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TORPEDC ECHO STEERING SYSTEM
Harvey Brooks, Cambridge, Mass., assignor to the United
States of America as represented by the Secretary of
the Navy
Filed Ang. 3, 1951, Ser. No. 240,213
16 Clzims. (CL 114—23)

This invention relates generally to a system for steering
a torpedo or similar device and more particularly to an
acoustically steered mechanism which is actuated in re-
sponse to an echo from a target as distinguished from a
device which relies on target noise for its operation. ’

In prior art homing devices it has been well known to
provide acoustic responsive devices which would receive
noise from the propellers or other sound sources on a
target vessel and utilize this received energy to orient the
path of travel of the device in the direction from which
the sound is received. Such devices have not been com-
pletely satisfactory in that they are susceptible to extrane-
ous sounds such as decoy action and experience difficulty
in homing on a quiet target such as a slowly moving sub-
marine.

The present invention overcomes these disadvantages of
prior art devices by providing a homing device which de-
tects the presence of an object by echo-ranging means.
The device of the present invention operates by transmit-
ting energy intermittently into the water and between
transmission periods receiving echo signals which are com-
pared for horizontal and vertical guidance by split-lobe
steering characteristics of the receiver.

The system of the present invention employs circuits
which provide guidance only when echoes are received
from a moving target and prevent unwanted signals such
as those due to reverberation and noise from affecting the
operation of the device. Provision is further made for
compensation of the apparent doppler change due to the
variations in the speed of the device itself and further
circuits provide for a systematic search pattern through-
out the space in which the device is orientated at any time
during an attack in which no suitable echo signal is re-
ceived from a desirable target.

An object of this invention is to provide a new and im-
proved echo-steering system for a torpedo or similar de-
vice.

Another object of the invention is to provide an echo-
steering system for a torpedo or similar device in which
two dimensional guidance is derived from an echo from
a target which is in motion relative to the water or other
medium in which the device operates.

A further object of this invention is to provide an echo-
steering system for a torpedo or similar device which is
insensitive to noise or reverberation or echoes from sta-
tionary objects.

Another object of this invention is to provide an echo-
steering system for a torpedo or similar device, which,
whex placed in operation, systematically searches through-
out a predetermined space for a moving target and which,
having received an echo from such a target, interrupts
its searching procedure and utilizes information contained
in the initial and succeeding target echoes to direct its
course in the direction of the target.

A further object of this invention is to provide a guided
device which when the reception of suitable signals is in-
terrupted for any reason during an attack the device re-
sumes a systematic searching procedure in an effort to
recover reception of suitable signals.

Other objects and many of the attendant advantages of
this invention will be readily appreciated as the same be-
comes better understood by reference to the following de-
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tailed description when considered in connection with
the accompanying drawings wherein:

FIG. 1 is a block diagram of a portion of the system
including the transmitter and transducer;

FIG. 2 is a block diagram of an intermediate portion
of the system;

FIG. 3 is a block diagram of the final portion of the
system which includes the controlled elements; and

FIG. 4 is a view showing the arrangements of FIGS.
1, 2 and 3 to obtain a complete block diagram of the
system.

Referring now to the drawings, the invention will be
described with reference to FIGS. 1, 2 and 3 as arranged
according to FIG. 4. The circuits described are incor-
porated within a suitable self-propelled body such, for
example, as a torpedo together with an explosive charge
which may be detonated by suitable contact or by infiu-
ence with the target and which may be launched into the
water when the presence of a target submarine is sus-
pected. The device may be launched from an airplane
or, if suitable hydrostatic controls and a limited upward
aspect search pattern are provided to prevent homing on
a surface target, it may be launched from a surface ves-
sel. The operative voltages are applied to the circuits
by suitable arming means and a search of the surrounding
medium is initiated by the echo-ranging system of the
present invention.

A transmitter 11 generates pulses of alternating current
at a suitable transmission frequency such, for example, as
60 kc. The pulse repetition rate of the transmitter is con-
trolled by pulses provided by a suitable pulse generator
12 which, in addition, generates synchronized positive and
negative pulses which are applied to other elements of
the acoustic control system in a manner hereinafter de-
scribed. Pulses of alternating current generated by the
transmitter are applied to input circuits 13, and thence
to an electro-acoustic transducer 14, so that pulses of
acoustic energy are radiated at predetermined intervals.

