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3,3A1,868 
SONEC SAMUELATOR 

Frederick B. Capp, Willioughby, and Carl W. Paley, 
Mientor, Gaio, assignors, by mesme assignments, to the 
United States of Aisnerica as represented by the Secre 
tary of the Navy 

Filed Fuly 13, 1964, Ser. No. 382,696 
24 Claims. (C. 340-5) 

The present invention relates generally to acoustical 
simulators and in particular is an improved method and 
means for simulating the screw noise, hull noise, ma 
chinery noise, and cavitation sounds produced by a run 
ning submarine boat. 

Ordinarily, the cavitation sounds produced by an oper 
ating submarine act more or less as the basic or back 
ground sounds thereof and these sounds are essentially 
white noise, comprising random frequency and amplitude 
energy that does not have any clear, predominant fre 
quency components or characteristics. This basic noise, 
of course, is modulated by the sounds of the submarine's 
rotating screws and internal machinery. Consequently, 
in order to produce a reasonable replica of the sounds 
generated by a running submarine, these three factors 
must be effected and broadcast throughout the aqueous 
medium where a submarine boat is intended to be simu 
lated. Usually, such simulators are incorporated in 
sonar beacons, decoys, and the like, but obviously they 
may also be employed in any desired surface or Sub 
marine vessels as necessary to optimize tactical combat 
warfare maneuvers. 

In the past, several prior art sonic simulators have been 
used for similar purposes, and for many practical pur 
poses, have been eminently satisfactory. However, in 
some instances, they leave something to be desired be 
cause they are relatively inefficient, lack fidelity, are large 
in size and weigh a great deal, and are difficult and ex 
pensive to manufacture and maintain, as well as Te 
quiring large, high-power, power supplies. 
The instant invention overcomes most of the afore 

mentioned disadvantages, in that, being transistorized, it 
is light weight and compact, and, in addition, has Stafi 
ciently high fidelity to be eminently satisfactory for most 
practical purposes. 

It is, therefore, an object of this invention to provide 
an improved acoustical simulator. 
Another object of this invention is to provide an im 

proved method and means for simulating the sounds 
emanating from a running submarine boat. 

Still another object of this invention is to provide a 
sonic simulator having a plurality of acoustical charac 
teristics which may be respectively adjusted to provide a 
more realistic sonic picture under given operating con 
ditions. 
A further object of this invention is to provide a more 

reliable sonic simulator. 
Still another object of this invention is to provide a 

sonic simulator that is relatively stabilized as a result 
of thermal compensation and heat sinks. 
Another object of this invention is to provide a sonic 

simulator that is capable of being constructed as a printed 
circuit panel. 

Still another object of this invention is to provide an 
acoustical simulator that is easily and economically 
manufactured, maintained, and operated. 

Other objects and many of the attendant advantages 
will be readily appreciated as the subject invention be 
comes better understood by reference to the following 
detailed description when considered in conjunction with 
the accompanying drawings wherein: 
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2 
FiG. 1 is a block diagram of a representative embodi 

ment of the subject invention; and 
FIG. 2 is a detailed schematic circuit diagram of a 

preferred embodiment of the subject invention. 
Referring now to FIG. 1, the preferred embodiment 

of the general concept of this invention is shown as hav 
ing a noise generator 11 with the output thereof trans 
former coupled by means of a transformer 12 to an am-- 
plifier 13. Another transformer 14 is coupled to the 
output of amplifier 13, and a mixer amplifier 15 is con 
nected to the output of transformer 14. Due to the par 
ticular component arrangement of transformer 14 and 
mixer amplifier 15, and the fact that another input is 
applied thereto from an integrator 16, said transformer 
14-mixer amplifier 15 combination constitutes a mixer 
network 17 that will be explained subsequently in con 
junction with the discussion of the invention embodiment 
of FIG. 2. 
A high frequency multi-vibrator 18 has its substan 

tially symmetrical square wave output coupled to the 
input of an integrator 19, the output of which is con 
nected to one of the inputs of a control mixer 21. Like 
wise, a low frequency multi-vibrator 22 has its predeter 
mined asymmetrical rectangular wave output applied to 
the input of an integrator 23, the output of which is cou 
pled to another of the inputs of the aforesaid control 
mixer 21. The output of control mixer 21 is, of course, 
coupled to the input of the aforementioned integrator 
16. In the arrangement illustrated, the aforesaid high 
and low frequency multivibrators and their respective 
integrators constitute generators which produce sonic. 
simulations of submarine internal machinery, gear whine, 
and screw noise, along with cavitation sounds produced 
by noise generator 11. Control mixer 21 enables suffi 
cient signal intermodulation to be effected, which, in 
turn, may, for example, result in an irregular pulsating 
signal with a beat that closely resembles the noise of a 
twin-screw submarine boat. 

