain distance from the outer ends there 
of. While such a connection transmits the 
armature vibrations in decreased ratio to the 
diaphragm, the resultant gain in power is 
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a highly desirable advantage, particularly in . . . 
large cone diaphragms that require less am 
plitude of vibration and greater driving 
power. Also, it should be noticed that the 
magnetic effect at the ends of the armature 
is two-fold: the polarized ends are not only 
attracted to the field poles of opposite po 
larity, but they are also simultaneously re 
pelled by the other field poles. This cumu 
lative magnetic effect at the armature ends 
increases the power and efficiency of the in 
strument. The diaphragm 30 is positively 
actuated in both directions by a push-pull 
effect. Another factor contributing to the 
is the fact that the main field flux does not 
pass through the body of the armature. This 
permits the variable flux produced by the 
speech coils 25 to exert its full effect on the 
polar ends of the armature. The points at 
which the rods 32 are connected to the arma 
ture are so chosen in each particular design. 
of instrument as to obtain the best practical 
results. The nearer those connections are to 
the center of the armature, the smaller will 
be the transmission ratio between armature 
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efficiency and sensitiveness of the instrument 
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and diaphragm with correspondingly in 
creased driving power. Conversely, by con 
necting the rois32 to the armature at points 3. 
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beyond the pole pieces, an increased trans 
mission ratio is obtained, but the effective 
driving power is thereby decreased. 
When the field magnet 10 has the polar 

ities indicated in Figs. 1, 2 and 3, the speech 
coils 25 are so wounds as to cause opposite 
polarities at the ends of armature 21. As 
previously mentioned, the magnet 10 may be 
so polarized that the pole pieces 16-16 are 
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of one polarity and the pole pieces 17-17' 
of the other polarity. With a magnet so. 
polarized, the coils 25 should be so wound 
and connected as to produce like polarities 
at the vibratory ends of the armature, in 
order that the polarized armature ends shall. 
vibrate simultaneously in the same direction 
to give the push-pull effect above described. 
The magnetic arm 13, to which the armature 
21 is connected in good magnetic contact, 
provides a path for the talking flux when 
the coils produce like (and therefore op 
posing) polarities at the center of the arm 
ature. . 

In the modification of Figs. 5 and 6, the 
25 field magnet 33 consists of a pair of U-shaped 
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permanent magnets 34 connected along their 
inner legs 35. Since the outer legs are of 
opposite polarity, the inner legs 35 consti 
tute the neutral portion of the magnet. A 
reed or armature 36 is rigidly connected at 
the center to the central leg 35 of the mag 
net. A simple way of mounting the arma 
ture on the field magnet is by means of a 
U-shaped magnetic bracket 37 secured to the 
neutral leg 35 by a bolt or rivet 38, or 
otherwise. The armature 36 is rigidly 
mounted on the magnetic bracket 37 by suit 
able fastening means 39, which may be a 
rivet or the like. The coil or coils 25 are so 
wound and connected as to produce opposite 
polarities at the ends of armature 36, which 
is connected to the diaphragm 40 by rods 41 
The diaphragm 40 carries a ring 42 to which 
the rods 41 are connected, as more fully ex 
plained in connection with Fig. 2. As the 
flux through the armature 36 varies, the 
free ends thereof are simultaneously at 
tracted to and repelled by the field poles 43 
and 44. This will be understood without 
further explanation. 

. The construction of Figs. 5 and 6 may be 
rovided with means for regulating the ef 

fective field strength at the pole pieces 43 
and 44 by short-circuiting a portion of the 
IEEE, i. For this purpose I mount a flexible magnetic blade or strip 45 on a 
bracket 46 secured to the central leg 35. 
A yoke 47 is slidably mounted in a fixed 
frame or block 48, which also carries a screw 
49. It is evident from Fig. 6 that, when 
the screw 49 is turned down to force the 
yoke 47 against the flexible magnetic strip. 
45, the ends of the latter are brought closer 
to the outer limbs of the magnet, as roughly 
indicated by the dotted outline 45. The 
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closer the ends of strip 45 are brought to the 
outer limbs of magnet 33, the greater will 
be the proportion of field flux short-circuited 
through the magnetic member 45. This cor 
respondingly decreases the strength of the 
field at the pole pieces 43 and 44, with con 
sequent decrease in the driving force ap 
plied to the diaphragm, 40. 

