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57 ABSTRACT 
An electronic scanning switch adapted to sequentially 
scan a plurality of signal sources and provide interpo 
lated output signals at the output terminals thereof. 
The scanning switch comprises a switching means and 
an interpolator adapted to sequentially connect each 
output line to a plurality of transducer signals through 
constantly varying intervals. 
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ELECTRONIC SCANNINGSWITCH 

BACKGROUND OF THE INVENTION 
This application is a continuation-in-part of applica 

tion Ser. No. 120,598 filed Mar. 3, 1971 and now aban 
doned, the disclosure of which is hereby incorporated 
by reference into the present application. 
The present invention relates to an electronic scan 

ning switch which will sequentially scan a plurality of 
signal sources and provide interpolated output signals 
at the output terminals thereof. This scanning switch is 
particularly adapted for use with sonar systems and will 
be described herein in that context. 

5 

O 

In a sonar system of the type wherein a plurality of 
transducers are immovably fixed to the hull of a ship in 
a circular array, the signals from a group of contiguous 
transducers are sequentially commutated to the elec 
tronic processing apparatus by means of a mechani 
cally rotating scanning switch. In order to compensate 
for the curvature of the transducer array, time delays 
are applied to the output signals from the scanning 

20 

switch by the use of delay lines. By this means, the 
curved transducer array is electrically transformed into 
a plane. The output signals from the delay lines are 
combined to form a signal known as a beam which is 
used to intensity modulate a helically moving spot on 
the CRT. The rotating mechanical scanning switch is 
able to combine the signals from adjacent transducers 
in constantly varying proportions and consequently the 
transition of the signal at each of its outputs from one 
transducer to the next is smooth and continuous. This 
characteristic of the mechanically rotating scanning 
switch is desirable in order to obtain an accurate indi 
cation of the bearing of the target and to present an ac 
curate representation of the shape of the target on the 
plan position indicator display. On the other hand, ro 
tating mechanical scanning switches present a number 
of disadvantages in that they are bulky, expensive to 
buy and to maintain, difficult to repair in the field and 
constitute a source of noise. 
The present invention contemplates a non-rotating 

electronic switch which will sequentially scan a plural 
ity of transducer signals and provide smoothly varying 
interpolated output signals consisting of the output sig 
nals of a group of contiguous transducers. 

Electronic scanning switches have been used in pre 
viously proposed systems to sequentially switch beams 
which have already been formed, i.e., preformed 
beams. However, the apparatus required to produce 
the large number of preformed beams which are used 
in such a system, results in a very bulky package. More 
over, such systems do not provide a satisfactory means 
for interpolating the signals. 

OBJECTS OF THE INVENTION 
It is therefore an object of the present invention to 

provide a new electronic scanning switch for use in 
commutating signals from a plurality of receivers. 

It is a still further object of the present invention to 
provide an electronic scanning switch which may be 
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used either in a receiving mode or in a transmitting. 
mode. 

It is a still further object of the present invention to 
provide an electronic scanning switch which is capable 
of continuously scanning either through 360, or be 

ing. 

2 
tween any two preselected bearings, or at a fixed bear 

It is a still further object of the present invention to 
provide an interpolator which electronically combines 
the output signals of the receivers in constantly varying 
proportions. 

ln accordance with the present invention, signals 
from a plurality of sources are sequentially connected 
by means of a switching matrix, to an interpolator 
which combines parts of signals from adjacent sources 
in constantly varying proportions, to provide a 
smoothly varying interpolated output. 

THE DRAWINGS 
The features of the invention which are believed to 

be novel are set forth with particularity in the appended 
claims. The organization and manner of operation of 
the invention, together with further objects and advan 
tages thereof, may best be understood by reference to 
the following description taken in connection with the 
accompanying drawings, in the several figures of which 
like reference numerals identify like elements, and in 
which: 

FIG. 1 is a block diagram of an embodiment of a 
sonar system constructed in accordance with the pres 
ent invention; 
FIG. 2(A) is a schematic diagram of the switching 

matrix shown in FIG. 1; 
FIG. 2(B) is a circuit diagram of a fragment of the 

switching matrix shown in FIG. 2(A): 
FIG. 3 is a plan view of a circular transducer array; 
FIG. 4 is a circuit diagram of part of the interpolator; 

FIG. 5 is a wave form diagram showing examples of . 
the interpolator signals; - 
FIG. 6 is a schematic diagram of part of the control 

signal generator shown in FIG. 1; 
FIG. 7 is a wave form diagram of the signals in vari 

ous lines in the control signal generator shown in FIG. 
6; 
FIG. 8 is a representation of a logic circuit of the 

modulus 3 counter shown in FIG. 1; 
FIG. 9 is a representation of a logic circuit of one 

channel of the secondary selector decoder shown in 
FIG. 1; 
FIG. 10 is a wave form diagram showing the input sig 

nals and output signals of the modulus 3 counter shown. 
in FIG. 8 and the input and output signals of the secon 
dary selector decoder channel shown in FIG. 9; 

FIG. 11 is a wave form diagram showing the input sig 
nals and a representative number of the output signals 
of the primary selector decoder; 
FIG. 12(A) is a wave form diagram of the signals in 

a representative number of the output lines of the sec 
ondary selector decoder contained in the embodiment 
shown in FIG. I. 
FIG. 12(B) is a wave form diagram of the signals in 

the output lines of the one-out-of-16 switching matrix 
decoder shown in FIG.1; - 
FIG. 13 is a diagram showing the transducers, pream 

plifiers and selector shown in FIG. 1; - 
FIG. 14 is a block diagram of a sonar system adapted 

to operate in a transmitting mode; 
FIG. 15 is a block diagram showing a further embodi 

ment of the present invention; . . . 
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FIG. 16 is a block diagram showing a further embodi 
ment of part of the control signal generator; and 
FIG. 17 is a representation of a logic circuit of the se 

lector primary decoder. 
FIG. 18 is a block diagram showing an embodiment 

of a simplified selector means in accordance with the 
present invention together with the control signal gen 
erator connected thereto. The selector means illus 
trated is adapted for use with a 48 stave transducer ar 
ray. 
FIG. 19 is a block diagram illustrating a leap frog ar 

rangement of an electronic scanning switch in accor 
dance with the present invention adapted for use with 
a 48 stave transducer array. 
FIG. 20 is a schematic diagram respresenting the op 

erating characteristics and the circuitry of a selector 
means of the type shown in FIG. 18. For purposes of 
simplicity, the selector means illustrated is adapted for 
use with a 12 stave transducer array. 
FIG. 21 is a schematic diagram illustrating the circuit 

of a scanning switch of the type shown in FIG. 19. For 
purposes of simplicity the embodiment illustrated is 
adapted for use with a 12 stave transducer array. 
FIG.22 shows wave form diagrams of the control sig 

nals carried by representative number of the control 
lines of the circuit shown in FIG. 2. 

