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[57] ABSTRACT 
An electronic pest-control device which includes a 
plurality of electrically energizable ultrasonic trans 
ducers, each of which is operable within a different 
range of ultrasonic frequencies. Circuitry is provided 
for simultaneously energizing the transducers, with 
each generating ultrasonic Waves whose frequencies 
are continuously randomly varied throughout the 
transducer’s operating range. The ultrasonic waves 
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ELECTRONIC PEST-CONTROL DEVICE HAVING 
PLURAL ULTRASONIC GENERATORS 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

The invention pertains to an electronic pest-control 
device, and more particularly, to such a device which 
uses ultrasonic waves. For the purpose of illustration 
herein, a preferred embodiment of the invention is dis 
closed in connection with a device suitable for protect 
ing a facility, such as a food-storage warehouse, against 
infestation by rats. 

In the processing and storing of various food constit 
uents, such as grains, for example, rat infestation is a 
well-known problem. A general object of the present 
invention is to provide a novel electronic device which 
may be used simply, economically, continuously and 
effectively to protect against such infestation. 

It is known that various kinds of pests, such as rats, 
are sensitive and responsive to ultrasonic frequencies. 
It is further known that such pests can be deterred from 
entering an area when such is subjected to certain ul 
trasonic frequencies. However, past experience 
strongly suggests, if not shows, that an animal, such as 
a rat, can become acclimated or immune to such fre 
quencies if the frequencies are predictable. 
The present invention rests on the concept that an 

effective control device is one capable of generating, 
continuously when in operation, a plurality of ultra 
sonic waves whose frequencies continuously change in 
a random fashion throughout different ranges. Accord 
ingly, a preferred embodiment of the invention in 
cludes a plurality of electrically energizable, changea 
ble-frequency ultrasonic transducers, each of which is 
operable within a different range of ultrasonic frequen 
cies. Connected to these transducers for simultaneous 
energizing thereof is an energizing circuit which in 
cludes means capable of continuously randomly chang 
ing the respective operating frequencies of each of the 
transducers. 
With devices of the type outlined installed in differ 

ent facilities for controlling rats, effective rat deter 
rence has in fact occurred. What is believed to take 
place which has a deterrent effect is that a rat becomes 
exposed to a plurality of different continually changing 
frequencies, and to a plurality of different continually 
changing combined frequencies, which it ?nds ex 
tremely objectionable. and perhaps painful. With 
changes in such frequencies occurring randomly, a rat 
cannot become acclimated. And in this regard, it has 
been observed that even after an installation has been 
in operation for a considerable period of time, rats do 
not eventually become immune to the ultrasonic waves, 
and infestation does not occur. 
As will become apparent from the description below, 

the proposed device is relatively simple in construction, 
and can easily be positioned and mounted for use. The 
device can readily be incorporated in a wide variety of 
different existing facilities where control is desired, 
without requiring any appreciable modi?cations in the 
facilities. Further, the device is characterized by rela 
tively low cost, and has the capability of continuous 
performance. 
These and other objects and advantages which are 

attained by the invention will become more fully appar 
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2 
ent as the description which follows is read in conjunc 
tion with the accompanying drawings. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a simpli?ed block diagram illustrating an 
electronic pest-control device constructed in accor 
dance with the present invention; 
FIG. 2 is a circuit diagram, partly in block form, 

showing details of a random sweep generator included 
in the device of FIG. 1; 
FIG. 3 is a graph showing a special, random, time 

varying voltage which is produced in the generator of 
FIG. 2; and 
FIG. 4 is a circuit diagram, partly in block form, illus 

trating the construction of a driver oscillator used in 
the device of FIG. 1. 

DETAILED DESCRIPTION OF THE INVENTION 

Turning now to the drawings, and referring first to 
FIG. 1, indicated generally at 10 is an electronic pest 
control device as contemplated herein. According to 
the invention, a device 10 includes a plurality (two or 
more) of electrically energizable ultrasonic transduc 
ers, and herein contains three such transducers, shown 
in block form at l2, l4, 16. Each of these transducers 
is of conventional construction, with each preferably 
being capable of operating within a different respective 
range of ultrasonic frequencies. A transducer suitable 
for use in the invention is that offered by the Massa Di 
vision of Dynamics Corporation of America. Trans 
ducer I2 herein is operable in the frequency range of 
about 20-27 KHz., transducer 14 in the range of about 
27-35 KHZ, and transducer 16 in the range of about 
35-45 KHz. 
Connected to transducers l2, 14, 16, and also shown 

