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3 Claims. 
My invention relates to generators of Oscilla 

tory electrical signals and particularly to a Sys 
tem for equalizing the output voltages of variable 
frequency signal generators. My invention is 
particularly applicable to commercial audi 
ometers used in the testing of human ears. 

Ordinarily, signal generators which are ar 
ranged to be adjustable as to the frequency of 
the energy produced thereby will develop dif 
ferent output voltages at respective ones of the 

(C. 250-36) 
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equalizing attenuation equipment calibrated in 
terms of signal output level for use following a . 
variable frequency signal generator having less 
output at frequencies whereat only small outputs 
are required than the required maximum outputs 
beyond said attenuation equipment at other 
frequencies, 
A more specific object is to provide, in an 

audiometer, signal intensity compensating means 
10 

available operating frequencies. For many kinds 
of measurement work involving such a signal 
generator it is necessary to provide an attenuator. 
in the output circuit thereof for adjusting the 
magnitude of the signal delivered to signal 
utilizing means. It is considered very desirable 
and highly useful to calibrate an attenuator so 
used in terms of the magnitude or level of the 
delivered signal. However, since the energy pro-. 
duced by the source of signal energy is usually 

15 

enabling the combination of an output intensity 
control and a calibration therefor which is cor 
rect at all operating frequencies and at the same 
time enabling use, in the audiometer, of an oscil 
lator of particularly low power output whereby." 
the audiometer is readily portable and of low 
cost. 
A further object is to provide, in an audiom 

eter, Such signal intensity compensating means 
adapted for compensating not only for the dif. 

20 
of different magnitudes at respective operating. 
frequencies, it is usually necessary to feed the 
output of the signal generator into the attenu-i 
ator at points corresponding to higher signal 
levels than the points from which signal-utilizing 
apparatus is fed. 

25 

Furthermore, where the signal strength of a 
signal generator falls of near the upper and 
lower limits of its frequency range and the signal 
transmission ability of signal-handling equip 
ment fed by the generator does likewise, it is 
necessary to provide a more powerful signal gen 
erator than would be required in the interme 
diate portion of said range if it is desired to pro 
vide full output near said limits. However, in 
signal generators for some uses, full output is 
not required at frequencies near the limits of the 
frequency range and hence a relatively low power 
signal generator of . Only sufficient capacity to 
enable full output in the intermediate portion of 
its frequency range would be advantageous from 
the standpoint of economy. Use of such a low 
power generator, however, brings about certain 
problems in regard to an attenuator having sig 
nal level calibration which is correct for frequen- 45 
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35 

40 

cies near the limits of the frequency range of the 
generator as well as at intermediate frequencies. 
An object of my invention is to provide an out 

put-equalizing attenuation system for signal gen 
erators which are operable at more than one 
frequency, including a directly calibrated output 

50 

signal level-selecting means and wherein the 
calibration is equally correct at all Operating 
frequencies. 

Still another object is to provide such a sys 
tem wherein signal strength compensating means 

55 

is automatically operated responsive to and in 
unison with shifting of a frequency-selecting 
control element. * , , 
Yet another object is to provide such output 60 

ferent output powers of the oscillator at its re 
Spective operating frequencies but also the de 
grees of response of a reproducer served by the 
audiometer at the respective operating fre 
quencies. 
These and other objects and advantages will 

be more apparent from the following description 
made in connection with the accompanying 
drawing, wherein like reference characters refer 
to the same parts throughout the several views, 
and in which: 

Fig. 1 is an electrical connection diagram of 
an electronic signal generator and amplifier 
wherein an embodiment of my invention is in 
Corporated, and 

Fig. 2 is a graph illustrative of certain charac 
teristics of apparatus such as that diagrammati 
cally represented in Fig. 1. 

Referring to the drawing, I have therein illus 
trated, in simplified form, an embodiment of my 
invention particularly applicable to use in audi. 
Ometers used in testing of human ears. In such 
audiometers the American Medical Association 
has set up the requirements as to the maximum 
available signal levels at respective frequencies 
relative to a reference level assumed to be the 
threshold of hearing in a normal human ear as 
follows: 

. . . . . . . -- 
Maximum avail 
able signal level 
in decibels above 
reference level 