This signal, which emanates from the output of mixer 
amplifier 15, is coupled to the input of a push-pull driver 
amplifier 24. A combination phase inverter and cou 
pling transformer circuit 25 is connected to the output 
of driver amplifier 24 and the output thereof is coupled 
through a power transformer 26 to the input of an elec 
troacoustical transducer 27. Transducer 27, of course, 
is the typical electroacoustical transducer that converts 
electrical energy into proportional acoustical energy and 
broadcasts it throughout a predetermined volume of a 
Subaqueous medium, such as sea water or the like. 

Referring now to FIG. 2, there is shown a B-- voltage 
31 and a ground 32 with a capacitor 33 connected there 
between. A transformer 34, having a primary winding 
35 and secondary winding 36 has its primary winding 
connected in series with a noise generating, semiconduc 
tor diode 37 that has a high back resistance which is sub 
ject to small random variations, and these elements are, 
in turn, connected across the aforesaid voltage and 
ground. One terminal of secondary winding 36 is con 
nected through a resistor 38 to ground, and a capacitor 39 
is parallel connected with said resistor 38. From the 
junction of resistor 38 and capacitor 39, a thermistor 41 
is connected to the aforesaid B -- voltage. Another resis 
tor 42 is connected in the B-- line between one terminal 
of the aforesaid primary winding of transformer 34 and 
the B-- junction of a temperature compensation thermis 
tor 41. The other terminal of secondary winding 36 of 
transformer 34, which, of course, constitutes the output 
of said transformer, is electrically connected to the base 
of a PNP transistor 43. The emitter of transistor 43 is 
coupled to the B-- voltage and the collector thereof is 
coupled through a primary winding 44 of a transformer 
45 to ground. A secondary Wniding 46 of transformer 
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45 has one of the terminals thereof connected through a 
capacitor 47 to ground, and the other terminal thereof is 
coupled to the base of another PNP transistor 48, the 
emitter of which is coupled to the aforesaid B-- voltage. 
The collector of transistor 48 is coupled through the re 
sistance portion of a gain-control potentiometer 49 to 
ground. A pair of capacitors 5 and 52 are connected 
between the aforesaid voltage and ground for voltage 
stabilization purposes and a resistor 53 is connected in 
said B-H line for voltage dropping purposes. The mov 
able arm of the aforesaid potentiometer 49 is coupled 
through a capacitor 54 to the base of another PNP tran 
sistor 55. The emitter thereof is likewise coupled to the 
aforesaid B-- voltage and the collector thereof is con 
nected through a primary winding 56 of another trans 
former 57 to ground. A secondary winding 53 of trans 
former 57 has its output terminals connected to the bases 
of a pair of PNP transistors 59 and 61, respectively. The 
center tap thereof is connected to a 24 volt direct current 
voltage and also through a resistor 62 to B--. Each of 
the collectors of transistors 59 and 6 are coupled to 
their respective input terminals of a primary winding 62 
of another transformer 63. The emitters of transistors 
59 and 6 are interconnected and then connected to the 
aforesaid 24 volt direct current voltage. A secondary 
winding 64 of transformer 63 is coupled to one of the in 
puts of a transducer 65 with the other input thereto con 
nected to the aforesaid 24 volt direct current voltage. 
As previously mentioned in conjunction with the explana 
tion of the device of FIG. 1, transducer 65 is an electro 
acoustical transducer which converts the electrical energy 
Supplied thereto into substantially proportional acoustical 
energy and, of course, this acoustical energy is intended 
in this case to be broadcast throughout a predetermined 
volume of a Subaqueous medium, such as sea water or 
the like. 

For temperature compensation purposes, another ther 
mistor 66 is connected between the base of the aforesaid 
transistor 55 and B-- voltage. In addition, a biasing re 
sistor 67 is also coupled between the base of transistor 55 
and ground. Moreover, in order to insure better tem 
perature compensation, a cooling system is incorporated 
in the device constituting this invention. This cooling 
system comprises a motor driven blower 68 connected in 
series with an inductance 69 and these elements are then 
effectively connected between the aforesaid 24 volt direct 
voltage and ground. For voltage stabilization purposes, 
a capacitor 71 is connected in parallel with the aforesaid 
Series connected motor driven blower 68 and inductor 69. 

