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This invention relates to a device for produc 
ing Sound. 
An object of the invention is the provision of a 

device for the reproduction of sound and which 
may be employed as a loud Speaker, in which a 
plate is employed formed of two sheets of thin 
metal having different co-efficients of expansion, 

10 

5: ... 

with the sheets being secured together at a pre 
determined temperature so that when the plate 
is cooled the sheets will be under a compressive 
and tensile stress, such a plate being subject to 
changes caused by magnetostriction, a vibra 
tory member being rigidly connected with the 
plate. 
Another object of the invention is the pro 

vision of a sound-reproducing device based on the 
magnetostriction principle and adapted for use 
as a loud speaker unit in which a plate is 

20 
subjected to changes caused by magnetostriction, 
a cone or other form of diaphragm being rigidly 
connected to the composite plate by means of a 
rod secured at the center of the plate so that the 
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receiver becomes an efficient loud speaker unit. 
The composite plate of the present receiver wi 

brates with great force and a cone or other dia 
phragm connected with the plate may therefore 
be of greater size and Weight than would be 
practicable in the case of a dynamic or magnetic 
Speaker. By increasing its area, thickness and 
rigidity the cone may be made a more efficient 
radiator of Sound waves. 
A further object of the invention is the pro 

vision of a sound reproducing device in which 
a plate is formed of a thin sheet of nickel secured 
in any approved manner to the metal plate hav 
ing a thermal co-efficient of expansion which is 
greater than the co-efficient of the nickel, so that 
the nickel plate is maintained under permanent 
compressive stress which is utilized to increase its 
magnetic susceptibility and magnetostriction 
when varying currents are passed through the 
coil to place the plate for imparting to a cone or 
diaphragm the vibrations for the reproductions 
of sound waves, the plate being rigidly secured 
at its opposite ends to a permanent magnet en 
ployed in connection with the loud speaker unit. 
This invention will be best understood from a 

consideration of the following detailed descrip 
tion, in view of the accompanying drawings form 
ing a part of the specification; neverthless, it 
is to be understood that the invention is not 
confined to the disclosure, being Susceptible of 
such changes and modifications as define no ma 
terial departure from the salient features of the 
invention as expressed in the appended claims, 

on, Baltimore, Md. 
14, 1933, Serial No. 689,459 
(C. 179-10) 

In the drawings: 
Figure 1 is a view in elevation partly in sec 

tion showing a sound reproducing device con 
structed in accordance with the principles of 
my invention, 5 

Figure 2 is a view in elevation of the reproduc 
ing unit with the cover in section, 

Figure 3 is a transverse vertical section of the 
unit shown connected to a cone, 

Figure 4 is a view in elevation of the unit with 10 
the cover in section showing a modified form of 
the sound-reproducing device and taken along 
the line 4-4 of Figure 5, 

Figure 5 is a section taken at right angles to 
the Section shown in Figure 4, and 5 

Figure 6 is a view in perspective of a perma 
nent magnet showing the blocks for rigidly sup 
porting the opposite ends of a piate. 
Referring more particularly to the drawings, 

fo designates a base member formed of insulat- 20 
ing material or of metal, such as aluminum, and 
this base member is neatly fitted within one end 
of a cylinder and connected to said cylinder, 
as shown at a. 
The outer end of the cylinder is provided with 25 

a closure 2 which has a centrally disposed open 
ing 3 through which projects a threaded rod 4. 
The cover may be formed integrally with the cyl 
inder or may be made separately and connected 
thereto. A ring magnet 5 is secured to the base 3. 
member 0 and is formed of good magnet steel 
permanently magnetized across the diameter in 
line with the pole pieces le. This magnet forms 
a polarizing field for a nickel plate which will be 
presently described. The magnet 5 is secured to 
the base member 0 in any approved manner and 
by means of screws. 6. Blocks a formed of soft 
steel are likewise Secured in position and on the 
inner face of the permanent magnet f 5 by the 
Screws 6. 40 
A pair of bars 22 and 23 extend diametrically 

of the base member to with the bar 22 resting at 
diametrically opposite points on the magnet 5. 
These bars are connected together at their ends 
by means of bolts 24 with the bolts being screwed 45 
into threaded perforations in the bar 22. The 
inner portions of the bars are cut away, as shown 
at 27, to provide a space for a purpose which will 
be presently explained. 
The metal plate is formed of two thin sheets so 

