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ACOUSTOOPTIC DEVICES FOR SPECTRAL AND CORRELATIVE ANALYSIS OF SIGNALS

Leningrad AKUSTOOPTICHESKIYE USTROYSTVA SPEKTRAL'NOGO I KORRELYATSIONNOGO
ANALIZA SIGNALOV in Russian 1978, Nauka pp 24-29, 41-51, 52-55, 80-103, 138-143

[Excerpts from a book by S. V. Kulakov]

1.4, The Acoustic Light Modulator [ALM] as an Element of an Optical Signal
Processing Syatem pp 24~29

When solving analysis and synthesis problems, optical information processing
systems take the form of a set of individual elements with the corresponding
couplings betweer. them. The majority of the elements of an optical system
(lenses, free space layers, spatial band filters, and so on) are linear with
respect to the light wave transmitted through them. For these elements, in

a number of papers (22, 77] both the transmitting functions and the responses
to the corresponding d-effects are defined, that is, the characteristics
analogous to the characteristics of linear electric circuits are found.

Such electrical analogies turn out to be highly useful when calculating op-
tical systems, for they permit the use of the methods and mathematical appara-
tus well developed for analysis and synthesis of electric circuits and systems.

The devices used to input the processed information (signals) to the optical
systems -- the spatial light modulators -- are also characterized by the

. transmission functions of the light wave incident on them. These transmis-
sion functions are sometimes called transmission coefficients, transparency
functions, and so on.

For the acoustic 1light modulator, along with the transmission coefficients
it is expedient to find the frequency-dependent coefficient which defines the
linear transformatjon of the input electric signal to an acoustical wave
packet propagated in the acoustooptic interactjon medium. This coefficient
will be called the electroacoustical transmission coefficient. Let us also
find the electrooptical impulse response of the modulator.

Let us define the spectrum of the spatial frequencies of the acoustic wave
- packet corresponding to the electric signals s(t). To begin with, we shall
assume that in the acoustooptic interaction medium there is no damping of the
= 1
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elascic waves, and the electrooptical converter of the modulator has an in-
finite pass band.

The time-space signal in the aperture of the acoustic light modulator (the
acoustic wave packet) corresponding to the input signal s(t) can be written
in the following form:

fr (3 vt)=r(s) f (vt = 3), (1.4.1)
where r(z) is the weight function defined by the aperture stop.

Let us find the Fourier transfoxmation of the signals (1.4.1):

+o o :

S fp (3, VE) OXP (—Jw,3) d3 == S r(3)/ (vt = 3) exp (—fw,3) ds. (1.4,2)
-t

=0
Here w, = -w/v = 21w/\ is the spatial frequency [30, 77], w is the angu-

audio

lar dynamic frequency. ,

Substituting the variable in (1.4.2), we obtain .
+m ' +o

_Smf. (2, v1) exp (—fuw,3) dz == exp (—fur0t) _Sm' (vt = 1) 1 (9) 0xp (o) d. L.4.3)
+o

The integral of type 5 r(vt— y) f(y)exp (jo,y)dy 18 very similar with respect to
 —

form to the integral defining the instantaneous spectrum [56]. Therefore

we shall call

+o
FY (0 vty = | r (vt —p)](y)exp {fu,y)dy
L ..S,, : (1.4.4)

the instantaneous spectrum of the spatial frequencies (or the spatial instan~
taneous spectrum) of the mirror image of the signal £(y).

Let us rewrite expression (1.4.4) in the following form:

4o
FY (w0 vt)= g r(2)f (vt — 3) exp [Ju, (vt — 2)] ds, (1.4.5)

-
Taking the inverse Fourier transformation of the left and right sides of
(1.4.5), we obtain

+o .
’(‘)’(”‘_.’).=§1? S Fi (w,, 1) exp|-—/w,(cl—;)] dw,. (1.4 6)

The expression (1.4.6) defines the spatial signal in the aperture of the
ALM as the set of harmonic waves of the type exp [-jwz (vt-2z)].

Let us express the spatial instantaneous spectrum in terms of the spatial
spectra of the signal and the weight function definca by the aperture stop.

2

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100070031-9



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100070031-9

FOR OFFICIAL USE ONLY

Using the known theorem of the spectrum of the product of two functions [12],
we have

+o

- Foton ) mge | P (00) B (g = ) 0xp 1] (0, = ) vt] La.7)

* .
where F (wz) is the complex-conjugate spatial spectrum of the signal, R(wz)
is the spatial spectrum of the weight function.

In the special case where

L L
r(x)='[ o B

(1.4.8)
0 for l’|>%-
expression (1.4.7) assumes the form
+o - L
. . sin (w, = w!) = )
- L v!)::% J‘ r(u;)——(-:-':;)_z..X“Pll(ﬂ.*tﬂi)wldw:. (1.4.9) )
. 4 -

—t0
vhere L is the size of the ALM aperture in the direction of propagation of
the elastic waves,

o+

Thus, P (ot = 3) =g | oxplto, (vt — )] du) X )
-0 .
+o L
K sin (v, — w}) = : (1.4.10)
Xw | P =g oxp [ (0, —of) ot du,

Expression (1.4.10) defines the time-space signal in the aperture of the
ideal ALM.

Now let us take into account the distortions which are introduced by the
electroacoustical (most frequently plezoelectric) converter and the damping
effect of the elastic waves in the acoustooptic. interaction medium of the
modulator.

- The plezoelectric converter can be considered as ‘a linear quadripole with in-
- put electric, signal and output electric signal, and a complex transmission
coefficient K_"(m) can be assigned to it, This transmission coefficient also

takes into account the effect of the binding layer between the piezoconverter
and a acoustooptic interaction medium, and it can be determined experi~
mentally.

If the input signal s(t) has the spectral density é(w), it is obvious that

P (o) = 8 (u) K2 {ug),

(1.4.11)

3
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where * is the psign of complex conjugation,

The actual acoustooptic interaction medium is characterized by the damping

. coefficient a(w). Consequently, the time-space signal in the aperturé of the
ALM must be represented by the set of damping elementary waves of the type
exp | =[x (0) 2] exp [—ju, (vt—2)].

Thus, the actual time-space signal in the aperture of the ALM can be repre-
sented in the following form:

+o
i
r() s (vt 3 == S oxpT—la(w,)| 3] exp [—fu, (vt — 2)} du, X

o+
sin (w, — w}) L

. :
Xy ) St 0h) K (i) ——m—gr—"exp [/ (v, — w}) vt} du}.

(1.4.12)

The presence of damping of the elastic waves in the acoustooptic interaction
medium requires the introduction of corrections to the determination of the
instantaneous spectrum of the spatial frequencies,

By the instantaneous spectrum of the spatial frequencies of the time-gpace
signal in the rectangular apperture of the ALM we mean the spectrum defined
by the expression

+o
Flous 2, o) =oxpl—lafo) 113 | 8%ty k3 ) x
-0 .
sin (m,—n');)—b-
X—sr=ar—explf (v, —w}) vt] du. (1.4.13)
Then | |
e
r(3) s (vt, :)=2—n S

-~

Fi. (0, 3, v8) oxp [ fu, (vt — 3)] du, (1.4.14)

is the time-space signal in the aperture of the real ALM,

The frequency properties of the real ALM are completely defined by the pro~
duct

R (0,0 3)= K3 (0,) exp [~] a (w,) 2], (1.4.15)
which we shall call the ALM electroacoustical transmission coefficient.
This coefficient establishes & unique relation between the spectrum of the
input electric signal and the instantaneous spectrum of the spatial frequen-

cies of the time-space signal in the aperture of a real acoustic light modu-
lator.

4
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= On feeding a 6 pulse to the input of the ALM at the time t, we call the time-
’ space signal in the aperture of the ALM the electroacoustical impulse re-
sponse, Substituting the spectral density 3(w) = exp (~jwt) in (1,4,12), for
the electroacoustical impulse response of the ALM we obtain

4o

1
g(et, vs, )=z | expl—lau)lax
-
+®

) X oxp (—fu, (ot — 3l du, = | oxp (Juior) &8 () X
- -0 *
sin (w, — w;)—{l-
x—-m'—__w—;——exp [/ (w0, = w}) vt] du), (1.4.,16)

Then the time-space signal in the gaperture of the acoustic  1light modulator
with aperture input signal can be found using the known expression

+o
r(2) s(vt, 3)mm S 8 (vs) g (v, ve, 3)dos, (1.4.17)

-—(0
It must be noted that the electroacoustical transmission coefficient and the
impulse response of the SLM are not related to each other by the Fourier
transformation, However, these characteristics completely reflect the
frequency and time characteristics of the linear process of conversion of
the input electric signal to the time-space signal in the ALM aperture,

As was indicated in item 1.1, various operating conditions of the diffraction
acoustic  light modulator are distinguished, The modulation process is

most simply described under Raman-Nutt conditions when purely phase modula-
tion is assumed., We shall limit ourselves to the investigation of this case
here.