DETAILED DESCRIPTION 

Referring now to FIG. 3, there is shown a plan view 
of a sonar transducer array 100, the output signals of 
which are commutated by the electronic scanning 
switch constructed in accordance with the present in 
vention. The transducer array 100 shown in FIG. 3 
comprises 48 transducers T1 to T48 arranged along the 
circumference of circle 200. Although the array used 
in the system described herein contains 48 transducers, 
it is to be understood that the present invention may be 
used with transducer arrays comprising other than 48 
transducers. The transducers, which may be either 
slightly directional or omni-directional, are spaced 
along the circumference of a circle a distance of ap 
proximately one-half the wave length of the sonar fre 
quency in sea water. 
The output of transducers T1 to T48 is applied to 

preamplifiers P1 to P4.8 respectively, as shown in FIG. 
13. These 48 identical preamplifiers, the design of 
which is known in art, are characterized by a very uni 
form gain (+ 1 db) and phase shift (5'). The pream 
plifiers are also able to limit signals of large amplitude 
without altering the phase shift of the fundamental fre 
quency of the input signal. 
Referring again to FIG. 13, which shows a block dia 

gram of a representative portion of the head end of the 
sonar system, preamplifiers P1 to P4.8 are connected 
via lines Z1 to Z48 respectively, to the source terminals 
of 48 field effect transistors (FET's) Q1 to Q48 respec 
tively, in selector 103. The gate terminals of FET's Q1 
to Q48 are connected to lines M1 to M48 respectively, 
which are connected to the secondary selector decoder 
117. The drain terminals of FET's Q1 to Q48 are con 
nected in groups of three, to lines V1 to V16 which are 
connected to switching matrix 104. Each of lines V1 to 
V16 is connected to the drain terminals of three FET's 
so that each line VI to V16 forms a circuit with three 
transducers located 20 from one another in the circu 
lar array 100 as shown in FIG. 3. Thus, where there are 
48 equally spaced transducers T1 to T48 in the array, 

O 

15 

4 
line Vi is in a circuit with a transducers T1, T17 and 
T33, line V2 is in a circuit with transducers T2, T18 
and T34, line V3 is in a circuit with transducers T3, 
T19 and T35 and so on. 
The FET's used in the present invention comprise a 

pair of spaced electrodes (drain and source electrodes) 
formed of a substrate of semi-conductive material with 
a control electrode (gate electrode) formed therebe 
tween. In the absence of a voltage of a specific level 
and polarity, the impedance in the source to drain path 
of the FET is very high (approximately 50 megohms.) 
However, when a voltage of a specific level and polarity 
is applied to the gate electrode, the impedance of the 
source to drain path in the FET becomes low (approxi 
mately 500 ohms.) The FET's used in the device actu 
ally constructed in accordance with the present inven 
tion were MEM 500 C Dual P channel-enhancement 
mode silicon insulated gate field effect transistors, 
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manufactured by General Instruments. 
In operation, the amplified signals from transducers 

T1 to T48 are applied by way of preamplifiers P1 to 
P48 and lines Z1 to Z48 to the source terminals of 
FET's Q1 to Q48 respectively, in selector 103. Conduc 
tion in the source to drain path in FET's Q1 to Q48 is 
controlled by the voltage in lines M1 to M48 respec 
tively, which are connected to the gate terminals of the 
FET's. FIG. 12(A) shows wave form diagrams of the 
voltage signals in a representative number of lines M1 
to M48. When the voltage in any of lines M1 to M48 
is negative, the FET to which the line is connected, is 
conductive. 
The period of one cycle of the control signal in each 

of lines M1 to M48, for example t1 to 12, is equal to the 
time required for the system to complete one scan of 
all 48 transducers, i.e., the scan period. As will be seen 
from FIG. 12(A), each FET O1 to O48 is conductive 
for 1/3 of the scan period and is non-conductive for 2/3 
of the scan period. FET's Q1 to Q48 commence con 
duction in sequence at intervals of 1748 of the scan pe 
riod. Similarly, FET's Q1 to Q48 terminate conduction 
in sequence at intervals of 1/48 of the scan period. 
During the period that a FET is conductive, the other 

two FETs, to which the drain terminal of the conduc 
tive FET are connected, are non-conductive. Thus, as 
will be seen from the phase relationship of the control 
signals shown in FIG. 12(A), FET Q1 is conductive for 
1/3 of the scan cycle, during which time line VI carries 
the signal from transducer T1. During the next 1/3 of 
the scan cycle, FET Q17 is conductive and line VI 
carries the signal from transducer T17. During the next 
1/3 of the scan cycle, FET Q33 is conductive and line 
VI carries the signal from transducer T33. Similarly, 
line V2 sequentially carries the output signals of trans 
ducers T2, T18 and T34 for 1/3 of the scan cycle each, 
line V3 sequentially carries the output signals of trans 
ducers T3, T19 and T35 for 1/3 of the scan cycle each, 
and so on. 
Lines VI and V16 carry the output signals of 16 con 

tiguous transducers. At intervals of 1148 of the scan pe 
riod one FET in the selector 103 ceases to be conduc 
tive and another FET connected to the same output 
line VI to V16 becomes conductive. Thus, at intervals 
of 1/48 of the scan period, one of lines V1 to V16 is 
switched from one transducer to another transducer 
which is located 120 from the first transducer. For ex 
ample, if during a first interval, lines VI to V16 carry 
the output signals of transdicers T1 to T16 respectively, 
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then during the second interval lines V1 to V16 carry 
the output signals of transducers T17, T2 to T16 re 
spectively. Similarly, during the third interval, lines V1 
to V16 carry the output signal of transducers T17, T18, 
T3 to T16 respectively, and so on. 
As shown in FIG. 1, the output lines V1 to V16 from 

selector 103 are connected to switching matrix 104. A 
schematic diagram of switching matrix 104 is shown in 
FIG. 2(A) and a circuit diagram of a fragment of 
switching matrix 104 is shown in FIG. 2(B). In accor 
dance with this embodiment, switching matrix 104 
comprises 256 FET's arrayed in a 16X 16 matrix. Each 
of the input lines V1 to V16 to matrix 104, is connected 
to the drain terminals of a column of 16 FET's. Each 
of the output lines C1 to C16 from matrix 104, is con 
nected to the source terminals of a row of 16 FET's. As 
shown in FIG. 2(A) in broken lines, the gate terminals 
of the FET's in the switching matrix are connected di 
agonally in 16 circuits of 16 FET's each, to lines N1 to 
N16 which carry the switching matrix control signals. 

The operation of the FET's in switching matrix 104 
is controlled by the signals in lines N1 to N16. FIG. 
12(B) is a wave diagram showing the phase relation 
ships of the switching matrix control signals in a repre 
sentative number of the lines N1 to N16. Each negative 
voltage pulse in lines N1 to N16, which has a duration 
of 1/48 of the scan period, causes the 16 FET's having 
gate terminals connected to that line, to be conductive 
during the period of its continuance. As shown in FIGS. 
12(A) and 12(B), the switching matrix 104 completes 
48 switches or steps during a single scan cycle. Each 
step of switching matrix 104 coincides with the occur 
rence of a negative voltage pulse in one of the lines N1 
to N16. 
During the first step commencing at time t1, a nega 

tive voltage pulse in line N1 causes the 16 FET's having 
gate terminals connected to line N1, to be conductive. 
Thus, lines V1 to V16 are connected to lines C1 to C16 
respectively. As will also be seen from FIGS. 12(A) and 
12(B), negative voltages in lines M1 to M16 during the 
first step cause FET's Q1 to Q16 in selector 103 to be 
conductive during this time thereby connecting lines 
V1 to V16 to transducers T1 to T16 respectively. 
Therefore, during the first step of switching matrix 104 
lines C1 to C16 are connected to transducers T1 to T16 
respectively. At the commencement of the second step, 
as shown in FIG. 12(B), the negative voltage pulse in 
line N1 is terminated and a negative voltage pulse in 
line N2 is initiated. The negative voltage pulse in line 
N2 causes lines C1 to C16 to be connected to lines V2 
and V16 and V1 respectively, during the second step. 