The time intervals separating transmissions are known
as listening periods. During such listening periods acous-
tic energy incident upon the transducer 14 comprises re-
verberation and echoes, the former of a predominant fre-
quency differing from the transmission frequency by an
amount which depends upon the speed of the torpedo and
which amount is designated as own doppler, and the latter
of a frequency which differs from the predominant fre-
quency of reverberation by an amount known as target
doppler. The amount of target doppler deviation from
the predominant frequency depends upon the speed and
course of the reflecting object and which amount is zero
for objects at rest. The predominant frequency of rever-
beration is herein designated as signal frequency.

The acoustic energy incident upon transducer 14 fol-
lowing transmission produces alternating voltages at the
output terminals of the transducer, the frequencies of
which are equal to the frequency of the incident energy.
The phase and amplitude relations among these output
voltages are a ineasure of the direction from which the
incident energy arrives when applied to the input circuits
13 which are arranged in the novel manner described and
claimed in the copending application of Harvey Brooks
for a Balanced Input Circuit for an Echo Ranging Re-
ceiver, Serial No. 263,807, filed December 28, 1951.
U.S. Patent 2,524,180 to O.H. Schuck shows an example
of a conventional device for determining the direction
of arrival of incident energy which may also be used.

By means of input circuits 13, five cutput voltages
designated by right, left, up, down and center are pro-
duced. Each of these five voltages is of a frequency
equal to the frequency of the energy incident upon the
transducer and the arrangement of the input circuits is
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such that the amplitudes of the right, left, up and down
voltages produced by an echo from a target are a measure
of the target bearing in azimuth and depth. In particu-
lar, the algebraic difference between the amplitudes of
the right and left ‘voltages is a measure of the target
bearing in azimuth and the algebraic difference between
the amplitudes of the up and down voltages is 2 measure
of the target location in depth. The amplitude of the
center voltage depends in part on the intensity of the
energy incident upon the transducer.

The right, left, up and down voltages are applied re-
spectively to the modulators 21, 22, 23 and 24, respec-
tively, which modulate these applied voltages by phased
voltages of suitable frequency, say 1 kc., which are pro-
vided by the modulating oscillator and amplifier 25. The
output voltages provided by modulators 21, 22, 23 and
24 are combined, and the manner of operation of the
modulators is such that the amplitude and phase of the
modulation envelope of the combined output is a measure
of the relative. amplitudes of the right, left, up and down
voltages.

The combined output of the modulators 21, 22, 23
and 24 is applied to a band pass filter 26 the pass band
of which includes the signal frequency plus and minus an
amount equal to the maximum frequency deviation ex-
pected from target doppler plus the frequency of the
modulating voltages.

The output of the band pass filter 26 is applied to an
amplifier 27 which is a broad band amplifier and which
may be of conventional design.

Also applied to amplifier 27 is a voltage derived from
the center voltage 19 by the action of a frequency con-
verter. The circuits effecting frequency conversion em-
ploy a mixer 28 and a local oscillator 28 of conventional
design and frequency of, say, 53 kc. such that the fre-
quency of the derived voltage is equal to the difference
between the frequencies of the local oscillator voltage
and the center voltage 192, while the amplitude of the
derived voltage is proportional to the amplitude of the
center voltage. The frequency of the derived voltage is
herein called the reduced signal frequency and may be,
for example, 7 kec. Moreover, the reduced signal fre-
quency may be controlled by varying the frequency of
the local oscillator 29 through the use of a variable re-
actance tube 31 and a frequency discriminator 58 in a
manner hereinafter described,

A band pass filter 32 interposed between the mixer 28
and the input to amplifier 27 allows voltages at reduced
signal frequency to pass, but attenuates voltages at other
frequencies which also are present due to non-linear action
of the mixer.

The amplifier 27 preferably has its gain reduced to
zero during those time intervals when the transmitter
is applying energy to the transducer. Such gain reduc-
tion may be effected by application to one or more grids
of the amplifier tubes of a blanking pulse provided by
the pulse generator 12 and synchronized with the pulses
which are used to key the transmitter 11,

