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57) ABSTRACT 
A hearing aid in which the sound reception character 
istics are selectable by a user to provide non 

directional or directional reception, as desired. The 
hearing aid employs a differential transducer having 
two sound receiving ports and operative to convert 
sound information into an electrical output and to 
which sound energy can be directed in one of two 
modes. In one mode of operation, for providing non 
directional reception, sound is received from a front 
aperture of the hearing aid and directed to first and 
second input ports of the transducer, the sound being 
directed to the second port via an acoustic filter. In a 
second mode of operation, for providing directional 
reception, the second input port of the transducer is 
coupled to a rear aperture of the hearing aid and the 
first input port remains coupled to the front aperture. 
Sound energy received from the rear of the hearing 
aid is substantially minimized by action of the trans 
ducer without affecting energy from the front of the 
hearing aid. The acoustic filter in the second trans 
ducer port path during non-directional operation is 
used to match the frequency and phase characteristics 
of the non-directional mode response to the frequency 
and phase characteristics of the directional mode fron 
tal response so that switching from one mode to an 
other does not materially alter the quality of sound re 
ception from the front direction of the hearing aid. 

7 Claims, 8 Drawing Figures 
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DIRECTIONALLY WARIABLE HEARING AD 

FIELD OF THE INVENTION 

The invention relates to hearing aids and more par 
ticularly to a hearing aid adjustable by a user to selec 
tively provide non-directional or directional receiving 
characteristics. 

BACKGROUND OF THE INVENTION 

It is usually desirable that a hearing aid provide good 
non-directional response to sounds emanating from 
points to the front, rear and sides of a user. A particu 
larly effective multidirectional hearing aid is described 
in U.S. Pat. No. 3,201,528, assigned to the assignee of 
the present invention, wherein both forward facing and 
rearward facing receiving apertures are provided to di 
rect received sound information to a microphone and 
to provide substantially uniform gain for sounds ema 
nating from various points about the user. In many in 
stances however, such as in listening to lectures, con 
versations in a noisy environment, and the like, it would 
be desirable to enhance the directional characteristics 
of the hearing aid to accentuate the gain of sounds em 
anating forwardly of the user. Because of different 
needs in different listening situations, it is useful to pro 
vide a capability of both non-directional and direc 
tional characteristics in one hearing aid. A particularly 
effective selectable directional hearing aid is described 
in copending U.S. patent application Ser. No. 286,577, 
filed Sept. 7, 1972, assigned to the assignee of the pres 
ent invention. 
The invention described in the aforesaid patent appli 

cation attains two modes of operation by selectively oc 
cluding the rear transducer port. However, it has been 
found that closing the rear transducer port can cause 
an excessive increase in low frequency gain, resulting 
in a non-directional mode response characteristic 
stronger in the low frequencies than the directional 
mode frontal response. Ideally these response charac 
teristics should be equal particularly in a high gain 
hearing aid wherein excessive low frequency gain can 
cause acoustical instability. 

SUMMARY OF THE INVENTION 

In accordance with the present invention a selectably 
directional hearing aid is provided which can be oper 
ated, even at high gain levels, without undesirable in 
stability and, which can be switched from one mode to 
another without materially altering the quality of the 
received sound from the frontal direction. Undesirable 
instability at high gain levels is avoided by keeping the 
rear transducer port open during both non-directional 
and directional modes of operation, and employing an 
acoustic filter in the path of the sound energy received 
at the rear port in the non-directional mode. The 
acoustic filter also serves to avoid undesirable material 
alteration of sound quality, when the hearing aid is 
switched from one mode to another, by selective en 
hancement of the low frequency response of the hear 
ing aid in the non-directional mode, so as to approxi 
mate that of the directional mode. 
The invention makes use of a differential transducer 

disposed inside a housing adapted to be worn by the 
user, the housing having a front and rear sound aper 
ture. Disposed inside the housing are a network of 
sound conducting paths connecting the apertures to the 
transducer ports. The front aperture is always in sound 
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2 
communication with the first transducer port. A valve 
means is provided in the sound conducting paths, 
whereby the second port of the transducer may be 
made to communicate either with the rear aperture in 
the directional mode, or the front aperture in the non 
directional mode. 
When the valve is in the directional mode position, 

