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This invention relates to a method and appa-
ratus for determining and prescribing the proper
hearing aids for people whose hearing is defective.

In the past it has been the customary practice

5 for manufacturers of hearing aid equipment to
furnish for all purposes audiphones, or hearing
aids as they are commonly referred to, of more
or less standard or substantially fixed character-
istics. Although such practice has met with a

19 Ieasure of success, it is far from satisfactory and
leaves much to be desired. Hearing aids as fur-
nished seldom, if ever, fit the user properly be-
cause, among other reasons practically every case
of hearing loss is different. For example, one

16 berson’s impairment may be largely over the
higher frequency ranges while another is over
the lower frequency ranges, and in substantially
all cases they vary widely over the complete
hearing ranges, Consequently, while a standard
aid may be designed to satisfy as near as pos-
sible the average case of hearing impairment,
the result is that it actually does not satisfy any
properly; and this is true of both the air and
bone conduction aids.

a3 It may seem to those unacquainted with the

facts that if hearing aids amplified all sounds
the same amount, the amplification could be
‘made so as to bring the hearing of the afflicted
person up to the normal level and everything

o Would be satisfactory. But this is not the case
nor is it possible or desirable. In the first place,

no present day portable hearing aid amplifies all
sound frequencies the same amount. In the sec-
ond place, people with impaired hearing become

5 accustomed to a certain amount of distortion

with some sounds softer than others even though
actually all of those sounds may have the same
physical intensity. Consequently, if it is at-
tempted to bring all such sounds up to the same

49 level of amplification the distortion pattern must
be changed. This makes it necessary for the pa-
tient to cultivate new' hearing habits, and the
strain thus placed on him by this and by the

' distortion of the distortion pattern he had be-

45 come accustomed to are often irritating and
nerve-wracking. To avoid this, it is highly de-
sirable that hearing aids ‘be individually fitted
and prescribed so that each individual case will

- receive the hearing aid most suitable for it, that

50 is an aid which affords a user the clearest pos-
sible reception with 2 minimum of nervous irri-
tation.

This invention provides for the use of an accu-
rately calibrated master hearing aid which is

53 capable of being varied over wide ranges to pro-
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vide a large number of different amplification
characteristics. As will presently appear the am-

- plification characteristics are variable in a logi-

cally arranged fashion, so that gradually con-
trolled characteristics in any principal portion of
the audible sound spectrum are available. This
makes it possible to reproduce for comparison or
test, almost any desired amplification charac-
teristic and enables the most satisfactory ampli-
fication characteristic by either air or bone con-
duction to be found for a given hard of hearing
person. As a further feature it provides for
readily ‘determining the degree of amplification,
as well as the shape of the amplification curve.
With these factors known, a hearing aid may be
produced by any desired means, or by any suit-
ably equipped organization or person, which will
satisfy their requirements as determined by the
apparatus of this invention.

To attain such end in accordance with this in-
vention, advantage is taken of the fact that the
overall characteristics of g hearing aid are deter-
mined by the integrated response characteristics
of its component parts. These comprise essen-
tially the microphone, the ear-phone, and the
amplifier, although in some cases the latter may
not be needed. Within limits, it has been found
that the response characteristics of these differ-
ent elements can be readily and controllably
varied and that by varying them a variation in
the amplification of the aid in different frequency
bands can be obtained within a reasonable degree
of independence. Consequently, by providing a

plurality of these units having various charac- -

teristics to select from and properly combining
them, an amplification characteristic may be
provided which will satisfy most any requirement.