Also associated with amplifier 27 are circuits which
provide automatic control of gain in a manner designed
to reduce the gain of the amplifier by an amount pro-
portional to the intensity of the reverberation incident
upon the transducer. Such automatic control of gain
may be provided by an AVC rectifier 33 and an AVC
charge-discharge circuit 34. Said automatic control of
gain may, however, be of any type which tends to main-
tain constant the amplitude of those components of am-
plifier output voltage that are due to the incidence of
reverberation on the transducer, and may alternatively
be of a type in which the gain of the amplifier is varied
according to a predetermined function of time which is
inversely related to the amplitude of a typical reverbera-
tion signal. In this case gain control may be provided
by a voltage developed in the pulse generator 12 and
applied to the amplifier by connections therebetween.
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Regardless of the means by which automatic control
of gain is provided, the gain control should not respond
immediately to the initial blast of high intensity reverbera-
tion which immediately follows transmission, but should
have a finite response time during which the amplitude
of the reverberation signal at the output of the amplifier
27 is much larger than the constant amplitude imposed
by the gain control system during the remainder of the
listening period. The finite response time of the auto-
matic gain control system is herein called the reverbera-
tion sampling time. The gain control after the reverbera-
tion sampling time should respond to the average value
of the background level in the conventional manner in
order that the short duration echo signals may be am-
plified and not appreciably reduce the gain to prevent
their appearance at the output of amplifier 27.

The output of amplifier 27 is applied to the inputs of
amplifiers 36 and 37. The outputs of amplifiers 36 and
37 are respectively applied to band pass filters 38 and
39, the former of which has frequency transmission char-
acteristics similar to band pass filter 26 and the latter
of which has frequency transmission characteristics simi-
lar to band pass filter 32. It will be appreciated at this
point that the voltage at the output of band pass filter
39 is a voltage at reduced signal frequency; that said
voltage is an amplifier replica of the voltage at the output
of band pass filter 32; that the amplitude of said voltage
is substantially constant except during the reception of
an echo the intensity of which is greater than the intensity
of concurrent reverberation, and except during the rever-
beration sampling time at which time the amplitude is
very large.

The amplifier 36 is designed to act both as an amplifier
and an electronic switch; that is, it is normally noncon-
ducting because of a large negative bias but in the pres-
ence of a doppler enabling pulse which sufficiently re-
duces the negative bias it functions as a conventional
amplifier.  Moreover, the operation of elements herein-
after described is such that a doppler enabling pulse is
applied to the amplifier 36 only at such times as an
echo is being received, and only in the event that the
intensity of said echo is greater by a predetermined
amount than the intensity of concurrent reverberation,
and only in the event that the target doppler characteriz-
ing such echo is greater than a predetermined amount,
and only in the event that the duration of said echo is
greater than a predetermined length of time.

It will be further appreciated due to the circuits for
deriving the doppler enabling pulse to be hereinafter de-
scribed that the voltage appearing at the output of band
pass filter 38 is zero except during the reception of an
echo having all of the predetermined characteristics
enumerated above; that during the reception of such an
echo said voltage is a modulated signal, the modulation
envelope of which is related as hereinbefore described in
phase and amplitude to the direction from which the
acoustic energy of the echo arrives at the transducer 14.

The output of band pass filter 38 is applied to demodu-
lator 41, the output of which is a voltage identical to the
modulation envelope of the voltage applied to the de-
modulator.

The output of demodulator 41 is applied to amplifier
42, which may be an amplifier of conventional design.

The output of amplifier 42 is applied to band pass filter
43 which is designed to pass voltages of a frequency equal
to that of the modulating voltage developed by the modu-
lating oscillator and amplifier 25, but which is designed
to attenuate voltages of other frequencies.

The output of band pass filter 43 is applied to an
azimuth phase sensitive detector 44 and to a depth phase
sensitive detector 45, which phase sensitive detectors
are preferably of a type disclosed in the aforementioned
patent application for a Four Channel Amplifier. To
phase sensitive detectors 44 and 45 are also applied volt-
ages which are provided by the modulating oscillator and
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amplifier and which are of the same frequency as the
modulating voltages applied to modulators 21, 22, 23,
and 24, The characteristics of phase sensitive detectors
44 and 45 and modulators 21, 22, 23 and 24 are such
that the output voltage of phase sensitive detector 45 is
proportional to the algebraic difference between the am-
plitudes of the up and down voltages provided by the
input circuits 13, and the output of phase sensitive de-
tector 44 is proportional to the algebraic difference be-
tween the amplitudes of the right and left voltages pro-
vided by the input circuits 13 all in accordance with the
teaching of the aforementioned patent application for a
Four Channel Amplifier.