Frequency in cycles per second 

70 
... 80 

80 
100 
100 
100 
100 
100. 
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2 
Since the usual variable frequency electronic 
Oscillator has less output near the respective 
limits of its range of frequency and it so happens 
that the above tabulated requirements call for 
lower maximum available signal strengths near 
said limits it is desirable, in the best interests 
of economy, to build audiometers having oscil 
lators only of sufficient capacity to supply energy 
in accordance with the above tabulated require 
ments. It is in such low powered oscillator cir 
cuits that my output equalizer is of particular 
value. 
The embodiment of my invention diagram 

matically shown in the drawing is associated with 
an electronic tube 3 having circuit elements con 
nected therewith to form an electronic oscillator 
or signal generator, and a second electronic tube 
4 having circuit elements connected therewith to 
form an electronic amplifier for amplifying an 
oscillatory electrical signal such as would be gen 
erated by a signal generator or the like. 
The tube 3 is of triode construction includ 

ing a plate element 3a, a grid element 3b, a cath 
ode element 3c and a heater element 3d associ 
ated with each other in the usual manner. Elec 
trical energy for feeding the heater 3d may be 
supplied thereto by any Suitable means such as 
the battery 5 which is connected to the heater 
through an electrical Switch 6. A common con 
ductor 7 is provided and may consist of a me 
tallic frame, chassis or case On or in which the 
illustrated apparatus may be mounted. The con 
ductor 7 may be grounded as indicated in the 
diagram of Fig. 1. 
A plate battery 8 or its equivalent is provided 

for supply of plate voltage and current to the 
electronic tube 3. The negative terminal of the 
battery 8 is connected to the plate 3a of the tube 
3. A by-pass condenser 9 is connected in shunt 
with the plate battery 8. 
: Circuit elements are associated with the elec 
tronic tube 3 to forman oscillator circuit of the 
well-known Hartley type. An inductance coil O 
is so connected to the tube 3 and other elements 
that the upper part of the coil ?o will function. 
as a grid coil and the lower portion will func 
tion as a plate coil. The upper end of the coil 
0 is connected through a grid-leak resistor to 

the grid 3b of the tube 3 and the lower end is 
connected to the common conductor. The cath 
ode, 3c of the tube 3 is connected through a Self 
biasing resistor 2 shunted by a bypass condenser 
f3, electrical switching means to be described, and 
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negative terminal of the battery 8 through a por 
tion of the coil to determined by the position of 
the Switch arm 4a. It is apparent that the po 
sition of the movable contact element or switch 
arm 4a will determine the point of division be 
tween the grid circuit and plate circuit portions 
of the coil 0. To form a resonant circuit in con 
junction with the plate circuit portion of the coil 
f0, a condenser 5 is connected between the 
Switch arm 4a and the common conductor so as 
to be in parallel with said plate circuit portion. 
In a circuit such as that described above differ 
ent frequencies will be obtained with the switch 
arm in respective ones of its positions. Also, in 
accordance with the characteristics of the usual 
variable frequency electronic oscillator, it is to 
be expected that the signal strength will not be 
the same at all of the available frequencies. The 
output voltage of the above described oscillator 
appears on the Switch arm 4a as a potential 
taken with reference to the common conductor 
considered as a zero potential reference point. 
As previously mentioned, the electronic tube 4 

has associated therewith Suitable circuit elements 
to form an electronic amplifier. As shown, the 
tube 4 is of triode construction including a plate 
4a, a grid 4b, a cathode 4c and a heater 4d. The 
heater 4d is supplied with electrical energy from 
a suitable source as, for example, the battery 
which is shown connected to the heater 4d 
through a switch f. A comon conductor b for 
the amplifier circuit is provided and is connected 
through a conductor c to the common conductor 
7 previously described in connection with the 
oscillator circuit. The cathode 4c is connected to 
the common conductor b through a self-biasing 
resistor 8 shunted by a bypass condenser 9. 
The grid 4b is connected to an amplifier input 
conductor 20. A plate battery 2 is provided hav 
ing its negative terminal connected to the com 
mon conductor b and its positive terminal con 
nected through the primary winding 22a of an 
amplifier output transformer 22 to the plate a 
of the tube 4. A secondary winding 22b of the 
transformer 22 is connected to a pair of ampli 
fier output terminals 23. Obviously some sort of a 
signal utilizing or translating device would or 