Referring again to FIG. 12(A), the presence of nega 
tive voltages in lines M2 to M17 during the second step 
causes FET's O2 to O17 to become conductive thereby 
causing lines V1 to V16 to be connected to transducers 
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6 
forty-eighth step, a scan cycle has been completed and 
another cycle is commenced. 
As shown in FIG. 1, output lines C1 to C16 from 

switching matrix 105 are connected to interpolator 
105. Referring now to FIG. 4 which is a circuit diagram 
of interpolator 105, each of the lines C2 to C15 is con 
nected to the source terminal of two of the FET's O50 
to O79. Lines C1 and C16 are each connected to a sin 
gle FET, Q49 and Q80 respectively. 
As shown in FIG. 4, the drain terminals of the FET 

are connected in pairs to the output lines E1 to E15. 
The gate terminals of one-half the FET's are connected 
to line D1 and the gate terminals of the other half are 
connected to line D2. Since as shown in FIG. 7, the 
voltage signal on line D1 is always of opposite polarity 
to the voltage signal online D2, the FET's with gate ter 
minals connected to line D1 are conductive while the 
FET's with gate terminals connected to line D2 are 
con-conductive and vice versa. 
Operation of the interpolator will be understood by 

reference to FIG. 5 which is a wave form diagram 
showing the transducer output signals carried by lines 
C2 and C3, the resultant interpolated output signal on 
line E2 and the control voltages on lines D1 and D2. 
As shown in FIG. 5, an interpolation cycle consists of 

16 interpolation intervals, each of which has a duration 
of 1/16 of the period of the interpolation cycle. Each 
interpolation cycle, the duration of which is 1/48 of the 
period of the scan cycle, is coincident with a single step 
of the switching matrix 104. 
During the first interpolation interval, as shown in 

FIG. 5, there is a negative voltage pulse in line D1. The 
presence of the negative voltage in line D1 renders FET 
Q51 conductive thereby providing a conductive path 
between line E2 and line C2. Since, in the case of the 
first interpolation interval, the length of this negative 
voltage pulse is equal to the entire duration of the inter 
polation interval, FET Q51 is conductive and line E2 
is connected to line C2 throughout the entire first inter 
polation interval. 
Since each interpolation cycle coincides with one 

step of the switching matrix, each of the lines C1 to 
45 

50 

C16 remains connected via matrix 102, selector 103 
and preamplifier 101 to a single transducer throughout 
the interpolation cycle. At the end of each interpola 
tion cycle, lines C1 to C16 are simultaneously switched 
to a transducer adjacent to the transducer to which it 
was previously connected. Assuming that during the 
first interpolation cycle, the matrix is in the first step 
position and that lines C1 to C16 are connected to 
transducers T1 to T16 respectively, since C2 is con 
nected to E2, the signal carried by line E2 during the 

55. 

T17, T2 to T16 respectively. Thus, during the second 
step, lines C1 to C16 are connected to transducers T2 
to T17 respectively. 

Similarly, during the third, fourth and fifth steps, 
lines C1 to C16 are connected to transducers T3 to T18 
respectively, T4 to T19 respectively, and T5 to T20 re 
spectively, and so on. During the seventeenth step 
(which is the beginning of the second cycle of the 
switching matrix) lines C1 to C16 are connected to 
transducers T16 to T32 respectively. At the end of the 

60 

first interpolation interval, is composed entirely of the 
output signal of transducer T2. 
During the second interpolation interval as shown in 

FIG. 5, line D1 is negative for 15/16 of the interpola 
tion interval and line D2 is negative for 1/16 of the in 
terpolation interval. Thus, line E2 is connected to line 
C2, and carries the output signal from T2, for 15/16 of 
the second interpolation interval and is connected to 
line C3 and carries the output signal of T3, for 1/16 of 
the second interpolation interval. 

65 Similarly, during the third interpolation interval, E2 
carries the output signal from transducer T2 for 7/8 of 
the interpolation interval and the output signal from 
transducer T3 for 1/8 of the interpolation interval. 
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Thus, it is apparent that in each successive interpola 
tion interval in the first interpolation cycle, the signal 
on line E2 is made up of an increasingly larger propor 
tion of the output signal from transducer T3 and an in 
creasingly smaller proportion of the output signal from 
transducer T2. During the sixteenth interpolation inter 
val, the signal on line E2 is made up of 15/16 of the out 
put signal from transducer T3 and 1/16 of the output 
signal from transducer T2. 
During the next interpolation interval, i.e. the first 

interpolation interval of the second interpolation cycle, 
the signal on line E2 is composed entirely of the output 
signal from transducer T3. This is because, coincident 
with the commencement of the second interpolation 
cycle, the matrix switches line C2 so that it no longer 
is connected to transducer T2 but is now connected to 
transducer T3 and remains so throughout the second 
interpolation cycle. Since, as stated previously, line E2 
is connected to line C2 during the entire first interpola 
tion interval of each interpolation cycle, line E2 there 
fore carries the signal from transducer T3 throughout 
the first interpolation interval of the second interpola 
tion cycle. Thus, over the first interpolation interval the 
signal carried by line E2 has been gradually trans 
formed from comprising entirely of the output signal 
from transducer T2 to comprising entirely of the output 
signal from transducer T3. 

Similarly, during the second interpolation cycle, the 
signal carried by line E2 is gradually converted from 
comprising entirely of the output signal of transducer 
T3 to comprising entirely the output signal of trans 
ducer T4. During the third interpolation cycle the sig 
mal carried by line E2 is gradually converted from com 
prising entirely of the output signal of transducer T4 to 
comprising entirely of the output signal of transducer 
T5. 

It will be understood that in the same manner as de 
scribed above with reference to line E2, the output sig 
nal of each of transducers T1 to T15 carried by lines E1 
to E15 respectively during the firest interpolation inter 
val of the first interpolation cycle, is gradually super 
ceded during the succeeding intervals of the first inter 
polation cycle, by the output signals of transducers T2 
to T16 respectively. Similarly, the output signal of each 
of transducers T2 to T16 carried by lines E1 to E15 re 
spectively during the first interpolation interval of the 
second interpolation cycle, is gradually superceded by 
the output signal of transducers T3 to T17 respectively 
during the succeeding intervals of the third interpola 
tion cycle. At the end of the 48th interpolation cycle, 
this entire cycle is repeated. 
The output signals carried by each of lines E1 to E15 

is applied to delay line 106. By selectively delaying the 
signals in lines E1 to E15, the delay line 106 has the ef. 
fect of electrically converting that portion of the 
curved transducer array, the output signals from which 
are being used to form the beam at any instant, into a 
flat plane. Moreover, the delay line 106 acts as a low 
pass filter blocking transmission of the harmonics 
which result from the abrupt changes in signal in lines 
E1 to E15, while at the same time passing and summing 
the fundamental signals to produce the beam. The out 
put from delay line 106 is applied via line W to the dis 
play 200 where it is used to intensity modulate the spot 
on the CRT. 
Considering now the control signal generating appa 

ratus which is indicated generally at 112 in FIG. 1. 
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8 
As shown in FIG 6, the output of high frequency os 

ciliator 108 is applied to the trigger terminal of J-K flip 
flop 96 in modulus 16 counter 109. As is well known 
in the art a J-K flip flop provides an output signal hav 
ing one-half the frequency of the input signal at the 
trigger terminal. In a device actually constructed in ac 
cordance with this invention, the J-K flip flop used was 
the MC 663 P Dual J-K Flip Flop manufactured by 
Motorola Semiconductor Products Inc. 
The output of flip flop 96 is connected via line G1 to 

the trigger terminal of J-K flip flop 97. The trigger ter 
minals of J-K flip flop 98 and J-K flip flop 99 are simi 
larly connected to the outputs of the preceding flip 
flops by lines G2 abd G3 respectively. Line G4 carries 
the output signal from flip flop 99. Thus, if the output 
frequency of oscillator 108 is f, the frequencies of the 
signals in lines G1, G2, G3 and G4 are f(2, fla, f18 and 
fill 6 respectively. 
As shown in FIG. 6, line G4 is connected to modulus 

16 counter 10 which is identical to counter 109 de 
scribed above. Since the frequency of the output sig 
nals carried by lines F1, F2, F3 and F4 are fl32, f/64, 
fl128 and f/256 respectively. 