Let the electric signal s(t) be fed to the input of the acoustic 1light
modulator operating under the Raman-Nutt conditions. The plane light wave
incident normally on the ALM

e’ (t, z)=Egexp() (ugt — ko)
(¢H)
Key: 1, light

is modulated by the time-space signal, and at the output of the modulator
it can be represented by the expression

e (t, vt)=E‘,exp[[w“t+.4r('z):(vt, 7)), (1 4,18)

where A is the proportionality coefficient, With a harmonic input signal it
has the meaning of the phase modulation index (the phase advance klightx

which is insignificant to the following discussion will be omitted just as
in item 1,3.) Thus, the ALM operating in the Raman-Nutt diffraction mode
has the following transmission coefficient of the light wave incident on it:

5
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T (vt, z)meoxp[jAr(s)s(vt, 3)}. (1.4.19)

Here the exponent in (1.4.19) 1is determined by the diffraction activity of

the acoustooptic interaction medium and the expressions (1,4,14) or (1.4.17)
establishing the relation between the input electric signal s(t) and the time-
space gignal in the aperture of the ALM.

The acoustic  light modulator is a linear device with respect to the light
wave normally incident on it. At the same time the nonlinear transformation
of the input electric signal of the type (1.4,19) satisfies the generalized
superposition principle {11]. This fact can be used both for analysis and
synthesis of the acoustooptic devices and, obviously, for the solution of
the problem of linearization of their amplitude characteristics.

2,2, Multichannel Acoustooptic Spectral Devices pp 41-51

In radio engineering the problem frequently arises of analyzing a multidimen-
sional signal made up of N elementary inlependent electric signals existing

- in separate channels or separated in space, As a rule, these elementary
signals are distinguished by initial phases. Specialized optical computers
to which the elementary signals are input by means of multichannel ALM find
application in the processing of multidimensional signals [3, 83, 97, 104,
121]. Sometimes these devices are not so precisely called multichannel
acoustooptic spectral analyzers, although the term "multichannel analyzer"
presupposes the presence of N independent channels and, consequently, N out-
put (in the general case, two dimensional) signals, In the investigated de-
vice N elementary input signals (or one N-dimensional input signal) forms one
output (in the general case, three dimensional) signal. Inasmuch as the
operating principle of this acoustooptic computer consists in formation of the
light wave spectrum modulated by the signals in the multichannel ALM, we shall
call it a multichannel acoustooptic spectral device.

The most prospective is the application of the multichannel acoustooptic
spectral devices for processing multidimensional electric signals of phased
antenna arrays.

In 1963, a multichannel acoustooptic device was described in reference [83]
for simultaneous observation of many radar targets. In this device the
signals from the elements of the linear antenna array were fed after frequency -
conversion and amplification to piezoquartz electroacoustic converters :
attached to one end of an acoustic polygon (a multichannel acoustic light
modulator). Here the phases of the signals transmitted to the polygon repeated
the phases of the signals reaching the elements of the antenna array. The
distances between the electroacoustic converters on the scale determined by

the ratio of the lengths of the electromagnetic and elastic waves corresponded
to the distances between elements of the antenna array. Thus, the total
elastic wave created by the linear acoustic array was propagated in the
acoustic polygon at the angle to the acoustic array at which the electro-
magnetic wave was incident on the antenna array,

6
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The acoustic polygon was illuminated by collimated light, and in the rear
focal plane of the integrating objective, series were formed, each pair of
which (with small phase modulation indexes) corresponded to the radar target
observed at the corresponding angle, By measuring the angular position of
the diffraction gpot, it was possible to determine the angular coordinate

of the radar target, In spite of the quite similar description of a device
presented in the indicated paper, it did not become widespread as a result of
technical difficulties connected with execution of it.

In reference [97] a study was made of the application of the acoustooptic
spectral devices for processing the signals of a phased antenna array (PAA).
Two methods of processing the signals of the linear receiving antenna array
are described: 1) multiple time delay and 2) spatial multichannel nature,
The combination of these methods makes it possible to create a device for
processing the signals of a planar PAA. Let us discuss them in more detail.

The functional diagram of the signal processing device of the linear PAA which
uses the multiple time delay method is presented in Figure 13, The pulse
signals induced in the elements of the linear PAA reach the frequency con-
verters; then they are delayed by the corresponding time and summed. The
magnitudes of the time delay are selected so that the total signal will con-
sist of N radial pulses (where N is the number of elements of the PAA), the
interval between which would be proportional to the angle of incidence ¢ of
a plane electromagnetic wave incident on the PAA. The total signal is

fed to a single-channel acoustooptic spectral analyzer. The position of the
main lobe of the diffraction peak of the first order is determined by the
average frequency of the total pulse and, consequently, depends on the angle

9.

The functional diagram of the acoustooptic signal processing device of the
linear PAA executed by the method of spatial multichannelness is presented
in Figure 14. The signals from the elements of the PAA are fed after fre~
quency conversion and amplification to the corresponding electroacoustic
converters of the multichannel ALM, which is illuminated by a plane monochro-
matic light wave I. A diffraction pattern is formed in the rear focal plane
of the integrating objective. Here the position of the main peak of the
first-order diffraction maximum reckoned along the my axis is defined by the

angle O at which the plane electromagnetic wave is incident on the linear
PAA. By measuring the coordinate wy, the angle 0 is determined.

If the planar PAA has N columns and M rows, thenan N-channel light modulator
is used in the signal processing device of such an array, and a bunch of N-
pulses is created in each channel by the multiple time delay method. By
measuring the coordinates my and dz of the main peak of the first-order

diffraction maximum, the angular coordinates of the observed target are de-
termined.

In reference [97] the results are presented from experimental studies of an
acoustooptic device with multichannel AIM with the following parameters:

7
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Figure 13, Functional diagram of the PAA signal processing
device using the method of multiple time delay, 1 -- mixer,
2 ~- heterodyne, 3 -- delay line, 4 -~ adder, 5 -~ spectral ana-
lyzer, 6 -- display, I -- plane electromagnetic wave front,

average pass band frequency of the channel 20 megahertz, duration of the pro-
cessed signal in each channel 25 microseconds, width of the channel pass
band 5 megahertz, number of channels 24.

The multichannel ALM is executed in the form of a glass cell filled with dis-
tilled water with an array of electroacoustic converters made from an x-cut
piezoquartz plate on which gold electrodes are applieéd. The electrode width
is 1.5 mm, the spacing between adjacent electrodes, 3 mm. A 4 megawatt
helium-nec.. laser was used as the light source., The optical system was made
of high-quality optical parts. The read-outs system is a photomultiplier
with narrow slits (1 micron) in front of a photocathode fastened to a moving
platform. The signals from the photomultiplier were amplified by a logari-
thmic amplifier and fed to an automatic recorder. The experiments were per-
formed with specially developed PAA signal simulator, The angles of incidence
of a plane electromagnetic wave on a linear PAA amounting to zero and 19.5°
were simulated. For these angles the distribution curves of the light in-
tensity in the region of the first diffraction maximum were calculated.

Then the actual light distribution was measured using the read-out system.
The results of the measurements agree well with the calculation. The possi-
bility of suppressing the side lobes by the weighted processing method was
also checked out.

In [104, 121] it was proposed that a multichannel acoustooptic device be
used to process the radio telescope signals, in particular, the signals of

8
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Figure 14. Functional diagram of the signal processing device

of the PAA by the method of spatial multichannelness, 1 ~=

mixer, 2 -- heterodyne, 3 -~ multichannel ALM, 4 -~ integrating
objective,

Key: a, inputs

a radioheliograph, An original optical system was developed, Obviously this
is the most prospective application of such devices.

In the papers devoted to multichannel acoustooptic spectral devices, as a
rule, studies are made of the factors determining the distribution of the
light oscillations in the output plane of the optical computer for the simp-
lest input signals. However, the procedure for calculating the output signals
for arbitrary input signals is left out of these papers. Inasmuch as the
investigated device belongs to the linear spectral devices, it is expedient

to determine its instrument function which in the given case will be multi-
dimensional. When determining the instrument function we use the known
principles of the theory of linear multidimensional systems [13].

The superposition integral for systems with N inputs and M outputs is written
as follows;

y
f(y):SG(v. 1) -8(z) dz, (2.2.1)
Y

9
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whare s(x) and £(y) are the input and output vectors of the system, G(y, x)
is the pulse matrix,

1f a single pulse 6(y - x) is fed to the ith input of the system, the output
vector of the system has the form

sy 27
gy 2)= 53!(?..xz
O by 2) (2.2.2)
. where g, (y, x) 1s the pulse response of the jth output excited by a single
RE y

pulse at the ith input., Feeling the S-effect to the remaining inputs, we
determine the pulse matrix of the system

Bl 2) gy 2) eos gy by 2)
- el 2) talys 2) oo gon vy %)

G(V'-')E.-.,....--........ .

L I T I I TN SR N S Y

Bas(Vh 2) Buol¥s 2) vou gyn vy 2)_]

(2,2.3)

for a system with N inputs and ore output the pulse matrix is a row-matrix

Gv 2)={en vy Dgnln 2)... gulv, )], (2.2.4)

and here

LW 2)=gy(y, 2) (2.2.5)

Let us define the pulse matrix of a multichannel acoustooptic device, the
functional diagram of which is presented in Figure 14 on feeding d-inputs in
the frequency region to its inputs. This pulse matrix, by analogy with the
instrument functions of the single-channel spectral devices, will be called
the instrument matrix of the multichannel acoustooptic spectral device,

Here it is necessary to feed a harmonic oscillation to the inputs of the
spectral device

131 (8) = CO3 0,1 (2.2.6)
1 (2

Key: 1. input 2, audio

Thus, the input signal in the frequency region can be written in the form

ty (W) =|rd (w4 w,) +rb(w—w,)}8& for 1<ICN, (2.2.7)

where Ei is the ith column of the unit matrix N x N, that is,

10
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- 1ith row. (2,2.8)

L ol
-
ODerrre O »o Ooeve S

The plane light wave I incident on the multichannel ALM (see Figure 14) is
phase-modulated by harmonic elastic waves.

