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UNITED STATES PATENT OFFICE 
2,592,738 

ELECTRONICALLY CONTROLLED LOW M 
... PEDANCE FHASE SHIFTNG DEVICE . 

Stanley R. Rieh, Cambridge, Mass, assignor to 
the United States of America as represented by 
the Secretary of the Navy 

Application September 19, 1945, Seria No. 61,36 

(C. 7-386) 4. Claims. 

This invention relates to means to control the 
phase shift in a transmission line or similar net 
Work and is particularly directed to a circuit 
which enables the use of varistors as low imped 
ance Wariable reactance control elements. 
The invention is of general application but 

Will be described in the following Specification 
in its specific aspect which adapts it to an 
electronically rotated 
sound echo ranging or “scanning Sonar' sys 
tem. 

For the purpose of this disclosure it is neces 
Sary to understand the essentials of a Scanning 
Sonar System only to the extent that the Systern 
employs a transducer from which an omnidirec 
tional sound pulse is periodically emitted, echoes 
from the sound pulses being picked up by the 
transducer acting as a multi-element receiving 
microphone the elements of which are scanned 
at intervals less than the pulse length. Scan 
ning is accomplished in one form of the elec 
tronic rotation system by so biasing Varistors a S 
sociated in the receiving circuit of each trans-- 
ducer element as to permit the paSSage of Cir 
rent from successive transducer elements into 
the rest of the receiver system. 
A switching line is used in the preferred form 

by which a pulse started down the line biases 
each varistor in turn, thus in effect, rotating a 
beam of sensitivity around the transducer the 
frequency being determined, of course, by the 
electrical ength of the switching line. AS Soon 
as a pulse reaches the end of the line a new 
pulse is put into the beginning So that the rota 
tion is continuous at the Switching frequency 
which is preferably at least 200 cycles per Second. 
While it is possible to scan each transducer 

element in turn and as a unit, a much higher 
output and hence better system sensitivity can 
be attained by combining the outputs of a 
plurality of transducer elements. Since the 
transducer is generally of essentially cylindrical 
shape and a returning wave front is essentially 
plane there is a time difference between the 
instant when a given sound Wave strikes one 
element and the instant when the Sane WaWe 
strikes successive pairs on either side of that 
element. Thus if the signals from the side pairs 
can be led in phase they can be made to add to 
the signal from the center element So that the 
transducer, in effect, operates as though it had 
a flat face containing all of the elements then 
conducting. In the electronic rotation scanning 
system, a permanently connected lead line is 
used to give the desired results. - 

In order to activate a number of receiving 
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circuits simultaneously it is only necessary to 
broaden the pulse in the switching line So that 
several varistor elements have imposed on then 
sufficient voltage to render then conductive. If 
the switching pulse varies in amplitude from be 
ginning to end, as will be the case if the pulse is 
the clipped peak of a sine wave, the activated 
varistors will have different voltages impressed 
so that they are in progressively increasing and 
then progressively decreasing stages of conduc 
tivity as a pulse passes down the line. Thus the 
signal contribution from the far side pairs is 
much less than the contribution froia the in 
stantaneous center element, the contribution in 
creasing as the center element is approached. 
The receiving pattern thus includes a properly 
weighted Sample from the activated tiranSciucer 
elements shifted in phase to approximate phase 
coincidence. This approximation is not as close 
as is desirable, however. 

It will be apparent from the geometry Cf the 
transducer-wave front Systein that the phase 
shift required to bring signals in the first side 
pair of elements into phase coincidence with the 
center element is much less than that required 
to bring the signals in the second side pair into 
coincidence, and that successive pairs require 
greater phase shift. Thus, either a compromise 
must be effected and slightly out of phase Sig 
nals tolerated if a constant phase shift lead line 
is used, or some means must be provided where 
by the lead line characteristics are varied with 
pattern rotation. 

It is the primary object of the present inven 
tion to provide means to vary the phase shift 
characteristics of a phase shifting network in 
accordance with the amplitude of an applied bias 
Woltage. 

Another object of the invention is to provide 
a low impedance means to vary the phase shift 
characteristics of a phase, shifting network in 
accordance with the amplitude of an applied bias 
Woltage. 

Still another object of the invention is to pro 
vide a circuit wherein low impedance elements, 
such as varistors, can be utilized as reactors, so 
that the over all phase shift in the circuit is 
dependent on the bias voltage across the varistor. 
Other objects and advantages of the in Velation 

will become apparent from the following detailed 
description of one application of the invention, 
reference being had to the accompanying dra W 
ings in Which: 

Fig. 1 is a circuit diagram illustrating the 
55 principles of the invention. 
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Fig. 2 is a diagrammatic illustration of One 
specific application of the invention. 

Fig. 3 is a curve illustrating varistor character 
istics. 