Still referring to FIG. 6, the signals carried by lines F1 
to F4 and lines G1 to G4 are applied to the input termi 
nals of EXCLUSIVE OR gate 75 in count comparator 
112. As shown in FIG. 7, the output signal from count 
comparator 112 which is carried by line B, is a pulse 
occurring each fifteenth cycle of the oscillator signal 
and having a duration equal to the period of the oscil 
latoe signal, i.e., If. 
Referring again to FIG. 6, line B which carries the 

output signal from count comparator 112, is connected 
to the reset terminal of bistable driver 113 which con 
sists of a clocked flip flop. Line G4 which carries the 
output signal from flip flop 99 in counter 109, is con 
nected to the trigger terminal of bistable driver 113 to 
provide the set command. 

Referring again to FIG. 7, the trailing edge of each 
positive going pulse in line G4 supplies a set command 
to bistable driver 113 causing it to assume the set state 
wherein the voltage on line D2 is high and the voltage 
on line D1 is low. The bistable driver 113 remains in 
this state until it receives a reset command which is 
provided by the leading edge of the next negative going 
pulse in line B. When the bistable driver 113 is in the 
reset state the voltage on line D1 is high and the voltage 
on line D2 is low. When the two commands are applied 
to bistable driver 113 simultaneously, the reset com 
mand overrides a set command and the bistable driver 
assumes the reset state. 
As will be apparent from FIG. 7, the positive pulses 

in line G4 occur each 16th cycle of the output signal of 
oscillator 108 while the negative pulses in line B occur 
each fifteenth cycle of the output signal of oscillator 
108. Consequently, the proportion of the interpolation 
interval (the interpolation interval corresponds to the 
period of the signal carried by line G4) during which 
bistable driver 113 is in the set state and the proportion 
of the interpolation interval during which bistable 
driver 113 is in the reset state, change at a constant rate 
over an interpolation cycle (the interpolation cycle 
corresponds to the period of 16 cycles of the signal car 
ried by line G4). The output signals from bistable 
driver 113 carried by lines D1 and D2 are shown in 
FIG. 7. 
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Referring again to FIG. 1, the output signal from 
counter 110 carried by line F4, is applied to modulus 
16 counter 114 which is identical to counters 109 and 
110 described previously. Since the frequency of the 
input signal on line F4 is fl256, the frequencies of the 
output signals on lines K1, K2, K3 and K4 are flS12, 
f71,024, f/2.048 and fla,096 respectively. 

As shown in FIG. 1, the signals carried by lines K1 to 
K4 are applied to a one-out-of-16 decoder 116. The 
circuitry and operation of a one-out-of-16 decoder are 
well known in the art. Such circuits may be purchased 
as a single package such as the 9311 one-out-of-16 de 
coder manufactured by Fairchild Semiconductors. 
FIG. 12(B) shows the wave form and phase relation 
ships of the signals in a representative number of the 
one-out-of-16 decoder output lines N1 to N16. 
Referring again to FIG. 1, the output signal from the 

fourth flip flop in counter 114 which is carried by line 
K4 is applied to modulus 3 counter 115. The modulus 
3 counter 115, the logic circuit of which is shown in 
FIG. 8, is a binary modulus four counter controlled to 
recycle at the count of three. The wave form diagrams 
of FIG. 10 show the phase relationship between the 
modulus 3 output signals on lines L1, L2 and L3 and 
the signal on line K4. 

Referring again to FIG. 1, the output signal from 
counter 114 which is carried by lines K1 to K4 and is 
applied to selector primary decoder 118 which is 
shown schematically in FIG. 17. FIG. 11 is a wave form 
diagram showing the input signals on lines K1 to K4 
and the output signals on a representative number of 
the output lines J1 to J15 from primary selector de 
coder 1 18. The primary decoder 118 combines the 
input signals in lines K1 to K4 in accordance with Table 
1 (as described in Boolean Equivalents) to produce the 
output signals in lines J1 to J15. 

1 at Kl K2 K3 K4. 
J - K2 K3 K4 
J3 = (K K2) K3 K4 
J4 = - K3 K4 
J5 = Kl K2 + K3 K4 
J6 F K2 + K3 K4. 
J7 = K -- K2 + K3 K4 
8 e K4 
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FIG. 9 is a schematic diagram of a single channel 235 

of the secondary selector decoder 117. As shown in 
FIG. 9, lines L1, L2 and L3 from counter 115 are con 
nected to input terminals 82, 83 and 84 of secondary 
decoder channel 235 and line J4 from primary decoder 
118, is connected to terminal 81. 
Referring now to FIGS. 9 and 10, the signals in lines 

J4 and L2 are applied to the input terminals of AND 
gate 72. The signal in line J4 is applied through inverter 
75 to an input terminal of AND gate 71 and the signal 
in line L1 is applied to the other input terminal of AND 
gate 71. The output signal from AND gate 71 (L1.J4) 
and the output signal from AND gate 72 (J4.L2) are 
applied to the input terminals of OR gate 76. The out 
put signal from OR gate 76 (L1.J4 + J4.L2) which is 
carried by line M5 provides the control voltage signal 
for FET Q5 in selector 103. Similarly, the output signal 
from OR gate 77 (L2.J4 + L3.J4) which is carried by 
line M21 provides the control voltage signal for FET 
Q21 in selector 103. The signals in lines M5 and M21 
are applied, through inverters 79 and 78 respectively, 
to the input terminals of AND gate 80 to produce at the 
output terminal thereof the control voltage signal for 
FET Q37 which is carried by line M37 (J4.L3+J4.L1). 

It will be understood that each channel of the secon 
dary selector decoder 117 operates in a manner similar 
to that described above so that the 16 secondary selec 
tor decoder channels produce selector control signals 
on lines M1 to M48 by combining the signals on lins 
L1, L2, L3 and J1 to J15 in accordance with Table 2. 
It is to be noted that although Table 2 describes the op 
eration of the circuit in terms of positive logic and 
shows the selector decoder output signals onlines M1 
to M48 which control the selector as positive pulses, in 
the apparatus actually constructed in accordance with 
this invention, the signals which control the selector are 
negative pulses. It will be apparent to a person skilled 

(where Kn is Kn inverted, + is OR and is AND). 
TABLE 

Referring again to FIG. 1, output lines L1, L2 and L3 
from modulus 3 counter 15 are connected to each of 
the 16 channels of the secondary selector decoder 117. 55 
Each of the 15 output lines J1 to J15 from primary se 
lector decoder 118 is connected to the input of a single 
channel of secondary selector decoder 117. The input 
of the remaining channel of secondary selector decoder 
117, is grounded. 

in the art that instead of positive pulses, negative pulses 
can be obtained on lines M1 to M48 using the logic cir 
cuit of the selector decoder as described above, and re 
versing the polarity of the output signals. The secon 
dary decoder channel having input terminals 81 
grounded, produces output signals on lines M1, M17 
and M33 which are in phase with the signals on lines 
L1, L2 and L3. 