Connected between the aforesaid B-- voltage and 
ground is a resistance network consisting of a resistor 72 
connected in series with a potentiometer 73. The mov 
able arm of said potentiometer 73 is connected to an 
astable multi-vibrator circuit 74, said astable multi-vibra 
tor circuit consisting of a PNP transistor 75 which has 
the emitter thereof connected to B-- and the collector 
thereof connected through a resistor 76 to ground. The 
base thereof is connected through a pair of series con 
nected resistors 77 and 78 to the base of another PNP 
transistor 79. The emitter of transistor 79 is connected 
to B- and the collector thereof is connected through an 
other resistor 8 to ground. Of course, as can be readily 
seen, the aforementioned movable arm of potentiometer 
73 is coupled to the junction of the series connected resis 
tors 77 and 78. A coupling capacitor 82 is connected 
between the base of transistor 75 and the collector of 
transistor 79, and a coupling capacitor 83 is connected 
between the collector of transistor 75 and the base of 
transistor 79. 
The output of multivibrator 74 is taken from the col 

lector of transistor 79 and supplied to an integrator 84 
consisting of a resistor 85 and a capacitor 86 connected 
in series therewith and to ground. 

Connected across B -- and ground is still another 
voltage divider network consisting of a resistor 87 and 
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4 
a potentiometer 88 series connected therewith. Con 
nected in parallel with said series connected resistor 87 
and potentiometer 88 is a voltage stabilization capacitor 
89. Also connected across said said B-- voltage and 
ground is a low-frequency astable multivibrator circuit 
91, the circuitry of which is preferably designed to pro 
duce a predetermined asymmetrical rectangular waveform 
output signal. Included therein is a PNP transistor 92, 
with the emitter thereof connected to B- and the col 
lector thereof coupled through a resistor 93 to ground. 
Another PNP transistor 94 has its emitter connected 
to B-H and its collector connected through a resistor 95 
to ground. Interconnecting the bases of transistors 92 
and 94, is a pair of series connected resistors 96 and 
97 with the junction thereof electrically coupled to the 
movable arm of the aforesaid potentiometer 88. A 
coupling capacitor 98 interconnects the base of transistor 
92 and the collector of transistor 94, and another coupling 
capacitor 99 interconnects the collector of transistor 92 
and the base of transistor 94. The collector of transistor 
94, like the collector of the aforesaid transistor 79 of 
multivibrator 74, constitutes the output of low frequency 
multivibrator 91. 
The asymmetrical rectangular wave output of low fre 

quency astable multivibrator 91 is supplied to another 
integrator 101 consisting of a series connected resistor 
i02 and capacitor i03. Connected between the emitter 
of transistor 94 and ground is a resistor 95. 
A controllable mixer element consisting of a potenti 

ometer 104 is connected between the junction of series 
connected resistor 85 and capacitor 86 and the junction 
of Series connected resistor 102 and capacitor i03, since 
said junctions constitute the outputs of the aforesaid 
integrators 84 and 10i, respectively. 

Connected to the movable arm of potentiometer 104 is 
a resistor 105 which, in turn, is coupled to the input of 
another integrator :06 consisting of the aforementioned 
capacitor 47 and a resistor 107. Connected in parallel 
with resistor i07 is another capacitor 68. As may read 
ily be seen, the output of integrator E06 is supplied to 
one of the terminals of secondary winding 46 of the 
aforesaid transformer 45 for the purpose of signal mixing 
therein in conjunction with said transistor mixer-amplifier 
48. 

Briefly, the operation of the subject invention as it is 
generally depicted in FIG. 1 is as follows: 