of metal, such as zinc as indicated at 30, and a 
sheet formed of pure nickel, indicated at 3. 
These plates have their adjacent faces, as shown 
at 32, secured together by means of soldering. 
The Jaickel plate is approximately .005 of an inch 55 
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length, while the zinc plate is approximately is of 
an inch in thickness, 2 inches in width and 2% 
inches in length. Pure nickel is employed of dead 
soft temper. Any appreciable variation from the 
thickness of the nickel will result in a decrease in 
sensitivity of the device. 
zinc plate are tinned on one side with solder and 
are pressed together with their tinned surfaces 
in contact between steel plates which are in turn 
placed between the jaws of a vice. The whole is 
then heated in any approved manner until the 
solder on the surface of the plates is melted. 
The plates are then pressed tightly together and 
allowed to cool before removal from the vice. 
Any metal, alloy, or material having a linear co 
efficient of expansion greater than that of nickel 
may be used to subject the nickel plate to a per 
manent compressive stress and among such met-' 
als having the largest co-efficients of expansion 
are. zinc, aluminum, lead, tin, and porcelain. 
However, lead and tin give results which are far 
below those obtained from zinc due to their ow. 
melting points and low tensile strength. It has 
been found, however, that aluminum, and espe 
cially zinc, give the best results. The zinc plate 
soldiered to the nickel plate, the solder having a 
melting point of approximately 450° Fr., will sub 
ject the nickel to a degree of compressive stress 
in which condition its susceptibility and magneto 
strictive effects are greatest. 
A form 40 made of bakelite or of other rigid 

insulating material has wound thereon coils of 
wire 45 and 46. These coils are provided in the 
form of a winding of No. 40 B & S gage enamel 
insulated copper wire. Both coils are wound in 
the same direction, each coil being simply a con 
tinuation of the other. In winding the following 
procedure is followed: The assembly is placed in 
the winding machine and the end of the wire from 
the spool supply is passed through an opening 
in one of the bars 22 or 23 and temporarily se 
cured in place. The wire is then wrapped around 
one section upon one side of the bars 22 and 23 
until this section is secured. The assembly is 
then turned around in the winding machine so 
that it will revolve in the opposite direction. The 
end of the wire from the spool supply is joined 
to that end of the first coil which was temporarily 
secured in place before commencing the wind 
ing. The remaining section is then filled with 
the winding. This construction has the advan 
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plate. 50 held in position by the screw 24. 

tage that both terminals of the winding are 
brought out at the upper surface of the winding. 
One terminal 49 is connected as shown to a metal 

The 
other terminal 5 of the winding is connected to 
a metal plate 52 held in place by the screw 24. 
A wire 53 is connected to the metal plate 50 while 
a wire 54 is connected to the plate 52. The wires 
53 and 54 are the lead-in wires from the instru 
ment. 
A sheet of insulating material may be wound 

around the exterior of the coils 45 and 46 and 
cemented in position if desired by a suitable lacquer. 
The plate formed of the thin sheets of zinc and 

nickel are rigidly secured at their opposite ends 
to the steel blocks 7 preferably with the nickel 
surface in, contact with the steel blocks and these 
blocks are connected to the permanent mag 
net fs. 
The rod 4 has its inner end connected to the 

metal plate by means of a head 6 and its 62 
and 63. 

The nickel plate and 

thereby the sensitivity of the speaker unit. 

force is raised to high values. The audio cur 

2,051,200 
in thickness, 2 inches in width and 2% inches in A diaphragm or cone. which constitutes a vi 

brating element for the reproduction of a sound 
is shown at 65 and this cone is connected to the 
outer free end 66 of the rod 60. Metal plates BT 
and 68 are located upon opprsite sides of the is 
diaphragm and are held in place by nuts 69 and 
To threaded onto the rod and into. close contact 
with the plates 68 and 67, respectively. 
The purest nickel obtainable annealed to the 

softest temper is employed in the manufacture 
of the plate 3. It is to be noted that the removal 
of harmful impurities from the nickel and an 