L 
M2 = J. Li + J1 L2 
M3 = J2 L -- 2 L2 
M4 = J3 -- J3 L2 
M5 = J4 Ll -- J4 L2 
M6 = J5 Ll -- J5 L2 
M7 = J6 Ll -- J6 L2 
M8 as J7 Ll -- 7 2 

M8 = 1 ... l.2 ...it....J. . . . . L3 ... 
MI9 = . L2" "J2". L3 T 
M20 = L2 - J3 L3 
M21 = J4 L2 -- J4 L3 
M22 = J5 L2 -- J5 L3 
M23 = J6 L2 + J6 L3 
M24 = 7 L2 + J7 L3 
M25 = J8 L2 - J8 L3 
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M9 = 8 L - J8 2 
M1 () = 9 L - 9 
M} 1 = J 1() L - J () L 
Mi2 = J1 L -- Ul 2 
M3 = J12 L -- J12 
M14 = J3 L -- 3 
M15 = Ji 4 Ll - J. L 
M6 = 5 L -- US 
M : 7 = 2 
M35 = J2 L3 - 2 L 
M36 = J3 3 - J3 l 
M37 = J4 3 - 4 l 
M38 = J5 3 - J5 L 
M39 = J6 L3 - Jes l 
M40 = 7 L3 - 7 Ll 
M4 = 8 L3 - J8 l 

12 
M26 = J.9 L2 - 9 L3 
M27 = 10 L - 10 L3 
M28 = J L2 - 1 3 
M29 = J12 L2 -- J12 L3 
M3() = JE3 L2 - 13 3. 
M31 = 14 L - J4 L3 
M32 a 15 2 - 5 3. 
M33 = 3 
M34 = Ji 3 - J. L 
M42 = J9 3 - 9 Ll 
M43 = J10 3 - O l 
M44 = 1 3 - 1 l 
M45 = 12 3 - 2 
M46 = J13 L3 - J3 Ll 
M47 = J14 L3 - J4 Ll 
M48 = 5 L3 - 5 Ll 

(where Ln is Ln inverted. + is OR and is AND). 
Table 2 

FIG. 15 shows a further embodiment of the present 
invention wherein the amplifiers 101 are situated be 
tween switching matrix 104 and selector 103. In exist 
ing sonar systems which use a mechanically rotating 
scanning switch, the preamplifiers are located between 
the transducer and the scanning switch. Therefore, in 
order that the electronic scanning Switch in accordance 
with the present invention be compatible with such 
equipment, the preamplifiers in the system are located 
between transducers and selector 103 as shown in FIG. 
1. However, if the electronic scanning switch in accor 
dance with the present invention is to be used in a new 
or modified system it may be designed so that preampli 
fiers 101 are located between switching matrix 104 and 
selector 103 as shown in FIG. 15. The latter embodi 
ment is advantageous in that it reduces the number of 
preamplifiers in the system from 48 to 16. On the other 
hand, the embodiment shown in FIG. 15 introduces a 
certain amount of noise by reason by the operation of 
selector 103, which is amplified by the preamplifiers. 
This embodiment shown in FIG. 15 also introduces a 
phase shift as a result of the rapid changes in signal due 
to the switching of the selector. 

In an alternative embodiment of the invention not 
shown in the drawings, the selector 103 and 16 in X 16 
out switching matrix 104 as shown in FIG. 1, are re 
placed by a 48 in X 16 out matrix, and the one-out-of 
16 decoder 116 as shown in FIG. 1 is replaced by a one 
out-of-48 decoder. This embodiment thus eliminates 
selector 103, modulus 3 counter 115, primary selector 
decoder 18 and secondary selector decoder 117, 
shown in the embodiment of FIG. 1. 

In the embodiment of the invention shown in FIG. 
16, the output from count comparator 1 1 carried by 
line B and the output signal from oscillator 108, are ap 
plied to the inputs terminals of AND gate 95. The sig 
nal in line B comprises a voltage pulse occurring each 
fifteenth cycle of the output signal from oscillator 108 
and having a duration equal to the period of one cycle 
of the oscillator signal. Since the pulse in line B and the 
first half of the oscillator signal coinciding with the 
pulse in line B are of opposite polarities, the first half 
of each pulse carried by line B is eliminated. Thus, each 
pulse carried by line S has a duration of one-half the pe 
riod of the output signal from oscillator 108. Line S is 
connected to the reset terminal of bistable driver f 13 
and provides the reset command. It has been found that 
this embodiment results in improved operation of the 
invention through elimination of the effect of spurious 
signals occurring during the first part of the pulse in 
line B. 

35 
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FIG, 14 is a block diagram showing a sonar system 
including an electronic scanning switch in accordance 
with the present invention, operating in the transmit 
ting mode. As shown in FIG. 14, the system when oper 
ating in the transmitting mode, includes low pass filter 
180 and transmitter modulus 181, which replace pre 
amplifiers 101. The interpolator 105, switching matrix 
104 and selector 103 operate in the same manner as 
when the system is operating in the receiving mode. 
Thus, the system provides a rotating sonic output signal 
from transducer array 100 having a planar wave front 
of the same frequency as the signal applied to the delay 
line 106. 

It will be appreciated by those skilled in the art that 
the control signal generator, the operation of which has 
been described in an "up count' mode, may be 
adapted to operate in a "down count' mode and in a 
'storage' mode. By operating the control signal gener 
ator in a "down count' mode, the scanning switch is 
caused to scan in a reverse direction. By operating the 
control signal generator in a 'storage' mode, the scan 
ning switch is caused to scan a fixed bearing. 

In the embodiment shown in FIG. 18, the selector 
means 200 comprises a selector 203 connected by way 
of lines VI to V16 to matrix 204. The selector means 
200 provides output signals on lines C1 to C16 which 
are similar to the output signals from the switching ma 
trix 104 carried by lines C1 to C16 as previously de 
scribed. The advantage of the present embodiment is 
that it employs less circuit elements to accomplish the 
same result and for this reason the present embodiment 
is somewhat simpler than the embodiment previously 
described. The operation of the selector means shown 
in FIG. 18 will be understood from the simplified dia 
gram illustrating the operation of such a device adapted 
for use with a 12 stave transducer array, shown in FIG. 
20. 

Referring now to FIG. 20, each of the selector means 
input lines Z1 to Z12 is adapted to carry the amplified 
output signals from a single transducer stave. Output 
lines from the selector means C1 to C4 are adapted to 
carry the amplified output signals of 4 contiguous 
staves of a 12 stave transducer array. The dual selector 
consists of four, six-position, two pole FET switches. 
The FET switches are adapted to connect lines V1 to 
V4 to four of the twelve input lines Z1 to Z12. Circles 
at the intersections of the lines Z1 to Z12 and V1 to V4 
illustrate the switching capability of the circuit. For ex 
ample, line V1 is connectable by a first six-position two 
pole FET switch to any one of lines Z1, Z3, Z5, Z7, Z9 
or Z11. Similarly, line V2 is connectable by a second 
six-position, two pole, FET switch to any one of lines 
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Z2, Z4, Z6, Z8, Z10 or Z12. Operation of the FET 
switches is controlled by output signals from the con 
trol signal generator 230 (not shown in FIG. 20). 
As shown in FIG. 20, the matrix 204 is made up of 

two 2 X 2 switching matrices comprising FET switches, 5 
adapted to connect input lines V1 to V4 and output 
lines C1 to C4. A circle at the intersection of lines Vl 
to V4 and C1 to C4, indicates that the particular pair 
of intersecting lines is connectable by means of a FET 
switch. Operation of the FET switches in the matrix is () 
controlled by output signals from the control signal 
generator 230, which coordinates and controls opera 
tion of the switches in the selector and the matrix. 