50 

the lower or plate circuit portion of the coil 0 
to the common conductor T whereby plate current 
of the tube 3 will return to the negative terminal 
of the plate battery through the lower portion 
of the coil 0. Since respective portions of the 
coil 0 are connected in the grid and plate cir 
cuits of the tube 2 the necessary feedback from 
the plate to the grid of the tube 3 will be pro 
vided and the above described circuit will func 
tion as a generator of an oscillatory electrical 
signal. 
Means is provided for adjustively varying the 

frequency of the signal produced by the above de 

55 

80 
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scribed oscillator circuit. A frequency selector : 
switch 4 is provided having a contact element 
4a movable for engagement with any desired 
one of a series of stationary contact elements b 
which are connected to respective ones of a series 
of taps or points on the coil 0. The circuit from 
the cathode 3c through the self-biasing resistor 
2 runs to the switch arm f4a, so that the plate 

current of the tube 3 will be routed back to the 

dinarily be connected to the amplifier outputter 
minals 23 as a load. In audio-frequency applica 
tions of the circuit such load device may be in the 
nature of a telephone receiver for translating the 
signal energy from an electrical form to a corre 
sponding form of sound energy. As well known in 
the art, the amplifier and whatever load device 
is fed therefrom will usually have what is known 
as a frequency discrimination characteristic. 
The above described oscillator and amplifier are 

of conventional form and the equalizing system 
associated therewith and constituting an em 
bodiment of my invention will now be described. 
My equalizing equipment consists, in general, 

of attenuation means interposed at a suitable 
point in a system comprising a variable frequency 
signal source and signal-handling apparatus fed 
therefrom, with the attenuation means automat 
ically so operated responsive to shifting of a fre 
quency selector means as to compensate for vari 
ation in the signal strength of the source at re 
spective frequencies and the frequency discrim 

70 

75 

ination characteristics of the signal handling 
apparatus that the signal at a selected point in 
the system will be at the same level at all oper 
ating frequencies or, if desired, will be at prede 
termined respective different levels. In the sys 
tem illustrated by the drawing, my equalizing 
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equipment is situated between the oscillator and 
the amplifier, but it is to be undertsood that my 
equalizing equipment may be interposed in a sig 
nal generating and handling system at any other 
suitable point. c 

In the illustrated embodiment of my invention 
I provide a voltage divider resistor 24 of which 
the lower end is connected to the common con 
ductor 7. To provide for supplying signal energy 
at known levels I provide a signal level-selecting 10 
switch or voltage divider output switch compris 
ing a contact 25 movable over a series of sta 
tionary contacts 26 to engage any desired one 
thereof. The stationary contacts 26 are con 
nected to a series of respective points on the 
voltage divider resistor 24 and are calibrated in 
terms of signal level expressed in decibels above 
a reference level as indicated by the numerals 40, 
50, 60, 70, 80, 90 and 100 shown in the drawing 
beside respective ones of the stationary contacts 
26. The movable contact 25 is connected to the 
amplifier input conductor 20 previously described. 

In accordance with my invention I provide 
means working automatically responsive to Oper 
ation of the frequency selector switch 4 for 
attenuating the signal of the oscillator delivered 
to the voltage divider to various respective de 
grees so that the calibration of the signal level 
selector switch comprising the contact 25 and 
contacts 26 will be equally correct at all operating 
frequencies of the illustrated System. I provide 
a voltage divider input selector switch or attenu 
ation control switch 27 having a contact 2a mov 
able for engagement with any desired One of a 
series of stationary contact elements 27b which 
are connected through respective resistors 28 to 
selected points on the voltage divider resistor 24. 
The movable contact. 27a of the switch 27 is 
connected through a resistor 29 to the movable 
contact 4a of the frequency selector Switch 4 
which, as was previously explained, is the point 
at which the output signal voltage of the Oscilla 
tor circuit appears. The resistor 29 is inserted 
in the circuit to minimize reaction on the oscilla 
tor which may otherwise be produced to an un 
desirable degree due to changes in load fed from 
the voltage divider resistor 24. As indicated by 
the dotted line 30 the movable contact 4a of the 
frequency selector switch 4 is mechanically con 
nected to the movable contact 2a of the voltage 
divider input selector switch 27 so that the two 
movable contacts 4a and 27a will move in uni 
son and the movable contact. 27a will be in 
engagement with a different one of the station 
ary contact elements 27b for each respective posi 
tion of the frequency selector switch 4. The 
points on the voltage divider resistor to which 
the contact elements 27 b are connected are 
selected to effect compensation for differences in 
the output voltage of the oscillator at the respec 
tive operating frequencies thereof So that the sig 
nal voltage at any given one of the contact ele 
ments 26 Will be the same for each and every One 
of the operating frequencies of the Oscillator. 
The resistors 28 are provided for purposes of ad- 65 
justment of my device at the factory. These re- . 
sistors are fixed resistors and are of respective 
resistance values chosen to bring about correct 
calibration of the signal level-selecting Switch at 
all operating frequencies of the signal generator. 70 

