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My invention relates in general. to a sound 
reproducer or loud speaker employing the 
“Joule” e?ect or the linear e ansion and con 
traction of a metalic rod no to magneto 

6 striction to o crate a diaphragm. 
More speci cally, my invention consists of 

a reproducer having a diaphragm or cone di 
rectly connected to one end of a metallic rod, 
the other end of which is ?rmly ?xed, and in 

19 causing variations in the magnetic ?ux in this 
said rod and consequent variations in the 
length thereof to effectively operate the cone 
to re reduce sound. . 

“h agnetostriction” was first discovered in 
15 1837 by Dr. C. G. Page and is a term applied 

to changes in dimension of a magnetic metal 
when placed in a magnetic ?eld. Experi 
ments brou ht to light the changes in linear 
dimension commonly called the “Joule” ef 
fect) due to variations in the magnetic ?ux, 
and also various other henomena such as 
twisting effects upon the metal were ob 
served, but very little was done toward ap 
plying this phenomena to any practical use. 
All ferromagnetic metals are found to ex 

pand and contract when placed under the in 
liuence of a varying magnetic ?eld by virtue 
of their magnetostrictive properties. Iron 
?rst expands, then returns to its ori 'nal 
length and then contracts in a longitu 'nal 
magnetic ?eld of increasing strength. Pure 
iron and steels which are alloys of iron and 
carbon although. strongéy magnetic show 
weak magnetostrictive e ects. Cobalt ?rst 
contracts, then returns to its original length 
and then expands, while annealed cobalt con— 
tracts continually. Pure nickel contracts 
continually and has strong magnetostrictive 
qualities. Certain allo s such as nickel 
(36%) and iron (6447537 are active, while 
among the most active metals readily obtain 
able are alloys of chromium, nickel and iron, 
such as nichrome and “Monel” metal. ‘ 

It has also been noted that heat treatment, 
twisting, or stretching, increase the magne 
tostrictive qualities of certain metals and l 
have also observed that ageing by electrical 
vibration increases the action. It has been 
noted that the curve representing the change 
in length of a metallic rod is not constant. 
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_ Fig. l of the drawings shows the curve of 
iron and nickel, and is thought to be self 
explanatoig. - V 

Fig. 2 s ows the construction of the re 
producer of my improved design in some- as 
what diagrammatic form. 
_Referring to Fig. 1, it Will be noted that 

nlckel, which contracts steadily with increas 
ing magnetism, has a point between a and b 
m which magnetic variations ‘of given to 
amount produce the greatest changes in 
length. In my improved reproducer I pro 
pose to use a metallic rod of nickel ,or of 
“invar” and good results have been obtained 
with both. In order to utilize the most oiled. 65 
tive portion of the magnetostrictive curve I 
employ a strong permanent magnet such as 
shown in Fig. 2,‘ or an electroma et, to 
polarize the rod and to bring it wi ' _ the 
sensitive or e?'ective portion of this curve 70 
so that any given change in the current 
through the coil around the rod will cause 
the greatest change in length of the rod and 
consequentl the maximum volume in the re 
producer. hods of di?'erent metal and ‘15 
length will require magnets of different 
stren 11. 
Re erring now to the illustration of my 

invention shown on the accompanying draw 
ings in Fig. 2, I have shown an ordinary cone 80 
of standard type at 1 having attached to its 
apex in known manner a metallic rod 2 which 
is rigidly held at its opposite end by a me 
tallic stud 3 which has a split sleeve on its 
right hand end over which the nut 4 ?ts to 85 
clamp against rod 2. The stud 3 clamps a 
collar 5 against an upright support 7 and se 
cures a permanent magnet 6 between the up 
right and the shoulder of stud 3. The coil 8 
is wound on a ?bre sleevev9 and has spool 90 
heads 10 and‘ 11 and terminals 12 and 13 
which are connected with the alternating cur 
rent output of a radio receiving set. Each 
end of sleeve 9 has a metallic sleeve at 14 and 
15 which are held in collars 5 and 16 by set 95 
screws. The hollow screw 17 clamps the col- , 
lar 16, magnet 6, and support 18 together. 
Thus the entire assembly is rigidly held to 
gether and magnet 6 magnetizes rod 2 to a 
point above zero and preferably to the point 1119 
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of magnetism between points a and b on the 
curve shown in Fig. l. 
The use of magnet 6 is not only to mag 

netize the rod to its e?cient point of the curve 
but to polarize the rod as explained. It is un 
derstood that the ?ux in the rod must not 
pass through zero. As alternating current 
from the secondary of a transformer is re 
ceived from the ordinary commercial receiv~ 
in 0; set instead of undulating current, the pre 
magnetization by magnet 6 causes changes 
in ?ux due to alternating current cycles 
through electromagnet 8 to only increase and 
decrease the ?ux through the rod 2 above 
the zero point. It should be understood that 
an electromagnet may be employed in place 
of permanent magnet 6 and may be excited 
either by the plate current from the radio 
set or by a separate source of direct ‘current. 

If such electromagnet were used then an 
element or elements or” soft iron or the like 
would be used in place of the permanent mag 
net 6 to provide the return path for the mag 
netic flux, and also to maintain the rigidity 
of the structure. In such case, as in the case 
of the permanent magnet, the magnetostric 
tive changes in the iron of the ma et or the 
elements above mentioned may ogxbourse be 
opposite to the changes in the rod 2, depend 
ing upon the materials,‘ used in the construc 
tion of the rod and magnet. In case the ma’ 
terials have opposite magnetostrictive char 
acte‘ristics, then the contrary action of the 
iron supporting frame 18 and the nickel ele 
ment or rod connected to diaphragm would 
be cumulative in effect on the diaphragm.. 

