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This invention relates to sound translating de 
vices, and more particularly to a mechanical 
system for discriminating against noise or other 
undesirable signals in sound translating devices. 
Interference from noise, particularly in the 

high frequency range, has always been a problem 
in sound-translating devices such as phonograph 
needles, loudspeakers, and the like. High fre 
quency noise is, in general, more disagreeable 
than low frequency noise. The level of the 
noise is usually much lower than the average 
useful signal level. In order to discriminate 
against high frequency noise in sound translat 
ing devices, it is necessary to eliminate or sep 
arate the input of noise signal from that of the 
useful signal prior to reproduction. 
The primary purpose of our present invention, 

therefore, is to eliminate or reduce interference 
from noise in Sound translating devices. 

It is also an object of our invention to provide 
a system which will discriminate against high 
frequency signals of low amplitude. 

It is another object of our invention to pro 
vide a system for sound translating devices 
whereby noise in the high frequency range and 
up to a predetermined level will not be repro 
duced but the useful signal above said noise 
level will be reproduced. 

Interference from noise can, as a general rule, 
be eliminated or reduced by limiting. This is 
customarily accomplished by providing linear 
corrugations or compliances between the driving 
member or driving force and the translating 
member which transforms the mechanical vibra 
tions into acoustical vibrations. These corru 
gations or compliances tend to smooth out the 
middle register of frequencies and attenuate or 
hold down the extreme high frequencies, the low 
frequencies being comparatively unaffected. 
However, this system is found to discriminate 
against useful signals as well as undesirable sig 
nals above a certain range of frequencies. 

In accordance with our present invention, we 
provide a system for filtering out undesirable 
high frequency signals below a predetermined 
amplitude whereby high frequency noise below 
this level will be eliminated or reduced, and the 
useful signal above this noise level will be re 
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quencies and below a given amplitude. For CO 
operation with the initial compliance adjacent 
the driving member, we provide a non-linear 
driving element. The non-linear driving -ele 
inent bridges the initial compliance and is ar 
ranged to transmit high frequency signals above 
a predetermined amplitude directly to the sec 
ond compliance adjacent the translating mem 
ber, while the initial compliance filters out the 
undesirable high frequency signals below that . 
predetermined amplitude. 
The novel features characteristic of our in 

vention. as well as additional objects and advan 
tages thereof, will be better understood from 
the following detailed description of three em 
bodiments thereof when read in connection with 
the accompanying drawing, in which 

Fig.1 is a diagrammatic representation of the 
vibrating system of our present invention, 

Fig. 2 is a curve representing the low frequency 
input-output amplitude characteristic of the vi 
brating system illustrated in Fig. 1, 

Fig. 3 is a curve representing the high fre 
quency input-output amplitude, characteristic of 
the vibrating system illustrated in Fig. 1, 

Fig. 4 shows curves representing the output 
response-frequency characteristics for equal in 

30 

35 

40 

45 

produced. In order to accomplish this, we pro 
vide a compliant coupling between the driving 
member and the translating member, the cou 

50 

pling comprising a pair of compliances disposed 
in series relation for linear driving movement. 
The function of these compliances is to filter 
out signals above a predetermined range of fre SS 

Crements of input in the vibrating System shown 
in Fig. 1, - . 

Fig. 5 shows curves representing high frequency 
noise input and output in the vibrating system 
illustrated in Fig. 1, 

Fig. 6 shows curves representing high fre 
quency signal input and output in the vibrating 
system illustrated in Fig. 1, . . . 

Fig. 7 is a sectional view of the vibrating sys 
tem of a dynamic loudspeaker in accordance with 
our invention, - : 

Fig. 8 is a front view of a phonograph needle 
in accordance with our invention, - 

Fig. 9 is a side view of the phonograph needle 
illustrated in Fig. 8, 

Fig. 10 is a front View, partly in section, of . 
a modified form of phonograph needle con 
Structed in accordance with our invention, and 

Fig. 11 is an enlarged, fragimentary view show 
ing a portion of the loudspeaker of Fig. 7. 