In the case of identical channels of the ALM, the light wave at its output
- can be described as follows:

By co8 fuyt = A cos (wyyf = kyty)l 8 for
e (05N = (1 =1))a = [0.5(N - 1) —1]b <
, LYy & =~ (05N = 1) a = [=05(N31) =1} b,
¢ (2 )= 0 for (05N = () a = [0.5(N 4+ 1) —1]b< (2.2.9)
LN = (05N =t)a={05(N 1)~
—-{=1))b 1<ILN,

where a is the width of one channel of the ALM, a + b is the af)acing between
adjacent channels.

The analytical signal which can be represented by the following expression

corresponds to the narrow-band signal (2.2,9) (wlight > Woudio® A << 1)

s @
By exp fue,t 2 I {d) “p[/"‘ {wyat =k yy2 - %’.‘]e‘

M2
) for— (05N — (¢ — 1)) a = [0.5 (N + 1) = 1] <

i =1 g 05 (N —1)am (0.5 (N 4 1) — 1], (2.2.10)
2 0 for — (058 ~1)a—[0.5(VN+1)— )6 <, <
&= (05N = 1) a=[0.5(N 41) -~ (1 —1)] b,
1<ICN,

The analytical signal corresponding to the distribution of the light oscil-
latione in the rear focal plane of the integrating objective is described in
the form [77]

_ 0.3N840.3 (-V;l-)—) +0.5L

o (8 v, ",) =B, S S o (8 2 1) X
=0,8N8-0.3 (N=-1) b ~0.5L
X exp [~ (wyp; 4 w,1,)| dyydsy, - (2,2.11)

where

k
"_—-;"'yl‘
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The plus ficst~order diffraction maximum (the region of the output plane of
the device of interest to uas) is formed by the light waves defined by the
terms of expression (2,2,10) for which m » 1, This region of the output
plane can be considered as the only output of our spectral device with N in-
puhB.

Limiting ourselves to the investigation of the plus first=-order diffraction
reglon, we exclude the negative spatial frequencies from the investigation.

Consequently, it is possible to talk about the spectrum of the analytical
signal corresponding to the light wave modulated by an N-dimensional input

signal.
Thus, +0.5N84-0.8 (¥-1) § +0.8L »
LAY (™ ) =2 S ealt 3y, v)expl—f (w4
~08N8 0,5 (Nus1) b —0.8L .
w2 dydsy,

(2.2,12)

where ell(t’ W,» wy) is the analytical signal corresponding to the light

oscillations in the region of the plus first-order diffraction maximum.
Here :

Exexp (o) 1y (4) exp s (ot = bt + 5)] - 14
For—[05N (1= 1)la—[0.5 (N + 1) —(]b <
it o p)=] S —=05(N =1)am[0.5(N+1)=1]b,
0 for ~0.5(N —1)a=[0.5 (N + 1) = 1] b <
<N = (05N =) a— 05 (V4 1) = (1= )], (2,2,13)
AKIGN.

Let us consider the investigation of the ith term of expression (2.2.13):

et w, )= B,E,], (A)ex
—(0.&\"-;) ﬂ—(ﬂl..'b (h’-“)-l]: °+0:7(t )explf (ﬂcl+0u) X

X exp [—f (w, 4k, dz,,
_MJN—U—lna—Nﬁ(N+U—Qb-£JF PI=Iteetbu) i dy (2.2,14)

After simple transformations (2,2,14) is written in the following forms

§in 0.5 (vw, - w,)) T

e (8, vy wy) == ByJ, (4) 0.5 (0w, Fugg) T °XP (/ [(vw,-{-u”) 1)} X

sin 0.5_aw’ .
X 0.5as,  °*P {(110.5(N 1) ~t) (a + b) w1} exp [f (v, — va,) 1], (2,2,15)

where B, = BlﬂoaL, T = L/v,
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- Expression (2,2,15) defines the output signal of the device on feeding a &~
input in the frequency region to its input, that is, in essence, one element
of its instrument matrix, However, as one element of the instrument row-
matrix of the multichannel acoustooptic spectral device we take the cofactor

8in 0,5 (o=wy,) I 8in0.500,
B \w gy vy, #) 0-5(w(- w.fr—. 0.5a.,

X oxp (=1 (w —wyy) ] 0xp (1{0.5 (N + 1) — 8] (a - b) ), (2.2.16)

(where w = -vmz) which determines the spectral distribution for A << 1, that
is, for J1 (A) = A/2. The condition of smallness of the phase modulation in-

dex (that is, the input signal levels) is a necessary condition of linearity
- of the investigated spectral device. Thus, the latter has the instrument
matrix

G (‘""“"n; wp 8)=[8 (- wgy Wy £) €n (0= Vamr Cps § oo

vor gy (wmugyy upy 8], (2.2,17)
which is formed on the light carrier,

If a multidimensional signal is fed to the input of the device, and the
analytical signal corresponding to it has the snectrum

ZI (w)
zl (w)

for w0,

2,(0) (2.2.18)
0 for uw<o,

the output spectral distribution is written as follows:

Z, () &=

ot-dw, .
G (w—wyy, wyy £) Zyy (w,,) du,, for w30,
Zyuy (v, vy, 8) = wyie, g .

0 for w<o, (2,2.19)

where wo and 20w are the average frequency and the pass band width of one

ALM channel, (If the ALM channels have different parameters, including
average frequencies and pass bands, the integration limits will be different
for the different elements of the instrument matrix).

Let us rewrite expression (2.2,19) as follows:

oy tdw,
zm (w, Wy )= flw—uw,, v, )2, (wy,) du,y!
-l )
wytde,
+ S & (0 —wy,, ¥y l)z,(w")dw"-{-...-}- (2.2,20)
"=ty
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kb,

z(-;.)(m. N'. ‘)=-0 . for ‘“<0g
Key: 1, out 2, audio

and let us consider the integration of the common term

oy-duy

2;(:.1:5 (w, uy, ) = w._iw'ﬂ (0 =y, ""; t) ‘zc (vy) duyy e

- 8in 0.5au,
= T05aw, °XP (105 (N4 1) =1] (a4 b) w,) X

°sinO..")gm--m

g Ao, . .
T
) X -»,-Sm, 0.5 (w— m“)u)"' Z‘.(w“) OXP [~/ (w = uigy)| du,, forlwf 0, o (2.2.21)
Key: 1. out

As is demonstrated in item 2,1, the integral in expression (2,2,21) defines
the instantaneous spectrum of the analytical signal corresponding to the
signal si(t) at the ith input of the device.

Thus,

2,8 (ORI

sin 0.5aw,

=| 05w, e {10.5(V + 1) = 1)(a + B)uy) 25w, ) £OT w0,
for X N‘< 0.

(2.2,22)

Key: 1, out
The signal corresponding to the spectral distribution (2.2,22) is formed on
the carrier eli(t, w) = exp [j(wlight -w) t].

Considering (2.2.22), (2.2.20), will be rewritten in the following form:

) N
in 0.5a
s z“r’““':' exp{fO.5N + 1) (a 4 ) v, 2 2,7 (w, )X
=1
X exp [—).51 (a +b) wy] for wm ),
0 for w<0. i (2.2,23)

.

Bz (0, 0y, 1) =

Using the expressions obtained, let us calculate the distribution of the light
oscillations in the output plane of the multichannel acoustooptic spectral
device as applied to the problem of processing the signals of a linear phased
antenna array.

14
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Let us propose that a plane elactromagnetic wave is incident on the antenna
array at an angle 6. The signals induced in the antenna elements are ampli-
fied, they are frequency converted and reach the corresponding inputs of the
multichannel acoustooptic spectral device. Let us also propose that the
signals in the channels have identical levels, and the channels themselves
are identical. Then the spectral densities of the signals will differ only
by the phase factors exp(-jA¢,), where Ap, = (1 - l)mem(d/vlight) sind is

the phase difference between the signals of the first and the ith channels,
and Wom is the frequency of the electromagnetic oscillations incindent on

the antenna array, d is the spacing between adjacent elements of the antenna
array. Here

sin 0.5qu, )
0w, 0P U0V 1) (0 b) uy) 24 (w0, )X

N oo
Zu o, g )= | X 3 01pl=] (1=1) bl exp (=051 (0 + B} o
fe=

(1) (2.2.24)

. for w0,
()} for <o,
Key: 1. out

Then the analytical signal corresponding to the distribution of the light
oscillations in the region of formation of the plus first-order diffraction
maximum will be defined by the expression

d
, A 5in 0500, sin 0.5V [(a + b) wy 4 oy, o sin@ l
ot o) =By —gEa, a7 X
4 sin 0.5[(a + 8) wy - vy Yo slnG]

X exp (—l I_V_:-_i Wy -‘:— sin 0) 28 ¢ (w, ) exp ] (wey — w) 8],

(2.2.25)

where éT(m, t) is the instantaneous signal spectrum in the first channel of
the ALM.