in block form in FIG. I, are driver oscillator circuits 18, 
20, 22, respectively. These oscillator circuits determine 
the specific operating frequencies of their respective 
associated transducers. As will be explained shortly, os 
cillators 18, 20, 22 can be controlled so as to determine 
at any given time what will be the operating frequency 
of its associated transducer. In particular, each driver 
oscillator circuit can be controlled so as continuously 
to vary such operating frequency within the operative 
range of the transducer. Included in oscillators 18, 20, 
22 for this purpose are control terminals 180, 20a, 22a, 
respectively, the specifc instantaneous DC voltage lev 
els on which effect the kind of control just mentioned. 
Each transducer and its associated driver oscillator 

circuit constitute an ultrasonic source herein. Further, 
the three transducers and driver oscillator circuits are 
referred to collectively as ultrasonic circuit means. 
Terminals 18a, 20a, 22a are connected through con 

ductors 24, 26, 28, respectively, to a conductor, or in 
terconnecting means, 30 which connects, in turn, with 
a random sweep generator, or energizing circuit means, 
shown in block form at 32. In general terms, generator 
32 functions to produce a continuously randomly 
changing DC voltage on conductor 30, which voltage 
is applied to the control tenninals in oscillators 18, 20, 
22. 
Turning now to FIG. 2, generator 32 includes three 

non-synchronized, free-running sweep oscillators 
shown generally at 34, 36, 38. Also included in the gen 
erator is an output circuit 40, also referred to herein as 
an integrating circuit means. 
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Sweep oscillators 34, 36, 38, although constructed to 
operate at different speci?c frequencies as will be ex~ 
plained, are essentially the same in construction. Thus, 
and considering oscillator 34, it includes an integrated 
circuit device shown as a block at 42, which device, 
with the associated externally connected circuitry 
shown, performs as a free-running square wave oscilla~ 
torv The particular integrated circuit device used herein 
is one made by Signetics, and identi?ed by the refer 
ence NESSS. The numbers contained within block 42 
in FIG‘ 2 indicate the numbers of those terminals in the 
device with which connections are made herein. 
Terminals 4 and 8 in device 42 are each directly con 

nected to a positive voltage supply conductor 44. Posi 
tive voltage is also supplied terminals 2 and 6—such 
supply being through series resistors 46, 48. The junc 
tion between these resistors is connected by a conduc 
tor 50 to terminal 7 in device 42. Terminal 1 in the de 
vice is grounded, and also is coupled to terminal 2 
through a capacitor 52. Terminal 3 in device 42 consti 
tutes an output terminal in oscillator 34——this terminal 
being connected through a resistor 54 to an output con~ 
ductor 56. 
The operating frequency of oscillator 34 is deter 

mined by the resistances of resistors 46, 48 and the ca 
pacitance of capacitor 52. In oscillator 34, the values 
of these components are chosen to provide the oscilla 
tor with an operating frequency of about 0.8 Hz. 
As can be seen, oscillators 36, 38 include the same 

sort of interconnections between integrated circuit de 
vices like device 42 and external components. The ter 
minal 3 of the integrated circuit device in oscillator 36 
is connected to conductor 56 through a resistor 58, and 
the corresponding terminal in the device in oscillator 
38 is connected to conductor 56 through a resistor 60. 
Oscillators 36, 38 operate at about I Hz. and about l.2 
H21... respectively. 
Output circuit 40 includes an NPN transistor whose 

collector is connected to previously mentioned con— 
ductor 44, and whose base is connected both to con 
ductor 56, and to one side of a capacitor 64—the other 
side of which is grounded. The emitter in transistor 62 
is connected both to previously mentioned conductor 
30, and to one side of a resistor 66—the other side of 
which is grounded. 
The square waves produced by sweep oscillators 34, 