Referring more particularly to Fig. 1 of the 
drawing, there is shown an initial or first com 
pliance C1 connected in series with a second 
compliance C2 by a mass M for linearly transmit 
ting signals of predetermined frequency and 
amplitude. The degree of impedance provided 
by these compliances determines, their output of 
frequency and amplitude, If the impedance is 

  

  

  



3 
large, as in the case of filtering out high fre 
quency signals, the compliances will discriminate 
against undesirable high frequency noise as Well 
as useful high frequency signals below a certain 
samplitude. 
undesirable noise signals, we have provided an 
intermediate non-linear driving element or mem 
ber D which bridges the initial compliance ad 
jacent the input diving member which is re 
sponsive to predetermined movements of the in 
put driving member. The non-linear driving 
member D is substantially rigid ald haS Ole 
of its ends freely suspended between a pair of 
stops S on the mass M spaced apart a predeter 
mined distance for limiting the effective coni 
pliance of the initial compliance Ci. The chair 
acteristics of the System are Stichi. that, iri pract 
tice, when low frequency signals are imparted to 
the system, the mechanical impedaice of the 
compliance C1 is large compared to the mechani 
cal impedance of the mass M and the load 2. 
Under these conditions, the input-output char 
acteristic, as shown by Fig. 2, is linear since the 
non-linear element does not influence the per 
formance. Signal inputs of high frequency, 
however, result in little or no output of those 
Signals in the absence of the non-linear ele 
merit since, at the higher frequencies, the me 
chanical impedance of the compliance C1 is 
small compared to the mechanical impedance 
of the mass M and the load Z. If the non-linear 
member D is added, there is very little high fre 
quency output until the signal amplitude reaches 
a predetermined value determined by the spac 
ing between the freely suspended end E of the : 
member D and the stops S. Any high frequency 
signals greater than this predetermined ampli 
tude would cause the free end E of the non-linear 
driving member to strike the stops S which are 
spaced apart in accordance with the amplitude 
of the useful signals to be reproduced. Thus, 
for selected signals, the non-linear driving mem 
ber selectively shunts the compliance C1. The 
input-output characteristic is then linear, as 
shown by the curve in Fig. 3. 
The effectiveness of the non-linear driving 

member D as a noise discriminator is also shown 
by the curves in Fig. 4 of the drawing. These 
curves represent the response-frequency chair 
acteristics for equal increments of input for a 
sound translating device constructed in accord 
ance with our invention. It will be seen, in Fig. 
4, that there is a very high discrimination against 
high frequencies having small input. However, 
for high frequencies of larger input there is no 
discrimination. The advantage of using a non 
linear driving element in the vibratory system is 
also shown by the curves illustrated in Figs. 5 
and 6 which show input, and output characteris 
tics for high frequency noise and those for use 
ful high frequency signals, respectively. In other 
words, high frequency noise, which is generally of 
low amplitude will not be reproduced, but a 
signal having a level greater than the flat por 
tion of the input-output characteristic, as shown 
in Fig. 3, will be reproduced. 
The mechanical system for discriminating 

against noise, as developed in accordance with 
our present invention, can be applied to various 
types of sound translating devices. For the 
purpose of illustration, we have shown our in 
vention applied to the vibrating systems of a 
dynamic loudspeaker and a phonograph needle. 

Fig. 7 illustrates the vibrating system of an 
electro-dynamic loudspeaker 'constructed in ac 

In order to discriminate against the 
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4. 
Cordance with our invention and comprising a 
COne type diaphragm or translating member 
coupled to a voice coil or driving member 3. 
The Voice coil is Suspended for movement in an 
air gap 5 provided in a magnetic field structure 
7. The coupling 9 between the diaphragm and 
the Voice coil 3 consists of a pair of compliances 
i?, 3, coinected in series relation, with a groove 
15 disposed in the connection between the com 
pliances. The groove 5 is substantially semi 
circular in Cross Section and has its concave por 
tionifacing in Wardly. The initial compliance 
has its free end 7 attached to an integral exten 
sion 9 of the voice coil form, and the second 
COrnip e 3 has its free end 20 attached to 
the diaphragm . 
. The extension 9 of the voice coil 3 constitutes 
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a non-linear driving element and has its free 
erid 2i extending outwardly and at substantially 
a right angle to the axis of the voice coil 3. The 
free end 21 is also suspended for movement 
Within the groove 5 so that the sides of the 
groove will function as stops to limit the ef 
fective compliance of the initial compliance i. 
The distancé between the sides of the groove 
f5 is determined according to the signal ampli 
tude above which the high frequency signals are 
desired to be reproduced. In practice, when 
high frequency signals are introduced into the 
System, the voice coil transmits then to the 
initial compliance it and the non-linear driving 
element or extension 9. If the signals are 
below the selected amplitude they will be ab 
Sorbed by the initial compliance . On the 
other hand, when the signals exceed the pre 
determined amplitude, the end 2 of the non 
linear element will strike the sides of the groove 
15. Thereafter the driving action becomes linear 
and the useful high frequency signals will be 
transmitted through the second compliance 3 
to the diaphragm f for final reproduction by the 
diaphragm: - 