Noise generator 11 produces a random frequency (sub 
stantially white noise) electrical signal which simulates 
cavitation noises, and this signal is coupled by means of 
circuit isolation transformer 12 to amplifier 13. Ampli 
fier 13, of course, increases the amplitude of this signal 
to a more useful level, after which it is mixed with 
another signal and further amplified by the mixer net 
work consisting of transformer 14 and mixer amplifier 
5. 
Said another input signal occurs in part as a result of 

simulating submarine boat internal engine, machinery, 
and gear noises by means of high frequency multivibrator 
18. This multivibrator is or may be so designed as to 
produce a symmetrical squarewave output signal which 
is then shaped as necessary by integrator 19 to ultimately 
sound similar to the aforesaid submarine boat internal 
noises. Other noises, such as screw noises other than 
cavitational noises, are simulated by low frequency multi 
vibrator 22 which preferably is so designed as to produce 
an asymmetrical rectangular wave like signal as an out 
put therefrom. This signal is likewise shaped as neces 
sary by integrator 23 to make it more nearly resemble 
the noise of one or more turning screws. In this case, 
for instance, due to the non-uniform waveform char 
acteristic of this signal, it may sound very much like 
the beat that may be produced by twin screws that are 
not exactly synchronized in their rotational speeds. 
The combining of the above mentioned pair of signals 

in mixer 21 makes the resulting output signal sound even 
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more realistic for most practical purposes, and when this 
output signal is properly mixed with the random noise 
signal from noise generator 11 in mixer network 17, 
the total simulation signal produced thereby is most 
effective for many simulation purposes. 
Some control of the mixing of the high and low fre 

quency signals is effected by the manual adjustment of 
controlled mixer 21, in that more or less of one or the 
other may be added together to produce the machinery 
screw noises preferred for any given operational circum 
Stanes. 

This total simulation signal is then further amplified 
and processed to a more useful level by driver amplifier 
24, phase inverter and coupling transformer 25, and 
push-pull power amplifier 26 before being broadcast by 
transducer 27 throughout the sea where it is desired to 
simulate the presence of a running submarine boat. 
Although primarily intended for submarine boat simu 

lation, obviously this invention may be so designed as 
to simulate other devices or vehicles of the land, Sea, 
or space character, since so doing would be well within 
the purview of the skilled artisan having the benefit of 
the teachings herein presented. In some instances, it 
may only be necessary to change the frequencies and/or 
signal characteristics of the aforesaid multivibrators and 
their respectively associated integrators. Moreover, 
sometimes it may only be necessary to properly adjust 
the potentiometer constituting or included in controlled 
mixer 21, in order to produce the desired total simula 
tion signal, as well. 

For practical and useful purposes, the subject inven 
tion may be installed in any appropriate carrier vessel 
such as, for instance, a submarine decoy, or in a stationary 
or substantially stationary device such as a buoy, or per 
haps in any appropriate combat type of device. Of 
course, since the preferred embodiment herein disclosed 
is intended to simulate submarine boat sounds, it would 
be installed in either to stationary or movable device 
that is submerged in sea water, and the simulation sounds 
Would thus be transmitted throughout the ambient en 
vironment thereof or possibly directed toward the enemy 
or other parties intended to be deceived thereby. 

In general, the device of FIG. 2 functions in the same 
manner as the device of FIG. 1. Specifically, substan 
tially white noise signals are generated by semiconductor 
diode 37 as a result of its having a high back resistance 
which is subject to small random variations. These 
variations, in turn, result in minute current fluctuations 
flowing through the primary winding of transformer 34 
and being coupled to voltage amplifier 43. The output 
of this voltage amplifier stage is transformer coupled 
to the next amplifier stage 48 which also serves as a 
mixer. The gain control consisting of potentiometer 49 
is located in the collector circuit of this stage. The 
output of this stage is coupled to amplifier 55 which effec 
tively serves as the driver amplifier for the power out 
put stage. In this case, it has been found to be desirable 
for optimum operation to transformer couple and phase 
invert the output of driver amplifier 55 by means of 
transformer 57 before being applied to push-pull ampli 
fiers 59 and 61. Actually, in this particular arrangement, 
push-pull amplifiers 59 and 61 constitute a class Bampli 
fier. The Outputs of these power amplifiers are then 
transformer coupled to the transducer by transformer 
63, which is preferably designed to avoid saturation from 
the direct current transducer bias current which passes 
through it from the signal voltages. 
To effect simulation of both internal machine noises 

