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The invention relates to audiometric devices or ap-
paratus for recording the audiogram that is the threshold
of hearing for pure tones of different frequencies. Till
now the corresponding values of intensity of sound and
frequency were read after adjustment and then entered by
hand as coordinates into a diagram thus getting the points
of the audiogram curve to be recorded. Also audiometers
have been constructed in which the points of the diagram
are written autcmatically by operating a knob of the re-
cording equipment. This can be done either by the
physician or by the patient himself. Those recording
devices are complicated and unpractical.

The present invention will not perform the measure-
ment and recording without the aid of the physician or
another assistant but will release this person ‘only of such
works which can be fulfilled mechanically without disad-
vantage and which would lengthen the duration of the
measurement unnecessarily. Therefore the adjustment
of ‘sound-intensity and preferably also the adjustment of
the frequency is performed by hand and the record
is facilitated by the fact that an indicating device with a
recording surface is provided, on which the measuring
spots resulting from the .corresponding values of fre-
quency and intensity of the test tone are only indicated
but not recorded whereas the record has to be done by
the aid of a marking stylus at the indicated spot of the
two-coordinate system of the diagram sheet which is
to be put on the said recording surface.

A constructional example of the inverdtion is illustrated
in the accompanying drawings, in which

Fig. 1 shows a front view of the new testing equipment,

Fig. 2 shows a back view of the recording sysiem
including the circuit diagram of the entire testing equip-
ment.

The audiometer shown in the drawings in¢ludes a R—-C—
buzzer 1 generating a series of fixed frequencies ranging
in octaves from 64 to 16 384 cycles which can be con-
trolled by a selector 2. The test tones can be varied, not
only with regard to their frequency but also with regard
to their intensity, in.a logarithmically divided scaie and
are produced by an earphone 4 for measuring the sound
conduction through the air or by an earphone 5 for the
conduction through the bones. Knobs 6 and 7 for ad-
justment of frequency and intensity of the test tone re-
spectively are slidable in guides 8 and 9 arranged rec-
tangularly to each other. To each knob is fixed a trans-
parent pointer 18 resp. i1 moving over a recording table
i2. The crossing point i3 of the two pointers 10 and
11 shows the measuring vatue searched for.

The pointer 16 for the frequency of the test tone has
a siot, the pointer i1 for the amplitude or volume of
the test tone has a plurality of holes according to the
nine different frequencies from 64 to 16 384 cycles. A
recording sheet which is previded with a system of rec-
tangular coordinates prinied on it can be put between the
pointers 18, 11 and the table 12. The recording-device
is ‘acting ‘semi-automatically: “Thestot in‘the pointer 10
indicates the abscissa of ‘the ‘hearing-diagram -or audio-
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gram. The vertically movable knob 11 regulates the
intensity or volume of the sound over a largé range.
From this device the data for the ordinate of the:audio-
gram can be read. After ‘the hearing minimum ‘or
threshold has been found for a certain frequency, the
measuring point can be marked by a stylus which is put
through the slot of the pointer 16 and the hole of the
pointer 11 in correspondence with the slot. Pins 15, 15
are.arranged at the table for engaging holes of the-record-
ing sheet. When the points corresponding to the nine
frequencies are connected, the audiogram showing the
diminution of the hearing capacity is complete. In.the
case of a normal person those points are found om the
zero-line 16. For this purpose the system of coordinates
has been chosen so that the hearing degree of the patient
is indicated in comparison with the hearing degree of
the normal hearing. Therefore the intensity of the test
tone which is just sufficient to be perceived by a normal
hearing is chosen as zero-value the audiogram of the
normal hearing coinciding the axis 16 of the system.
The sensitivity of the normal hearing is not the same at
different frequencies. Furthermore, the used apparatus
have anocther degree of efficiency at the different testing
frequencies. In order to make it possible to use the same
scale of sound intensity respectively of hearing loss, those
dependencies on frequency are compensated in the fol-
lowing manner.

The compensation is performed partly by mechanical
means and partly by electrical means in such a manner
that the dependencies on frequency of the human sensi-
tivity of hearing are compensated mainly by the mechani-
cal means and that the dependencies on frequency cf the
apparatus, particularly of the earphones 4 and 5 are
compensated mainly by the electrical means.