To make it possible for a person needing a

hearing aid to actually select by tests the char-

acteristics necessary in an aid to suit it to his own
requirements, an apparatus is provided which
is equipped with a plurality of both bone and
air conduction ear-phones or receivers, a plu-
rality of microphones, and a plurality of ampli-
fiers, all having different response character-
istics.. To readily connect these elements to-
gether for test purposes, they are suitably con-
nected to switches which are adapted to quickly
connect any one of the elements in any group
to any one of the elements in each of the other
groups so that a test hearing aid may be chosen
having any desired combination of the response
characteristics of the elements provided in the
testing apparatus. The total number of differ-
ent response characteristics or combinations
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available is, of course, equal to the product of
the number of the microphones, the number of
amplifiers, and the number of the receivers pro-
vided, plus the product of the number of micro-
phones and receivers. To secure a wide range
of different overall amplification characteristics,
the response characteristics of each group of
these elements are preferably designed to cover
a considerable range of tone frequencies.

To facilitate the testing of each group of ele-
ments or certain portions thereof they are pref-
erably provided with graduated characteristics
so as to make it possible to control the amplifi-
cation in a given frequency region without ap-
preciably affecting the other portions of the fre-
quency spectrum.

For example, the microphones may be designed
to produce the principal changes of amplifica-
tion characteristics in the frequency regions be-
low 800 cycles per second, the head phones or
receivers to produce the principal changes of
amplification characteristics in the frequency
ranges of from 800 to 1500 cycles per second, and
the amplifiers to produce the principal changes
of amplification characteristics in the frequency
ranges from 1500 to 4000 cycles per second. This
may, of course, be otherwise accomplished, as,
for example, by modifying the design of the dif-

- ferent elements to influence different frequency
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regions, and such is contemplated by the inven-
tion.

When the most satisfactory selection of mi-
crophone, receiver and amplifier combination
has been made, the operating characteristics of
such elements being known, the overall operat-
ing characteristics of the selected combination
are determined. With this knowledge an audi-
phone can be readily provided by the manufac-
turer using any combination of elements which
provide the desired characteristics or one can
be assembled by including in it elements having
the same response characteristics as the element
selected by the aflicted person. Among the ad-
vantages, it makes it possible for the manufac-
turer to conveniently and economically provide
audiphones identical or substantially identical
with the audiphone which a customer has se-
lected as fitting his own particular requirements.
In addition, such a method of providing aids not
only makes for better results but to a very great
extent saves the customer the annoyance of hav-
ing to use an audiphone which distorts his re-
ception of certain sounds to such an extent as
to be irritating, which in the past has been one
of the chief sources of criticism of a good share
of the audiphones used.

In order to further improve the efficiency of
the testing apparatus and also make it possible
for the user to select an aid which will give
the best satisfaction under normal conditions
of usage, it is preferably provided with means
for varying the voltage supply for the aid. With
such means, a more sensitive test can be run
on the elements being selected and an aid can
be more accurately selected which will function
properly over a greater period of the life of
the batteries used in it. In other words, it is
desirable to select an aid which will function
satisfactorily when a battery is below its maxi-
mum charge in order that the aid will give the
greatest amount of satisfactory service for the
life of the battery. With the minimum voltage
at which the instruments can be satisfactorily
used known the life of a given type of a battery
can be predicted with reasonable accuracy.

sents the hearing ability at all frequencies.
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With the foregoing in mind it is an object
of this invention to provide a method and ap-
paratus for selecting the most satisfactory am-
plification characteristics to meet individual re-
quirements.

A more specific object is to make available
at a minimum cost a wide range of different
response characteristics from which an indi-
vidual may accurately select one which will most
effectively satisfy his own requirements. An-
other object is to make possible for a person
to not only have a wide range of characteristics
to choose from but to make it possible for him
to effectively compare his. reaction to different
characteristics when making his selection, and
also compare his reaction to bone and air conduc-
tion receivers.

A further object is to provide in a testing ap-
paratus of the character referred to for vary-

ing the value of the voltage supplied to the aid

so as to give it a larger degree of testing sensi-
tivity and also make it possible to select an aid
which will give the greatest satisfaction over the
life of the batteries employed in it.

It is also an object to provide a testing ap-
paratus which is adapted to permit a patient
to compare different amplification character-
istics with a minimum lapse of time between
tests, which is highly desirable because of the
inability of a person to accurately recollect his
reactions to different tests where they are sep-
arated by more than extremely short intervals.