The output of phase sensitive detector 44 is applied
to a contact 65 on transfer relay 46 and, provided this
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relay is energized, is applied to an azimuth steering am-.. .

plifier 47 the output of which actuates an azimuth steer-
ing relay 48.

The steering relay 48 which may be one of a variety
of relays employed in conventional electronically ac-
tuated relay circuits controls a steering motor 49 or
similar device for positioning the azimuth steering rud-
ders 51 of the torpedo. Moreover, the arrangement of
the azimuth steering amplifier 47 and azimuth steering
relay 48 is such that a voltage output of phase sensitive
detector 44 of short duration will cause the torpedo to
turn in azimuth in a direction toward the target which
produced. this voltage and continue to turn in this direc-
tion, even after the voltage ouiput of phase sensitive
detector 44 has disappeared, until such time as phase
sensitive detector 44 again provides an azimuth steering
voltage.

The output of phase sensitive detector 45 is applied to
a contact 66 on tranmsfer relay 46 and, provided this
relay is energized, is applied to a depth steering amplifier
52 the output of which actuates a depth steering relay 53.

The relay 53 which may be one of a variety of relays
employed in conventional electronically actuated . relay
circuits controls a steering motor 54 or similar device for
positioning the depth steering rudders 55 of the torpedo.
The arrangement of the depth steering amplifier 52 and
the depth steering relay 53 is such that a voltage output
of phase sensitive detector 45 of short duration will
cause the torpedo to turn in depth in a direction toward
the target which caused this voltage and continue to
turn in this direction, even after the voltage output of
phase sensitive detector 45 has disappeared, until such
time as phase sensitive dstector 45 again provides a
depth steering voltage.

It will be appreciated at this point that the output of
band pass filter 38 differs from zero only during such
times as an echo of predetermined characteristics is being
received; that the output of band pass filter 38 is utilized
to guide the torpedo in azimuth and depth in the direction
from which an echo arrives; that the output of band pass
filter 38 is so used only in the event that a transfer relay
46 is euergized.

The output of band pess filter 39 is applied to an am-
plitude gate 56 which is preferably of a type described
in the patent applicaticn of A. N. Butz, Jr. and H. Brooks
for an Echo Ranging Torpedo, Ser. No. 305,432 filed
August 20, 1952, The characteristics of this circuit are
similar to that of conventional gated amplifiers well
known in the art such that its output voltage is zero
when the amplitude of the applied voltage is less than a
predetermined value and which has further characteristics
such that its output voltage is an amplified replica of the
applied voltage when the amplitude of the applied volt-
age is greater than said predetermined value thereby actu-
ating the gate. The predetermined amplitude of applied
voltage required to actuate the amplitude gate 56 is prefer-
ably selected through comnsideration of the characteristics
of the automatic gain control circuits associated with
common amplifier 27. Said predetermined value is pref-
erably selected such that signals which represent rever-
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beration do not actuate the amplitude gate except during
the reverberation sampling period, but such that signals
of amplitude slightly greater than the amplitude of con-
current reverberation do actuate the amplitude gate.

The output of amplitude gate 56 is applied to a limiter
57 which is an amplifier having characteristics such that
the maximum possible output voltage is produced when
the voltage applied to the amplitude gate 56 is just suffi-
cient to make said amplitude gate conductive.

The output of limiter 57 is applied to a discriminator
58 which may be of conventional design and which pro-
vides an output voltage the instantaneous value of which
is proportional to the algebraic difference between the fre-
quency of the applied voltage and the characteristic fre-
quency of the circuits of the discriminator, said output
voltage being zero. when the two frequencies are equal.