and Screw noises, multivibrators 74 and 91, are used, 
respectively. Like in the device of FIG. 1, multivibrator 
74 of the device of FIG. 2 should preferably be designed 
So as to produce a high frequency squarewave output 
signal, and multivibrator 91 thereof should preferably be 
designed so as to produce a relatively low frequency 
asymmetrical rectangular wave output signal, in order 
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6 
to effect the aforementioned noise simulations. By ad 
justing potentiometers 73 and 88 the frequencies of said 
multivibrators may be varied as desired for most practical 
purposes. The output of these multivibrators are then 
appropriately shaped by integrators 84 and 101 before 
being mixed in potentiometer 104. Of course, by ad 
justing this control, the ratio of high-to-low frequency 
modulating voltages may be regulated. The output of 
mixer 104 is then further integrated by resistors 105 and 
107 and capacitor 47 before being applied to secondary 
winding 46 of transformer 45 for the purpose of modulat 
ing the cavitation noise signal generated by the aforemen 
tioned diode source. Depending on the proper adjust 
ment of all the aforesaid controls and the design choice 
of all of the electrical components employed in this in 
vention, the total output signal that is transmitted by 
transducer 65 is preferably an irregular pulsating signal 
with a beat closely simulating the noise of a twin-screw 
Submarine boat. 
Thermal compensation is effected by thermistors 41 and 

66. In this particular case, said thermistors should be 
of the type that increases their resistance with an increase 
in temperature. Thermal compensation is, thus, effected 
by the automatic biasing of the base voltages of transistors 
43 and 55 with temperature changes and this prevents 
run-away. For further temperature control, the power 
transistors may be mounted on an appropriate aluminum 
heat sink, and, of course, blower 68 may be employed to 
circulate cooling air throughout the entire structure. 
As can readily be seen, transistors have been used 

throughout the subject circuit to an advantage. Conse 
quently, the circuit has been so constructed for the use 
thereof, in order to miniaturize and increase the efficiency 
of the subject invention without impairing its overall 
operation. 

Obviously, other modifications and embodiments of the 
Subject invention will readily come to the mind of one 
skilled in the art having the benefit of the teachings pre 
sented in the foregoing description and the drawing. It is, 
therefore, to be understood that this invention is not to be 
limited thereto and that said modifications and embodi 
ments are intended to be included within the scope of 
the appended claims. 
What is claimed is: 
1. A sonic simulator comprising in combination, 
means for generating a white noise signal, 
means for generating an integrated symmetrical square 
wave signal, 

means for generating an integrated asymmetrical rec 
tangular wave signal, 

means interconnecting each of the aforesaid generat 
ing means for mixing the respective signals generated 
thereby into a predetermined total signal. 

2. The device of claim wherein said means for gen 
erating a white noise signal comprises, 

a semi-conductor diode noise generator, 
a transformer coupled to the output of said noise gen 

erator, and 
an amplifier connected to the output of said trans 

former. 
3. The device of claim wherein said means for gen 

erating an integrated symmetrical squarewave signal 
comprises, 

a high frequency multivibrator adapted for generating 
a Symmetrical squarewave output signal, and 

an integrator connected to the output of said high 
frequency multivibrator. 

4. The device of claim 1 wherein said means for gen erating an integrated asymmetrical rectangular wave 
signal comprises, 
a low frequency multivibrator adapted for generating 

an asymmetrical rectangular wave output signal, and 
an integrator connected to the output of said low fre 

quency multivibrator. 
5. The invention according to claim 1 further char 

acterized by means connected to the output of said mix 
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ing means for broadcasting said predetermined total signal 
as an acoustical signal throughout a predetermined Sub 
aqueous medium. 

6. The device of claim 5 wherein said means connected 
to the output of said mixing means for broadcasting said 
predetermined total signal as an acoustical signal through 
out a predetermined subaqueous medium comprises, 
means for amplifying said total signal to a useful level, 
and 

an electroacuostical transducer effectively connected to 
the output of said amplifying means. 

7. Means for simulating the sounds that emanate from 
a submarine that is underway comprising in combination, 

a white noise generator, 
a first mixer means having a pair of inputs and an out 

put with one of the inputs thereof effectively con 
nected to the output of said white noise generator, 

a first variable frequency astable multivibrator, 
a second variable frequency astable multivibrator, 
a second mixer means having a pair of inputs and an 

output with the pair of inputs thereof respectively 
coupled to the outputs of said first and Second vari 
able frequency astable multivibrators and the output 
thereof coupled to the other input of the aforesaid 
first mixer means, and 

a transducer means effectively connected to the output 
of said first mixer means. o 

8. The device of claim 7 wherein said second mixer 
means comprises a potentiometer. 

9. The invention according to claim 7 further char 
acterized by means effectively connected to said white 
noise generator for the temperature compensation there 
of. 

10. The invention according to claim 7 further char 
acterized by, 

a first integrator connected between the output of Said 
a first multivibrator and one of the inputs of Said 
second mixer means, and 

a second integrator connected between the output of 
said second multivibrator and the other input of 
said second mixer means. 