These and various other objects as well as the
various other novel features of the invention
will be apparent when the following detailed de-
scription is read in conjunction with the ac-
companying drawings of which Fig. 1 is an audi-
ogram of person with perfect hearing; Figs. 2
and 3 audiograms of two different people af-
flicted with defective hearing; Fig. 4 responsive
curves of three differently designed micro-
phones; Figs. 5 and 6 similar curves of three
differently designed ear-phones and amplifiers
respectively; Figs. 7 and 8 diagrams showing the
individual response curves of the microphones,
ear-phones and amplifiers employed in two dif-

ferent audiphones together with the resultant

response curves of the audiphones themselves;

Fig. 9 an elevational view of a testing apparatus.

constructed in accordance with the invention;
Fig. 10 a view looking into the top of the cabi-
net shown in Fig. 9 with the cover removed;
Fig. 11 a circuit diagram for the apparatus shown
in Fig. 9; Figs. 12 and 13 a plan and sectional
view respectively of an adapter for interchange-
ably using a plurality of ear-phones with a single
ear tip; Figs. 14 and 15 views similar to Figs.
12" and 13 of a modified form of ear-phone
adapter; Figs. 16 and 17 a view also similar to
Figs. 12 and 13 of still another form of ear-
phone adapter; Fig. 18 a schematic view of a sys-
tem of apparatus for determining what ampli-
fication characteristics best suit a patient’s hear-
ing loss.’

As shown by the audiogram in Fig. 1, wherein
the horizontal axis is_plotted in terms of fre-
quency or pitch-and the vertical axis is plotted
in terms of hearing ability, the perfect ear re-
sponds uniformly -to all audible frequencies as
indicated by the straight line a which repre-
If
an impaired ear heard all sounds like the per-
fect ear except for a uniform loss in intensity,
the line of hearing would still be a straight line
but below the line obtained from a perfect ear.
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This condition, however, rarely ever exists in
reality. As in practically all cases of impaired
hearing, as previously stated, there is practically
never a uniform loss of hearing over all pitches.
As illustrated in Figs. 2 and 3, which show the
audiograms of two actual cases of defective hear-
ing, the loss of hearing varies quite widely over

. different frequencies, as, for example, in the
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case shown in Fig. 2, the hearing loss is high in
the low frequencies and low in the high fréquen-
cies, which in the case shown in Fig. 3 is prac-
tically reversed in these zones.

Theoretically, it would seem that the proper
hearing -aid for an individual having defective
hearing would be one having amplifying charac-
teristics which are just the opposite of the user’s
loss of hearing as indicated by his or her audio-
gram, that is, one which would just bring the
hearing reception up to normal at all frequen-
cies. In practice, however, this is seldom the
case because among other reasons due to the
wide variations in loss of hearing at different fre-
quencies and the long period over which a user
has become accustomed to such form of hearing,
they find that if it is attempted to give them
normal hearing over all frequencies the extreme
amplification required over the most affected
zones is irritating and confusing as well as tir-
ing. Hence if it is attempted to provide such a
hearing aid it is usually found to.be unsatis-
factory for the reasons mentioned.

The properly constructed hearing aid is one
which approaches the defective person’s ampli-
fication requirements as indicated by his audio-
gram, but which does not produce a -nervous re-
action or is tiring to the user. As stated here-
inbefore, the amplification characteristics of an
audiphone are determined by the integrated re-
sponse characteristics of the microphone, ear-
phone, and amplifier going to make up the audi-
phone. In practicing the present invention a
variety of these elements having graduated
varying characteristics is provided and these se-
lectively assembled under the guidance of the
patients in such a way that the patient is most
effectively fitted as determined by his or her
requirements.