In Figs. 8 and 9, there is shown a phonograph 
needle or stylus 22 constructed in accordance with 
our invention. The needle 22 is provided with a 
record engaging portion 23, and a shank 25 which 
may be inserted into the socket or the like of a 
translating device in a manner well known in the 
art. The record engaging portion and the shank 
are connected by a pair of compliances 27, 29, 
disposed in series relation. A non-linear driving 
element 39 comprising two arms 3, 33 is at 
tached to the stylus 22 on opposite sides of the 
connection between the compliances 27, 29. The 
arms 3, 33 are supported in spaced, parallel re 
lation to the record engaging portion 23 and have 
their ends 35, 37 extending inwardly towards the 
record engaging portion. The ends 35, 37 termi 
nate in closely spaced relation to the recorden 
gaging portion, the spacing being dependent upon 
the desired Signal ainplitude range in the high 
frequency range to be transmitted by the needle 
22 to the translatiiig device. 

Fig. 10 shows a ribodified form of phonograph 
needle 4f constructed in accordance with our in 
vention. The modified needle is similar to the 
needle 22 shown in Figs. 8 and 9, and includes a 
record engaging portion 43, a shank 45, a pairs of 
compliances 47, 49 which are disposed in series 
relation between the recordengaging portion and 
the shank, and a non-linear driving element 50 
consisting of two arms 51, 53. The arms 5,53 
have one of their ends attached to the connec 
tion 54 between the compliances 47,49, and their 
Opposite ends 55, 57 disposed in spaced relation 
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to the record engaging portion 43 in the same 
manner as in the modification shown in Figs. 8 
and 9. For convenience of manufacture, how 
ever, the record engaging portion 43 and the com 
pliance. 47 are made separate from the shank 45, 
the compliance 43 and the connection 54. For 
the purpose of assembly, the portion 43 is pro 
vided with an end 58 which is securely fastened 
in an aperture 6 in the connection 54. - 
The needle 4 is provided with a pair of ad 

justing screws 59, 6 for varying the space be 
tWeen the ends. 55, 57 of the non-linear driving 
element 50 and the record engaging portion 43 
in order that the range of signal amplitude in the 
high frequency range to be reproduced may be 
altered according to desired conditions. The 
screws 59, 6 have threaded shanks 63, 65 for 
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- engaging complementary threaded apertures 67, 
69 in the connection 54. The screws are pro 
vided with knurled heads 7,73 which are dis 
posed on the free ends of the shanks 63, 65 and 
which bear against the external faces 75, 7 of 
the arms 54, 53, while the threaded shanks ex 
tend through apertures 9, 8 in the arms. 
The phonograph needle shown in Figs. 8 and 9, 

and that shown in Fig. 10 operate fundamentally 
in the same way. The initial compliances 27, 4. 
absorb or filter out all high frequency signals 
below a given amplitude. When high frequency 
signals above the predetermined amplitude are 
picked up by the needle, the record engaging por 
tions 23, 43 will strike the ends 35, 37, 55, 57 of 
the non-linear driving elements 30, 50. The vi 
brations will then be transmitted linearly to the 
econd compliances 29, 49. 
From the foregoing description, it will readily 

be understood by those persons skilled in the art 
that we have provided an improved vibratory sys 
ten for sound translating devices which will dis 
criminate against undesirable high frequency 
signals below a predetermined amplitude. While 
We have shown how Our improved System can be 
applied to dynamic type loudspeakers and phono 
graph needles, it will be recognized that it can 
be applied readily to other. Sound translating 
devices. We, therefore, desire that the particu 
lar form of our invention described herein be 
considered as illustrative and not as limiting. 
What is claimed is: - 
1. In signal translating apparatus, a vibrating 

system for discriminating against undesirable 
signals comprising a driving member supported 
for vibratory movement in response to an ex 
ternal driving force acting upon said driving 
member, translating means for translating the 
vibratory movements of said driving member, at least two compliances connecting said driving 
member to said translating means, said compli 
ances being connected in series, and shunting 
means associated with said driving member for 
selectively shunting one of said compliances for 
selected signals. 

2. The invention set forth in claim 1 charac 
terized in that said one compliance is adjacent 
said driving member, and characterized further 
in that said shunting means comprises a non 
linear driving element operatively connected to 
said driving member and said one compliance for 
transmitting high frequency signals beyond a 
predetermined amplitude. - 

3. The invention set forth in claim 2 further 
characterized in ... that the connection between 
said compliances includes limiting means, and 
characterized still further in that said non-linear 
driving element has one of its ends connected 
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to said driving member and has its opposite end 
freely suspended and operatively associated with 
Said limiting means. 