The expression (2.2.25) indicates that the distribution of the light oficil-
lations with respect to the wy axis has a multilobe nature., Here the posi-

tion of the main peak can be found from the expression

d
u,.T"—sinG
=T (2.2.26)

' The spacing reckoned from the point corresponding to 6 = 0 to the point
corresponding to the nonzero value of 0 in the rear focal plane of the inte-
grating objective for d = Aem/2 (where Aem - valight/wem) is equal to

Aoy .
(R ]
=Tt Sint (2.2.27)
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The width of tha main maximum 2Ay2 of the function (2,2.25) with respect to -

the zero values for d = Aem/2 can be found from the expression

2,,F
Wy =T hwe (2.2.28)

On variation of the angle ©, a shift in the position of the main maximum of
- the function (2.2,25) takes place. By measuring this shift it is possible to
find the anglular coordinate of the target 0: z

0 == arcsin mﬁ;%uj- .

Expression (2.2.25) also indicates that the distribution of the light oscil-
lations with respect to the w, axis will be defined by the instantaneous

spectrum of the input signal. This coordinate can be used on application of
the multiple time delay method which combined with the method of spatial
multitime channelness will permit processing of the signals of the planar
antenna arrays [97].

(2.2.29) o

Chapter 3. CORRELATIVE ACOUSTOOPTIC SIGNAL ‘ pp 52-55

The correlative acoustooptic signal analysis devices are of great interest
at the present time. This is explained by the high potential possibilities.
In gpite of the fact that these possibilities have not been fully realized

- as yet as a result of the great technical difficulties, the acoustooptic
devices forming the convolution of input signals (convolvers) or their corre-
lation functions (correlators) are finding different applications in modera
radio electronics.

The basic reason why attention has been turned to the acoustooptic
correlative analysis devices is the possibility of building instruments which
operate in real time.

The ALM available at the present time permit the creation of devices which
can be used both in the intermediate radio frequency range (to 100 megahertz)
and in the high and superhigh frequency bands. This greatiy expands the
region of application of the acoustooptic correlative analysis devices and
makes it possible to use them to solve a variety of problems.

The devices built on the basis of the acoustooptic correlators and convolvers
-- parametric quadripoles, time scale converters and dispersion spectral
analyzers -- also have great practical significance.

When investigating such devices we shall first discuss some of the publica-

tions on-acoustooptic convolvers and correlators and then proceed with their
analysis and various applications. '

16
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3.1, Acoustooptic Convolvers and Correlators

- The functional diagram of the simplest acoustooptic convolver [63, 92, 1l1]
is presented in Figure 15. The device includes a light source 1, the conden-
ser 2, the collimator 3, the AIM I 4, the ALM II 5, the integrating objective

6 and the photodetectors 7 (photomultiplier) with electric band filter as the
load.

The light source, the condenser and collimator create a plane light wave
which illuminates the first acoustic light modulator 4., 1In the ALM I an
elastic wave'packet is propagated which corresponds to the electric signal
which reached the electroacoustic converter (input I). On passage through
the ALM I the plane light wave is phase-modulated and then illuminates the
second acoustic light modulator 5, The second of the signals is fed to the
input II, that is, to the ALM II. The elasti: wave packet corresponding to
the signal secondarily modulates the light wave. (A traveling wave regime

- is created in the modulators as a result of using acoustic absorbers).

Bzodll (a)

[ —
= il

%

5
Boizod
(c)

8z0d1 (b)
Figure 15. Functional diagram of the simplest acoustooptic

convolver.

Key: a. input II b, input I c. output

The successive passage of the light through two modulators provides for
multiplication of the time-space signals corresponding to the input electric
signals. The counter propagation of elastic wave packets insures the signal
shift required for shaping the convolution and the mirror image of one of

the time-gpace signals with respect to the selected positive direction of
the spatial coordinate.
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The integrating objective which gathers light from all parts of the aperture,
provides for the execution of the integration operations., The photodetector

converts the modulated light flux to an electric signal corresponding to con-
volution of the input signal of the device,

When using the acoustooptic convolver for purposes of correlative analysis of
signals, it must be supplemented by the time scale converter for one of the
signals, which shapes the inverse time scale.

The electroacoustic device for forming the inverse time scale (the device for
forming the mirror image of the signal in time) is described in reference
[111] (see Figure 16). It contains a light source 1, a collimator 2, projec-
tion objectives 5-7, integrating objectives 10, ALM I 12, ALM II 8, polarizer
3, analyzers 4, 9, a quarter-wave plate 13 and photodetector 1ll. The proces=-
sed signal is fed to the input of tlie device, that is, to the ALM I. The

ALM I is illuminated by the light with circular polarization created by the
polarizer and the quarter-wave plate ("optical shift"). The image of the
processed signal is shaped by the projection objectives on the ALM II with

- twofold diminishing. A delta pulse is fed to the input of the ALM II with a
delay equal to the duration of the processed signal. The elastic wave packet
corregsponding to this delta pulse and the image of the processed signal are
shifted in the same direction, but with different welocities.

8z0d, (a)

3
2\ /"As

M | 7 8 8 10
g \ ‘.M,

y . Boe)
.\“ ‘\&‘ .'._ | (t)

7 17

Borxod

(b)

Figure 16. Acoustooptic device for shaping the mirror image in
time of the processed signal.

Key: a. output b, input

Here, the elastic wave packet corresponding to the delta pulse overtakes the
image of the processed signal and reads it from the end. The integrating
objective which gathers light from the entire apperture of the device execu~
tes the integration operation, and the photodetector (photomultiplier) con-
verts the time-modulated light flux to an electric signal, which is the

18
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mirror image in time of the input signal, In essence, shaping of the mutual-
correlation tunction of the input signal and the delta pulse occurs here.  An
analogous device executed on the basis of dif fraction ALM is proposed by the
author of [33].

An original small-scale optical system of an acoustooptic convolver is de-
scribed in [89]). The device has high structural parameters, for the same
optical elements are used many times, and various functions are performed.

In reference {63] the oscillograms of the output signals are presented for
the processing of signals with intrapulse phase manipulation by the simplest
convolver in accordance with the five-valued and 13-valued Barker codes on

a carrier frequency of 15 megahertz.

In [81, 82] the possibility of processing the signals with the product of the
duration times the spectral width of 103 to 104 by acoustooptic convolvers is
indicated. For example, there is a description here of an original small-
scale device with ALM of complex form. The possibility of processing signals
lasting 340 microseconds on a carrier frequency of 30 megahertz is indicated.
The oscillograms of the output signals are presented for feeding signals with
phase manipulation to the input.

Connecting a device for shaping the mirror image of the signal in time to one
of the inputs of the convolver, we obtained the possibility of correlation
analysis of the signals. Such a correlator, which contains acoustooptic
convolver and device for shaping a mirror image is described in [111].

3.5. Dispersion Quadripoles Based on an Acoustooptic Device with Enlarged
Image of the Reference LFM [Linear Frequency-Modulated] Signal pp 80-103

Let the quadripole reference signal generator, the functional diagram of
which 1s illustrated in Figure 19, shape the LFM signal

E‘i')"""’=°°’[“’°"(‘ -5 —n)-%(; -5}, (3.5.1)

.

Key: 1. reference

/T

where Bref = 2 ref’ “d.ref is the frequency deviation in the reference

d.ref
signal.

If all of the diffraction peaks of the plane of spatial frequencies are used
to construct the image of the reference signal (for small phase modulation

indexes, the zero and first order diffraction peaks are used), then consider-
ing (3.2.17) and (3.3.1) we write (3.5.1) for Q = ~1 in the following form:
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;o..(f—-T.)ucosl[woP(t -—%—'k—r.)..ﬁ"-z”-’-(g ;.1131«._7,)’], (3.5.2)

where Bo o ZANO/PTref, 2Aw0 is the pass band of the AIM II,

Considering (3.3.8) and (3.3.9) for Tref < Tinp/P lat us write the pulse

response of the quadripole in terms of the set of normal pulse responses

(&)
Bcos[wo(ﬁ—ﬂ—'ﬂ?ﬂ‘ *L?'(E-""_Z—)]

for —Ton S w <0 for < § < (P+1) 4 PTy,

g (&, 7)== Bcos[u,,(E—-:‘_.’i;ﬁ)_ﬂ;_q_(e_1‘___1;'_&)2]
for 0y < T, for=‘<e<=,+pr““
Bcos[uo(E—rc—‘P—Tz‘ﬂ"")—%(E-_—q-P—:“‘“—)‘z] (3.5.3)

for Tu <% € Top+ Ty fOr (P 1) 5= PT, & £ < 5 -+ PT,,,

Key: 1. op = reference

and the set of conjugate pulse responses

Bcos[wo(e—s‘+£%!.)+ %(t_s‘_*__f_zrﬂ_')n]

for —To <& < PTyy f°’g‘.;_£f°" <t<ks
PT" .an PT,,,, ‘3
gt 8= Bcos[wo(r—54+T")+T"(r—-E,+—2—-)]

for Pl <UL & Ty for s — Pl €< 6,
‘B cos[uo(t—h{--P;ﬁ)—a—s"—(,_E‘_l_P_:o_“_)z]

n E+pr (3.5.4)
for Tu<&<S(P41)To+ Ty for §—PTy <5 < L9
= | (in). &) ¢ [ < PF1
Key: 1. reference 2, inp
-