In fact by properly designing these elements
they can be adapted to quite effectively regulate
the overall response characteristics® of audi-
phones in only certain frequency bands without
greatly modifying the response in the other
sound regions. For example, as shown in Fig. 4,
wherein the curves A, B, and C designate the re-
sponse characteristics of three different micro-

phones, the microphones may be designed tc vary -

the response characteristics of an audiphone for
tones up to 800 cycles. Likewise, as shown in
Fig. 5, wherein the curves M, N, and O designate

the response characteristics of three different
ear-phones, the ear-phones may be designed to .

vary the response characteristics of the audi-
phones for tones from 800 to 1500 cycles. Sim-
ilarly, as shown in Fig. 6, wherein the curves X,
Y, and Z designate the response curves of three
different amplifiers, the amplifiers may be de-
signed to vary the response characteristics of an
audiphone for tones ranging from 1500 to 3000
or 4000. To secure the widest possible range of
amplification characteristics the response char-
acteristics of the elements in each group are
preferably made to cover as broad a range of
frequencies as is possible within the parficular
frequency zone which they primarily affect.

The possibilities of a collection of elements

3

such as designated in Figs. 4, 5, and 6 will be

appreciated when reference is had to Figs. 7 and.

8. In Fig. 7 the curve D shows the amplification
characteristics of an audiphone which is made
up of a microphone having a response curve C,

‘an ear-phone having a response curve N, and an

amplifier having a response curve Z. In Fig. 8
the curve E shows the amplification characteris-
tics of an audiphone made up of a microphone
having a response curve A, an ear-phone hav-
ing a response curve N, and an amplifier having
a response curve Y. With the provision of three
different instruments in each group, the re-
sponse curves for which are preferably furnished,
36 different combinations can, of course, be
made up, 27 using the amplifiers and 9 without,
and obviously this may be increased or varied by
varying the number of instruments in each group.
As will be also obvious, a person’s audiogram will
aid in selecting the proper combination of such
elements to satisfy his particular hearing loss
because those to be tried out can be limited to
the ones which the operator will know corre-
spond most closely with the audiogram. How-
ever, through the use of the apparatus to be
presently described it is unnecessary to have an
audiogram in order to make the proper selec-
tions. :

Referring to Fig. 9 of the drawings, suitable
apparatus for carrying out this invention is
shown as comprising a portable cabinet | hav-
ing a front panel 2 on which are mounted a
main switch 3, rheostat 4, voltmeter 6, three in-
strument switches 71, 8, and 9, a set of-micro-
phone terminals {1, a set of ear-phone terminals
12, and pilot lamps 13 adjacent the terminals
for indicating which terminals are in use. To
the microphone ferminals are connected a
plurality of microphones (4, and to the remain-
ing terminals a plurality of air conduction and
bone conduction ear-phones, 15 and 15a, re-
spectively, are connected. ‘

Disposed inside of the cabinet, as shown in
Fig. 10, are a plurality of amplifiers 16, batteries
{7 for the audiphones, a battery 18 for the pilot
lamps, and the necessary wiring for intercon-
necting the various elements of the apparatus.
The wiring diagram for the apparatus is shown
in Fig. 11 and will now be described. .

The microphone selector switch T is a multiple
contact type of gang switch equipped with a
series of spaced sliding contact arms Ta, 7b, Te,
1d, Te, and Tf which are insulated from the com-

_mon actuating shaft T¢ and are disposed to en-

gage a co-operating series of spaced contacts 21,
22, 23, 24, 25, and 26, respectively, or contacts
21a, 22a, 23a, 24a, 25a, and 26a, or 21b, 22b, 23b,
28Db, 25b, and 28b. The first series of contacts,
except contact 26, are connected by wires 27 to
one of the microphones, and the second and
third series of contacts are likewise connected,
respectively, to the other two microphones, ex-
cept that contacts 2§, 26a, and 26b are cach con-
nected to a pilot lamp 3. Switch arms 7Ta, 1b,
and Tc are connected by wires 28a, 28b, and 28¢ to
switch arms 8a, 8b, and 8c, respectively, of the
amplifier selector switch 8 which is also of the
gang type. Switch arms Td and Te are con-
nected by wires 29 to switch arms 9a¢ and 9b,
respectively, of the ear-phone selector switch 9.