36, 38 combine in conductor 56 to produce therein a 
rectangular wave voltage having voltage pulses of ran 
domly varying widths. The reason for this. of course, is 
that the operations of the sweep oscillators are in no 
way synchronized, and the operating frequencies 
thereof are not precisely controlled. The voltage wave 
form thus resulting in conductor 56 is integrated in cir 
cuit 40 to produce on conductor 30 a randomly time 
varying (as to level) DC voltage having a sawtooth pat 
tern similar to that shown in FIG. 3. In device 10, such 
a voltage on conductor 30 varies between about 0 and 
about 12 volts DC. This voltage, referred to herein as 
a control voltage, is applied to control terminals 18a, 
20a. 22a. 
FIG. 4 in the drawings illustrates the internal con 

struction of driver oscillator circuit 18, and its connec 
tion to transducer 12. The other driver oscillator cir 
cuits, and their connections to the other transducers, 
are substantially the same. Included in circuit 18 are 
integrated circuit device 68, and a pair of NPN transis 
tors 70, 72. Device 68 is the same in construction as 

4 
previously mentioned device 42. Terminals 4 and 8 in 
device 68 are each connected to a suitable source of 
positive voltage which is also connected, through series 
resistors 74, 76 to terminals 2 and 6 in the device. The 

5 junction between resistors 74, 76 is connected through 
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a conductor 78 to terminal 7 in the device. Terminal 1 
in device 68 is grounded, and also is connected through 
a capacitor 80 to terminal 2. Terminal 5 in device 68 
is connected through a resistor 82 to previously men 
tioned control terminal 18a in circuit 18. 
Output terminal 3 in device 68 is connected through 

a conductor 84 to the base of transistor 70. The collec 
tor of this transistor is connected through a resistor 86 
to a suitable source of positive voltage, and the emitter 
of the transistor is grounded. A resistor 88 intercon 
nects the collector of transistor 70 and the base of tran 
sistor 72-the emitter of the latter-mentioned transis 
tor also being grounded. Positive voltage from the same 
source supplying transistor 70 is supplied through a re 
sistor 90 to the collector of transistor 72. Intercon 
nected between the collectors of transistors 70, 72 are 
transducer 12 in series with a ferrite core inductor 92. 

Integrated circuit device 68, and the components 
connected to its terminals 1, 2, 4, 6, 7, 8, perform as a 
free-running square wave oscillator. As distinguished, 
however, from previously described oscillators 34, 36, 
38, the frequency of oscillation here is determined not 
only by the resistances of resistors 74, 76, and the ca 
pacitance of capacitor 80, but also by the speci?c DC 
voltage level on terminal 5. This circuit arrangement is 
set up herein whereby with the DC voltage applied to 
terminal 180 varying between about 0-12 volts DC, the 
voltage on terminal 5 (shown in FIG. 3) varies between 
about 5~7 volts DC. This results in the oscillating fre 
quency of the circuit varying between about 20-27 
KHz. Such frequency~varying oscillations are supplied 
the circuitry including transistors 70, 72, which cir» 
cuitry drives transducer 12 at essentially the same vary 
ing oscillating frequency. 
As has been previously mentioned, driver oscillator 

circuits 20, 22 are constructed in essentially the same 
manner as circuit 18. With the same range of DC volt 
ages applied to control terminals 20a, 22a, and to the 
integrated circuit devices in oscillators 20, 22, oscilla’ 
tor 20 drives transducer 14 in the range of about 27-35 
Kl-Iz., and oscillator 22 drives transducer 16 in the 
range of about 35-45 KHz. 

It will thus be apparent that with device 10 operating, 
transducers 12, 14, 16 simultaneously generate differ 
ent-frequency ultrasonic waves whose frequencies are 
continuously randomly varied throughout different 
ranges of frequencies. The power levels of operation 
selected for the transducers are, of course, a matter of 
choice, and may be varied to suit the particular applica 
tion. Preferably, the transducers used in a device 10 are 
oriented therein so as to direct the waves which they 
produce generally into the same area adjacent the de 
vice. 
The particular ranges of frequencies disclosed herein 

are not intended to limit the invention. Rather, they 
have been found to be particularly effective in in 
stances where the device is used for the control of rats. 
While in many instances a single device 10 may be 

adequate for control purposes, it will be obvious that a 
plurality of such devices may be used where desired. 
For example, if a facility has a number of areas which 
could potentially be infested by rats, a suitable number 
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of devices would typically be selected to cover these 
different areas. 
While a device 10 has been shown herein including 

three ultrasonic transducers, it is appreciated that two 
transducers, or more than three transducers, may also 
be used if desired. 
Thus, while a preferred embodiment of the invention, 

and certain modi?cations thereof, have been disclosed 
herein, it is appreciated that other variations and modi 
?cations may be made without departing from the spirit 
of the invention. 