4. The invention set forth in claim 3 further 
characterized in that said limiting meanscom 
prises a pair of stops which are spaced apart a 
predetermined distance in accordance with the 
amplitude of the desired signals to be reproduced. 

5. The invention set forth in claim 3 further 
characterized in that said non-linear driving ele 
nent has means for varying the effectiveness of 
Said one compliance. 

6. In signal translating apparatus, a vibrat 
ing System for discriminating against undesir 
able signals comprising an input driving element, 
a translating element for translating signals re 
ceived by said input driving element, a plurality 
of compliances connecting said input driving ele. 
ment and said translating element, said compli 
ances being connected in series, and an interme 
diate driving element responsive to predetermined 
noVements of Said input driving element for Se 
lectively shunting one of said Compliances for 
Selected signals. 

7. The invention set forth in claim 6 charac 
terized in that the connection between said con 
pliances includes limiting means, and character. . . 
ized still further in that said intermediate driving 
element has one of its ends attached to said input 
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driving element, and the other of its ends freely 
Suspended and operatively associated with Said 
limiting means. 

8. The invention set forth in claim 7 charac 
terized in that said limiting means comprises a 
pair of stops separated by a predetermined dis 
tance whereby only vibrations above a predeter 
mined amplitude will be transmitted to said 
translating element. 

9. In a loudspeaker having a magnetic field 
structure, a vibrating system for discriminating 
against undesirable signals, said system compris 
ing a Voice coil, a diaphragm, at least two CO 
pliances connecting said diaphragm to said Voice 
coil, Said compliances being connected in Series 
for transmitting vibratory motion from said voice 
coil to Said diaphragm, and shunting means 
associated with said system for Selectively shunt 
ing One of Said compliances for selected Signals. 

10. The invention set forth in claim 9 charac 
terized in that said Shunting means comprises a 
non-linear driving element connected to Said. 
voice coil and operatively associated with that 
One of Said compliant couplings which is adja 
cent said voice coil. 

11. The invention set forth in claim 10 further 
characterized in that the connection between 
Said compliances includes limiting means, and 
characterized still further in that said non-linear 
driving element has one of its ends attached to 
said voice coil, and has its other end freely sus. 
pended and Operatively associated with said lim 
iting means. 

12. The invention set forth in claim 11 still 
further characterized in that said limiting means 
comprises a groove disposed in said connection 
between said compliances within which said free 
end of Said non-linear driving element is sus. 
pended. 

13. A stylus for Sound reproducing machines 
comprising a shank portion, a record engaging 
portion, a pair of series connected compliances 
connecting. Said shank portion to said record en 
gaging portion, and shunting means aSSOciated 
With one of said compliances for Selectively 
shunting said one compliance, 
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14. The invention set forth in claim 13 char- References Cited in the file of this patent 
acterized in that said shunting means comprises UNITED STATES PATENTS 
non-linear driving means operatively associated - 
with said record engaging portion and further Number Name Date 
characterized in that said non-linear driving 5 885,989 Fitzpatrick --------- Apr. 28, 1908 
means is operatively connected to said one com- 984,89 Allwood ------------ Feb. 21, 1911 
pliance. - 1,039,208 Steinert - - - - - - - - - - - Sept. 24, 1912 

15. The invention set forth in claim 14 chair- 2,007,747 Ringel -------------- July 9, 1935 
acterized in that said non-linear driving means 2,159,533 Rayment ----------- May 23, 1939 
comprises a pair of arms disposed in spaced rela- 10 248 Barker ----------- --- July 4, 1939 
tion to said stylus on opposite sides thereof, each 2,235,654 Steers -------------- Mar. 8, 1941 
of said arms having one end attached to the con- 2,402,400 Hewitt ------------ June 18, 1946 
nection between said... compliances and having FOREIGN PATENTS 
their opposite ends freely suspended in predeter 
mined spaced relation to said record engaging 15 Ny. Country Date portion Italy ---------------- Jan. 5, 1940 

. o ri 465,550 Great Britain ------- May 10, 1937 
16. The invention set forth in claim 15 chair- 613,287 Great Britain ------ Nov. 24, 1948 acterized in that said non-linear driving element 

is provided with means for adjusting the dis 
tance between said freely suspended ends of said 20 
arms and said record engaging portion. 
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