sound entering the front aperture is channelled to the 
first transducer port, while sound entering the rear ap 
erture is channelled to the second transducer port. 
Sound emanating from points to the rear of a user tend 
to be cancelled or substantially reduced in amplitude 
by operation of the differential transducer, with the re 
sult that the hearing aid is most sensitive to sound ema 
nating from points forward of the user and, thereby 
providing directional sound response. With the valve in 
the non-directional mode position, sound entering from 
the front aperture is channelled directly to the first 
transducer port along one path and, through an acous 
tic filter, to the second transducer port along a second 
path. Switching of the second transducer port to the 
front aperture in combination with the acoustic filter 
adjusts the sound energy received at the second trans 
ducer port during the non-directional mode to mini 
mize rear port cancellation and to adjust the response 
characteristics of the non-directional response to ap 
proximate that of the directional front response. 
The second transducer port is always in communica 

tion with a sound receiving path and the transducer is 
not subject to instability which can be caused under 
high gain conditions when the port is occluded. Thus, 
the hearing aid of the present invention operates well 
even at high gain levels and can be switched from a di 
rectional to a non-directional mode of operation with 
out materially altering the relative quality of received 
Sound. 
The invention can be embodied in both a behind-the 

ear type of hearing aid or in an eyeglass frame type in 
which the hearing aid is usually incorporated into the 
bow or temple of the frame. 

DESCRIPTION OF THE DRAWINGS 

The invention will be more fully understood from the 
following detailed description taken in conjunction 
with the accompanying drawings, in which: 
FIG. 1 is a perspective view of a behind-the-ear type 

of hearing aid according to the invention; 
FIG. 2 is an enlarged elevation view of the embodi 

ment of FIG. 1; 
FIG. 3 is a partly cut away enlarged elevation view of 

a portion of the structure of FIG. 2 with the control 
valve in a position opposite to that shown in FIG. 2; 
FIG. 4 is a pictorial view of the invention embodied 

in an eyeglass type hearing aid; 
FIG. 5 is a partly cut away enlarged elevation view of 

a portion of the structure of FIG. 4; and 
FIGS. 6-8 are diagrammatic representations of an al 

ternative embodiment of the valve assembly. 

DETAILED DESCRIPTION OF THE INVENTION 
The invention as embodied in a behind-the-ear type 

of hearing aid is shown in FIG. 1 and includes a housing 
10 adapted and configured to be worn on the ear 12 
(shown in phantom) of a user and coupled by a length 
of tubing 14 to an earpiece 16 worn in the user's ear. 
Included within housing 10 is a transducer for convert 
ing received sound energy into corresponding electrical 
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energy, amplifying and processing circuitry, a battery 
source and volume and other controls and a receiver 
for transducing the amplified electrical signals into 
acoustical energy for conveyance via tubing 14 to the 
earpiece 16. Alternatively, the earpiece can include the 
receiver which is electrically energized via intercon 
necting wires from the aid circuitry. 
The housing 10 includes an upper portion 17 which 

extends above the ear of a user and which contains an 
aperture 18 which is positioned to receive sounds ema 
nating from points forwardly of the user. A rearwardly 
facing aperture 20, visible in FIGS. 2 and 3, is also pro 
vided in the rear surface of upper portion 17 of housing 
10 to receive sounds from points rearwardly of the 
user. A manually adjustable control valve 22 having a 
control knob 24 is provided in the upper housing por 
tion and is operative according to the invention to alter 
the directional response characteristics of the hearing 
aid. 
Referring to FIG. 2, it is seen that frontwardly facing 

aperture 18 communicates with valve 22 via a longitu 
dinal channel 26 provided in the top portion of housing 
10. Section 44 extends channel 26 from the valve 22 to 
the rear aperture 20. A differential transducer 28 is 
contained within housing 10 and has a first port 30 cou 
pled to a passage 32 which is in sound communication 
with channel 26 at a position between aperture 18 and 
valve 22. A second port 34 of transducer 28 is coupled 
via a tube 36 to valve 22 via a passage 38. 
An acoustic filter 50 having a cylindrical hole 51 