Expressions (3.5.3) and (3.5.4) indicate that the investigated quadripole
has dispersion properties. Here it must be noted that for conjugate pulse
responses (LFM signals) the law of variation of the frequency is a mirror
law with respect to the law of variation of the frequency in the reference
signal, and for the normal pulse responses, coinciding with the law of fre-
quency variation in the reference signal.
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K (U), &t)
Nmam(w’al)

10F
a . 0.6

1.0f

06}

1.0
06}
02

wxm“,f{—a ¢

Figure 25. K(w, &) surface cross sections. P = ], Tref = 10

microseconds, T = 20 microseconds; fo = 10 megahertz, 2Af0-

inp
= 2 megahertz for the LFM reference signal. Ei, microseconds:
a--2,b~-8, ¢c --10-20, d -~ 22, e -~ 32,

Key: 1. radians/sec

Substituting (2.5.3) in (3.3.10), we obtain the expression for the complex
conjugate transmission coefficient of the investigated quadripole,
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Expressions (3,5,3), (3.5,4) and (3,3,10) pexmit the construction of surfaces
- d t ]
corresponding to g(r, £) and K(w, £) for the given aref(t), Py T ¢ ond rinp.
Some surface cross sections K(w, £) by the planes perpendicular to the plane
- (6, w) and parallel to the w-axie are presented in Figure 25. These cross
, gsections =-- the functions K (w, Ei) ~=- correspond to the spectra of the LFM

signals with different coefficients m' = Zde. where fd is the frequency de-
viation, T is the duration of the LFM signal [12].

The dependence of the frequency-amplitude characteristic of the parametric
dispersion quadripole (the modulus of the transmission coefficient) on the
observation time Ei is explained by the fact that the frequency properties of

this quadripole are determined by the position of the elastic wave packet
corresponding to the LFM signal in the apperture of the ALM I,

Thus, for the example presented in Figures 3.5.1, from Ei = 0 to 51 <10

microseconds the elastic wave packet still did not completely go to the
aperture - of the ALM I, and the pass band of the quadripole is small. For
10 microseconds less than Ei < 20 microseconds, the entire elastic wave

packet is in the aperture, and the frequency characteristics of the quadri-
pole completely coincide with the amplitude and phase spectra of the refer-
ence signal. Then, as the elastic wave packet corresponding to the reference
signal leaves the aperture, the pass band of the quadripole becomes more
constricted. The phase-frequency charac% eristic of the quadripole undergoes
the corresponding operations.

Analogous discussions and relations can also be presented for Tref > Tinp/P'

Now let us consider the parametric quadripole, the functional diagram of which
is presented in Figure 22, 1If the reference signal generator in the parame-
tric quadripole shapes the LFM signal defined by (3.5.1), then considering

(3.3.25) and (3.3.26), the pulse response for Tinp > PTref is defined by the

following expression in terms of the normal pulse responses:

g (&)= ~

B Bcos[m.,(E—p.-—PZ"")—-'QZ&(E—?‘—!%")]

for —7,, gp; < 0for — (P —1)p; & € oy + PT,,,

‘ Bcosrmo(i—w—ﬂﬂ)—%‘(E—p;—ﬂ"—)]
for 0o < T, forn <& < pe+ PT,,,

)

for Tn<? ‘Tn‘l'rn fOI'P €E<-—(P—l)p +P(Tn+Tnn}- «de
ox’ o) ¢ (°1) ¢ ‘ (3.5.5)

Key: 1. reference 2, input

22

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100070031-9



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100070031-9

FOR OFFICIAL USE ONLY

tt {u possible to represent g(p, &) in the following form in terms of a set
of conjugate pulse responsest

2
for 0t g(P=1) T,y for -pé‘_—i< P&

e ) g 2]

Bcos[wa(ia—v—ﬁ‘?L)"EzL(e“P""_‘EM-)‘]

S0 =1 £or (P 1) 1y Kby & Ty o+ Ty EOLE = BTy G 9 b (3.5.6)
Pry,\ B, PT,, \¥ '
Bcos[wo(h—l’— ] )“T(ﬁc—l’—'—m‘g )]
for(i:))|+{il)<el<rn+?ru fOl'E‘—PT"<p<
. P .
N W
Key: 1. reference 2, inp

Thus, beth the normal and the conjugate pulse responses are LFM signals.
Consequently, the parametric quadripole has dispersion properties. lere both
the normal and the conjugate pulse responses have a law of frequency varia-
tion the same as the law of frequency variation in the reference signal.

The conjugate complex transmission coefficient for the mirror image in time

of the input signal of this parametric dispersion quadripole coincides with

respect to its structure with the conjugate complex transmission coefficient
of the quadripole (Figure 19),

The parametric dispersion quadripoles investigated above have the greatest
practical significance for the reasons already mentioned. Accordingly, two
possible versions of the construction of such quadripoles based on the corre-
lative analysis acoustooptical devices are described in more detail. How-
ever, the methods of analysis are common to all types of such devices and do
not depend on the form of the reference signal.

3.6. Time Scale Converters based on Acoustooptical Parametric Quadripoles

For the construction of the acoustooptic correlators and convolvers the de-
vice executed in accordance with the generalized structural diagram presented
in Figure 17, as was pointed out above, must be supplemented by the time
scale converter (TSC).

The time scale conversion is one of the linear conversions of electric sig-
nals frequently encountered in radioelectronics.

Thus, for example, for observation and analysis of wideband microwave sig~

nals using the electronic equipment existing at the present time, a device
is needed to extend the time scale of the signal with simultaneous compression
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of 1ts spectrum, and preliminary compression of the time scale 18 required to
process low=-frequency hydroacoustiec signals,

In addition, the time-~scale converters (time transformers) are highly useful

to study the fast nonelectric processes, for spectral and correlation analy s,
for matching the transmission rate of the information with the parameters of
the transmission and reception devices, and so on,

Interesting possibilities are opened up by the application of the TSC for
shaping microwave signals. The pulse signal is generated in this case on
intermediate frequency by one of the known methods (for example, using a
passive ultrasonic delay line generator), and then it is fed to the TSC, from
the output of which the microwave signal is picked up. Such an analysis of
the modern state of the art of the equipment for time-scale conversion of
electric signals, the TSC construction principles and some of the theoretical
aspects of the problem can be found in references [44, 57).

In addition to the indicated papers, at the present time there are a signifi-
cant number of publications devoted to the TSC, which indicates increased
interest in the given field of engineering. The majority of the studies are
performed as applied to the devices operating in the low and infralow fre-
quency band. The studies of the devices used in the intermediate radiofre-
quency band are the subject of a significantly smaller number of papers. Of
greatest interest among them are the articles [72, 123] which describe the
TSC executed on the basis of the ultrasonic dispersion delay lines.

However, the requirements imposed on the ultrasonic dispersion delay lines
(dispersion quadripoles) greatly limit the region of application of the TSC
based on them. In particular, the magnitude of the product of the pass band
width of the dispersion quadripole times the delay gradient corresponding to
the linear section of the dispersion characteristic reaching several hundreds -
for the best ultrasonic delay lines must be significantly larger than the

base of the signal at the TSC input (that is, much greater than the product

of the signal spectral width times its duration). Therefore the TSC based

on the ultrasonic delay lines obviously permit signals to be processed with

a base not exceeding 100.

The possibility of the conversion of the nanosecond pulse time scales is
illustrated in [44].

The TSC executed on the basis of segments of wave guides having dispersion
properties near the critical frequency can find application in the microwave
band [72]. However, along with the above-indicated restrictions, it is also
necessary to take into account the fact that the duration of the processed
signal will be determined by the length of the segment of the wave guide
used as the dispersion quadripole, and in practice it will not exceed frac-
tions of a microsecond,

The TSC executed on the basis of the acoustooptic parametric quadripoles are
a new type of device of this class., Having high technical parameters (wide
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Figure 26. Structural diagrams of the TSC.

Key: 1. inp 2, out

band nature, the possibility of operating in both intermediate and high to
superhigh frequency bands, and so on), they can find independent application.
However, the studies of the acoustooptic TSC which were executed with the
participation of the author have the goal of creating effective correlators.

Let us consider the possible structural diagrams of the acoustooptic time
scale converters, In the case of a complex reference signal at the output of
the acoustooptical parametric quadripole and electric signal is formed on a
new time scale which corresponds either to the mutual correlation function
of the input and the reference signalsor their convolution. Consequently,
when constructing the TSC, this parametric quadripole must be supplemented
by some linear electric filter with constant or variable parameters included
either at the input or at the output of the quadripole calculating that the
output signal of this set will quite precisely reproduce the input signal on
a new time scale (see Figure 26), If the corresponding parametric quadri-
pole is used as the auxiliary electric filter, for example, the quadripole
having the capacity to alter the time scale, the resultant alteration of

the time scale can be quite large.