The mechanical compensation is performed in- that
manner that the pointer 11 for the hearing loss is not
formed as a straight line but as a curve so that the audio-
gram of the normal hearing is coinciding the axis 16 of
the system. Hearing losses are measured from -the axis
16 down to 120 db and supersensitiveness is measured
from the axis up to —20 db.

The electrical compensation.is performed by a flat po-
tentiometer-resistance 21 which is provided with -two
groups of nine slidable contacts 22, 22 . . ..and 23,
23 . . .oneitherside of it. The contacts 22 and 23 can be
adjusted independently from one another. At each testing
frequency another contact of the group 22 or 23 is
switched in by the knob 6 thereby changing the resistance
at the output of the R—~C-buzzer 1 according to a curve 24
of the contacts 22 at air conduction and according to a
curve 25 of the contacts 23 at bone conduction. The: con-
tacts 22 correspond to the air-transmitter 4, the contacts.23
to the bone-transmitter 3.

The potentiometer 21 can be used for gauging. Thus,
differing properties of exchanged earphones can be com-
pensated. Of course the potentiometer can be used for
compensating other dependencies on frequency of the
apparatus and partly’ of the senmsitivity of hearing and
can be used for correction of inaccuracies of the me-
chanical compensating means.

The knob 7 for changing the intensity of the test tones
takes measuring voltage increasing according to a loga-
rithmic Tule, from a system of resistance R,

Rn——l
n
and a shunt resistance R/n, where n is a factor for the
change of voltage necessary when changing over from
air-conduction to bone conduction to give the same de-
gree of loudness to'a patient for both types of conduction,
and-applies them to the input of ‘the measuring amplifier
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3. Ii, for example, n is 100, for obtaining an increase
in volume of 40 decibels, then

n—1 99
5 —E100

and the shunt R/n=R/100. Thus it will be seen that

R

when the device is switched over to air-conduction, the

voltage at the point between the two resistances

Rn—l
n
and R will be ¥go of the input voltage obtained from
the potentiometer 21 and the total resistance will be R.
On the other hand, when the device is switched over to
bone-conduction, the resistances R/n and

R’n——l
n

are short-circuited, thus the voltage at the point between
the two resistances
n—1
n

R

and R is the total input obtained from the poteantiometer
21. In order to obtain the same audiograms with air-
conduction and bone-conduction when the degree of hear-
ing is the same, a change over switch 17, 18 is provided
which can be operated when changing over from the test
for air conductivity to the test for bone conductivity and
by which the measuring voltage is increased so much that
the patient will perceive the same loudness at air-conduc-
tion as well as at bone-conduction. The switch mech-
anism 17, 18 includes a cross-bar 20 which, when the
switch is in the position for bone-conduction, projects
into the slot 9 thus serving as a stop for the knob 7 which
therefore has the effect of displacing the upper limit of
amplitude variation towards zerc by an amount equal to
the difference in level of response between air and bone-
conduction so that the knob 7 cannot be moved beyond
the equivalent maximum value which is about 80 db
hearing loss. The mechanism 17, 18 carries switches
19 and 26 for the earphones 4, 5 and the contacts 22
and 23 of the potentiometer 21, respectively. When
the sound is to be transmitted through the air, the dynamic
earphone 4 is used and the switches 17, 18, 19 and 26
are in position Air or L. When the sound is to be
transmitted through the bones the earphone 5 is pressed
upon the mastoid-bone behind the ear to be examined
and the switches 17, 18, 19 and 26 are in position Bone
or K. The earphones 4 and 5 always remain connected
to the apparatus.

The resistance 21 is a single resistance or single wind-
ing which is brought on a flat piece of insulating material.
Of course, there could be a plurality of resistances instead
of this single winding. The logarithmic rule is obtained
by that the resistances

gh=l
n
and R are logarithmic resistances of known manner.
The expression

n—1
=
is not exact. I propose to change this expression by
R, RZ‘_Z_I
n
and a shunt
R
n

In this system » is the factor of the change of voltage
when switching over from air-conduction to bone-con-
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For example, » may be 100 in order to get
Then

duction.
an increase of volume of 40 decibles.

is

and the shunt

From this will result, that the voltage at the point be-
tween the two resistances

Rn—l
n

and R will be
1

100

of the in-put voltage, taken by the switch 26 from the
potentiometer 21, when air-conduction is switched on.
Then the entire resistance will be R. When switched
over to bone-conduction the resistance

R

n
is inactive and resistance

Rn——l
n

is inactive, too, by short-circuit. The voltage at the

point between the two resistances
n—
gph=1
n
and R is the whole in-put voltage while in the case of
air-conduction the voltage over resistance R is only

x
100

of the in-put voltage. This is necessary in order to get
the same loudness at bone-conduction as at air-conduction.

