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Paqge 18,

LOGARITHMIC METHOD OF GENERALIZED AMPLITUDE DETFCTION.

V. N. Nogin, graduate student.

The problem of closeness in "ether/ester" and the freedom from
interference of radio reception advanced into turn the task of the
separation of radio signals with the overlapping spectra. During its
solution sometimes appears the need for detection of such
amplitude-modulated (AM) oscillation/vibrations, "carrier"™ frequency
of which can have any value up to zero hertzes. In fact, let, for

example, ve have a sum tvo AM of the signals
u, = U, (f)sin(w, t + $,) + Us(8)sin (0, f 4 ¢,).
On Fig. la are depicted their spectra. After synchronous (or

selective [1]) quadrature detection at carrier frequency w, jamming

station, i.e., th> multiplication of the total oscillation/vibration
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by the voltage of auxiliary heterodyne U:rcos(w,f + ¢,) and the

filtrations of all high-frequency component we will obtain

w, = U()sin(t + 89). (1)

Formally expression (1) is AM oscillation of the adopted
station, but with the lowered/reduced "carrier" frequancy Q. In it
Ut %. Ur-U () - Jfhe is envelope" of the carrier amplitudes
oscillation; 2 = v, - w, and 3*..¢.__¢2_‘ with respect to a
difference in frequencies and initial carrier frequencies the
component initial AM of the signals. If the spectra of the latter
overlap (Fig. 1a), then frequency @ can lie/rest at the range of
audio frequencies and even lower. In common AM oscillations the
carrier frequency considerably higher than highest frequency of the
modulating. AM of the oscillations, in which this condition is not
observed, i.e., on carrier frequency are placed no limitations, let

us call those generalized by AM oscillations.
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Fig. 1. Spectra: a) two AM of the signals; b) generalized AM of

oscillation.

Page 19,

On Fig. b is depicted the amplitude spectrum of this oscillation

obtained by the way of the described synchronous detection from
spectrum Fig. 1a. Its lower side band as is bent relative to zero
frequency. The real spectrum of the bhent part stretches to the side
cf positive frequencies [2; 3], partially overlapping with the
spectrum of upper side band. To Fig. 2 is shown the cut variable
oscillogram of this generalized AM of oscillaticn. As we see, it can
be and not is similar to oscillation with the slowly changing carrier %
amplitude. Therefore the common methods of detection, based on the
isolation/liberation of the modulating signal of as envelope of the

carrier amplitudes oscillation, are here unsuitable.

From expression (1) it is directly evident that for the
generalizad amplitude detection, i.e., theisolation/liberation "of

the envelope" generalized AM of oscillation, the latter is sufficient

to divide by the harmonic oscillation, synchroncus and cophasal with
"carrying” variation of frequency Q. This can ke carried out one of

the methods of functional division, for example, describ2il in fu4-7).

L | - B = -
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The harmonic voltage, cophasal with "carrier", can be separated
either by the narrow-band filter from spectrum Fig. 1b, tuned to a

frequency ? or to shape by filterless method from the oscillation of

limitation of genaralized AM of oscillation (Fig. 2a). The latter is
possible because this rectangular oscillation includes the
information about the phase of "carrying" oscillation, since the

torque/moments of the transition through zero in them coincide.

Let us examine now the logarithmic method of detection the

methods of division indicated. 1Let us record expression (1) in the
form

#, = U [l + mf(t)sin(2t +3¢9), - (2)

where f (t) - the quasi-periodic functicn, which is the
standardized /normalized modulating oscillation, i.e., the sound
vibration, referred to the average modulus of its instantaneous

values; m — the average coefficient of the depth of modulation.

Let us manufacture full-wave rectification for active load and

the subsequent ' logarithmic operation of generalized AM of the

rectangunlar form (Fig. 2b), the obtained by means amplification - the

generalized of AM oscillations, which virtually render/showed simpler

B
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i oscillation (Fig. 2a), presented by expression (2).

FOOTNOTE 1. Of th2 operations of rectification and logarithmic
~ operation it is possible and to interchange the position, but then
logarithmic amplifier must have symmetrical amplitude characteristic.