It is to be noted that some of the resistors 28 
may be of very low resistance value or may be of 
zero resistance value, that is, omitted entirely. 
As described in the preceding paragraph the 

selection of taps on the voltage divider resistor 75 
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60 

25 

3 
for connection to the voltage divider input selec 
tor switch 27 and the selection of resistance 
values of the resistors 28 may be made to com 
pensate for differences in the output voltages of 
the oscillator at the respective operating frequen 
cles thereof. If desired the calibration of the 
signal level switch contact elements 26 may be 
made in terms of signal level at the output ter 
minals 28 of the amplifier. In this case the fre 
quency discrimination characteristic of the am 
plifier circuit will become a factor and the choice 
of input tap locations on the voltage divider re 
sistor 24 and the resistance values of the resistors 
28 may be so made as to compensate for the fre 
quency discrimination characteristics of the am. 
plifier in addition to the output voltage charac 
teristics of the oscillator so that changing the 
operating frequency will not change the voltage 
or energy level at the amplifier output terminals 
23 and the calibration of the signal level switch 
will be equally correct at all operating frequen 
cles. Adjustments may, of course, be made to 
compensate for frequency discrimination in sig 
nal-handling equipment receiving energy from 
the output terminals 23 of the amplifier. As an 
example, when the system is operated at audio 
frequencies and feeds a telephone unit wherein 
the ratio of sound output energy to electrical in 
put energy is not the same for all of the operat 
ing frequencies, the signal level switch may be 
calibrated in terms of sound output intensity and 
my equalizing means may be adjusted to compen 
sate for the frequency discrimination character 
istics of the telephone unit in addition to the 
characteristics of the other parts of the complete 
System. 

It is to be particularly noted that certain con 
tact elements 27b of the attenuator input switch 
2 are connected through corresponding ones of 
the resistors 28 to 70 and 80 decibel levels on the 
voltage divider resistor 24. These certain con 
tact elements 2b are engaged by the movable 
contact 2a when the signal generator is operat 
ing at those frequencies where output signals of 
respectively only 70 or 80 decibels is required and 
the oscillator is capable of delivering energy to 
the attenuator at only 70 or 80 decibels. It 
should be apparent that the calibration of the 
signal level selector switch at such frequencies 
may be made to be correct through the range of 
signal levels required to be available at such fre 
quencies. By Such an arrangement I am able to 
provide a calibrated signal level-selecting element 
of which the calibration is correct at all operat 
ing frequencies in the portions of the range of 
calibration to be used during operation at the 
respective operating frequencies in signal gener 
ating equipment capable of less output at some 
Operating frequencies than the required maxi 
num available output from the attenuator at 
other operating frequencies. Accordingly, my 
equalizer equipment enables the use of an oscilla 
tor of less capacity in a System meeting require 
ments such as those previously tabulated than in 
the case of attenuation equipment wherein the 
Oscillator output is always delivered, regardless 
of Operating frequency, to points on an attenu 
ator (such as the voltage divider resistor 24) at 
or above the maximum Output level (correspond 
ing to the 100 decibel level on the resistor 24) 
thereof. 

Fig. 2 is a graph wherein curve A illustrates the 
relation between operating, frequencies and the 
output signal level of a point in an attenuation 
system, such as, for example, the 50 decibel level 
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on my resistor 24, not including my equalizing 
means and curve B illustrates the corresponding 
variation in the degree of attenuation to be im 
posed on the system by my equalizing means 
when my equalizing means is incorporated in 
the system and adjusted to obtain equal output 
voltages or energy levels at all of the Operating 
frequencies of the system at a point such as the 
50 decibel level on the resistor 24. . 
It is also readily feasible, when other than 

equal output voltages are desired at respective 
operating frequencies, as for special purposes, to 
adjust the voltage divider taps and resistor values 
of my equalizing equipment to obtain signal out 
put voltages at respective operating frequencies 
in accordance with predetermined ratios between 
output voltages at the respective frequencies. 
While I have illustrated my equalizing equip 

ment in operative relation with a signal generator 
of a specific type and signal handling equipment 
consisting of an amplifier of a specific type it is 