11. The invention according to claim 10 further char 
acterized by a third integrator connected between the out 
put of said second mixer means and the other input of the 
aforesaid first mixer means. 

12. A submarine sonic simulator comprising ln Con 
bination, 

a noise generator, 
a first transformer coupled to the output of Said noise 

generator, 
an amplifier coupled ot the output of said transformer, 
a second transformer connected to the output of said 

amplifier, 
a mixer amplifier connected to the output of said second 

transformer, 
a driver amplifier coupled to the output of said mixer 

amplifier, 
a phase inverting and coupling transformer coupled to 

the output of said driver amplifier, 
a power amplifier connected to the output of said phase 

inverting and coupling transformer, 
a transducer coupled to the output of Said power trans 

former, 
a high frequency multivibrator, 
a first integrator connected to the output of Said high 

frequency multivibrator, 
a low frequency multivibrator, 
a second integrator connected to the output of Said low 

frequency multivibrator, 
a controllable mixer having a pair of inputs and an out 

put with the pair of inputs thereof connected to the 
outputs of said first and second integrators respec 
tively, and 

a third integrator connected between the output of said 
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& 
controllable mixer and the aforesaid second trans 
former. 

13. The device of claim 12 wherein said noise genera 
tor is a semi-conductor diode having high back resistance 
which is subject to small random variations. 

14. The device of claim 2 wherein said amplifier 
coupled to the output of said first transformer includes a 
PNP transistor. 

55. The device of claim 12 wherein said mixer ampli 
fier connected to the output of said second transformer 
includes an PNP transistor. 

16. The device of claim 12 wherein said driver ampli 
fier includes an PNP transistor. 

17. The device of claim 52 wherein said power ampli 
fier is a class B power amplifier that includes a pair of 
PNP transistors and an output transformer connected for 
push-pull operation. 

E8. The device of claim 12 wherein said high frequency 
multivibrator comprises, 

a first transistor having an emitter, a collector, and 
a base, 

a Second transistor having an emitter, a collector, and 
a base, 

a B+ voltage connected to the emitter of each of said 
first and Second transistors, 

a pair of Series joined resistors connected between the 
bases of said first and second transistors, 

a ground, 
a third resistor interconnecting the collector of said 

first transmitter and said ground, 
a fourth resistor interconnecting the collector of said 

first transistor and said ground, 
a fourth resistor interconnecting the collector of said 

Second transistor and said ground, 
a first capacitor connected between the base of said 

first transistor and the collector of said second tran 
sistor, and 

a second capacitor connected between the base of said 
Second transistor and the collector of said first tran 
sistor. 

19. The device of claim 12 wherein said low frequency 
multivibrator comprises, 

al ? transistor having an emitter, a collector, and a 
aSc, 

a Second transistor having an emitter, a collector, and 
a base, 

a B+ voltage connected to the emitted of each of said 
first and second transistors, 

a pair of series joined resistors connected between the 
bases of said first and second transistors, 

a ground, 
a third resistor interconnecting the collector of said 

first transistor and said ground, 
a fourth resistor interconnecting the collector of said 

second transistor and said ground, 
a first capacitor connected between the base of said first 

transistor and the collector of said second transistor, 
and 

a second capacitor connected between the base of said 
second transistor and the collector of said first 
transistor. 

20. The invention of claim 12 wherein said third inte 
grator comprises, 

a ground, 
a capacitor connected between one terminal of the 

secondary winding of said second transformer and 
said ground, 

a resistor connected to the junction of said one terminal 
and said capacitor, 

another capacitor connected in parallel with said re 
sistor, and 

another resistor connected between the junction of said 
parallel connected resistor and capacitor and the out 
put of the aforesaid controllable mixer. 
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21. The device of claim 12 wherein each of said first 
and second integrators comprises a series connected re 
sistor and capacitor with the output thereof taken from 
the junction thereof and the input supplied to the non 
junction terminal of said resistor. 

22. The device of claim 12 wherein said controllable 
mixer comprises a potentiometer. 

23. The device of claim 12 wherein said third integra 
tor comprises, 

a resistor, 
a first capacitor connected in series with said resistor, 

and 
a second capacitor connected in parallel with said re 

sistor. 
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24. The invention according to claim 12 further char 

acterized by a cooling blower system effectively connected 
to a power supply through said driver amplifier. 
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