O 

... nealing it to the softest temper greatly increases 
the permeability and magnetostrictive effect and 

s 
The loudspeaker unit may be connected in the 

output circuit of a vacuum tube or coupling 
transformer or in any other desired way. For 
best results the magnetizing coils of the speaker 
unit should be wound to match or slightly ex- 20 
ceed the impedance of the Output circuit. 
This loud speaker unit operating in connection 

with a cone diaphragm placed in a baffle of stand 
ard dimensions gives high quality. reproduction 
of speech and music in ample volume with power 25 
input no greater than that required by standard 
types of speakers in wide commercial use. 
Owing to its light Weight and the great rigidity 

with which the vibratory plate is supported it is 
especially suited for installation in automobiles 30 
and airplanes where severe vibration occurs. 
In my pending application S. N. 611,411 I have 

stated" that the telephone receiver described 
therein operates by changes in the thickness of 
the nickel or other magnetostrictive metal or 5 
alloy in the composite plate. It is probable that 
such changes in thickness of the plate occurs. 
Changes in thickness of only a small fraction of 
a millionth of an inch would be sufficient to set 
up an audible sound wave. With the minute cur 
rents necessary to actuate the receiver it is quite 
possible it may operate in this way. 
Much greater power is required to operate the 

loudspeaker unit and there can be no doubt that 
in the present construction the composite plate 45 
vibrates in a flexural manner. Nickel contracts 
in the direction of a magnetic field and expands . 
perpendicularly in fields of all intensities appar 
rently tending to a fixed limit as the magnetizing 

rents in the magnetizing coils surrounding the 
composite plate set up a varying magnetic field 
and cause proportional magnetostrictive con 
tractions in the thin nickel sheet which flexes 
the composite plate as a whole which in turn 
transmits its vibrations to the cone diaphragm. 
The zinc plate used in constructing the com 

posite plate is of a thickness sufficient to give the 
structure a frequency responsive characteristic 
well up in the audible range. If it is desired to 60 
raise still further the natural frequency of vibra tion of the composite plate its zinc component 
may be increased to double or more its present 
thickness with but slight decrease resulting in 

55 

the sensitivity of the loud speaker unit. In all 65 
types of telephone receivers in commercial use 
at the present time of which I have any knowl 
edge the diaphragm is actuated by forces from 
outside of itself. If such diaphragms are in 
creased in size beyond a definite limit they be- 70 
come extremely inefficient. 

In the present construction employing the com 
posite plate or diaphragm the plate is actuated 
by magnetostrictive forces within the plate itself. 
If the plate is supplied with enough power the 75 
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- manent tensile stress in the other metal or alloy. 
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tensile stress than by compressive stress. 
alloy Invar has one of the smallest coefficients of 
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magnitude of these forces increase as the size of 
the plate is increased. 
A composite plate to act as the vibratory ele 

ment in the loud speaker may be constructed SO 
that its magnetostrictive component will be un 
der tensile stress. It has been found that the 
magnetic susceptibility and magnetostriction ef 
fects are increased in some metals and alloys 
such as some of the nickel-iron alloys more by 

The 

expansion known. . 
If a sheet of Invar is secured by Soldering, 

brazing or welding to a sheet of almost any other 
metal or alloy it will result in setting up per 

I have constructed a number of such com 
posite plates in which the magnetostrictive sheet 
is under tension using plates of Invar with thin 
sheets of Platinite, and other iron-nickel alloys 
but as vibratory elements for use in telephone 
receivers and loud speakers I have found them 
less sensitive than the composite plate construct 
ed of zinc and nickel. 
The polarizing field required on the composite 

plate of the loud speaker unit and of the tele 
phone receiver is critical as to intensity. If the 
polarizing field is of too great intensity it reduces 
the sensitivity of the device. The ring magnet 
described is designed to supply a polarizing field 
to the plate of an intensity at which its sensitiv 
ity is the greatest. If the magnet establishes too 
strong a field on the plate the polarizing field may 
be decreased by inserting a shim of brass or of 
other non-magnetic material between the pole 
pieces on the magnet and the composite plate. 
The polarizing field may be made adjustable by 

methods well known in the art such as varying 
the distance between the permanent magnet and 
the composite plate by means of an adjusting 
screw operating on the magnet. 
speaker unit is connected in the output circuit 
of a vacuum tube the steady component of the 
vacuum tube plate current through the coils sur 
rounding the composite plate may establish suffi 
cient magnetism in the plate to maintain the 
speaker unit at its maximum sensitivity without 
the aid of a permanent magnet. 
The necessary polarizing field may be supplied 

by means of an auxiliary coil or coils wound 
around the composite plate and connected with 
a source of direct current supply. The direct 
current Supply on the other hand may be con 
nected to the coils surrounding the composite 
plate carrying the audio currents and choke coils 
of suitable inductance inserted in the direct cur 
rent supply circuit to prevent the short circuit 
ing of the audio currents. 
A plate 38 which is formed of pure nickel of 

medium hard temper approximately .02 of an 
inch thick, 2 inches wide and of such a length 
that when it is forced down by means of Screws 
to its seat on the steel blocks 7 carrying the 
projecting wedges 8 shown in Fig. 6 it will be 
under a degree of compression at which its mag 
netic susceptibility and magnetostriction effect 
are greatest, may be used in place of the con 
posite plates described. This method, however, 
of setting up compressive stress in the nickel 
plate is not as effective as the differential ther 
mal contraction method and as a vibratory ele 
ment for use in telephone receivers and loud 
speakers the pure nickel plate is not as efficient 
as the nickel-zinc composite plate. 
A thin sheet of nickel, platinite or other high 