The control switch mentioned in claim 5, is not the
volumetric switch 7, but the switch 17, which is labeled
in the accompanying drawing. This switch is operated
by the knob 18.

The element labeled 21, which is called a potentiome-
ter, consists of a rectangular sheet of insulating material
with a wire wound on it. I have shown the parts of
the winding line behind the insulating sheet in the draw-
ing. The other wires which are connected to the con-
tacts below the potentiometer 21 are not connected to
one another but consist of wires which are arranged with
distance from the winding on the sheet 2i and are con-
nected only in one point each which are arranged along
the curves 24, 25. Number %, is a variable controlled
oscillator and the frequency is controlled by the sliding
connector, too.

By the connections 22 and 23 along the curves 24 and
25 of the winding of the potentiometer different parts of
the voltage at the entrance to the potentiometer from the
oscillator 1 are given to the resistances R,

oAt
n

and
R

—_—

n

and from there to the amplifier 3. The potentiometer
is a device for compensating all dependences on frequency
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of the apparatus and of the human ear. The voltage
coming from the oscillator 1 and being so compensated
by the potentiometer 21 then is given to the resistances
which are switched or changed by the volumetric switch
7, according to logarithmic steps both when air-conduction
or bone-conduction is switched on. The resistance

R

only is arranged for compensating the difference of con-
ductivity between air-conduction and bone-conduction in
order to be able to use the same volume dial for the
measurement for bone- and air-conduction.

It will be recognized that the system and circuits
specifically described herein can be subject to consider-
able modifications without departing from the spirit and
scope of my invention. The pointer 11 can be provided
with a slot like the pointer 10 in order to change the
frequency not in steps but continucusly. The mechan-
ical pointers could be arranged beneath a transparent
recording table as diaphragms for guiding a light beam
which shows the spots on the recording sheet where to
mark the measuring points of the audiogram by a stylus.
Also the pointers, particularly the pointer 11 may be
interchangeable, i. e. in order to get the right compensa-
tion at air conduction and bone conduction without elec-
trical switching means.

What I claim is:

1. In an apparatus for measuring hearing loss, a table
for receiving a card on which a plot of hearing loss
intensity against frequency may be made, means manu-
ally operated for varying the frequency of a tone over
substantially the audible hearing range, said means hav-
ing an arm movable therewith over said card for indicat-
ing the frequency at which said manual means is being
operated, means manually operated for varying the in-
tensity of said tone at the desired operating frequency,
said last means comprising a marking card having holes
therein plotted in accordance with hearing loss values
for a normal person at different frequencies with refer-
ence to a zero line, means for moving said card at right
angles to said arm for controlling the intensity of the
tone whereby. when threshold intensities are being ob-
served, the position of the marking card and holes therein
indicate the point of the selected volume at the selected
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frequency and thereby the hearing loss intensity for the
individual on whom the measurements are being made.

2. In an apparatus as set forth in claim 1, wherein said
last named marking card has points plotted thereon to
compensate for the dependency of frequency with regard
to ear sensitivity.

3. In an arrangement as set forth in claim 2 including
additional electrical means for compensating for hearing
loss intensity, said electric means comprising a potenti-
ometer device having a plurality of contacts to provide
different voltage resistances according to a logarithmic
scale to the input of a measuring amplifier, said measur-
ing amplifier serving to produce the tone signal.

4. In an apparatus as set forth in claim 1 for measuring
hearing loss for air- and bone-conduction including means
for generating fixed frequencies ranging over wide fre-
quency ranges and greatly varying amplitudes, means for
changing the amplitude of the tones generated according
to a logarithmic rule with a system of resistances having
values R,

and a shunt

where n is a factor for the change of voltage necessary
when changing over from air-conduction to bone-con-
duction, 2 measuring amplifier means for impressing the
fixed frequencies upon said measuring amplifier, means
for impressing the output of the measuring amplifier upon
the ear either in air- or bone-conduction and means for
noting the frequency and amplitude of tone as elements
in the measuring curve.
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