Let us also determine what requirements must be imposed on the linear elec-
tric filter supplementing the acoustooptic parametric quadripole,

We shall consider the structural diagram illustrated in Figure 21, a in
which a linear electri filter with constant parameters is used as auxiliary.

When determining the requirements on the auxiliary linear electric filter
we begin with the fact that the spectrum of the input signal of the TSC
s'inp(t) and the spectrum of the output signal sout(E) observed in the new

time scale must coincide with accuracy to the phase factor having a linear
argument, that is, the following equality must be satisfied:
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sl'il (W) b Dsll (“, oxp (_""20)' . 3 ] 6 ) 1 . )
) (2)

Keyt 1, out 2, inp

-

B where D i8 a dimensionless constant; éouc(w) 18 the spectral density of the
output signal of the TSC observed in the new time scale; .i (w) 18 the
spectral density of the input aigpal, 50 is the delay time of the signal in

the TSC reckoned on the new time scale,

For a fixed point in time Ei:

(oo $ae () B, (o) R o, B0 ,
SualileSu i i (3.6.2)

Key: 1. out 2, inp

where Rl(w) 18 the complex transmission coefficient of the linear electric
filter supplementing the parametric quadripole. Here

R, (w) = K, (w) exp [f7, ()], (3.6.3)

vwhere Kl(m) and ¢l(m) are the frequency-amplitude and phase-frequency charac-
teristics of the auxiliary electric filter, respectively,

1f we select 51 in such a way that the elastic wave packet corresponding to

the reference signal completely goes to the aperture of the corresponding
light modulator (for 'example, for the system depicted in Figure 19, for

Tinp > ref E must satisfy the condition PT L £ < T ), then

'{(Uc )= B‘zoll)(“) exp 1170n (&)1 (3.044)

Key: 1. reference

where Sref(w) is the amplitude spectrum of the reference signal, ¢re£(m) is
the phase spectrum of the reference signal.

Then, considering (3.6.2), (3.6.3) and (3.6.4), (3.6.1), will be written in
the folldwing form:

K, (0) oxp /31 (w)1BS g (w) €xP [/70a ()] == D exp (~fuko). (3.6.5)

Hence,

1 (0) = —wfy — pyg (), (3,6.6)
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D
Ky () == T (3.6.7)

Thus, if we use the complex reference signal, as the auxiliary electric fil-
ter it is possible to use the matched filter [12, 25], correcting its fre-
quency-amplitude characteristic in accordance with (3,6.7).

When selecting the parameters of the auxiliary electric filter it is also
necessary to consider the variation of the time scale occurring in the para-
metric quadripole. Consequently, the filter supplementing the parametric
quadripole must matched with the reference signal (considering the time scale
conversion).

The initial data for the selection of the parameters of the auxiliary electric
filter can be obtained from the table on page 76.%

It is natural that the introduction of the correction of the frequency=-ampli-
tude characteristic of this filter will lead to the fact that its pulse re=-
sponse will differ from the mirror image in time of the reference signal
(considering the variable time scale).

It is interesting to note that when using the LFM reference signal with large
product m' = 2£d refTref (where fd ref is the frequency deviation of the

reference signal), in practice correction of the frequoncy-amplitude charac-
teristic of the auxiliary electric filter is not required as a result of the
fact that the amplitude spectrum of this signal, which means, the frequency-
amplitude characteristic of the filter matched with this signal, have almost
rectangular envelopes. This fact again confirms the expediency of using the
LFM signals as reference signals in the acoustooptic parametric quadripole.

Analogous arguments can be also be presented for the structural diagram de-
picted in Figure 26, b,

Here the auxiliary electric filter is also a filter matched with the refer-
ence signal (considering the variable time scale) supplemented by the de-
vice for correcting the frequency-amplitude characteristic.

The choice of the version of the structural diagram basically depends on the
frequency band in which the given TSC is used and also the available element
base. It is natural that both versions of the structural diagram of the

TSC give identical results.

The application of the corresponding acoustooptic parametric quadripole as
the auxiliary filter permits a significant increase in the coefficient of
alteration of the time scale which this version of the TSC makes prospective.
For this case it is possible to obtain the expressions similar to those which
are pregented ahove for the TSC with an auxiliary electric filter with con-
stant parameters,

* [Translator's note: Page 76 of the original Russian not included in this
translation.
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Let us consider the operation of the time~scale compression device (time com-
pressor) executed in accordance with the structural diagram presented in
Figure 26, a. Let us assume that the LFM signal on the basis of which the
TSC is constructed is used .as the reference signal in the acoustooptic para-
metrie quadripole, and the parametric quadripole is realized in accordance
with the functional diagram presented in Figure 19,

it is obvious that here the auxiliary electric filter must have dispersion
properties. Let us propose that the pulse response of this dispersion quadri-
pole with constant parameters is defined by the expression

(1) '
sl °)='°°5[“’o(‘ _1'_:2‘__-_ "Lz"'(‘ _L‘Z".-)’].

Key: 1. dispersion quadripole
2. frequency deviation
for 0 <t <T

s where T is the effec-

dispersion quadripole dispersion quadripole
tive duration of the pulse response of the dispersion quadripole,
Bfrequency deviation - zwfrequency deviacion/ffrequency deviation’ wfreq. dev.
is the frequency deviation in the pulse response.

Then finding the pulse response of the time scale compression device reduces
to finding the signal at the output of the dispersion parametric quadripole
on feeding the LFM signal to its input. The calculation can be performed
based on the known expression .

- c:(zisx ( E)=§a. (t=—1)g(s, &) ds, (3.6.8)

A

Key: 1. TSC
where Y 1s the time of application of the delta input.
Since in (3.6.8) the integration is carried out with respect to T, the pulse
response of the dispersion parametric quadripole g(Tl,E) in this expression
must be expressed in terms of the set of conjugate pulse responses in accord-

ance with (3.5.4).

Let us assume that PTref = Tdispersion quadripole’ B0 " Bfrequency deviation’

and the duration of the input signal, the time scale of which must be con-
verted is T'inp' Then the effective duration of the signal at the input of

the parametric quadripole with corresponding selection of the pass band width
of the dispersion quadripole will be
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T et Ty,
(1) o (3.6.9)

. Key: 1, inp 2, dispersion quadripole
Congidering the region of assignment of g(t, &) for T

< Tinp/P (figure 20),
1t is possible to write (2.6.8) in the form

ref

ko
tagu 11~ f mv-m(r.e)e(e—r)o(r—e+Pr..>euP+ne-

=0

—e+Pr..|c(,,+, —t4 T T )a(r—-nau—wrr..)de.
(3.6.10)

i . Key: 1, TSC 2, reference
where 4 .
o for 20,

°(‘)={l for >0.

(3.6.11)

For the LFM reference signal

O A (St D)
XODS Uo(’C—E-{-.—.‘.’!-) L(‘!—E.}._P_r!l.)]dm (3.6.12)

Expression (3.6.12) is easily reduced to the following [12]:

. 1P
enpu (1, §) =B -:,2 2 A 2 - ‘lX
: v (E—'(—Prn)(“s-:l)

X cos[o (6 =1+ PP+ B € =y = PR (1 4, =111 (3,6.13)

Defining T, ‘and T for the different Y and £, we find the region of assign-
ment of ‘rsc(Y’ £).

(:onsidering the region of assignment of g('tl!:;) and the effective duration
gl(t: - Y), we .obtain;
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for “(['+1>ron<'f<"‘pron
£~ Pr.
1 r.-efqn —To,<£<1+P7’".
t—pr, A
Fi * =Y4PT, foy 1+ pr1,, <B<(P+l)7+(P+2)TM;

for  =PT,<ygL~1," .

le"H‘e _:’; ) =t for -r,.<!<1+l’1'...

§—PT, ‘

F1 ? fa=y4 PT, f0r1+PT°.<E<PT“.
ym=f =PI, f= 'y PT, for PT,.<$<1+2PT,.;

for 1 —r,<y<0

: 2;-1 w=t for't <{<(P41)14P1,,
=TEET aeg for (P+1)1+4PT, <t < 14 PT,,

§—PT, . .
NSTPRT ) weeyPT, fory+ Pr, <t < Pr,,,

.
T) =2

Ty -

o=

W=l Ply, Y=y PT,, for Pl <8<y 4-2PT,;
for 0<7<T|3_PT01 ‘

yey, el for Y€E S 74Pl
Sy Plogy ==y PToy for 14 PToy <& <Y+ 2PTy;

for T"—PT“<1<T.‘—(P—1)T“
yemy, et fOr 1<EQ T,

PT,
ey, 1,-5-;.—# for I,; <t <1+ PT,,
1|l=e—_PTn- 1,_%3 for 1+ Pl <. (P41) (1 +PT")—PT“,
tymm = Py, = 1 oh PTyyfor (P 4) (1 PTog) = PTok & 14 2Py

for Tp—(P—~1)T, <1<
=y, n=b for 156 < T

o1, sy R £OF T, SR Q1 P,
£ 4- PT, )
te=f— PT,, ‘!"'T.ﬁ"‘for V4Pl <EL(P41) T+ Ty
fOt Tll<T<Tn+Tol
E+PTOI
=y, 1.=—p-ﬁ-—£or (P+£)"—PTn<E< 1+ PTy,

) PT, ‘
Syt P, sy A £OEY 4 PLy <EQ (P 1) T b To
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The reglon of assignment of gTsc(Y, E) is illustrated in Figure 27, Expres-

alons (3.6.13) and (3.6.14) determine the pulse response of the time compres~
gor in terms of the set of normal pulse responses, Knowing the region of
asgignment of gTsc(7. £), it is possible to write the pulse response in terms

of the sat of!conjugate pulse responses and find the conjugate complex trans-
misgion coefficient of the device.