FNDFOOTNOTF.

We will obtain

U o =log, (U, 1) + mp(t)]-lsin(¢t + Aw.” =
= logy s =~ log, | sin(2¢ + 49) | + log, [} +mf(#)]. (3)
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Fig. 2. Oscillograms: a) generalized AN of oscillation: b)

rectangqular oscillation.

Page 20.

The process of ilsal logarithmic operation is illustrated on Fig. 3a.
Tn expression (3) the first term is constant component and therefore
us it does not interest. The second term represents the pariodic
oscillations ' 4, (Pig. 3a), which is present at the output/yield of
the logarithmator as the additive mixing oscillation. Tts expansion

in Pourier series takes foram [8]):

u, = log, | sin (¢ 4 A¢) | = —a[ln2+i—:-cos(2k9t+”°?)]-
R=l

i.e. it consists of the even harmonics of frequency @ (Fig. 3b). Here

a = 1/1ln XN is a module/modulus of transition to natural logarithm.

t——— — FEn) e AR W R TR




DOC = 77197700 PAGE A 1] ¥

The third term in expression (3) it is possible to decompose in
the following pover series, which is converged with | nf (t)l €

which virtunally always is made. ’

) e =00 [l + mf(t)] =

=a.[-f(t)—"7'f’(t) 2 po-"rn+. ] 4) i

Here the first t2rm in brackets represents the pure/clean sound
vibration, obtained as a result of the logarithmic method of
detection. Its spectrum S (w) is depicted on Pig. 3b. The terms of

higher degrees testify to the presence of the undesirable components, 1

which are the products of nonlinear distortions during detection, 4
vhich appear as a result of the nonlinearity of logarithmic | I

characteristic.
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Fig. 3. Logarithaic operation: a) the ideal logarithmic operation of

rectified generalized AM of oscillation; b) oscillation spectrum at

the output/yield of the logarithmator.

Page 21.

From expression (4) it is evident that with low m the terms of
higher degrees can be disregarded and then Fig. 3b with high
accuracy/precision it represents the spectrum of full wave at the
output/yield of the logarithmator. Because of logarithmic operation
the product is converted into the sum, from which it is possible to

separate the modulating signal, for which the additive mixing
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oscillation 4, can be either filtered out by the blocking comnb
filter, vhich does not pass frequencies, multiple 20 or it is
compensated for. In the latter case for obtaining the compensating
oscillation it is necessary to separate the "carrying" oscillation,
to rectify it on resistive load and to take the logarithm. The comb
blocking filter can be carried out on the base cf the circuits of
cross—-period compensation [9]). Apparently, the method of this
filtration is unsuitable at the values of the frequencies 0, for
which the half fundamental frequency of the sound (modulating) signal
is multiple, since otherwise could be filtered out all the spectral
components of useful signal. However, with voice signals these values
Q do not exceed the limits of a comparatively narrow band of

frequencies 40-150 Hz (9/2w).

Let us pass to the guantitative estimate/evaluation of the
nonlinear distortions, which appear as a result of nonlinearity
logar ithmic characteristic. For the purpose of simplification let us
define, as this is usually accepted, the coefficient of harmonics.
Let f (t) is be the sinusoidal function of single amplitude. Then sum
n of the first terms of series (4) will be the exponential
trigonometric polynomial, converting [8] which in harmonic
trigonometric polynomial can be found K. Beimg limited to the number
of terms n = 4 and by lovering intermediate computations, let us aive

the resultant expression for the total coefficient of the second and
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third harmonics

& ~nV9(2+m‘-’)’ + 4m?
ke 6(4 +m)

®)

The coefficient of harmonic nonlinear distortions during
detection (Fig. 4, curve 1) are almost directly proportional to the
depth of modulation, whereupon it is comparatively small and with the

standard depth of modulation m = 300/0 does not exceed 8o0/0.