In operation, the selector 203 completes twelve 

interval 

switching steps during each selector cycle. The switch 
ing step occur at intervals of 1/12 of the period of the 
selector cycle. The switching steps of the matrix 200 
coincide with those of the selector. However, since 
there are only two switching steps in the matrix cycle, 
the matrix completes four cycles during each selector 
cycle. During each interval of the selector cycle, lines 
V1 to V4 are connected to a contiguous group of four 
of the input lines Z1 to Z16. At the end of each inter 
val, the selector disconnects the input line at one end 
of the group of contiguous conductors and connects 
the input line adjacent the opposite end of the group to 
the output lines V1 to V4. The input lines Z1 to Z12 
to which output lines V1 to V4 are connected during 
each interval of the selector cycle, can be ascertained 
from FIG. 20 by comparing the relative positions of the 
straight diagonal lines and the stepped diagonal lines 
shown in FIG. 20. The straight diagonal lines (only a 
representative number of the 12 such lines being 
shown) represent the 12 stages in the selector cycle. AS.4s 
the cycle progresses, the position of the diagonal line 
representing the current stage of the cycle steps to the 
right. The horizontal portions of the stepped diagonal 
lines indicate the limits of the operating position of the 
six position FET switches. Each of the horizontal lines 50 
V1 to V4 is connected to an input line by the switch 
represented by the black circle on the particular hori 
Zontal line which lies between the same two vertical 
portions of the stepped diagonal lines, as the point of 
intersection of the particular horizontal line and the 55 
straight diagonal line representing the current stage of 
the cycle. As the straight diagonal line moves from left 
to right across the horizontal portion, switching takes 
place. 
Thus during the first interval of the selector cycle, 60 

lines V1 to V4 are connected to lines Z1 to Z4, respec 
tively. During the second interval, the point at which 
the diagonal line representing the current stage of oper 
ation intersects V1, has moved from the left to the right 
of the vertical portion of the stepped line intersecting 65 
V1, thus indicating that line V1 is no longer connected 
to Z1 but is now connected to Z3. Moreover, since the 
point at which the diagonal line representing the sec 
ond interval intersects the horizontal line V3, has 
moved from left to right of the vertical portion of an 

30 
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other stepped diagonal line, this indicates that line V3 
is no longer connected to Z3 but is now connected to 
line 25. Similarly, during the third interval, line V2 is 
disconnected from Z2 and is connected to line Z4 and 
line V4 is disconnected from line Z4 and is connected 
to line Z6. The control signal generator 230 provides 
control signals to the matrix 200 and to the selector 
203 so that the switching of the matrix coincides with 
the switching of the selector. The co-ordinated opera 
tion of the selector and matrix will be readily under 
stood by reference to Table 3 showing the connections 
between lines C1 to C5, lines V1 to V4 and four of lines 
Z1 to Z12, during the first four intervals of the cycle of 
the selector means. 

TABLE 3 ---. 

Interval 2 intervat 3 Interval 4 

As will be apparent from Table 3, the switching of the 
selector means has the effect of connecting output lines 
C1 to C4 to a contiguous group of four of the 12 input 
lines Z1 to Z12 for an interval of 1/12 of the period of 
the cycle and to the next congituous group of input 
lines offset by one from the previous group during the 
next interval and so on. Thus the present device pro 
vides a continuous scanning connection between the 
four output lines and the 12 input lines. As previously 
described, lines C1 to C16 are adapted to be connected 
to an electronic interpolator and filter means as de 
scribed which provide interpolated switching to pro 
duce a smooth and gradual transition at the output 
thereof from one group of beam forming transducer 
signals to the next. 
FIGS. 19 and 21 illustrate an electronic scanning 

switch arrangement in accordance with the present in 
vention which is known as a leap frog system. The ap 
paratus is adapted to block signal disturbances caused 
by switching in prior stages of the scanning switch, to 
thereby prevent such disturbances from reaching the 
interpolator output. More particularly the leap frog sys 
tem comprises a scanning switch having two selector 
means. The output of the two selector means are con 
nected to the interpolator switches so that each of the 
interpolator output lines is alternately connected to 
each selector means by operation of the interpolator 
switches. The two selector means are adapted to be 
switched alternately and at a time when said interpola 
tor output lines are connected to the other selector 
means. These disturbances caused by the switching of 
the selector means are blocked from the interpolator. 
The leap frog system provides an additional advantage 
over the embodiments of the scanning switch previ 
ously described in that it permits one more output sig 
nal to be taken from the interpolator for use in forming 
the beam. 
As shown in FIGS. 19 and 21, the leap frog system 

comprises a scanning switch having two selector means 
which are adapted to be switched alternately, the 
switching taking place at a stage in the cycle in which 
the selector means being switched is disconnected from 
the interpolator, thereby preventing electrical disturb 
ances caused by switching selector means from reach 
ing the interpolator. Although both FIGS. 19 and 21 
illustrate the leap frog system, the block diagram shown 
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in FIG. 19 is adapted for use with a 48 stave transducer 
array, while the circuit diagram shown in FIG. 21 is il 
lustrated in a form for use with a 12 stave transducer 
array for purpose of simplicity. It will be understood, of 
course, that the electronic switch in accordance with 
the present invention, can be used with a transducer 
array comprising other numbers of staves. 
As shown in FIG. 21, interpolator 205 comprises four 

FET switches Q1 to Q4 which, for purposes of illustra 
tion, are shown in the form of conventional mechanical 
switches. The output lines from 210, (lines C1 to C4), 
and the output lines from selector 211, (lines C1 to 
C4') are connected to interpolator switches Q1 to Q4 
in such a manner that switch O1 connects interpolator 
output line E1 either to line C1 or to line C1". Similarly, 
switch O2 connects line E2 either to line C2 or C2", 
etc. 
The operation of the interpolator FET switches is 

controlled by output signals carried by lines D1 and D2 
from the control signal generator 225 shown in FIG. 
19. Although lines D1 and D2 are not shown in FIG. 21 
it will be understood that such lines are present and 
control the operation of the FET switches Q1 to Q4 in 
FIG. 21. A positive voltage signal on line D1 causes the 
FET switches to connect lines E1 to E4 to lines C1 to 
C4 respectively, and a positive signal in line D2 causes 
the FET switches in the interpolator to connect lines 
E1 to E4 to lines C1' to C4' respectively. 
The scanning switch in accordance with the present 

embodiment includes two selector means 210 and 211, 
each of which is connected to all of the transducer sig 
nal carrying lines. In the example shown in FIG. 21, 
each selector means comprises a switching matrix. It 
will be understood of course that other selector means, 
as disclosed in this application are also suitable. 
As shown in FIG. 21, each switching matrix of selec 

tor means 21 and 211 comprises 24 FET switches, the 
operation of which is controlled by control lines M1 to 
M12. Control lines M1 to M12 connect and operate the 
FET switches in the two matrices in 12 groups of four 
switches each. Each of the four FET switches in a 
group connected by the diagonal control line are 
adapted to operate simultaneously. As shown in FIG. 
21, lines M1, M3, M5, M7, M9 and M11 are connected 
to six diagonal rows of FET switches in matrix 210, 
while control lines M2, M4, M6, M8, M10 and M2 are 
connected to six diagonal rows of FET switches in ma 
trix 211. 
The operation of the scanning switch shown in FIG. 