The arms of the amplifier switch are disposed
for engaging any one of four series of contacts
31, 32 and 33; 3{a, 32a, and 33a; 3ib, 32b, and
33b; or 3ic and 33c. Contacts 31, 32 and 33 are
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amplifiers 16, contacts 3la, 32a, and 33a are con-
nected by wires 31a, 31b and 37c¢c to another of
the amplifiers, and contacts 31b, 32b, and 33b are
connected by wires 38a, 38b, and 38c to the re-
maining amplifiers. Contacts 3ic and 33c are
connected by wires 39 and 41, respectively to bat-
teries {71, and battery wires 39 and 41 are con-

nected by wires 42 to the battery terminals of the .

amplifiers. Voltmeter 6 is shunted across the
battery wires, and rheostat 4 and main switch
3 are connected in series in wire 39. Shunted
across the batteries between the rheostat and
wire 39 is a condenser #3 which is employed to
reduce the effective internal impedance of the

supply circuit to a value not exceeding appre- -

ciably the internal impedance generally found in

- a battery, which has the result of preventing
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‘combinations of instruments.

- oscillation or degeneration in the hearing aid

circuit which, if permitted, causes serious distor-
tion in the quality of the transmitted sounds.
The ear-phone switch arms 9a and 9b are dis-
posed for engaging any one of three groups of
contacts 44 and 45; 44a and 45a or 44b and 45b
that are connected by wires 4T to the three bone
conduction receivers 15a. The switch arms are
also adapted to engage any one of three groups
of contacts 51 and 52; 51a and 52a, or 51b and
52b, that are connected by wires 54 to the three
air conduction receivers 5. : ’
The ear-phone switch is also provided with an
arm 8c that is adapted to engage a series of con-
tacts 56 connected to one side of six pilot lamps
13 that indicate which ear-phone is in circuit.
The other side of the lamp is connected by a

wire 51 to one side of battery 18 the opposite.

terminal of which is connected through switch
3 and wire 58 to switch arm 9c. Wire 58 is also
connected by wire 59 to arm 1f of the microphone
selector switch, while wire 57 is connected by a
‘wire 61 to the microphone pilot lamps, whereby
the latter likewise receive electric current from.
battery 18.

It will be understood that each of the various
microphones, amplifiers and ear-phones used in
this apparatus has characteristics known to be
different from those of the others.
ly, a large number of combinations of these char-
acteristics can be obtained by merely operating
the three instrument switches to select different
The number of
combinations can be increased by making the
cabinet large enough to accommodate more in-
struments. On the other hand, if desired, the
amplifiers can be cut out of the circuit by turn-
ing the amplifier switch 8 until contacts 3lc
and 33c are engaged. This permits the current
from batteries 17 to flow through the micro-
phones and receivers without passing through
the amplifiers.

In using this apparatus to find the most satis-

factory amplification characteristics for any given’

individual, the various combinations of instru-
ments made possible by the selector switches may
be tested under the same normal conditions by
attaching a microphone to the clothing of the
person with defective hearing, and connecting an
ear-phone to this ear. With each combination
he is asked to state his reaction to the test sounds,

'such as their loudness, clarity, pitch, and free-

dom from nervous irritation. His reaction will,
of course, indicate that certain combinations may
be eliminated and reduce the tests required. The
testing may also be expedited somewhat if an
audiogram of the patient’s hearing is available, as
it will to a certain extent function as a guide for

- ceivers 15.

Consequent-

. 2,112,569

determining the possible combination which will
satisfy the patient. After the most suitable com-
binations have been determined, the tests can be
repeated on these to find the one most satisfactory
from all standpoints.

