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1. 
This invention relates to hearing aid apparatus 

and more. Specifically to the construction of ni 
crophones for such apparatus. 
As a result of the mass and stiffness charac 

teristics of the transducing elements included in 
a hearing aid microphone those elements tend to 
resonate at relatively high audio frequencies in 
the order of 4000 cycles per second. Such reso 
nance causes the microphone to emphasize Sounds 
in that region, which is outside the range of fre 
quencies required for intelligible reproduction of 
speech, and Satisfactory reproduction of Sounds 
in general. Further, because of inherent struc 
tural dimension-limitations, the frequency re 
sponse band for the hearing aid earphone of the 
magnetic type is usually limited at its upper ex 
tremity to frequencies in the Order of 2500 cycles. 
With the microphone producing maximum re 
sponse at 4000 cycles, and the earphone failing 
to reproduce any sounds beyond 2500 cycles, a 
very unSatisfactory operating condition is liable 
to exist. This condition arises because the oper 
ator adjusts his hearing aid volume control. So 
that he may hear satisfactorily the sounds within 
the band of frequencies to which his earphone 
responds. . . . Under these operating conditions 
sounds in the region of maximum response of the 
microphone will very likely be at such a high 
audio level that they Will Overload the final ampli 
fier stage in the hearing aid. This is particularly 
true because of the Small dynamic range of the 
sub-miniature tubes necessarily utilized in hear 
ing aids. Such overloading produces distortion. 
In addition cross-modulation Will occur and spu 
rious modulation products will appear within the 
pass band of the earphone. Such spurious sounds 
tend to mask the desired sounds and the perform 
ance of the hearing aid is impaired. This condi 
tion of overloading in the final amplifier as a re 
sult of high frequency Sounds not audible through 
the earphone is likely to be very prevalent because 
Such high frequency Sounds are produced by the 
rattling of paper and other very common noise 
SOUCeS. 

Therefore, it is an object of this invention to 
provide an improved hearing aid. 
A further object of the present invention is to 

provide improved hearing aid apparatus in which 
the reproduction of undesired noise signals is 
minimized. 
The features of the present invention which are 

believed to be novel are Set forth with particu 
larity in the appended claim. The present inven 
tion itself, both as to its organization and manner 
of operation, together With further objects and 
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2 
advantages thereof may best be understood by 
reference to the following description taken in 
connection with accompanying drawings in 
which: 

Figure 1 is a diagram partially in block form 
of a hearing aid incorporating the present in 
vention. 

Figure 2 is a cross-sectional view taken on line 
2-2 in Figure 1 with certain parts omitted, and 
Figure 3 is a graph showing frequency response 

characteristics of certain elements of the device 
shown in Figure 1. 
In Figure 1, briefly, Sounds impressed on micro 

phone are transformed to electrical impulses 
and those impulses are transmitted over conduce 
tors 2 and 3 to amplifier 4 where the impulses are 
amplified in conventional fashion and then con 
ducted over conductors 5 and 6 to earphone T 
where the original sounds are reproduced. - 
In Figure 2, microphone includes case 8 of 

rigid material, such as metal, crystal 9 of Rochelle 
salts, or the like, possessing piezo-electric prop 
erties, support to of electrical insulating material 
separating crystal 9 from case 8, diaphragm , 
preferably conically shaped, flexible in the region 
of the edges thereof and supported about the 
periphery of case 8, and drive rod 2 of rigid 
material connected at one end to the center of 
diaphragm and at the other end to crystal 9, 
adhesive material being used to bond the ends of 
rod 2 to the respective driving and driven ele 
ments. Conductor 3 is in electrical contact with 
One surface of crystal 9 and conductor 4 is in 
contact with the opposite side of crystal 9. Con 
ductors 3 and 4 connect the respective crystal 
Surfaces to terminals 5 and 6, respectively, ter 
minal 5 being insulated from case 8 and terminal 
6 being connected to case 8. Perforated cap 7 

is of Substantially rigid material and is clamped 
Over the edges of case 8 to protect diaphragm 
from direct physical pressure. Damping layer 
9 is of an acoustically resistive cloth. This cloth 
covers cap f and is secured thereto by means of 
an adhesive. A flange 20 of rubber or other re 
silient material may be provided around the pe 
riphery of microphone ? to provide means for 
resiliently supporting the microphone in a hear 
ing aid case. 
As has been indicated, hearing aid microphones 

normally have their maximum response at a fre 
quency outside the range of frequencies repro 
duced by the hearing aid earphone. In the past, 
this undesirable frequency characteristic has 
Simply been accepted and tolerated. 
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In Figure 3, curve A shows the normal fre 
quency response characteristic for a hearing aid 
earphone. It will be noted that the response of 
the earphone drops off sharply in the region of 
2500 cycles. Curve B indicates the frequency 5 
response characteristics of a conventional hearing 
aid microphone not embodying applicant's inven 
tion. It will be noted in that figure that the re 
sponse of the microphone is very: sharply in 
creased in the region of 4000 cycles. Curves A 
and B indicate very clearly that Sounds having. . 
frequencies in the region of 4000 cycles. Will cause 
a relatively high level of output from the micro 
phone but they will not be reproduced by the 
earphone. The possibilities of overloading the 
final stage of amplification in the hearing aid With 
sounds having frequencies in this range is also 
clearly evident. - - - - - 

Curve C is drawn to the same Scale as curve ... 
B and shows the effect of adding the resistive 20 
cloth to the conventional microphone. It will 
be noted that the peak at 4000 cycles has been 
reduced several decibels in amplitude, whereas 
the response at the lower frequencies has not been 
reduced. The ultimate effect of such a reduc 
tion in the sensitivity of the hearing, aid micro 
phone to paper noises and other undesirable 
sounds in the region of 4000 cycles is to reduce 
substantially the spurious noises appearing with 
in the frequency response band of the earphone, 
and clarity of reproduction in the hearing, aid 
unit as a whole is substantially increased. . . 
The cloth chosen for damping the microphone 
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severely attenuated. . . . . . . . . 
It is within the scope of the present invention 

to use damping materials other than cloth woven 
from animal or vegetable fibres as long as that 

is 

4. 
material has the prescribed characteristics of low 
attenuation at low frequencies and high attenua 
tion at high frequencies. 
While particular embodiments of the present 

invention have been shown and described, it will 
be obvious to those skilled in the art that changes 
and modifications may be made Without depart 
ing from the invention in its broader aspects, and, 
therefore, the aim in the appended claim is to 
cover all Such changes and modifications as fall 

:: Within the true spirit and scope of this invention. 
I claim: A hearing aid system comprising: a microphone 

for producing audio-frequency signals in response 
5. to impinging sound Waves and having a peak re 
sponse at a predetermined natural mechanical 
resonance frequency; an amplifier coupled to said 
microphone for amplifying said signals; a sound 
reproducer coupled to said amplifier to convert 
said amplified signals into intelligible sound and 
having a response range substantially, excluding 
said predetermined frequency, whereby compo 
nents of said waves: at said predetermined fre 
quency, tend to overload said amplifier, and pro 
duce cross-modulation. With components of said 
waves of frequencies: within said reproducer re 
SpOnSe: range; and an acoustic damper of tightly 
Woven Soft cloth-fibers supported in the path of 
said sound waves for reducing said peak response 
to minimize said cross-modulation and the re 
sultant distortion of said reproduced sound... : . . . 

; : ". . . . . . . . . . . . . WALTER A. SCHWALM. 
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