It should be/noted that a strong magnetic 
?eld (800 gauss) or approximately 30 am 
peres of current is required to completely ex 
pand or contract a rod bymagnetostriction. 
The reproduced sounds will be increased 800 
times, by the use of a permanent magnet, over 
those produced by weak voice currents only, 
if the rod is not premagnetized. Therefore, 
in a construction such as shown I have pro 
duced a reproducer which gives a greater 
volume of sound, free from distortion, than 
has been produced before. 

‘While I have described the expansible ele 
ment of the speaker as a metallic rod 2, it 
should be understood that this term is used 
and a rod shown merely for illustration and 
the'element may assume di?’erent dimensions. 
It is only necessary that it be a member of 
metal or alloyed metal of greater length-than 
diameter acted upon by a coil to produce lin 
ear expansion and premagnetized~ or polar 
ized by a magnet. Furthermore, as the rod 
or movable element of the reproducer will 
have practically no audible frequency or nat 
ural vibration of its own, and as the lag _in 
magnetostriction is practically nil, the re 
production will be accurate and without dis 
tortion. ‘ 

Although I have shown a cone speaker with 
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free edges, it should be understood that any 
type of cone or diaphragm may be used, and 
also any known leverage arrangement may 
be utilized between the rod and cone as de 
sired. . ~ ‘ 

What is claimed is: > - 
1. In a sound reproducer, a metallic rod 

having strong magnetostrictiv'e qualities, an 
electromagnet encircling said rod and spaced 
slightly therefrom, a strong permanent mag 
net arranged with opposite poles thereof op 
posite di?erent ends of the rod, a clamping 
means rigidly securing one end of the rod, a 
‘diaphragm connected to the opposite end of 
the rod, said coil when connected to alternat 
ing current effective to vibrate the diaphragm 
in accordance with the current. 

2. In a sound reproducer, a vibratory mem 
her, an actuating element for the member 
constructed of ferro-magnetic metal having 
strong magnetostrictive qualities, said ele 
ment rigidly secured at one end and attached 
at the other end to the vibratory member, a 
permanent magnet of relatively large and 
predetermined strength arranged longitudi 
nally to said element, said magnet premag 
netizing said element to its most e?icient point 
of sensitivity to magnetostrictive variations, 
a helix or electromagnet encircling said ele 
ment for the greater part of its length, said 
helix connected to a sourceof alternating cur 
rent to cause corresponding lineal expansion 
and contraction of said element to thereby vi 
brate said member. 

3. In a sound reproducer, a ferro-magnetic 
member, speci?cally treated to increase its 
lineal displacement due to magnetostrictive 
effects, an' elongated U-shaped permanent 
magnet of predetermined strength, said mem 
ber longitudinally supported in the magnetic 
?eld of said permanent magnet, one pole of 
the magnet in magnetic contact with the 
member at one rigidly ?xed extremity, the 
other pole in close proximity but out of en 
gagement with the member providing a re 
turn path for magnetic ?ux in the member 
with minimum air gap, a diaphragm connect 
ed to one end of the member, an electromag 
not associated with the member connected 
with the output of a suitable audible fre 
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quency sound ampli?er, said electromagnet . 
causing undulations of the magnetic ?ux in 
said member and corresponding changes in 
lineal dimensions of the member to thereby 
reproduce voice sounds by vibrating the dia 
phragm. 

4. In a sound reproducer, an elongated U 
shaped permanent magnet, a diaphragm, an 
actuating member for the diaphragm having 
strong magnetostrictive qualities supported 
keeper fashion across the poles of the perma~ 
nent magnet, a helix surrounding the actu 
atin‘g member supported by and secured to 
the permanent magnet, a chuck member of 
ferro-magnetic material supporting one end 
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of the actuating member and rigidly secun 
ing it to the permanent magnet, a frame sup 
porting the diaphragm, a hollow sleeve often ' 
ro-magnetic metal securing the frame to the 
permanent magnet to the free end of said 
member extending through said hollow sleeve 

' and secured to the center of the diaphragm, 
said helix when connected to a source of al 
ternating current causing vibrations of the 
diaphragm in accordance with current 

} changes. 

20 

25 

30 

35 

' anelectromagnet arranged longitudinally to i 

.40 

50 

55 

65 

5. In a sound reproducer, a vibrating ele 
ment, an actuating member therefor, a per= - 
manent magnet, an operating member of fer~ 
ire-magnetic material having strong magneto 
strietive qualities supported by the magnet 
and rigidly secured thereto at one en , a 
frame supporting the vibrating element rig 
idly secured to the other end of the magnet, 
said operating member extending through an 
opening in one end of-the permanent ma - et 
and engaging said vibrating member, an an 
electromagnet for varying the effectof said 
permanent magnet on‘v said operating member 
to vibrate the element, said magnetic member 
and element forming a unitary structure. 

6. In a sound r‘eproducer, a diaphragm a 
permanent magnet, an operating member or 
the diaphragm of ferro-ma etic material 
having magnetostrictive qualities 0 posite to 
that of said permanent magnet, sai member 
rigidly supported and in magnetic contact 
with one linch of the magnet and having its 
free end encircled by the other linch of said 
magnet, and engaging with the die. hragm, 

both magnet and member and connectedto a‘ 
source of variable current, variations in cur 
rent in the electromagnet causing opposite 
magnetostrictive e?°ects in the member and 
magnet cumulative in their e?ect on the 

, diaphragm. " , 

In witness whereof, I hereunto subscribe 
iny-name this 7th day of March A. D. 1930. 
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