For an example, let us consider the passage of a rectangular radiopulse of

duration T:'lnp and with a carrier frequency of W through the time compressor,

that is, let us determine the output signal of the device on feeding the
following to its input:

{ cc;swot‘ for o<c<2‘;.‘.ww
0 forigome>T,, - (3.6.15)
Key: 1. out

AU

(¢}

Here

. " e e
By () 2= | 50 () B1igpe (1 §) dy
[6)) 15. B ¢) R (3.6.16)

Key: 1. inp 2, TSC

The projection of the signal 840 p(Y) of the gamma axis in Figure 27 is ‘depic-
ted by the segment OR. ‘

Considering (3.6.14) for T T, and £ we have the following values: for

1
0—<-Y—<-Tinp

ye=q,1=%t for

= <E< 1+ PTons
ye=§—PT,, ty=1y4PT,, fo;" 1+PT”<E“<1+2PT". (3.6.17)
Then e '
Eany (1, §) ==
f E—1
phor, tnbe—1—rry 25T
2 —5—cos), for1<E< v+t Pl
Kgo(e—'l—'Prol)Ez.! b T+ "
= 1—§
y—t 8in By (§ — 1 — PTop) (=54~ PTo,
(5t erm) lemiiON
X ¢cos gy for 1+ PTo, < & < 1+ 2PT,,,
. (3.6.18)
where
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Tt 041,
@

9 TcTee (000,
“Ton

Key: 1, ref 2. input

or

frpn (1 B)for 1< 1+.PT..

fnaulh B=) o 0 DEOT 1o PT, <8 < 1201,

1)

Key: 1, 'TSC
; .
hus, f e o :
Byug () = | 2, (V) B17upe (10 §) A7+ 2,2 (1) Sipag (Vo 8) 7+
?;) ) T t-gﬂ. wa (T) &npy (10 §) dY
(=PToy ) Tox 4
+ | 0@+ | ot o=
[ t-2rT,,

= iy (8) + $5un (6) - o5 ().

Here

5 . E—v
vy B8infy (8 —q—PT,
‘;n(s)”aj‘cm‘“o‘l € - 1, B 1 ) "3

Blb— 11— PTy) ~g L

X 308 6 = 1 = PTop)+ 4 6 1 — PTo) 3],
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Dropping the terms containing the frequency functilons Zwo under the integral

sign [12], we obtain
- . K‘ sinf ¢ = 1= Pr) 7L
fue (B o= 3 | T E=T=FTo) dycosuy (§~PT,)  ..u

for 0 < £ ¢ PTref'

Analogously,

| | T ey praigt
oz (8} =7 B == Pl ot
=¥roe

{=~PT, - 3

on
' sinfy(§—y— PTo-)( 5+ Pr,,_) , ‘
* :,Y ' o (E =7 = PTy,) dy | cos v (§ — PToy)

for PT,,<t<2PT,,

“ , singy (¢ — 1 — PP, (17 4 P1,,) :
$ulQ)m=g B | == dy coswy(§—PT,,)
,  U=2PTye

for 2PT, <t 2PT,+T,.
If P=1 and Tinp Tref’

S, e
. s ()

i, sin gy (¢ — 1 — T S5-L )
2 o (E—1—Ton) dycoswy(§—~Ton) for 0 K€€ Teps

T .'_
18[ j‘"ainao(a—1—r,.)5—2—'-
4

2 Bo—1—Toy 91+
o, ~Tox .
~Tou -
= + j' smp,(E—-g—T,,,)(J—zi-}-.T") X
Be(E—1—To) d1

X coswy (E—Top) fOrTop <& <200, .

Ton R
o snn—r—ra (I 4 1)
zB —— dy co3 0y (§ — Top)
e By(E—1—Teq) o on
—on L.
for ZT,,, <SEC 3T,
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Expression (2,6,25) describes the aignal, the shape of the envelope which
approaches rectangular, The degree of this approximation depends strongly on

'
the value of n' = wfrequency deviatioanisperaion quadripole/" [25].

T'he device for shaping the inverse time scale (the device for shaping the

E mirror image of the signal in time) as follows from the table on page 76,

: can be executed on the basis of the acoustooptic quadripoles in which the
elastic wave packet corresponding to the reference signal (or its image) 1s
shifted with a velocity greater than the velocity of shifting the elastic
wave packet corresponding ta the input signal (or its image). Here both op-
tical signals must move in the same direction,

Let us consider the device for shaping the inverse time scale based on the
acoustooptic quadripole with an enlarged reference signal image (Figure 22).
Here we shall analyzeithe structural diagram presented im Figure 26, a.

When using the LFM reference signal, the auxiliary quadripole must have dis-
persion properties.

Thus, 1if
tog(t—t—Tpn)=cos| woy{t =% == e T )b D2 (e ==L T,
on - [ol( 2 n) 2 ( 2 n)] (3.6.26)
for.-0.<t-—7‘,,-.-z<]'"
and
ele §)=0 —r, Pl B Fr,
. 1= Botn[ o (st 1 - ) 3 o S i= -], © (3.6.27)
the pulse response of the auxiliary dispersion quadripole
The ,.‘ - T,..\?
¢1(¢)=cos[m,(;_-'7.)+."_*‘z_(._+)] (3.6.28)

for 0< ¢t < Tdigpersion quadripole’

As has already been done above, let us define the pulse response of the device
for shaping the time scale using the known expression

+o
faom(n 0= | g(e~ng(s, & o,

(3.6.29)
where Y is the time of application of the delta input,

Let us propose that PTref = Tdispersion quadripole’ and Bdispersion quadripole=

= B . In addition, we shall consider that the effective duration of the sig-
nal at the input of the parametric quadripole
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TS Tyt Py, (3,6.30)

vhere T tnp is the duration of the asignal for which the mirror image in time

is formed,

The nonstationarity of the properties of the parametric quadripole when cal-
culating the pulse response of the TSC will be taken into account using the

expression )
+o ' '
oot 8 § o= neti— et P o(FEr —e 1) x
- ’ Ty — PT,, .
Xo(s = AR T ) o (o Ty ) e b T o PTG X
X (v—1) g (2§) dr,
(3,6.31)
where
o (z)= 1 for ?DO:
0 for #<0. (3,6.32)

Assigning various values to £ and Y, we obtain the corresponding integration
limits T and Tye Here

.

SO
: sinSt (T —1—8) (ta—17y)
. —_ 2 Un ;
Kunu (Hh =82 ) .

';h(rn"'l—e)(‘l—‘l)
3¢ ooa vy (T,e —1—E)+fi(T..—1—s)(v.+~l+el—1-r...—m.)]-
(3.6. 33)
The region of assignment of gl‘SC(Y’ &) of the device for shaping the inverse

time scale is shown in Figure 28,

Knowing the region of assignment of g,rsc('y, £) and its analytical expression,

it is possible to obtain the relations for determining the cdnjugate complex

transmission coefficient of the device with respect to the mirror image in

the time of the input signal.

The photographs presented in Figure 29 illustrate the operation of the time

compressor in accordance with the structural diagram indicated in Figure 26,a

on the basis of the dispersion acoustooptic quadripole,

This 'quadtipoie is the simplest convolver (see Figure 15) assembled on the

basis of the MT0-~1000 photoobjective with mercury tube as the light source.
35
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The acoustic light modulators are glass cells with distilled water in which

- ultrasonic waves were excited by electroacoustic converters made of piezo-
ceramics, The pass band width of the ALM ig 2 megahertz with an average fre-
quency fo = 10 megahertz, A photomultiplier with electric band filter as

load was used as the photodetector,

- . ) - bbem e o

T'; T,y

TG = o e e
\\ L7

=(P¥)T, -\PTM TesPTs e 0% TetPl,,

%___;___

Figure 28. Region of assignment of S (Y, £) of the device for
' shaping the inverse time s@ale

Key: 1. inp 2, ref
The linear frequehcy modulated radio pulse was fed to one of the inputs of
the convolver with the following parameters: average frequency fo = 10 mega-
hertz, frequency deviation 2f, = 2 megahertz, duration T = 10 microseconds,

law of variation of frequency“in the pulse, "increasing."

The dispersion ultrasonic delay.line on surface waves was used as the auxil- .
iary dispersion quadripole with constant parameters, the pulse response of
which has the following parameters: average frequency fo = 10 megahertz,

frequency deviation Zfd = 2 megahertz, duration T= 10 microseconds, law of
frequency variation, "decreasing."