Within the audible scund frequency range the
ear-phones in this particular embodiment are de-
signed to be most responsive to variation in the
lower zone, the microphones in the middie zone,
and the amplifiers in the upper zone. Conse-
quently, amplification in the lower zone is varied
primarily by the microphones, in the upper zone
it is controlled by the amplifiers, and in the middle
zone by the ear-phones. By knowing these facts,
an operator can approximately select the instru-
ment that will give the desired amplification in
the desired zone. For example, if a particular
test combination enables the patient to hear well
all sounds except those of low pitch, the operator
will switch in another microphone having higher
response characteristics because he knows that
amplification in the lower frequency zone is con-
trolled by the microphone.

An important feature of this apparatus is that
the change from one combination to another can
be made so quickly that the patient can accurately
compare the results with those of the one just
preceding and just succeeding. As far as a
change of microphones or amplifiers is concerned
this quick change is made by merely turning
the microphone and amplifier switches, but with
the air conduction ear-phones it is necessary
to connect a new one to the patient’s ear every
time a change is desired. To permit a quick
change of air conduction ear-phones the adapter
shown in Figs. 12 and 13 may be provided. - This
device consists of a block 11 provided with pas-
sages 12 extending inwardly from its sides to a
point from which a passage 13 extends outwardly
at right angles to passages 12. The number of
passages 12 depends upon lhe number of re-
ceivers that are to be attached to the block, the
drawings showing four passages and four re-
The tip 150 of each receiver is mount-
ed in a socket 14 at the outer end of the passage
communicating with the receiver. An ear tip 16
that would ordinarily be connected to a receiver
is connected to a tip 17 projecting from. the block
at the outer end of passage 13. - Thus, all the air
conduction receivers are in communication with
the ear tip at all times; however, only.one-re-
ceiver is operated at a time. With this device
is is possible to instantly switch from one receiver
to the other without removing the ear tip from
the ear. .

In Figs. 14 and 15 there is shown a modifica-
tion which has the advantage that only one re-
ceiver is in communication with the ear tip at a
time, and there is therefore a much smaller col-
umn of air in the block 81, and it is impossible for
the other receivers to absorb some of the sound
coming from the receiver in use. In this embodi-
ment the block 81 is provided with a central bore
82 extending part way through it with which the
various passages 83 connect. Rotatably secured
in this bore by a plate 84 is a plug valve 85 the
outer end of which is knurled to provide a knob
87 for turning it. The inner end of the plug is
provided with an arcuate passage 88 which is
adapted to connect the passage leading to the
ear tip with any one of the passages leading to
the receivers. Consequently, only one receiver
at a time can be connected with the ear tip, but
it is possible to quickly switch from one receiver
to another by turning the plug. To hold the
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arcuate plug passage in registry with any desired
receiver passage the plug is preferably provided
aground its periphery with shallow recesses 89
into which a ball 80 is pressed by a spring 98I
disposed in a bore 92 in the block. The recesses
are so positioned that when the ball engages them
one of the receiver passages 83 is in communica-
tion with a plug passage. : .

The modification shown in Figs. 16 and 17 is
the same as that just described except that in-
stead of being turned manually by a knob, the
plug 93 is turned electrically. The outer end of
the plug is provided with a shaft 94 to which a
permanent bar magnet 95 is rigidly connected.
Disposed between block 96 and the magnet is a
soft iron core 97 in the form of a cross having
outwardly turned ends spaced from the magnet.
Each arm of the core is encircled by a coil 98
each of which is connected through a switch (not
shown) to a battery. The coils are so wound that
when an electric current is passed through any
one of them the polarity of the adjoining portion

of the core is made such that it attracts one end-

of the permanent magnet. By connecting the
coils to the contacts of the air conduction receiver
switch the magnet ¢an be made to automatically
turn to the proper position for connecting the de-
sired receiver with the ear tip when the ear-
phone selector switch connects that receiver in-
to the hearing aid circuit. .