It is noted [10] that the amplitude characteristic of real
logarithmator differs from that depicted by Pig. 3a as presence of
the initial linear section whose value on input voltage lat us

designate by .
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Fig. 4. Dependence of the coefficient of harmonics, caused by the
nonlinearity of logarithmic characteristic, on the depth of
modulation: 1 - fFor the asymmetric version; 2 - for a symmetrical

version.

Page 22.

Due to this sonic output potential of this detector had been have as
if narrowings at the points of the passage through zero of detected
oscillation, i.e., sound vibration will have certain envelope. The
formation of the latter it explains Fig. 5. On the upper part of the
figure on the amalgamated scale is depicted the range of the initial
values of voltage on the input of the logarithmator, in which the
initial cuts of sinusoids (inclined dotted line) are close to

straight lines. The amplitudes of sound vibration at output/yield for

’ ——— =
AR T d bl N
b AP AN
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the sections, where input voltaqge is less u,, grow/rise linearly
(sections oa and 02). On those sections (a6 and 29), where the
corresponding half-periods of sound vibration in the input signal
intersect boundary/interface of MN between the linear and logarithmic
sections of the characteristics, enveloping change nonlinsar. From
Fig. 5 it is evilant that the envelopes on top (ca6s) and from below
(o2de) are obtained differently. However, since the distortions in
the ranges of the flat/plane sections of envelopes (68 ani Jde), that
appear as a result of the nonlinearity of logarithmic characteristic,
already were taken into account above, with sufficient
accuracy/precision to evaluate distortions due to narrowings
envelopes from below and can be approximated on top by one and the
same equilateral trapezium with the duration of inclined sides in

time A/2.

Let us approach toward the quantitative estimate/2valuation of
the distortions, caused by narrowings. Thus, we consider that the
envelope of the sound signal is the periodic sequence of the
trapezoidal momentum/impulse/pulses (Fig. 6) of single amplitude.
Spectral representation for this function (8] can be recorded in the

following form:

i ; 42 sin’u%s
()=l—?—-._’.2_'_n’E cosnQt. i (6)
Here : = ._;.‘_ — the relative duration of narrowings; @ -._:..5_ the
i % i
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frequency of their sequence.
Let the sound signal is be the complex periodic function

u.:iB.cos(kQ,tﬁ-g). (7
R=]1

- — 4t —
/v
.
V//4 |
et ] t
B
! |
|a‘ 5, 8
Il t
0 |3-| B
L .

Pig. S. Pormation of narrowings in the output signal.

Page 23.

Then taking into account (6) this same signal, subjected to

narrovings, is recorded:

Bpur = Uy F(t) = (1_.‘;.)28. Cos (Rt 432 ) —

k=]

0 = ..;sin’n—t—i «
e ¥ % 7 Balcos [(nQ + £Qu)t -+ g0 ]+
S a=i1k-1 R
.+ cos [(nQ; — k)t —a]). (8)
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‘ Comparing the last/latter expression with (7), it is not difficult to

note that the first term here represents the pure/clean sound signal.
Tts amplitude because of narrowings somevhat decreased. Relative

b decrease it composes E/2. The second and third terms of expression
(8) are the spectral components of combination frequencies, which

arose due to the narrowings of the signal. These are the products of

nonlinear distortions.

Since sonic u#» and enveloping P (t) of oscillation are
independent, o, and 9 in the majority of cases they will
not be found in affine multiple ratios. Consequently, it is possible
to count that the different components of expression (8) d0 not
coincide in frequency and therefore occurs the add of the powvers of

separate spectral components.

The coefficient of nonlinear distortions will be greatest, when J

s sS4

only the negligible part of the combination frequencies in expression

(8) exceeds the limits of the spectrum of the mcdulating oscillation

and therefore can be filtered out. This will be at comparatively low 1

repetition frequencies of narrowings 2;, i.e., with 2 € Qyuu. For
this heaviest case let us detersine on the basis (8) the coefficient

of nonlinear distortions because of the narrowings:

= xSy ) 1
‘/2?(_&.’*’""?{ : !
=\ =% n?

— —

1D max 3 s ; 9) {|
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1 Proa (9) ve see that 1,..  does not depend on the forms of

sodulating (soniz) signal (7). This essentially differs the nonlinear
distortions of this form from those which appear because of the

nonlinearity of amplitude characteristic.