It will be seen from the foregoing descrip 
tion that I have provided an electromagnetic 
translating device of simple and compact 
structure, in which the parts are few, rug 
E. and easily assembled. My invention 
has special advantages as a driving unit for 
large diaphragms in loud speakers. The 
short-direct connection between armature 
and diaphragm eliminates lost motion and 
undesirable vibrations. The double driv 
ing rods and the increased power tranmis 
sion between armature and diaphragm make 
it possible for a comparatively small instru 
ment to operate efficiently a large dia 
phragm. 
Although I have shown and described cer 

tain specific constructions, I want it dis 
tinctly understood that my invention is not 
limited to the details set forth. The basic 
features of my invention may be mechan 
ically embodied in various other ways with 
out departing from the scope of the inven 
tion as defined in the following claims. 
I claim as my invention: 
1. In an electromagnetic device, a flexible 

magnetic reed rigidly supported at the cen 
ter, means for polarizing said reed, mag 
netic poles operatively associated with the 
vibratory ends of said reed, and a vibratory 
member connected to said reed. . - 

2. In an electromagnetic device, a flexible 
magnetic reed rigidly supported at the cen 
ter, means for polarizing said reed, magnetic 
poles operatively associated with the vibra 
tory ends of said reed, a pair of rods con 
nected to said reed near its vibratory ends, 
and a vibratory member connected to said 
rods. 

3. In an electromagnetic device, the com 
-bination of a field magnet, a flexible mag 
netic reed secured at the center to a neutral 
portion of said magnet, the vibratory ends 
of said reed being in operative relation to 
the poles of said magnet, a vibratory mem 
ber connected to said reed near the ends 
thereof, and a coil operatively associated 
with said reed. 

4. In an electromagnetic device, the com 
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bination of a field magnet having two pairs 
of pole pieces arranged to provide two air 
gaps, a flexible magnetic reed secured at the 
center to the central portion of said magnet, 
the vibratory, ends of said reed extending 
into said airgaps, a coil operatively asso 
ciated with said reed, and a vibratory mem 
ber connected to said armature. 

5. As a new article of manufacture for use 
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4 
in electromagnetic devices, a field magnet 
consisting of a pair of lateral extensions éon 
nected centrally by a cross arm, said ex 
tensions terminating in overlapping pole 
pieces arranged to provide two airgaps. 

6. As a new article of manufacture for 
use in electromagnetic devices, a field magnet 
consisting of a pair of substantially semi 
circular extensions connected by a diametric 

0. 
pieces arranged to 
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arm, said extensions terminating in pole 
provide two airgaps 

along a diameter substantially at right an 
gles to said arm. 7. In an electromagnetic translating de 
vice, a field magnet comprising an arm pro 
vided at each end with a pair of lateral ex 
tensions which terminate in pole pieces, 
whereby two pairs of pole pieces are formed 
to provide two airgaps arranged in a line 
substantially at right angles to said arm, a 
flexible reed secured at its center to said arm, 
the ends of said reed extending into said 
airgaps, and a coil in operative relation to 
said reed. 

8. In an electromagnetic device, a flexible 
magnetic reed supported for vibratory move 
ment at one end, magnetic pole pieces ar 
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ranged in operative relation to the vibratory 
end of said reed, a coil mounted on said reed 
near its point of support, and means for 
holding said coil in place, said coil engaging 
said reed in yieldable pressure contact and 
thereby exerting a damping effect on its 
vibrations. . - 

9. In an electromagnetic device, a flexible 
magnetic reed rigidly supported at the cen 
ter, magnetic poles operatively associated 
with the vibratory ends of said reed, a pair 
of polarizing coils mounted on said reed at 
opposite sides of its central support, said 
coils engaging said reed in yieldable pres 
sure contact to exert a damping effect on its 
vibrations, and a vibratory member connect 
ed to said reed. 

10. In an electromagnetic device, a flexible 
magnetic reed rigidly supported at the cen 
ter, means for polarizing said reed, magnetic 
poles operatively associated with the vibra 
tory ends of said reed, a pair of rods con 
nected to said reed at points between its cen 
tral support and said magnetic poles, so that 
the vibrations at the free ends of said reed 
are transmitted to said rods in decreased 
ratio and at increased leverage, and a vibra 
tory member connected to said rods. 11. An electromagnetic translating device 
comprising a field magnet structure having 
a central portion and polar extensions on 
opposite sides of said central portion, an 
armature secured at the center to said cen 
tral portion of the magnet structure, the free. 
vibratory ends of said armature being in 
operative relation to said polar rextensions, 
means for polarizing said armature, and a 
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vibratory member operatively connected to 
said armature. 

12. An electromagnetic driving unit for 
loudspeakers comprising a field magnet 
structure having a central portion and polar 
extensions on opposite sides of said central 
portion, an armature secured at the center 
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to said central portion of the magnet struc 
ture, the free vibratory ends of said arma 
ture being in operative relation to said polar 
extensions, a speech coil surrounding said 
armature, a pair of rods connected to said 
armature near the free ends thereof, and a 
diaphragm connected to said rods. 