When the 

3 
ly magnetostrictive metal or alloy cemented with 
gyptal varnish or otherwise firmly secured to a 
somcwhat thicker sheet of stiff material such as 
bakelite or hard rubber may be substituted for 
the composite plate in a telephone receiver. The 5 
magnetostrictive metal in this case is not under 
compressive or tensile stress. 
The composite plates may be made in large 

sizes for use in loud speakers without cones or 
other radiating members being attached thereto. 
These plates as thus constructed are operated as 
direct radiators of sound. It will be appreciated, 
however, that sufficient power will have to be 
applied to operate these larger plates. Soft rub 
ber washers 00 which are unusually thin are 
inserted under the heads of the screws. 24 and 
between the nickel surface of the composite plate 
which is firmly clamped between the soft rubber 
washers. Such construction decidedly improves 
the performance of the device. The soft rubber 
washers tend also to prevent the vibrations of 
the plate from being transmitted to the casing 
or other parts of the assembly. 

I claim:- 
1. In a sound reproducing device, a plate 

formed of magnetostrictive metal which is un 
der compressive stress, means coacting with the 
opposite ends of said plate for maintaining the 
plate under compressive stress, a coil of wire 
adjacent the plate adapted to have a current 30 
passed therethrough to set up a varying magnetic 
field, means for maintaining the plate in a mag 
netized State, and a diaphragm connected with 
the plate. 

2. In a Sound reproducing device, a plate 35 
formed of two sheets of metal rigidly secured 
together, one of the sheets being formed of mag 
netostrictive metal, one of the sheets being un 
der tensile stress, means coacting with the op 
posite ends of the plate for maintaining the 
plate under compressive stress, a coil of wire 
adjacent the plate adapted to have a current 
passed therethrough to set up a varying mag 
netic field, means for maintaining the plate in 
a magnetized state, and a diaphragm connected 45 
with the plate. 

3. In a Sound reproducing device, a plate 
formed of magnetostrictive metal which is un 
der compressive stress, means coacting with the 
opposite ends of said plate for maintaining the 
plate under compressive stress, a coil of wire 
adjacent the plate adapted to have a current 
passed therethrough to set up a varying magnetic 
field, means for maintaining the plate in a mag 
netized State, a diaphragm connected with the 
plate, and means for cushioning the ends of the 
plate. 

4. In a Sound reproducing device, a plate 
formed of two sheets of metal rigidly secured 
together, one of the sheets being formed of mag- 60 
netrostrictive metal, one of the sheets being un 
der compressive stress, the other sheet being 
under tensile stress, means for securing the op 
posite ends of the plate in position, a coil of wire 
adjacent the plate adapted to have a current 65 
passed therethrough to set up a varying magnetic 
field, means for maintaining the plate in a mag 
netized state, a diaphragm connected with the 
plate, and means for Cushioning the ends of the 
plate. 

5. In a sound reproducing device, a plate 
having magnetostrictive metal applied thereto 
which is under a compressive stress, means co 
acting with the opposite ends of the plate for 
maintaining the plate under compressive stress, 75 
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4 
a coil of wire adjacent the plate adapted to have 
a current passed therethrough to set up a vary 
ing magnetic field, means for maintaining the 
plate in a magnetized state, a rod rigidly con 
nected at one end with the center of the plate, . 
and a diaphragm connected with the free end 
of the rod. 

6. In a Sound reproducing device, a plate 
formed of two sheets of metal, one of the sheets 
being formed of magnetostrictive metal, said 
sheets being secured together at a high tem 

2,051,200 
perature and respectively being under compres 
sive and tensile stresses So that a permanent 
compressive stress and a permanent tensile stress 
are set up in the plate when the secured sheets 
have been cooled, a magnet, means for securely 
fastening the ends of the plate to the magnet, 8. 
coil adjacent the plate adapted to have varying 
currents passed therethrough, and a diaphragm 
rigidly connected with the plate. 

OSCAR CHRISTENSON, 
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