The voltage output of the frequency discriminator 58
is applied to other circuits of the acoustic control system
in two ways as follows: (1) During the reverberation
sampling period the output voltage is connected through
an Own Dopple Nullifier (ODN) relay 59 to the variable
reactance tube 31 which is associated with the local oscil-
lator 22 and which is described above. During this time
interval the discriminator voltage modifies the frequency
of the local oscillator 29 in such a way as to make the
reduced signal frequency equal to the characteristic fre-
quency of the discriminator, thereby reducing the output
voltage of the discriminator to zero. The proper opera-
tion of the ODN relay 59 is accomplished by applying to
it a voltage pulse provided by the pulse generator 12 such
that the relay is closed during the reverberation sampling
period. The resultant effect of this action, known as own
doppler nuilification, is to make the reverberation signal
at reduced signal frequency equal to the characteristic fre-
quency of the discriminator regardless of variations of
own doppler resulting from variations in the speed of the
torpedo. Moreover, the time constants of the reactance
tube circuit are long compared to the intervals between
successive transmissions, thereby causing the frequency
adjustment of the local oscillator to persist throughout the
remainder of the listening period. (2) The output volt-
age of the discriminator 58 is applied to a doppler gate
61 which is preferably of a type described in the afore-
mentioned patent application for a Doppler Discrimina-
tor Circuit. The characteristics of the doppler gate are
such that its output voltage is of constant polarity regard-
less of the polarity of the voltage provided by the dis-
criminator and is of zero magnitude if the discriminator
voltage is less than a predetermined threshold value. Ex-
cept for the unipolarity of the output voltage of 61 it is
approximately an amplified replica of the voltage output
of the discriminator if the voltage output thereof is great-
er than the threshold value of the doppler gate, and is
maintained greater than the threshold value for more
than some predetermined length of time. Because the
voltage provided by the discriminator is proportional to
the difference between the reduced signal frequency and
the characteristic frequency of the discriminator, and be-
cause own doppler nullification maintains this frequency
difference zero except during the reception of an echo
from a moving target, in which case the frequency differ-
ence depends upon the speed and aspect of the target, it is
convenient to express the threshold voltage required to ob-
tain an output from the doppler gate in terms of target
speed in knots. Thus, a characteristic of the doppler gate
is that a signal representing an echo from a target causes
a voltage output only if the velocity component of the
target in the direction of the forpedo exceeds a predeter-
mined value. The voltage output of doppler gate 61 is
herein called the doppler enabling pulse.

The doppler enabling pulse is applied to the amplifier
36 in the manner hereinbefore described and allows am-
plifier 36 to supply steering signals to the rudder actuating
mechanisms only when such signals are derived from an
echo representing a target moving with a velocity com-
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ponent greater than a minimum predetermined value, If
during the reverberation sampling time the output volt-
age of the discriminator 58 supplying the doppler gate 61
should exceed the threshold voltage necessary for the
generation of a doppler enabling pulse, a doppler enabling
pulse would be generated even though no target echo is
being received. To circumvent this possibility the thresh-
old of the doppler gate expressed in knots is preferably
adjusted to a value greater than the expected change in
torpedo speed from one transmission to the next.

The doppler enabling pulse is applied to the input ter-
minals of amplifier 62 and the amplifier responds to the
presence of a doppler enabling pulse by energizing the
transfer relay 46, thereby establishing acoustic control.
Moreover, the time constants of the transfer amplifier 62
and the transfer relay 46 are long compared to the time
intervals separating successive transmissions with the re-
sult that the transfer relay remains actuated so long as
doppler enabling pulses. are received at regular intervals.

Actuation of the transfer relay 46 causes the acoustic
steering signals provided by phase sensitive dectectors
44 and 45 to be applied to the steering amplifiers 47 and
52 via contacts 65 and 66 thereby making the acoustic
control system operative. When not actuated the relay
46 serves to connect the steering amplifiers 47 and 52
to some other source of electrical control signals desig-
nated on FIG. 3 as searching controls 63 and 64.

The searching controls 63 and 64 together with the
steering amplifiers 47 and 52 and the steering relays 48
and 53 and the steering motors 4% and 54 are utilized to
steer the torpedo in the absence of echoes from a moving
target. The searching controls may be of any suitable
design, such for example as the conventional gyroscopic
steering device disclosed in U.S. Patent 1,121,563 to X. O.
Leon dated December 15, 1914, but should preferably be
such, as to provide a suitable searching pattern for ex-
ample, a downwardly expanding helix to enhance the
probability that the torpedo upon being launched will
sooner or later be oriented toward a target. In the event
that the torpedo becomes so oriented and receives an
echo which produces a doppler enabling pulse, the trans-
fer relay 46 will operate and the acoustic control system
will guide the torpedo toward the target under the control
of the circuits operating in the manner set forth.

Obviously many modifications and variations of the
present invention are possible in the light of the above
teachings. For example, the slide bars can readily be re-
placed with a U-shaped armature pivoted at the bight of
the U and moved from one side to the other by a sole-
noid control against the tension of a centering spring.
It is therefore to be understood that within the scope of
the appended claims the invention may be practiced other-
wise than as specifically described.