21 will be readily understood by reference to the wave 
form diagrams shown in FIG. 22. Each cycle of the 
switch is divided into 12 equal intervals. As shown in 
FIG. 22, the voltage signal in line M1 during the first 
two intervals, from time til to t3, causes matrix 210 to 
connect lines C1 to C4 to lines Z1 to Z4, respectively. 
During the first interval, from til to t2, the voltage sig 
nal in line M12 causes matrix 211 to connect lines C1 
to C4 to lines Z12, Z1, Z2 and Z3, respectively. Thus 
during the first interval the switching of Q1 between 
C1' and C1 causes line E1 to be alternatively con 
nected to Z12 and Z1. 
During the interval from time t1 to t2, as indicated by 

the wave form of the signals in lines D1 and D2, FET 
switch O1 connects lines E1 to C1 (and hence to line 
Z12) for increasingly shorter period of time and con 
nects lines E1 to line C1 (and hence to line Z1) for in 
creasingly longer periods of time. At time t2, line C1 
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16 
is switched while line E1 remains connected to line C1 
both before and after t2. Consequently, at time t2 line 
E1 is isolated from line C1' so that when line C1' is 
switched from line Z12 to line Z2 at time t2, any distur 
bance in line C1 caused by the switching is not trans 
mitted to line E1. 
During the second interval from time t2 to t3, as will 

appear from FIG. 22, FET switch Q1 causes line E1 to 
be connected to line C1' (hence to line Z2) for increas 
ingly longer periods of time. At time t3 while line E1 
remains connected to line C1', the voltage signals in 
lines M and M3 cause matrix 210 to switch line C 
from line Z1 to line Z3. Similarly, during the third in 
terval switch O1 connects line E1 to line Z2 (via line 
C1'), for increasingly shorter periods of time and to 
line Z3 (via line C1) for increasingly longer periods of 
time. In this manner the leap frog system achieves in 
terpolated switching while blocking any disturbances 
caused by switching in the selector means from reach 
ing the interpolator. 

It should be appreciated that those familiar with the 
art may make modifications in the arrangements shown 
without departing from the true spirit of the invention. 
Therefore all such modifications and equivalents are 
assumed to fall within the scope of the appended 
claims. 
The embodiments of the invention in which an exclu 

sive property or privilege is claimed are defined as fol 
lows: 

1. An electronic interpolator means including a first 
input conductor adapted to carry a first input signal; a 
second input conductor adapted to carry a second 
input signal; an output conductor; electronic switching 
means connected to said first and second input conduc 
tors and to said output conductor; said switching means 
being adapted to connect said output conductor to said 
first input conductor and to said second input conduc 
tor, alternately, said switching means being adapted to 
provide an output signal in said output conductor 
which is an interpolation of said first input signal and 
said second input signal, said output signal consisting of 
alternate portions of said first input signal and said sec 
ond input signal in selected proportions, means 
adapted to alter the proportions of said first and said 
second input signals carried by said output conductor 
to thereby alter the degree of interpolation of said first 
and said second input signals in said output signal. 

2. An electronic interpolator means in accordance 
with claim 1 including means adapted to decrease the 
proportion of said first input signal and to correspond 
ingly increase the proportion of said second input sig 
nal, carried by said output conductor, at a constant 
rate; to provide an output signal wherein the degree of 
interpolation between said first input signal and said 
second input signal changes at a constant rate. 

3. An electronic interpolator means in accordance 
with claim 2 including means for cyclically repeating 
said change in the degree of interpolation between said 
first input signal and said second input signal, in said 
output signal; wherein, during each cycle, the propor 
tion of said first input signal in said output signal varies 
at a constant rate from maximum to minimum and the 
proportion of said second input signal in said output 
signal varies at a constant rate from minimum to maxi 
L. 

4. An electronic interpolator means in accordance 
with claim 1 including means for selecting values for 
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the relative proportions of said first and second por 
tions of said interpolation intervals and for maintaining 
the relative proportions of said first and second por 
tions at said selected values. 

5. An electronic interpolator means in accordance 
with claim 1 including filter means connected to said 
output conductors adapted to smooth said interpolated 
output signal. 

6. An electronic interpolator means including a first 
input conductor adapted to carry a first input signal; a 
second input conductor adapted to carry a second 
input signal; an output conductor; electronic switching 
means connected to said first and second input conduc 
tors and to said output conductor, said switching means 
being adapted to connect said output conductor to said 
first input conductor and to said second input conduc 
tor, alternately; said switching means being adapted to 
provide an output signal in said output conductor 
which is an interpolation of said first input signal and 
said second input signal, said output signal consisting of 
alternate portions of said first input signal and said sec 
ond input signal in selected proportions; control means 
connected to said switching means; said control means 
including timing means adapted to continuously mea 
sure interpolation intervals consisting of successive 
time intervals of a fixed duration; said timing means in 
cluding means for dividing each of said interpolation 
intervals into a first portion and a second portion, said 
control means being adapted to provide electrical 
pulses to operate said switch means so that said output 
signal conducting means is connected to said first input 
signal conducting means during said first portion of 
each of said interpolation intervals and is connected to 
said second input signal conducting means during said 
second portion of each of said interpolation intervals, 
means for varying the relative durations of said first and 
said second portions of said interpolation intervals by 
a constant amount with each successive interpolation 
interval, whereby during each interpolation cycle 
which consists of an integral number of interpolation 
intervals, said first portion of said interpolation interval 
varies from maximum duration to minimum duration 
and said second portion of said interpolation interval 
varies correspondingly from minimum duration to max 
imum duration. 

7. An electronic interpolator means in accordance 
with claim 6 including a plurality of input conductors, 
a plurality of output conductors, first and second con 
trol conductors; said switching means including first 
and second sets of transistors; each of said transistors 
including a gate terminal, a source terminal and a drain 
terminal; said gate terminal of each of said transistors 
in said first set being connected to said first control 
conductor; said gate terminal of each of said transistors 
in said second set being connected to said second con 
trol conductor; whereby said first set of transistors is 
adapted to be rendered conductive together and said 
second set of transistors is adapted to be rendered con 
ductive together, 

8. An electronic interpolator means in accordance 
with claim 7 wherein each of said input conductors is 
connected to the source terminal of one of said transis 
tors; each of said output conductors is connected to the 
drain terminal of one of said transistors of said first set 
and to the emitter terminal of one of said transistors of 
said second set; said switching means being adapted to 
provide simultaneous switching of each of said output 
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lines between the input line connected to the transistor 
in said first set of transistors and the input line con 
nected to the transistor in said second set of transistors. 

9. An electronic interpolator means in accordance 
with claim 6 wherein said control means includes a bis 
table driver means connected to said control conduc 
tors; said timing means including counter means con 
nected to said bistable driver means and an oscillator 
connected to said counter means; said timing means 
being adapted to provide triggering pulses to said bista 
ble driver means. 

10. An electronic scanning switch including elec 
tronic interpolator means, a plurality of scanning 
switch input conductors adapted to carry individual 
input signals, a selector means for connecting a contig 
uous group of said scanning switch input conductors to 
said interpolator means, said interpolator means in 
cluding a first input conductor adapted to carry a first 
input signal, a second input conductor adapted to carry 
a second input signal, an output conductor, electronic 
switching means connected to said first and second 
input conductors and to said output conductor, said 
switching means being adapted to connect said output 
conductor to said first input conductor and to said sec 
ond input conductor, alternately, said switching means 
being adapted to provide an output signal in said output 
conductor which is an interpolation of said first input 
signal and said second input signal, said output signal 
consisting of alternate portions of said first input signal 
and said second input signal in selected proportions, 
said interpolator means being adapted to repeat its op 
eration during successive interpolation cycles, each of 
said interpolation cycles comprising an integral number 
of equal interpolation intervals; said interpolator means 
being adapted to connect said output line to said first 
input line for a first fraction of said interpolation inter 
val and to connect said output line to said second input 
line for a second fraction of said interpolation interval; 
the sum of said first fraction and said second fraction 
being unity; said first fraction decreasing by a constant 
amount each successive interpolation interval. 