It is claimed and desired to secure by Letters Patent: 
1. An electronic pest-control device comprising 
an electrically energizable, changeable frequency 
source of ultrasonic waves operable when ener 
gized to generate such waves within a predeter 
mined range of frequencies, said source including 
a control terminal, the instantaneous voltage level 
on which determines the speci?c operating fre 
quency of the source, and 

energizing circuit means for said source operatively 
coupled thereto and operable to energize the same 
in a manner causing the source to generate waves 
having continuously randomly changing frequen 
cies within said range, said energizing circuit means 
including means operatively connected to said con 
trol terminal for changing the instantaneous volt 
age level thereon, comprising a plurality of free 
running sweep oscillators, each having a different 
operating frequency and each including an output 
terminal, integrating circuit means operatively con 
nected to said output terminal and operable with 
said sweep oscillators running to produce a control 
voltage having a continuously randomly changing 
level, and means operatively interconnecting said 
circuit means and said control terminal for apply 
ing to the latter said control voltage. 

2. An electronic pest-control device comprising 
at least a pair of electrically energizable, changeable— 
frequency sources of ultrasonic waves, each opera 
ble when energized to generate such waves within 
a different range of frequencies, and 

circuit means operatively connected to said sources 
for energizing the same simultaneously in a manner 
causing the sources to generate waves which are 
characterized by continuously randomly changing 
frequencies within the respective ranges of the 
sources. 

3. The device of claim 2, wherein each source in 
cludes a control terminal the instantaneous voltage 
level on which determines the speci?c operating fre 
quency of the source, and said circuit means includes 
means operatively connected to said control terminals 
for changing such voltage levels thereon. 

4. The device of claim 3, wherein said means in said 
circuit means which is operatively connected to said 
control terminals comprises a plurality of free-running 
sweep oscillators each having a different operating fre 
quency and each including an output terminal, inte 
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6 
grating circuit means operatively connected to said 
output terminals and operable with said sweep oscilla 
tors running to produce a control voltage having a con 
tinuously randomly changing level, and means opera 
tively interconnecting said integrating circuit means 
and said control terminals for applying to the latter said 
control voltage. 

5. An electronic pest-control device comprising 
three electrically energizable changeable-frequency 
sources of ultrasonic waves, each operable when 
energized to generate such waves within a different 
range of frequencies, and 

circuit means operatively connected to said sources 
for energizing the same simultaneously in a manner 
causing the sources to generate waves which are 
characterized by continuously randomly changing 
frequencies within the respective ranges of the 
sources. 

6. The device of claim 5, wherein each source in 
cludes a control terminal the instantaneous voltage 
level on which determines the speci?c operating fre 
quency of the source, and said circuit means includes 
means operatively connected to said control terminals 
for changing such voltage levels thereon. 

7. The device of claim 6, wherein said means in said 
energizing circuit which is operatively connected to 
said control terminals comprises a plurality of free 
running sweep oscillators, each having a different oper 
ating frequency and each including an output terminal, 
integrating circuit means operatively connected to said 
output terminals and operable with said sweep oscilla 
tors running to produce a control voltage having a con 
tinuously randomly changing level, and means opera 
tively interconnecting said integrating circuit means 
and said control terminals for applying to the latter said 
control voltage. 

8. An electronic pest-control device comprising 
a plurality of electrically energizable ultrasonic trans 
ducers, each operable to produce ultrasonic waves 
within a different range of frequencies, 

for each transducer a driver oscillator circuit opera 
tively connected thereto and operable to drive the 
transducer for operation within the latter‘s said 
range, each driver oscillator circuit including a 
control terminal the instantaneous voltage level on 
which determines the specific operating frequency 
of the associated transducer, 

a plurality of free-running sweep oscillators, each 
having a different operating frequency and each 
including an output terminal, 

integrating circuit means operatively connected to 
said output terminals and operable with said sweep 
oscillators running to produce a control voltage 
having a continuously randomly changing level, 
and 

means operatively interconnecting said integrating 
circuit means and said control terminals for apply 
ing to the latter said control voltage. 
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