Referring to Fig. 1 of the drawings, the inven 
tion is shown in its general application to con 
trol the phase and magnitude of the voltage be 
tween two terminals A and B. As there indi 
cated, a generator G having an internal resist 
ance Ro is disposed in series with a load RL. If 
there were no other devices connected in the cir 
cuit a particular voltage Eo Would appear between 
A and B. 
A varistor i0 is inserted in the circuit and a por 

tion of the current flowing through the load RL, 
is amplified in an amplifier 2. The output of the 
amplifier is taken through a phase shifting means 
f4 back to the generator circuit in parallel With 
the generator. The phase shifting means may be 
capacitive or inductive, so that With the amplifier 
output in phase or 180° out of phase with the Volt 
age across RL there exists the possibility of the 
voltage which is placed in parallel With the Orig 
inal generator voltage being of any desired phase 
and amplitude relative thereto. Thus, if the 
phase shifting means 4 introduces a 90° phase 
lead and the output of amplifier 2 is 180' Out of 
phase with its input, the voltage in parallel with 
the original generator Voltage is a quadrature 
voltage lagging 90°. The quadrature Voltage may 
be a leading voltage if no phase shift is introduced 
by amplifier 2 and if means 4 introduces a 90 
lead. The parallel voltage may aid the gen 
erator voltage if the amplifier 2 and phase shift 
ing means both introduce 180° phase shift, or it 
may buck the generator voltage if no phase shift 
is introduced by the amplifier and 180° by the 
means 4 or if the means 4 is omitted and a 
phase inverting amplifier used. The reintroduced 
voltage may have any desired phase relationship 
to the original voltage dependent upon the Sun 
of the phase shifts in the amplifier 2 and phase 
shifting means it. . 
The contribution introduced by the parallel 

source across points A and B is controlled in an 
plitude by any suitable means, the simplest form. 
being a D. C. control voltage which biases and 
hence controls the conductivity of the varistor 0. 
The varistor O presents a substantially constant 
resistance, both forward and backWard, to a Small 
A. C. voltage from generator G. From an in 
spection of Fig. 3 it will be apparent that the gen 
erator voltage modulates the control Voltage. If 
the D. C. control voltage is replaced by an A. C. 
voltage it will be apparent that the Voltage a CrOSS 
C and D will be the generator Woltage Whose mag 
nitude is varied by the control voltage Which, if 
desired, may be an audio frequency Voltage de 
rived from any source. The generator voltage 
may be derived from a microphone or signal 
transmission line while the control voltage may 
be derived from a sine wave Oscillator or a SWitch 
ing lag line. 
In Fig. 2 the invention is shown applied to an 

electronically rotated Scanning Sonar System com 
prising a transducer which is diagrammatically 
illustrated as a ring of generators 2). In effect 
each transducer element acts as a Small generator 
on reception of a signal. The rotation of the 
pattern or successive connection of each trans 
ducer element is accomplished by means of a cir 
cuit, including a pair of Series-connected Waristor 
elements associated With each transducer element 
which are successively rendered operative to ef 
fectively couple the transducer elements to the 
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4. 
rest of the system by a control pulse fed therer 
to from SWitch line 25. Accordingly the varistors 
are connected between the respective transducer 
elements and successive points on a Switching de 
lay line 25 which may consist of series induct 
ances 26 and shunt capacitors 27 into Which a 
pulse is fed by a pulse generator 28. The line, 
is, of course, terminated in its characteristic im 
pedance 29. 
A portion of the transducer voltage obtained 

from switch line 25 voltage is taken to an ampli 
fier 30 which corresponds in function to amplifier 
f2 in Fig. 1, so that its output passes through a 
phase shifting means 32 and back through iso 
lating resistors 34 to the several points between 
varistors 23 and 24 in each set. By reintroducing 
the voltage between the varistors the effect of 
the feed-back voltage is confined to those varis 
tors circuits which are presently biased to con 
duction by the Switching delay line. The effect 
thus rotates in accordance with the pattern ro 
tation. 
In the system as used without the present in 

vention the value of capacitors 22 is chosen to 
effect the best possible compromise to approxi 
mate a flat-face transducer on reception. The 
phase shift introduced by capacitor 22 has been 
made constant at about One radian per Section. 
This Value is Slightly IOW for the OutSide Sections 
to contribute most efficiently and slightly high for 
the most efficient contribution from the first and 
Second side pairs of transducer elements. 