Is simplified the recording of expression (9)

® .
,‘68!"‘#—2—: :
——_'_ — 1

n=1 nt |

"D-u =

Approximation of the input signal envelope by a equilaternal trarezium. |

@%ﬁe,&LL

After expression under the root of the degree of the sine through the

functions of the multiple arguments infinite sum decays to three, for i

each of which in [11) are expressions in the convolute form. Finally

vwe will obtain

- 1/'5(-;-4).. A(m) ;

Tomm = 53

Hovever, the relative duration of marrowings & is unambiguously
connected with the dynamic range D [ 10) of the logarithmic section of |
the usable portion of the amplitude characteristic of the
logarithmator. Actually, on the basis Pig. 3a and Pig. 5 it is
possible to write

AR D AOC L et T .
- “
— e e i i i - el
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“Umax 1+ m
= T
U sinQ —
2

D=

: iri i rder that the
After considering that 9=—2-94.and after requiring in o

input voltage of the logarithmator with any m would not exceed the

upper limit of the logarithmic section of characteristic, i.e.,

set 7assuming m = Ma, =1, from the last/latter expression let us find

2 2
E‘:‘ll’(ﬂl—b-. (11)
AN
TN N ' T
N\ ! 4
10 Ly
i ,N& - Imax
7 £7?\ i K 7
‘3 b W N :
K | b T~
M EIEEEEREN |
2 ] i \,\ -]L Hall
1 | \X
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% q
’ \ \
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3}45710 2 3457100 2 3457D
Pig. 7. Dependence of the relative duration of narrovings & and of

the caused hy tham maximum coefficient of combination distortions

Tome: from the dynamic range of loarithmator D.
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By formulas (10) and (11) are designed the graph/diagrams of the

dependences Y and ¢ on D (Fig. 7). Let us note that in

D max
actuality m rarely it reaches one. Therefore values D, obtained from
graph Fig. 7, one should consider as maximum. Virtually it is

possible to take somewhat smaller values of D.

To evaluate the total nonlinear distortions due to the
constrictions and due to the nonlinearity of the logarithmic units
amplitude characteristic they should be expressed uniformly.
Although the products of distortions in expression (8) also does not
contain the signal harmonic, 1n order to employ the widely
propagated estimate of nonlinear distortions in accordance with the
coefficient of harmonics, we arbitrarily replace distortions due to
constrictions by equivalent (for v ) distortions due to the
nonlinearity of amplitude characteristic. In this case let us
consider that the coefficient of the combination distortions of the
sound signal, which appear as a result of the nonlinearity of
amplitude characteristic, several (v) once (v depends on
waveform) more the coefficient of harmonics [12]. It means the
equivalent coefficient of harmonics, which conditionally
characterizes distortions due to narrowings, it will be several times

less than v . But since the distortions of two forms in question

D max
are not depended mutually, it occurs the summation of the powers of

distortion products. Then the total coefficient of the harmonics

T T T
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o o = ‘/ K +_( M)’ . (12)

Hence 1t 1s apparent that if we assume YD o

Ki ow 1nsignificantly will exceed value K.. So with » = 2

equal to Kr’ then

Means 1t 1is possib le to allow Y equal to the average value Kr?

D max
i.e., 8%. Then from graphs Fig. 7 we find that required D do not
exceed 60, but the relative duration of narrowings ¢ in this case
will be about 2.1%. It 1s noted [10] that the manufacture of
logarithmators with this dynamic range, which does not exceed two

orders, represents no difficulties.

e - > :«l.-. L O -\""“
4 i . - o oo et
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Let us explain nov requirements for the accuracy/precision of
the amplitude characteristic of the loqgarithmatcr. Tn its our case it
is convenient to rate/estimate not by relative error 6 [10)
logarithmic characteristic, but by relative error ¢ the
characteristic of the differential gear ratio of the logarithmator.

since this value directly characterizes the degree of signal

distortion due t> an inaccuracy in the logarithric characteristic.