A rectangular radio pulse of 10 microseconds duration, the filling frequency
of which could be varied, was fed to the input of the time compressor. Fig-
ure 26, a shows an oscillogram of the input radio pulse with filling fre~

quency of 10 megahertz. The oscillogram of the signal at the output of the
time compressor is illustrated in Figure 26, b,

The output signal has almost rectangular envelope, Its duration is 5 micro-
seconds, and filling frequency, 20 milliseconds,

The photographs presented in Figure 30 demonstrate the operation of the time

scale extension device (the time expander), This device is executed on the
basis of a parametric quadripole, the functional diagram of which is presented

36
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fn Figure 24, A heliumeneon laser was used as the light source, ‘The acous-
tic light modulators were made of STFel and BF-28 type optical glaas (the
speed of the longitudinal elastic wavas was 3,5+10° and 4,35+10 mm/sec,
respectively), The elastic waves in the modulators were excited by electro=
acoustic converters made of lithium niocbate, The average pass band frequen=
cles of two ALM are 50 megahertz, The pass band width somewhat exceeds 12
megahertz. A rectangular pulse lasting 0,5 microseconds with a £illing fre=-
quency of 47.5 megahertz was used as the reference signal, This signal was
fed to the STF-3 optical glass ALM, The signal, the time scale of which
must be expanded reached the input of the BF-28 optical glass ALM, For 1llus=
tration of the operation of the time expander, and exponential radio pulse
lasting 2.5 microseconds with a filling frequency of 59 megahertz was used
as the processed signal.

The new time scale formed by the devices == £ = 0,196 t -- corresponds to an
expansion coefficient of the time scale of 5,1,

Inasmuch as for illustration of the operation of the time scale expansion
device a simple reference signal -~ rectangular radio pulse -- was used, an
auxiliary quadripole was not introduced into the system. In Figure 30, a

_ an oscillogram of the input radio pulse is presented, and in Figure 30, b,
the signal from the output of the TSC, Since the rectangular reference radio
pulse had finite duration commensurate with the duration of the input signal,
the pulse at the output of the TSC has extended fronts,

The device for extending the time scale described above can be used to shape
the mirror image of the signal in time with simultaneous expansion of the
time scale. For this purpose it is necessary to feed the reference signal

to the ALM in which the propagation rate of the elastic waves is higher, that
is, to the ALM made of BF-28 glass,

An exponential radio pulse of 2.5 microsecond duration with filling frequency
of 47.5 megahertz (Figure 31,a) was used as the input signal, This signal

was fed to the ALM made of STF-3 glass., A reference signal in the form of a
square radio pulse lasting 1 microsecond with a £illing frequency of 59 mega-
hertz was fed to the other ALM with a delay equal to the duration of the in-
put signal. In Figure 31, b, the output signal of the device which shapes

the inverse expanded time scale with the expansion coefficient 4.13 is shown,

Another version of the device for shaping the inverse time scale based on a
parametric quadripole, the functional diagram of which is presented in Figure
22 is made in accordance with the structural diagram illustrated in Figure
26, a. A helium~neon laser was used as the light source 1. The collimators
3 and the objective 4 are spherical mirrors with focal lengths of 0.5 meters;
the objectives 5 and 6 are spherical mirrors with focal lengths equal to 1
meter. Thus, the magnification factor of the optical system 4, 5 is equal to
2, which makes it possible to shape the mirror image of the signals in real
time. The ALM are made of STF-3 type optical glass with electroacoustic con-
verters made of lithium niobate which excites longitudinal elastic waves.

The traveling wave mode is achieved by oblique cutting of the end of the
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Figure 29, Oscillograms illustrating the operation of the time
compressor. Scanning scale 5 microseconds/cm. a -- gignal at

the input, b ~~ signal at the output,

Figure 30, Oscillograms illustrating the operation of the time
- . scale expansion device, Scanning scale 4 microseconds/cm, a =--

signal the input, b -- signal at the output.

sound guide of the ALM. Here the ALM 10 has the following parameters:
age pass band frequency 24 megahertz, pass band width 4 megahertz,
ALM 8 the average pass band frequency is 12 megahertz, and the pass band

width is 2 megahertz,

An ultrasonic dispersion delay line based on surface waves, the pulse response
of which has the following parameters was used as the auxiliary electric
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Figure 31, Oscillograms illustrating the operation of the device

for shaping the inverse expanded time scale. Convolution scale

4 microseconds/cm, a -~ signal at the input, b -~ signal at the
output,

Figure 32. Oscillograms illustrating the operation of the device
for shaping the inverse time scale in real time. a -- signal at
the input, b -- gignal at the output.

filter in the device; response time -~ = 10 micro-

Tdispersion quadripole
seconds, frequency deviation Zfd = 2 megahertz, average frequency fo = 12

megahertz, law of frequency variation, "increasing."
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The d%craaonic dispersion delay line baged on surface waves was used as the
"passive" reference signal generator with lineap frequency modulation, This
generator shapes the LFM signal with the following parameters| signal dura-

tion Tref = 5 microsaconds, frequency deviation 2£d cof " 4 megahertz, aver-
]
age frequency fref = 24 megahertz,

The device makes it possible to shape the mirror image in time of the signals
with a duration of up to 20 microseconds on carrier frequencies of 12 mega-
hertz with a spectral width to 2 megahertz, The operation of the TSC is
11lustrated by the oscillograms presented in Figure 32, The input signal is
a sequence made up of two pulses of different duration (10 and 5 microseconds)
and different smplitude with f£illing frequency of 12 megahertz, The output
signal corresponds quite well to the mirror image in time of the input signal.

3.7. Selection of the Version of the Acoustooptic Correlator

The analysis of the generalized structural diagram of the acoustooptic device
which is depicted in Figure 17 indicates that different versions of the corre-
lators are possible. Being given the required time scale of formation of the
output signal, selecting the corresponding acoustic interaction media and
parameters of the optical assemblies, the !uitjal data are determined for
selecting the characteriatics of the time scale converter, In this case the
different combinations of values of P and Q (see item 3,3) will permit us to
obtain the same output effect. Thus, the developer of the corresponding
equipment is faced with the problem of selecting the optimal version of the
correlator.

The optimal version of the correlator can be the one in which the size of the

. aperture of the ALM is minimal in the direction of propagation of the elastic
wave. The introduction of this criterion is caused both by the presence of
damping of elastic waves in the acoustooptic interaction medium and the
shortage of high-quality objectives have large apertures.

The number of versions of the acoustooptic correlators for the given initial
data 1s comparatively low, Therefore the choice of the optimal version can
be made by the sorting method.

1f no special requirements are imposed on‘the time scale of the output signal
of the correlator, the correlator made up of the simplest acoustooptic con~
volver 1 and the TSC forming the mirror image in time of one of the signals
in real time (Figure 33) can be recognized as optimal in the above-indicated
sense. Here the signal reaching the input II of the correlator is delayed by
the device 2 for the time To, during which the mirror image of the signal
reaching the input I is formed,

In this device the acoustooptic convolver is executed in accordance with the
special diagram depicted in Figure 15, Figure 34 shows one of the possible
optical systems of the correlator, The upper part of the system is the
optical system of the device for shaping the inverse time scale [28], and the
lower part of the diagram, the optical system of the convolver,
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Figure 33, Structural diagram of a version of constructing
a radiosignal correlator based on an acoustooptic convolver,

Key: a. input... b, TSC ¢, output i

(b) 13
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Figure 34, Optical system of the correlator,

Key: a, input... b, output.,.

The light source 3 for which the laser is used creates a light flux used both !
in the TSC and in the convolver, The prisms 4 and 5 and also 15 and 16 are $
used to change the direction of propagation of the light waves. The optical
system of the T3C includes the condenser 6, spaerical mirrors 7, 8, 13 and ;
14, the AMC 9 and 10, the slit diaphragm 11 and the photomultiplier 12 with {
band electric filter as load. The mirrors 7 and 14 have focal lengths equal 5
to 500 mm, and 8 and 13, 1000 rm, This provides for a twofold magnification t
of the reference signal image fed to the ALM 9, that is, the input I, i
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Figure 35, Oscillogram of the output signal of the correlator
corresponding to the autocorrelation function of a series of
: . two radio pulses of different duration,

Figure 36. Oscillogram of the output signal of the correlator
corresponding to the autocorrelation function of a "segment"

_ of a noise signal.
-

The optical system of the convolver [89] includes the condenser 17, the
spherical mirrors 1 and 2 which are combined in 1 mirror, the AIM 18 and 20,
the flat mirror 19, the slit diaphragm 22 and the photomultiplier 21 with
band electric filter and load. The traveling wave mode has been created as
a result of the oblique cut of the tip of the ALM sound guide in it.

Figures 35 and 36 show the oscillograms illustrating the operation of the
device in which the acoustic light modulators are made of STF-3 type optical

_ glass with electroacoustic converters made of 1lithium niobate (Q = 1) excit-
ing lougitudinal elastic waves.

Thus, in Figure 35 we have the oscillogram of the output signal of the corre-
lator corresponding to the autocorrelation function of the sequence of two
radio pulses with rectangular envelope of 4 microseconds duration and 3 micro~
seconds separated by an interval of 3 microseconds with a carrier frequency
of 12 megahertz., As a result of counterpropagation of the elastic waves in
the ALM of the convolver the autocorrelation function is shaped in unreal
time, and the carrier frequency of the output signal is 24 megahertz,
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Figure 36 shows the autocorrelation function of the "gegment" of the noise
: signal of 10 microseconds duration for a spectral width of 2 megahertz,
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