therethrough, is disposed in channel 26 between valve 
22 and the intersection of path 32 with channel 26. 
The control valve 22 includes a cylinder 40 disposed 

within a cylindrical recess formed transversely across 
housing 10 and in which cylinder 40 is rotatable by ac 
tion of a manual force applied to control knob 24. 
An opening 41 is provided through cylinder 40, and 

in one position, depicted in FIG. 2, provides a sound 
communication path from rear aperture 20 through the 
valve into passage 38, and thence via tube 36 to the 
second port 34 of transducer 28. With the valve 22 ro 
tated to its second position, as depicted in FIG. 3, the 
passage 44 is occluded by the solid portion of cylinder 
40, and a sound communication path is provided to 
allow aperture 18 to communicate with the first sound 
port 30 of transducer 28 through channel 26 and path 
32 and with the second sound port 34 of transducer 28 
through channel 26, filter 50, opening 41, path 38 and 
tube 36. 
The transducer 28 is of the differential type in which 

sound energy entering the second port 34 is subtracted 
from energy entering the first port 30, such that the 
transducer is responsive to the difference in received 
energy to provide a corresponding electrical output sig 
nal. Such transducers, also known as unidirectional mi 
crophones, are per se well known in the art, a typical 
example being the directional microphone manufac 
tured by Knowles Electronics, Inc., Model BL-1687. 
Such a differential transducer is also described in U.S. 
Pat. No. 3,770,911. 
With the control valve in the position illustrated in 

FIG. 2, sounds emanating from points rearwardly of a 
user enter the hearing aid via aperture 20 and thence 
via passages 44, 38 and 36 to port 34. The transducer 
28 and associated valve system is operative to substan 
tially cancel the effects of energy emanating from the 
rear of aperture 20 and to provide an output signal 
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4. 
which is essentially representative of energy received 
by aperture 18 and resulting from sounds from points 
forwardly of a user. The hearing aid in this mode of op 
eration is therefore directional and provides enhanced 
reception for sounds in front of the user. In this mode 
the filter 50 is inoperative. 
With control valve 22 in the position depicted in FIG. 

3 the hearing aid is in the non-directional mode. The . 
port 34 of transducer 28 communicates with aperture 
18 through channel 26, filter 50, path 38, opening 41 
and tube 36. Port 30 of transducer 28 also communi 
cates with aperture 18 through channel 26 and path 32. 
Thus for non-directional operation the rear aperture 20 
is occluded and the front aperture 18 is coupled to both 
ports 30 and 34 of transducer 28. The rear port is al 
ways open to received sound and instability is avoided. 
In the non-directional mode the rear port receives 
sound via a filter which operates to prevent rear port 
cancellation in the transducer and to match phase and 
frequency characteristics of the non-directional re 
sponse to approximate the directional front response. 
The hearing aid operates well even at high gain levels 
and switching the hearing aid from one mode to other 
does not materially alter the quality of sound reception 
emanating from the front of the user. 

In the illustrated embodiment, channel 26 between 
front aperture 18 and valve 22 is rectangular in cross 
section with a height of approximately .055 inches and 
a width of approximately 0.065 inches. Filter 50 fits se 
curely in channel 26 and is approximately 0.060 inches 
long, with hole 51 therethrough approximately 0.016 
inches in diameter. The filter 50 can be of any material 
and configuration providing the acoustic impedance to 
achieve the intended alteration of the frequency and 
phase characteristics of received sound. The filter can 
employ an opening such as shown in the illustrated em 
bodiment, the cross-section and length of the opening 
determining the filtering action. The filter can also be 
of acoustically porous structure in which the volume 
and porosity determine filtering action. It will be appre 
ciated that the acoustic filter can be formed as a sepa 
rate element installed in the hearing aid or formed inte 
grally with the housing 10. 