11. An electronic scanning switch including elec 
tronic interpolator means; a plurality of scanning 
switch input conductors adapted to carry individual 
input signals; a selector means for connecting a contig 
uous group of said scanning switch input conductors to 
said interpolator means; control means adapted to con 
trol operation of said interpolator means and said selec 
tor means, said interpolator means including a first 
input conductor adapted to carry a first input signal, a 
second input conductor adapted to carry a second 
input signal, an output conductor, electronic switching 
means connected to said first and second input conduc 
tors and to said output conductor, said switching means 
being adapted to connect said output conductor to said 
first input conductor and to said second input conduc 
tor, alternately, said switching means being adapted to 
provide an output signal in said output conductor 
which is an interpolation of said first input signal and 
said second input signal, said output signal consisting of 
alternate portions of said first input signal and said sec 
ond input signal in selected proportions, said control 
means being adapted to control operation said interpo 
lator switching means whereby said interpolated output 
signal consists of a gradually decreasing proportion of 
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said first input signal and a gradually increasing propor 
tion of the said second input signal. 

12. An electronic scanning switch in accordance with 
claim 11, wherein said control means includes an oscil 
lator, first and second counters, a count comparator 
and a bistable driver, said oscillator being connected to 
said first counter, said first counter connected to said 
bistable driver said count comparator and said second 
counter, said count comparator connected to said bis 
table driver. 

13. An electronic scanning switch in accordance with 
claim 12 wherein said control means further includes 
a third counter connected to said second counter and 
a first decoder means connected to said third counter 
to provide control signals for said selector means. 

14. An electronic scanning switch in accordance with 
claim 13 wherein said control signal generator further 
includes a fourth counter, a second decoder means 
connected to said third counter, to provide control sig 
nals for said selector means. 

15. An electronic scanning switch in accordance with 
claim 11 including means whereby said control means 
may be caused to operate in a storage mode to thereby 
cause the scanning switch to scan a selected portion of 
said scanning switch input lines. 

16. An electronic scanning switch in accordance with 
claim 11 wherein said scanning switch includes pream 
plifiers connected in said scanning switch input lines. 

17. A scanning switch in accordance with claim 11 
including filter means connected to said output con 
ductor of said interpolator means. 

18. A scanning switch in accordance with claim 11 
including a plurality of input conductors to said inter 
polator means and a plurality of output conductors 
from said interpolator means; means connected to said 
output conductors of said interpolator means to delay 
at least certain of the output signals carried in said out 
put lines and means to combine said output signals to 
form a beam. 

19. An electronic scanning switch including elec 
tronic interpolator means; a plurality of scanning 
switch input conductors adapted to carry individual 
input signals; a selector means for connecting a contig 
uous group of said scanning switch input conductors to 
said interpolator means; said interpolator means in 
cluding a first input conductor adapted to carry a first 
signal, a second input conductor adapted to carry a sec 
ond input signal, an output conductor, electronic 
switching means connected to said first and second 
input conductors and to said output conductor, said 
switching means being adapted to connect said output 
conductor to said first input conductor and to said sec 
ond input conductor, alternately, said Switching means 
being adapted to provide an output signal in Said output 
conductor which is an interpolation of said first input 
signal and said second input signal, said output signal 
consisting of alternate portions of said first input signal 
and said second input signal in selected proportions, 
said selector means including an electronic switching 
matrix, said switching matrix including a plurality of 
matrix input conductors and a plurality of matrix out 
put conductors, each of said matrix input conductors 
being connected to a scanning switch input conductor, 
said matrix output conductors being connected to said 
interpolator means, said switching matrix being 
adapted to provide scanning connections between said 
matrix output conductors and said matrix input con 
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ductors; said interpolator means being adapted to inter 
polate output signals from said switching matrix to pro 
vide an output signal on said output conductor wherein 
there is a gradual transition from the signal of one 
source to that of the next in the interval between 
switching of the switching matrix. 

20. An electronic scanning switch in accordance with 
claim 19 wherein said interpolator means is adapted to 
operate cyclically, said selector means including selec 
tor switching means adapted to connect said switching 
matrix input conductors to a contiguous group of said 
scanning switch input conductors, said contiguous 
group of scanning switch input conductors having a for 
ward end and a rearward end; said selector switching 
means being adapted to simultaneously disconnect the 
scanning switch input conductor at said rearward end 
and to connect the scanning switch input conductor im 
mediately adjacent said forward end, at the commence 
ment of each cycle of said interpolator means. 

21. An electronic scanning switch including elec 
tronic interpolator means; a plurality of scanning 
switch input conductors adapted to carry individual 
input signals; a first selector means and a second selec 
tor means for connecting a contiguous group of said 
scanning switch input conductors to said interpolator 
means, each of said scanning switch input conductors 
being connected to said first and second selector 
means, said interpolator means including a first input 
conductor connected to said first selector means 
adapted to carry a first input signal, a second input con 
ductor connected to said second selector means 
adapted to carry a second input signal, an output con 
ductor, electronic switching means connected to said 
first and second input conductors and to said output 
conductor; said interpolator switching means being 
adapted to connect said output conductor to said first 
input conductor and to said second input conductor, 
alternately; said first selector means being adapted to 
be switched at a time when said second input conduc 
tor to said interpolator means is connected by said in 
terpolator switching means to said interpolator means 
output conductor and said second selector means being 
adapted to be switched at a time when said first input 
conductor to said interpolator means is connected by 
said interpolator switching means to said interpolator 
output conductor, to prevent disturbances caused by 
switching of said selectors from reaching said interpola 
tor, said interpolator switching means being adapted to 
provide an output signal in said output conductor 
which is an interpolation of said first input signal and 
said second input signal, said output signal consisting of 
alternate portions of saifirst input signal said first and 
said second input signal in selected proportions. 

22. An electronic scanning switch in accordance with 
claim 21 including control means, said control means 
being adapted to cause said first and said second selec 
tor means to be switched alternately at fixed intervals. 

23. An electronic scanning switch in accordance with 
claim 22 wherein said control means is adapted to con 
trol said interpolator switching means to provide cycli 
cal operation of said interpolator means such that dur 
ing a first interval in the cycle of the interpolator 
means, the signal in said interpolator means output line 
comprises an increasing proportion of the signal car 
ried by said first input conductor to said interpolator 
means and a corresponding decreasing proportion of 
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said signal carried by said second input conductor to 
said interpolator means and during the next interval in 
the cycle of the interpolator means the signal in said in 
terpolator means output line comprises a decreasing 
proportion of the signal carried by said first input con 
ductor to said interpolator means and a corresponding 
increasing proportion of the signal carried by said sec 
ond conductor to said interpolator means. 
24. An electronic scanning switch in accordance with 

claim 23 wherein said interpolator means includes a 
plurality of electronic switching means, an output line 
connected to each of said interpolator switching 
means, a first input line connected to said first selector 
means and a second input line connected to said sec 
ond selector means; said scanning switch being adapted 
to provide an interpolated scanning connection be 
tween said output lines and said scanning switch input 
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conductors. 
25. An electronic scanning switch in accordance with 

claim 23 wherein during said first interval said second 
input conductor to said interpolator means carries an 
output signal from a first transducer stave and said sec 
ond input conductor to said interpolator means carries 
an output signal from a second transducer stave located 
immediately adjacent said first transducer stave and 
during said second interval said second input conduc 
tor to said interpolator means carries an output signal 
from a third transducer stave located immediately adja 
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cent said second transducer stave and said first input 
conductor to said interpolator means continues to 
carry said output signal from said second transducer 
Stave, 
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