The effectiveness of this apparatus depends to
a considerable extent upon the accuracy of test-
ing the ability of the patient to hear with the
various test combinations. In Fig. 18 there are
shown several different devices for conducting
an accurate test of the efficiency of each test
combination of instruments. The patient 10! is

_seated beside the testing apparatus described

herein, and the desired microphone and ear-phone
are connected to him. Spaced a suitable distance
in front of him is a reproducing system consist-
ing of a phonograph turn-table and pick-up {02,
volume control 103, amplifier 108, a meter 106
for indicating the electrical output of the ampli-
fier, and a reproducer or loud speaker (07. A
record, on which has been recorded a list of
sentences, words, numbers or syllables, is placed
on the phonograph and as it is played the patient
is required to either write down or state what
he hears. In this way the intensity of the sound
produced for the patient remains uniform as vari-
ous combinations of instruments are tested by
him. -

The phonograph record may be supplemented
by a michophone {{l into which the operator
makes whatever sounds he pleases. The ampli-~
fier meter 106 is used to keep the intensity of the
sounds coming from the reproducer at a reason-
ably constant value. The volume control {83
may be used to reduce or increase the intensity
of the sounds. .

Another way of testing the hearing of the
patient which can supplement the method just
described, or be used in place of it if desired, is
to have the operator 112 speak directly to the
patient. However, as it is very difficult for a
person to maintain his voice at a constant level
over any considerable period.of time, which is

necessary in order to make an accurate test, a

microphone |13 is placed beside the patient and
is connected by an amplifier {14 to a meter {15.
The speaker can watch the meter ({5 as he talks
and thereby maintain his voice at substantially
the same level throughout the test.

Among the chief advantages of this invention,
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as will be appreciated from the foregoing, is the
fact that it enables one to determine the most
suitable amplification characteristic directly
without the necessity of judging or guessing the
supposedly proper characteristic from an audio-
gram, if the audiogram only is available.

Another advantage not previously mentioned
is that it provides means for readily determining
from time to time as a person’s hearing require-
ments change what modifications are needed in
the amplification characteristics he needs to give
him continued satisfactory hearing reception.

According to the provisions of the patent stat-
utes, I have explained the principle and mode of
practicing my invention and have illustrated and
described what I now consider to represent its best
embodiment. However, I desire to have it under-
stood that, within the scope of the appended
claims, the invention may be practiced otherwise
than as specifically illustrated and described.

I claim:—

1. The method of selecting the most suitable
audiphone for a hard-of-hearing person, com-
prising providing a plurality of at least two of
the different types of instruments forming an
audiphone, the several instruments of each group
of like instruments having preselected different
response characteristics in g predetermined por-
tion of the frequency range transmitted by the
audiphone, said portion being substantially dif-
ferent from the portion of said frequency range
in which any other group of the audiphone-form-
ing instruments has preselected different response
characteristics, establishing auditory commun-
ication between said person and any desired com-~
bination of unlike instruments, and forming the
combinations by successively combining each of
the instruments in one group with one of each
of the other types of audiphone-forming instru-
ments to find the instrument having the most
suitable response characteristics in a portion of
said frequency range and then repeating this
procedure with another group to find the instru-
ment having the most suitable response charac-
teristics in another portion of the fr_equency
range.-

azlg The method of selecting the most suit‘able
audiphone for a hard-of-hearing person, compris-
ing providing a group of microphone mstruments
having preselected different response character-
istics in a predetermined portion of the frequency
range transmitted by the audiphone and a group
of ear-phone instruments having preselected dif-
ferent response characteristics in another por-
tion of said frequency range, establishing audi-
tory communication between said person and
any desired combination of microphones and re-
ceivers, and forming the combinations by suc-
cessively combining each of the instruments in
one group with one of the instruments of the
other group to find the instrument having the
most suitable response characteristics in a por-
tion of said frequency range and then successive-
ly combining each of the instruments of the

second group with said most suitable instrument -

of the first group to find the instrument having
the most suitable response characteristics in an-
other portion of said frequency range.