Alternatively, the filter can be provided at other loca 
tions in the sound receiving path such as part of valve 
22. As shown in FIG. 6, valve cylinder 110 includes an 
opening 112 therethrough providing the intended 
acoustic filtering according to the invention, and a 
larger opening or slot 113. With the valve in a position 
to provide non-directional operation (FIG. 7), opening 
112 communicates between passages 114 and 116 
which are coupled respectively to the front hearing aid 
aperture and the second transducer port. Passage 118 
coupled to the rear aperture is occluded. With the 
valve in the position providing directional operation 
(FIG. 8), passages 116 and 118 are interconnected via 
opening 113, with filter opening 112 being of no effect. 
The directional receiving pattern of the hearing aid 

is essentially cardioid in shape, as is usual for direc 
tional microphones, and the particular pattern can be 
varied as desired by adjusting the distance between ap 
ertures 18 and 20 to effectively vary the pressure pat 
tern on transducer ports 30 and 34. 
The invention can also be embodied in hearing aids 

other than behind-the-ear types; for example, the in 
vention can be implemented in an eyeglass frame type 
of aid as shown in FIG. 4. Referring to FIG. 4, there is 
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shown a temple 55 of an eyeglass frame, the temple 
having a differential transducer and a network of sound 
conducting passages mounted therein as shown more 
particularly in FIG. 5. The temple further has a front 
aperture 56 and a rear aperture 58, each of which is 
disposed on the downward facing surface of temple 55. 
A manual valve 62 is disposed in the temple between 
the front and rear apertures 56 and 58 and protrudes 
through the top of the temple. The associated elements 
of the hearing aid, such as processing electronic cir 
cuitry 66 and volume control 68, are disposed in tem 
ple 55 in any convenient packaging arrangement. An 
earpiece 70 is provided for mounting in the ear of the 
user and is coupled to receiver 71 by means of a tube 
72. 
Referring now to FIG. 5 the internal arrangement of 

ports within temple 55 will be described. Forward aper 
ture 56 communicates via channel 81 with first input 
port 82 of transducer 90. Passage 83 provides a sound 
path from channel 81 to valve 62. Passage 84 provides 
a sound path between valve 62 and a second input port 
86 of transducer 90. Passage 85 provides a sound path 
between valve 62 and rear aperture 58. 
The control valve 62 includes a cylinder 100 dis 

posed within a cylindrical recess formed transversely 
across temple 55 and in which cylinder 100 is rotatable 
by action of a manual force applied to control valve 
stem 64. An acoustic filter 92 having a cylindrical hold 
93 therethrough is disposed in passage 83 between the 
valve 62 and the intersection of path 83 with channel 
81. 
An opening 102 is provided through cylinder 100 and 

in one position, as depicted in FIG. 5, passage 85 is oc 
cluded by the solid portion of cylinder 100 and a sound 
communication path is provided to allow aperture 56 
to communicate with the first sound port 82 of trans 
ducer 90 through channel 81 and with the second 
sound port 86 of transducer 90 through channel 81, fil 
ter 92, passages 83 and 84. This represents the non 
directional mode of operation which is as previously 
described for the behind-the-ear embodiment of the in 
vention. 
With valve 62 in the other position, sound entering 

rear aperture 58 comunicates through passages 85 and 
84 with the second sound port 86, and passage 83 is oc 
cluded. This represents the directional mode of opera 
tion as previously described for the behind-the-ear em 
bodiment of the invention. 

It will be appreciated that the invention can be imple 
mented in different ways to suit particular operation 
requirements. For example, the control valve can be of 
many different configurations to provide the intended 
function and the particular sound communication 
paths between the front and rear apertures for coupling 
forward and rearward sounds to the differential trans 
ducer can be selected to suit specific constructional re 
quirements of a particular embodiment. Accordingly, 
it is not intended to limit the invention by what has 
been particularly shown and described except as indi 
cated in the accompanying claims. 
What is claimed is: 
1. A hearing aid comprising: 
a differential transducer having first and second 
sound receiving ports; 

a housing having a forwardly facing Sound receiving 
aperture and a rearwardly facing sound receiving 
aperture; 
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6 
a first sound receiving path between said forwardly 

facing aperture and said first transducer port; 
a second sound receiving path distinct from said first 
sound receiving path for selectively coupling said 
second receiving port to said first or second sound 
receiving apertures and including 

control valve means operative in a first position to 
couple sound energy received by said rearwardly 
facing aperture to said second sound receiving 
port, and in a second position to couple sound en 
ergy received by said forwardly facing aperture to 
said second sound receiving port; 

acoustic filter means in said second sound receiving 
path only when said valve means is in said second 
position; 

electronic circuitry for amplifying and processing 
sound information received by said transducer; and 

an earpiece coupled to said circuitry and adapted to 
the ear of a user. 