Furthermore, error ¢ can be measured incomparably faster and more

precise than 6, since for its determination it is not required to
take the graph of amplitude characteristic. These two errors of ideal

logarithmator (D — o) are equal, and of real ¢<e The

differential gear ratio of the logarithmator, as is known, directly f
proportional to the module/modulus of transition a (see above), that
characterizes tha slope/inclination of logarithmic amplitude
characteristic. Therefore value ¢ can be also considered as a

relative error in coefficient a.

Thus, let the characteristic of the differential gear ratio of

the logarithmator has relative deflections from the ideal within 1

limits + ¢ It is clear that because of this the amplitude of useful
and

sonic output potential of the logarithmator (see formula (4) A Fig

Ja) will also have relative deflections from its normal value on i+ a.

Page 26.

o, . e
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Tn other words, output voltage will turn out to be that modulated in
amplitude with the depth of modulation, equal to ¢ This moiulation
- idle, and its law is unknown. However, it will be its knowinqly
periodic; therefore standardized/normalized envelope (referred to the

averaqge value) it can be decomposed in Pourier series with the

amplitude factors

| AR)=1+ iA. . ' (13)

&=1

By comparing (13) and (6), by analogy with (9) let us record

expression for the coefficient of nonlinear distortions because of an

inaccuracy in th2 amplitude characteristic of the logarithmator
/a3
A \?
-y 3
V&b

FProm the last/latter expression we see that 7, is equal to the
RMS value of the variable component of the standardized/normalized

enveloping oscillation. Its amplitude is known and equal to ¢ It is

known that of all possible forms of the oscillations, which have the
assigned amplituda &  the RMS value maximally is equal *o amplitude
of square oscillations. However, the possibility of this 2nvelope

shape is in practice excluded, vsince the required for us values D

- i |
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can be reached by the application/use only of one nonlinear
cell/element in the logarithmator S; 10}, which provides the
smoothness of its amplitude characteristic. Then it is possible ¢o

count that virtually alwvays .<e

Furthermore, in this case error =« usually only in very the
beginning and the end/lead of the amplitude characteristic noticeably
differs from zero. Therefore it is possible to count that modulation
indicated in practice will be noticeable only in the intorvals of
time, which correspond to the use of beginning and end/lead of the
logarithmic characteristic (see Fig. 3la). The relative duration of
these intervals of time is insignificant. Therefore in actuality the
coefficient of th2 nonlinear distortion caused by an inaccuracy in
the logarithmic characteristic, will be several (39) times less thané&.
Value 3 depends on the form of the amplitude characteristic of real
logarithmator. Theso nonlinear distortions also combination.
Fverything said about distortions due to narrowings is correct for
*them. Therefore the common/general/total equivalent coefficient of
harmonics for all three forms of distortions by analogy with (12)

will be recordead

B = 1,/;(;.;.(1‘15'-'-)'-4-(7‘,.)'.

- v
5 et W . -

LA




poc = 77197700 PAGE —2% >

From expression it is evident that the specific qravity/veight
of the third form of distortions is insignificant and with ¢ wup to
their several dozen percent it is possible not to consiiler.
Consequently, requirements for the accuracy/precision of logarithmic

characteristic are low.

Thus, most powerful of all three forms are the distortions,

vhich appear as a result of the nonlinearity of logarithmic

characteristic.
Page 27,

lLet us examine tha version of logarithmic method with the
application/use of compensation for the additive mixing oscillation ..
in which the distortions of this form are strongly lowered/reduced.

Let us deduct from (2) the doubled voltage "of carrier":

4y = u, — 2U,sin (2 + Ay) = — U, [1 — mf (f)] sin (27 = Ay).  (14)

Comparing (2) with (14), we see that the last/latter expression
is also generalized AM the oscillation, which differs from the
initial only in terms of the sign of the phase "of carriar". If it,
it is anmalogous with voltage u,;, to rectify and to take *he

logarithm, then we will obtain

8y o =log, U, + logy |sin(Q¢f + Ay)| + iogN 1 —=mf(t)]. . (15)
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' The last/latter term of expression (15) it is possible to expand in
the following powver series
u,,, =logy [l —mf(t)] =
m )+ - (16)
-“4["f(t)+—2—f’(f)f—§-f'(t)+Tf‘(t)+ SN E