In the Operation of the present invention as 
applied to the Specific case shown in Fig. 2, gen 
erator 48 produces a voltage at point Y which 
is advanced in phase by the line Section XY SO 
that at point X the phase of the voltage due to 
generator 40 is normally 1 radian ahead of the 
phase at point Y. When the varistor at point 
X is SO biased that its resistance to the flow of 
Signal CurrentS is small, signal from point X is 
conducted to amplifier 3 through the associated 
Waristors 23-24 and switch delay line 25. This 
Signal is amplified and its phase shifted an ap 
propriate angle. This amplified and phase shifted 
Signal is then fed back into the circuit between 
VaristorS 23 and 24 So that a current fows into 
X due to the reintroduced voltage. This produces 
a new voltage at X, which, combined vectorially 
With the Original Voltage at this point from gen 
erator 40, results in a new final voltage. The 
phase difference between the new resultant volt 
age and the original voltage at point Y is now 
Smaller than the phase difference originally exist 
ing between points X and Y. The new phase dif 
ference is now more nearly proportional to the 
actual delay in the arrival of signal from a source 
in the mediurn indicated by the distance . 

Since the Switching pulse is shaped to provide 
a lower bias Voltage for successive side pairs 
of circuits associated with transducer elements 
flanking the instantaneous center, the varistors 
in these circuits are less conductive than the 
center Waristors adjacent point X. Thus it can 
be seen that the Voltage contributed to point X 
from point Z is less than that from point Y, and 
since this voltage is made up of what may be 
termed a 'normal' component added vectorially 
to a phase shifted component which is the same 
in ail of the Varistor circuits the phase of the 
voltage will be more greatly changed. The 
greater change is due to the fact that the phase 
shifted component plays a larger part in deter 
mining the final phase of the voltage. The 
result is to bring the signal voltage from Z. into 
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more accurate phase coincidence with the signal 
Voltage at X and to reduce the phase relation 
to a value very close to that of the actual delay 
in arrival time between the transducer elements 
at X and Z. The same effect is present in all 
the activated circuits; that is, the phase lead is 
changed from the compromised value to one more 
closely approaching the optimum. 

Varistors are useful as control elements in the 
low impedance range from a few ohms up to 
about 500 ohms. Diodes may be employed suc 
cessfully in the range from 500 to 5000 ohms; 
and triodes, pentodes, etc. for circuits above 
5000 ohms. 
What I claim is: 
1. In a SOmar Scanner an arcuate array of 

transducer elements each coupled to a transducer 
Output, a pulsed switching delay line terminating 
in a characteristic impedance and having a num 
ber of equal incremental line impedances cor 
responding to the number of Said transducer ee 
mentS, circuit neas connecting the transducer 
element outputs to successive ones of said in 
Cremental line impedances, respectively, a Waris 
tor in each Said circuit means, whereby a pulsed 
voltage progressing along said Switch line causes 
Voltages from Successive transducer elements to 
be conducted through said varistors, respectively, 
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an amplifier Connected to said transducers 
through Said Waristors whereby the respective 
transducer outputs voltage is coupled to said am 
plifier upon conduction of the associated varistor, 
a phase shifting network in the output circuit 
of the amplifier, and means connecting the out 
put circuit of said phase shifting network to said 
transducer output, whereby the output thereof is 
the vectorial Sun of the shifted and unshifted 
voltage components. 

2. A transducer Scanning device for coverting 
the reception pattern of an arcuate array of 
transducer elements fron an arcuate to plane 
front comprising a plurality of transducer ele 
Inents arranged generally along an arcuate line, 
a separate transmission path connecting each 
transducer element to a common circuit through 
a respective Switch device having a normally high 
impedance condition and which is switchable to 
a low impedance condition, a delay line, a Source 
of voltage pulses connected to Said delay line for 
causing pulses to be sent down said line, means 
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connecting Said respective switch devices to dif 
ferent points on said line for causing said switch 
device to assume a low impedance condition in 
response to a pulse on said delay line to progres 
Sively couple Said transducer to said common cir 
cuit, a phase shifting circuit coupled between said 
common circuit and the side of said switch de 
Vices renote from said common circuit to feed 
back to Said common circuit a phase shifted com 
ponent of the signal therein only when the asso 
ciated switch device is in the low impedance con 
dition. 

3. The conbination of claim 2 characterized 
further by capacitor means coupled between said 
transmission paths for coupling a phase advanced 
component from One transducer transmission 
path to the adjacent transmission path, the said 
Source Of Woltage pulses providing pulses which 
have a gradually dininishing amplitude at the 
leading and trailing edges thereof, the duration 
of Said pulses being Suificiently long that at least 
three adjacent switch devices are simultaneously 
in a low innipedance condition and hence opera 
tive to simultaneously couple a plurality of trans 
ducer elements to said connon circuit, the in 
pedance of Said SWitch devices, and hence their 
coupling efficiencies being variable with the in 
stantaneous amplitude of the pulses fed thereto 
from said delay line. 

4. The combination of claim 2 characterized 
further by said switch devices each including two 
Varistor elements in series circuit relation which 
are conductive in Only one and the same direc 
tion, the connection of the SWitch device to the 
output of the said phase shifting circuit being 
Inadie at a point between said Waristor elements. 

SANLEY R. RCH. 
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