2. A hearing aid according to claim 1 wherein 
said first sound receiving path includes a first passage 
between said forwardly facing aperture and said 
valve means, and a second passage between said 
first passage and said first transducer port; and 

said second sound receiving path includes said first 
passage and a third passage between said rear 
wardly facing aperture and said valve means, and 
a fourth passage between said valve means and said 
second transducer port; 

said valve means being operative in its first position 
to provide a sound receiving path through said 
third and fourth passages, and operative in its sec 
ond position to provide a sound receiving path 
through said first and fourth passages. 

3. A hearing aid according to claim 2 wherein said 
valve means includes 
a rotatable member disposed at the juncture of said 

first, third and fourth passages and having an open 
ing therethrough for coupling said third and fourth 
passages in said first position, and for coupling said 
first and fourth passages in said second position; 
and 

a manually actuable control knob attached to said ro 
tatable member and operative to rotate said mem 
ber between said first and second positions. 

4. A hearing aid according to claim 3 wherein said 
filter means is in said rotatable valve member. 

5. In a hearing aid having a predetermined direc 
tional mode response and a selectably operable prede 
termined non-directional mode response and including: 
a housing having a forwardly facing sound receiving 
aperture and a rearwardly facing sound receiving 
aperture; 

a differential transducer in the housing having first 
and second sound receiving ports; 

a network of sound conducting passages in the hous 
ing connecting the apertures to the ports; and 

a valve means for selectably coupling the rear trans 
ducer port to either the front or rear aperture; 
the improvement comprising: 
a sound conducting passage containing an acoustic 

filter for selectively varying the frequency and 
phase characteristics of received sound only 
when said rear transducer port is coupled by said 
valve means to said front aperture of said hous 
1ng, 
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whereby the frequency and phase characteristics of 
sound energy emanating from the front of the 
wearer are not materially altered when the aid is 
switched from one mode to to the other. 

6. A hearing aid comprising: 
a housing; 
a differential transducer within said housing having 

first and second sound receiving ports; 
a channel in said housing extending between a front 
sound aperture and a rear sound aperture; 

a first sound passage coupled from said channel to 
said first port of the transducer; 

a second sound passage coupled from said channel to 
said second port of the transducer; 

valve means at the intersection of said channel and 
said second passage operative in a first position to 
couple said second port of said transducer to said 
rear aperture and operable in a second position to 
couple said second port of the transducer to said 
front aperture; 

an acoustic filter disposed in said channel between 
said first and second passages; 

means operative in response to the signal output of 
said transducer for providing an output signal suit 
able for coupling to the ear of a user. 

7. A hearing aid adapted to be disposed in the temple 
of an eyeglass frame and comprising: 
a differential transducer having first and second 
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Sound receiving ports; 

a first receiving aperture in the temple of said eye 
glass frame forward of the ear position of a user; 

a second sound receiving aperture in said temple of 
said eyeglass frame forward of the ear position of 
a user and rearward of the first sound receiving ap 
erture; 

a first physically distinct sound receiving path be-, 
tween said forward aperture and said first trans 
ducer port; 

a second physically distinct sound receiving path for 
selectively coupling said second receiving port to 
said first or second sound receiving apertures and 
including 

control valve means operative in a first position to 
couple sound energy received by said rearward ap 
erture to said second sound receiving port, and in 
a second position to couple sound energy received 
by said forward aperture to said second sound re 
ceiving port; 

acoustic filter means coupled to said second receiv 
ing path only when the valve means is in said sec 
ond position; 

electronic circuitry for amplifying and processing 
sound information received by said transducer; and 

an earpiece coupled to said circuitry and adapted to 
the ear of a user. 
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