What is claimed as new and desired to be secured by
Letters Patent of the United States of America is:

1. In a target-locating system, in combination: trans-
mitter means for generating and projecting target-search
radiant energy of substantially fixed frequency into a
region which may encompass a moving target; a receiver,
including transducer means having a directional response
characteristic extending along a reference axis, for trans-
lating resultant reflected radiant energy to a single chan-
nel signal and to multi-channel signals, each of said single-
channel and multi-channel signals comprising a spurious
background component at a first frequency and, when a
target is encountered by said target-search radiant energy,
further comprising a target-echo at a second frequency
differing from said first frequency by a Doppler-shift
corresponding to the velocity of said target, the target-
echoes in the multi-channel signals having relative char-
acteristics corresponding to departure of target-direction
from said reference axis; a first circuit comprising means
for converting said single-channel signal to a heterodyned
signal, and discriminator means having a characteristic
center-frequency equal to the resultant heterodyned first
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frequency of said spuricus component, and operating to
convert the resultant heterodyned target-echo to an en-
abling voltage of magnitude corresponding to said Dop-
pler-shift; and a second circuit, controlled by said en-
abling voltage to be operative only in time-coincidence
therewith and when it exceeds a predetermined threshold
magnitude, for deriving, from coincident target-echoes in
said multi-channel signals, output signals having polarity
corresponding to the sense of said departure of target di-
rection.

2. In a target-locating system, in combination: trams-
mitier means for generating and projecting target-search
radiant energy pulses, of substantially fixed frequency
and at repetitive instants separated by listening periods,
into a region which may encompass a moving target, said
pulses being of short duration relative to said listening
periods; a receiver, including transducer means having a
directional response characteristic extending along-a ref-
erence axis, for translating resultant reflected radiant en-
ergy to a single-channel signal and to multi-channel sig-
nals, each of said single-channel and multi-channel sig-
nals comprising a spurious background component at a
first frequency and, in each listening period wherein a tar-

get is encountered by a search-pulse, further comprising -

a discrete pulse-echo at a second frequency differing
from said first frequency by a Doppler-shift corresponding
to the velocity of said target, the pulse-echoes in the multi-
channel signals having relative characteristics correspond-
ing to departure of target direction from said reference
axis; a first circuit comprising means for converting said
single-channel signal to a heterodyned signal, and dis-
criminator means having a characteristic center-frequency
equal to the resultant heterodyned first frequency of said
spurious component, and operating to convert the resuli-
ant heterodyned pulse-echo to an enabling pulse of mag-
nitude corresponding to said Doppler-shift; and a second
circuit, controlled by said enabling pulse to be operative
only in time-coincidence with said pulse-echoes and when
it exceeds a predetermined threshold magnitude, for de-
riving, from coincident pulse-echoes in said multi-channel
signals, output signals having polarity corresponding to
the sense of said departure of target direction.

3. In a target-locating system, in combination: trans-
mitter means for generating and projecting target-search
acoustic energy pulses, of substantially fixed frequency
and at repetitive instants separated by listening periods,
into an underwater region which may encompass a mov-
ing target, said pulses being of short duration relative to
said listening periods; a receiver, including transducer
means having a directional response characteristic ex-
tending along a reference axis, for translating resultant
reflected acoustic energy to a single-channel signal and
to multi-channel signals, each of said single-channel and
multi-channel signals comprising reverberation at a first
frequency and, in each listening period wherein a target
is encountered by a search-pulse, further comprising a
discrete pulse-echo at a second frequency differing from
said first frequency by a Doppler-shift corresponding to
the velocity of said target, the pulse-echoes in the multi-
channel signals having relative characteristics correspond-
ing to departure of target direction from said reference
axis; a first circuit comprising means for converting said
single-channel signal to a heterodyned signal, and dis-
criminator means having a characteristic center-frequency
equal to the resultant heterodyned first frequency of said
reverberation, and operating to convert the resultant het-
erodyned pulse-echo to an enmabling pulse of magnitude
corresponding to said Doppler-shift; and a second circuit,
controlied by said enabling pulse to be operative only in
time-coincidence with said pulse-echoes and when it ex-
ceeds a predetermined threshold magnitude, for deriving,
from coincident pulse-echoes in said multi-channel sig-
nals, output signals having polarity corresponding to the
sense of said departure of target direction.