5 

O 
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to be understood that my equalizing equipment 
is readily adapted for use with many types of 
generators of Oscillatory electrical signal energy 
and many types of signal-handling equipment. 
Also, my equalizing equipment is readily adapted 
for use in systems operating in all frequency 
ranges in the audio frequency and radio fre 
quency spectrums, 
From the above it should be seen that my 

equalizing apparatus enables use of directly cali 
brated output signal level controls in variable 
frequency signal generating systems of particu 
larly economical design meeting requirements 
such as those previously tabulated and, in many 
kinds of work involving use of such systems, 
eliminates the need for making use of output 
voltage measurements for purposes of adjusting 
attenuators or reference to charts or graphs for 
the purpose of correlating attenuator adjust 
ments with frequency selector adjustments. 

It should be apparent that I have invented a 
novel, effective, accurate and inexpensive form 
of equalizer capable of automatic compensation 
for frequency discrimination characteristics in 
variable frequency signal generating systems. 

40 
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It will, of course, be understood that various 
changes may be made in the form, details, pro 
portions and arrangement of parts without de 
parting from the scope of my invention. 
What is claimed is: 
i. In an audiometer, the combination of a 

source of audio frequency signal energy con 
sisting of, an electronic oscillator which is ad 
justable as to operating frequency and which is 
relatively deficient in energy output in some por 
tions of its frequency range with a signal output 
attenuator device comprising, a main resistance 
element having respective ends constituting fixed 
Zero and maximum signal voltage level points 
thereon, said main resistance element consisting 
of a plurality of resistors connected in series and 
having junctions therebetween constituting re 
Spective intermediate signal voltage level points 
on said main resistance element, electrical 
switching means for selectively connecting a load 
circuit to any one of said maximum and inter 
mediate voltage level points, a plurality of elec 
trical conductors of which at least one is con 
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nected to said maximum voltage level point and 
the remainder are respectively connected to see 
lected ones of said intermediate voltage level points, electrical switching means for selectively 
connecting said source to any one of said con 
ductors, and respective resistors interposed in 
series with at least some of said conductors. 

2. In an audiometer, the combination of a 
Source of audio frequency signal energy consist 
ing of, an electronic oscillator which is adjustable 
as to operating frequency and which is relatively 
deficient in energy output in some portions of 
its frequency range with a signal output attenu 
ator device comprising, a main resistance element 
having respective ends constituting fixed zero and 
maximum energy level points thereon and points 
thereon intermediate of said ends constituting 
respective intermediate energy level points, 
means identifying said maximum and interme 
diate energy level points in terms of respective 
relative energy levels thereat, said maximum and 
intermediate energy level points being accessible 
for selective connection of a load circuit to any 
one thereof, a series of electri-conductors con 
nected to various selected ones of said identified 
points and at least one of which is connected 
to said maximum energy level point, electrical 
circuit-transferring means for selectively con 
necting said source to any one of said conductors 
whereby said source may be connected to one 
of Said points having an energy level identifica 
tion close to and not exceeding the energy level 
of the signal generated by said sourée, and re 
sistors interposed in series with at least some 
of Said respective conductors to introduce attenu 
ation to compensate for the differences between 
the energy levels of the signal output of said 
Source and the energy levels with which approxi 
mately corresponding respective ones of said 
points are identified. - 

3. In an audiometer, the combination of a 
Source of audio frequency signal energy consist 
ing of an electronic oscillator which is adjustable 
as to operating frequency and which is relatively 
deficient in energy output in some portions of 
its frequency range with a signal output attenu 
ator device comprising, a resistance element hav 
ing respective ends constituting fixed zero and 
maximum signal voltage level points thereon, 
said maximum voltage level point and a series 
of intermediate points on said resistance element 
being accessible for selective connection of a 
load circuit to any one thereof, electrical circuit 
connecting means consisting of an electrical con 
tact adapted to be connected to said source and 
a Series of stationary contacts over which said 
first-mentioned contact is movable for Successive 
engagement with respective ones thereof, elec 
trical conductors connecting contacts in the es 
Spective end, portions of said series to Selected 
Ones of Said intermediate points and remaining 
contacts which are situated in the middle portion 
of Said series to said maximum voltage level 
point, and voltage dropping resistors of Selected 
relatively small respective ohmic values inter 
posed in series with selected respective ones of 
Said conductors. s 
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