3. The method of selecting the most suitable
audiphone for a hard-of-hearing person, com-
prising providing a group of microphone in-
struments having preselected different response
characteristics in a predetermined portion of the
frequency range transmitted by the audiphone
and a group of ear-phone instruments having
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preselected different response characteristics in
another portion of said frequency range and a
group of amplifier instruments having preselected
different response characteristics in the remain-
ing portion of said frequency range, establish-
ing auditory communication between said person
and any desired combination of three unlike in-
struments, and forming the combinations by
successively combining each of the instruments
in one group with one instrument of each of the
other two groups to find the instrument having
the most suitable response characteristics in a
portion of said frequency range and then repeat-
ing this procedure with each other group to find
the instruments having the most suitable re-
sponse characteristics in the other portions of
the frequency range.

4. The method of selecting the most suitable
audiphone for a hard-of-hearing person, com-
prising providing a group of microphone instru-
ments having preselected different response char-
acteristics in a relatively low frequency band and

. & group of amplifier instruments having pre-
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selected different response characteristics in a
relatively high frequency band and a group of
ear-phone instruments having preselected dif-
ferent response characteristics in the intervening
frequency band, establishing auditory communi-
cation between said person and any desired
combination of three unlike. instruments, and
forming the combinations by successively com-
bining each of the instruments in one group
with one instrument of each of the other two
groups to find the instrument having the most
suitable response characteristics in the frequency
band of said one group and then repeating this
procedure with each other group to find the in-
strument having the most suitable response
characteristics in the frequency band of each
of those groups.

5. Apparatus for selectmg and prescribing
audiphones comprising a group of microphones
differing - from each other in response charac-
teristics in a predetermined low frequency por-
tion of the frequency range transmitted by the
audiphone, a group of ear-phones differing from
each other in response characteristics in the
next higher portion of said frequency range, a
group of amplifiers differing from each other in
response characteristics in the high frequency
portion of said frequency range, a source of cur-
rent supply, and means for selectively connecting
each of the instruments in each of said groups
of instruments in circuit relation with said
source of current supply and with each of the
instruments in both of the other groups of in-
struments to find the Instrument having the
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most suitable response characteristics in each of
said portions of the frequency range.

6. Apparatus for selecting and prescnblng
audiphones comprising a group of microphones
differing in response characteristics up to fre-
quencies of substantially 800 cycles, a group of
ear-phones differing from each other in response
characteristics in another portion of the fre-
quency range transmitted by the audiphone, a
group of amplifiers having response character-
istics differing from each other in the remain-
ing portion of said frequency range, a source of
current supply, and means for selectively con-
necting each of the instruments in each of said
groups of instruments in circuit relation with said
source of current supply and with each of the
instruments in both of the other groups of in-
struments to find the instrument having the most
suitable response characteristics in each of said
portions of the frequency range.

7. Apparatus for selecting and prescribing

. audiphones comprising a group of microphones

differing from each other in response charac-
teristics in a predetermined low frequency por-
tion of the frequency range transmitted by the
audiphone, a group of ear-phones differing from
each other in response characteristics in the next
higher portion of said frequency range, a group
of amplifiers having response characteristics dif-
fering from each other above 1500 cycles, a
source,of current supply, and means for selec-
tively connecting each of the instruments in each
of said groups of instruments in circuit relation
with said source of current supply and with each
of the instruments in both of the other groups
of instruments to find the instrument having the
most suitable response characteristics in each
of said portions of the frequency range.

8. Apparatus for selecting and prescribing
audiphones comprising a group of. microphones
differing from each other in response character-
istics in a predetermined portion of the frequency
range transmitted by the audiphone, a group of
ear-phones differing from each other in response
characteristics in the. frequency band of from
about 800 to 1500 cycles, a group of amplifiers
differing from each other in reésponse character-
istics in the remaining portion of said frequency
range, a source of current supply, and means for
selectively connecting each of the instruments
in each of said groups of instruments in circuit
relation with said source of current supply and
with each of the instruments in both of the other
groups of instruments to find the instrument
having the most suitable response characteristics
in each of sald portions of the frequency range.

SAMUEL F. LYBARGER.
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