4. In a target-locating system, in combination: trans-
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mitter means for generating and projecting target-search
acoustic energy pulses, of substantially fixed frequency
and at repetitive instants separated by listening periods,
into an underwater region which may encompass a mov-
ing target, said pulses being of short duration relative to
said listening periods; a receiver, including transducer
means having a directional response characteristic extend-
ing along a reference axis, for translating resultant re-
flected acoustic energy to a first single-channel signal and
to multi-channel signals, each of said first single-channel
and multi-channel signals comprising reverberations at
a first frequency and, in each listening period wherein a
target is encountered by a search-pulse, further compris-
ing a discrete pulse-echo at a second frequency differing
from said first frequency by a Doppler-shift correspond-
ing to the velocity of said target, the pulse-echo in the
multi-channel signals having relative characteristics cor-
responding to departure of target direction from said
reference axis; means for converting said multi-channel
signals to a second single-channel signal wherein the pulse
echo carries target direction information; means for con-
verting said first single-channel signal to a heterodyned
signal; common amplifier means for said heterodyned sig-
nal and said second single-channel signal; a first circuit
including discriminator means having a characteristic
center-frequency equal to the heterodyned first frequency
of said reverberation, and operating upon the amplified
heterodyned signal to convert the pulse-echo. therein to
an enabling pulse of magnitude corresponding to said
Doppler-shift; and a second circuit, controlled by said en-
abling pulse to be operative only in time-coincidence with
said pulse-echo and when said pulse exceeds a prede-
termined threshold magnitude corresponding to a pre-
determined Doppler-shift, for deriving, from the coincident
puise-echo in said second single-channel signal, output sig-
nals having polarity corresponding to the sense of said
departure of target direction.

5. In a combination as defined in claim 4, wherein the
intensity of said reverberation in each listening period is
initially high immediately following transmission of a
search pulse and decreases substantially in accordance
with an exponentially-decaying amplitude curve, automatic
control means for increasing the gain of said common
amplifier means, as said reverberation intensity decreases
during each listening period, to a varying maximum value
consistent with maintaining the level of amplified reverbe-
ration below a threshold value which would result in
spurious enabling pulses.

6. In a missile, in combination: transmitter means for
generating and projecting target-search radiant energy of
substantially fixed frequency into a region which may en-
compass a moving target; a receiver, including transducer
means having a directional response characteristic extend-
ing along a reference axis, for translating resultant re-
flected radiant energy to a single-channel signal and to
multi-channel signals, each of said single-channel and
multi-channel sigpals comprising a spurious background
component at a first frequency and, when a target is en-
countered by said target-search radiant energy, further
comprising a target-echo at a second frequency differing
from said first frequency by a Doppler-shift corresponding
to the velocity of said target, the target-echoes in the
multi-channel signals having relative characteristics cor-
responding to departure of target direction from said
reference axis; a first circuit comprising means for con-
verting said single-channel signal to a heterodyned signal,
and discriminator means having a characteristic center-
frequency equal to the resultant heterodyned first fre-
quency of said spurious component, and operating to con-
vert the resultant heterodyned target-echo to an enabling
voltage of magnitude corresponding to said Doppler-shift;
a second circuit, controlled by said enabling voltage to
be operative only in time-coincidence therewith and when
it exceeds a predetermined theshold magnitude, for deriv-
ing, from coincident target-echoes in said multi-channel

10

15

20

30

35

40

45

50

55

60

65

70

75

10

signals, oufput signals having polarity corresponding to
the sense of said departure of target direction; and missile
steering gear responsive to said output signals to effect
homing action of said missile toward said target.

7. In a missile, in combination: transmitter means for
generating and projecting target-search radiant energy
pulses, of substantially fixed frequency and at repetitive
instants separated by listening periods, into a region which
may encompass a moving target, said pulses being of
short duration relative to said listening periods; a receiver,
including transducer means having a directional response
characteristic extending along a reference axis, for trans-
lating resultant reflected radiant energy to a single-chan-
nel signal and to multi-channel signals, each of said
single-channel and multi-channel signals comprising a
spurious background component at a first frequency and,
in each listening period wherein a target is encountered
by a search-pulse, further comprising a discrete pulse-
echo at a second frequency differing from said first fre-
quency by a Doppler-shift corresponding to the velocity
of said target, the pulse-echoes in the multi-channel sig-
nals having relative characteristics corresponding to de-
parture of target direction from said reference axis; a
first circuit comprising means for converting said single-
channel signal to a heterodyned signal, and discriminator
means having a characteristic center-frequency equal to
the resultant heterodyned first frequency of said spurious
component, and operating to convert the resultant heter-
odyned pulseecho to an enabling pulse of magnitude
corresponding to said Doppler-shift; a second circuit, con-
trolled by said enabling pulse to be operative only in time-
coincidence with said pulse-echoes and when it exceeds a
predetermined threshold magnitude, for deriving, from
coincident pulse-echoes in said multi-channel signals, out-
put signals having polarity corresponding to the sense of
said departure of target direction; and missile steering
gear responsive to said output signals to effect homing
action of said missile toward said target.