13. An electromagnetic translating device. 
comprising a field magnet having a pair of 
lateral extensions connected by a cross-arm, 
said extensions terminating in pole pieces ar 

80 

ranged to provide two airgaps, an armature 
secured at the center to the center of said 
arm, the free ends of said armature extend ing into said airgaps for vibratory move 
ment, a coil in operative relation to said ar 
mature, and a vibratory member connected 
to said armature. ‘. . 

14. An electromagnetic translating device 
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90 
comprising a field magnet having a pair of 
lateral extensions connected centrally by a 
cross-arm, said extensions terminating in 
pole pieces arranged to provide two airgaps, 
an armature secured at the center to the 
center of said arm substantially at right 
angles thereto, the free ends of said arma 
ture extending into said airgaps for vibra 
tory movement, a coil in operative relation 
to said armature, a pair of rods connected to 
said armature near the free ends thereof, 
and a vibratory member connected to said 
rods. 

15. An electromagnetic driving unit for 
loudspeakers comprising a field magnet hav 
ing a pair of lateral extensions connected 
centrally by a cross-arm, said extensions terminating in pole pieces arranged to pro 
vide two airgaps, an armature secured at 
the center to the center of said arm substan 
tially at right angles thereto, the free ends 
of said armature extending into said air 
gaps for vibratory movement, a speech coil 
for said armature, a pair of rods connected 
to said armature near the free ends thereof, 
and a diaphragm connected to said rods. 

16. An electromagnetic driving unit for 
loudspeakers comprising a field magnet hav 
ing a pair of substantially semi-circular ex 
tensions connected by a diametric arm, said extensions terminating in pole pieces ar 
ranged to provide two airgaps, an armature 
secured at the center to the center of said 
diametric arm and substantially at right 
angles thereto, the free ends of said arma 
ture extending into said airgaps for vibra 
tory movement, a coil in operative relation 
to said armature, a cone diaphragm, and 
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connecting means between the end portions 
of said armature and said diaphragm. 

17. An electromagnetic driving unit for 
loudspeakers comprising a field magnet hav 
ing a pair of substantially semi-circular ex 
tensions connected by a diametric arm, said 
extensions terminating in pole pieces ar 
ranged to provide two airgaps, an armature 
secured at the center to the center of said 
diametric arm and substantially at right 
angles thereto, the free ends of said armature 
extending into said airgaps for vibratory 
movement, a pair of coils mounted on said 
armature at opposite sides of its central 
support, means on said magnet to hold said 
coils in place, and a diaphragm connected 
to said armature near the ends thereof. 

18. An electromagnetic driving unit for 
loudspeakers comprising a field magnet 
structure having a central portion and polar 
extensions on opposite sides of said central 
portion, an armature secured at the center 
to said central portion of the magnet struc 
ture, the vibratory ends of said armature 
being in operative relation to said polar 
extensions, a pair of speech coils mounted on 
said armature at opposite sides of its central 
support, a pair of rods connected to said 
armature at points between said coils and 
said polar extensions, whereby the vibrations 
at the free ends of said armature as trans 
mitted to said rods in decreased ratio and at 
increased leverage, and a diaphragm con 
nected to, said rods. 

19. An electromagnetic driving unit for 
loudspeakers comprising a field magnet 
structure having a central portion and polar 

extensions on opposite sides of said central 
portion, an armature secured at the center 
to said central portion of the magnet struc 
ture, the vibratory ends of said. armature 
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being in operative relation to said polar 
extensions, a speech coil in operative relation 
to said armature, a pair of rods connected 
to said armature near the free ends thereof, 
a cone diaphragm arranged substantially in 
axial alignment with the central portion of 
said armature, a ring secured centrally to 
said diaphragm, and means for connecting 
said rods to said ring. 

20. An electromagnetic driving unit for 
loudspeakers comprising a field magnet 
structure having a central portion and polar 

45 

50 

extensions on opposite sides of said central 
portion, an armature secured at the center 
to said central portion of the magnet struc 
ture, the vibratory ends of said armature. 
being in operative relation to said polar 
extensions, a pair of coils mounted on said 
armature at opposite sides of its central sup 
port, a pair of rods connected to said arma 
ture at points between said coils and said. 
polar extensions, whereby the vibrations at 
the free ends of said armature are trans 
mitted to said rods in decreased ratio and at 
increased leverage, a cone diaphragm ar 
ranged substantially in axial alignment with 
the central portion of said armature, a ring 
secured centrally to said diaphragm, and 

55 

60 

65 

means for connecting said rods to said ring 70 
approximately at diametrically opposite 
points. . . s - 

ADOLPH. A. THOMAS. 