8. In a search and homing torpedo, in combination:
transmitter means for generating and projecting target-
search acoustic energy pulses, of substantially fixed fre-
quency and at repetitive instants separated by listening
periods, into an underwater region which may encom-
pass a moving target, said pulses being of short duration
relative to said listening periods; a receiver, including
transducer means having a directional response charac-
teristic extending along a reference axis, for translating
resultant reflected acoustic energy to a single-channel sig-
nal and to multi-channel signals, each of said single-
channel and multi-channel signals comprising reverbera-
tion at a first frequency and, in each listening period
wherein a target is encountered by a search-pulse, further
comprising a discrete pulse-echo at a second frequency
differing from said first frequency by a Doppler-shift cor-
responding to the velocity of said target, the pulse-echoes
in the multi-channel signals having relative character-
istics corresponding to departure of target direction from
said reference axis; a first circuit comprising means for
converting said single-channel signal to a heterodyned
signal, and discriminator means having a characteristic
center-frequency equal to the resultant heterodyned first
frequency of said reverberation, and operating to convert
the resultant heterodyned pulse-echo to an enabling pulse
of magnitude corresponding to said Doppler-shift; a sec-
ond circuit, controtled by said enabling pulse to be oper-
ative only in time-coincidence with said pulse-echoes and
when it exceeds a predetermined threshold magnitude,
for deriving, from coincident pulse-echoes in said multi-
channel signals, output signals having polarity correspond-
ing to the sense of said departure of target direction; and
torpedo steering gear responsive to said output signals to
effect homing action of said torpedo toward said target.

9. In a search and homing torpedo, in combination:
transmitter means for generating and projecting target-
search acoustitc energy pulses, of substantially fixed fre-
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quency and at repetitive instants separated by listening
periods, into an underwater region which may encompass
a moving target, said pulses being of short duration rela-
tive to said listening periods; a receiver, including trans-
ducer means having a directional response characteristic
extending along a reference axis, for translating resultant
reflected acoustic energy to a first single-chanmnel signal
and to multi-channel signals, each of said first single-
channel and multi-channel signals comprising reverbera-
tion at a first frequency and, in each listening period
wherein a target is encountered by a search-pulse, further
comprising a discrete pulse-echo at a second frequency
differing from said first frequency by a Doppler-shift cor-
responding to the velocity of said target, the pulse-ccho
in the multi-channel! signals having relative characteristics
corresponding to departure of target direction from said
reference axis; means for converting said multi-channel
signals to a second single-channel signal wherein the pulse
echo carries target direction information; means for con-
verting said first single-channel signal to a heterodyned
signal; common amplifier means for said heterodyned
signal and said second single-channel signal; a first circuit
including discriminator means having a characteristic
center-frequency equal to the heterodyned first frequency
of said reverberation, and operating upon the amplified
heterodyned signal to convert the pulse-echo therein to
an enabling pulse of magnitude corresponding to said
Doppler-shift; a second circuit, controlled by said en-
abling pulse to be operative only in time-coincidence with
said pulse-echo and when said pulse exceeds a predeter-
mined threshold magnitude corresponding to a predeter-
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mined Doppler-shift, for deriving, from the coincident
pulse-echo in said second single-channel signal, output
signals having polarity corresponding to the sense of said
departure of target direction; and torpedo steering gear
responsive to said output signals to effect homing action
of said torpedo toward said target.

10. In a search and homing torpedo combination as
defined in claim 9, wherein the intensity of said reverber-
ation in each listening period is initially high immediately
following transmission of a search pulse and decreases
substantially in accordance with an exponentially-decay-
ing amplitude curve, automatic control means for in-
creasing the gain of said common amplifier means, as
said reverberation intensity decreases during each listen-
ing period, to a varying maximum value consistent with
maintaining the level of amplified reverberation below a
threshold value which would result in spurious enabling
pulses.
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