By deducting (15) from (3) and after considering (16) and (4), ve

vill obtain the result of the detection

u, = a,m—-u..,m:.%[mf(t)-{— -";—’-f'(t) + %j’(t)w‘- 8 .].(17)

Here is straighten/rectified on resistive load and is
logarithmized each of two generalized AM of oscillations u, and u,,
after which results they are deducted. Therefore this version can be
call/named the symmetrical balance version of the logarithmic method
of the generalized amplitude detection. Let us note that in (17)
there are no terms with even degrees. Analogous with expression (5),
it is possible to obtain expression for the coefficient of the
harmonics of the voltage y , wvhich in view of unwieldiness here is
not given. On Fig. 4 is represented the graph/diagram of its
dependence on m (curve 2), from which it is clear that the nonlinear
distortions due t> the nonlinearity of the logarithmic characteristic

in symmetrical balanced version are extremely low. So, #.2., wWith m =
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300/0 coefficient of harmonics does not exceed 19/0. Let us focus
attention on the fact that the symmetrical balance version is more
complex than the unsymmetric version with the application/use of

compensation, but it is very insignificant.

Thus, during the generalized amplitude detection in a
logarithmic manner appear the nonlinear distortions of three forms.
The distortions, which appear as a result of the nonlirearity of
logarithmic characteristic, are inherent in principle in this method
and in the unsymmetric version of logarithmic method they are

definite.

Others two forms of distortions are the consequence of the
imper fection of real logarithmator. So, the nonlinear distortions,
which appear as a result of the linearity of the initial section of
the amplitude characteristic of real logarithmator and which are
developed in the form of the periodically being repeated narrowings
of the output signal, can be decreased down to the assignad magnitude
by means of an increase in the dynamic range D of the logarithumic

saection of the characteristic of the logarithmator.

Page 28.

The desired value D being approximately two orders (in symmetrical
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version) or less (in unsymmetric version), which is easily attained

in practice.

The third form is the distortions, which appear as a result of
an inaccuracy in the logarithmic amplitude characteristic, it is

possible to consiier negligible.

The total equivalent coefficient of harmonics K., , that
characterizes the distortions of all three forms, with unsymmetric
version is approximately 10o0/0, with symmetrical - in essence is
determined by value D and easily can be obtained about 2-30/0, being
decreased with an increase in the "carrier" frequency 7 the initial
oscillation. The latter is explained by the facts that with an
increase © all large part of the products of the distortions of the
second and third forms falls beyond the limits of passbani UNCh

f YHY - low-frejuency amplifier) and therefore it is filtered out.

The distortions, which appear as a result cf the nonlinearity of
logarithmic characteristic, in unsymmetric version can be completely
corrected by the way of the subsequent involution. Actually, if the
voltage of form log Ug {1 ¢+ m £ (t)] is enforced a once, and then is
fed to the input of device with exponential amplitude chiaracteristic,
then it is not difficult to show (13) that at output/yiell we will

ohtain

e = U, [1 4 mf(t)]%. (i8)
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Here n; is amplitude factor; p==lnhhilnhﬁ-— the relation of the
natural logarithms of the foundations of the exponential and

logarithmic characteristics of two inverters.

From (18) it is evident that for the absence of the nonlinearity

of through amplitude characteristic it suffices to require, in order
to ap = 1. This can be accomplished with any p, making
== ap = 1. It must be noted that such the addition of the logarithmic

method of detection actually converts it into the loqarithmic method

of functional division.

In conclusion the author expresses appreciation to the doctor of

technical sciencas, to Prof. D. V. Ageyev for the survey of the

manuscript and the made observations.

REFERENCFS

1. Ye. G. Momot. Problems the technmician of synchronous radio

reception., Svyaz'izdat, 1961.

2. A. A. Charkevich. Spectrum and the analysis. Fizmatgiz, 1962.

BT ey
e s s i i i i




poc = 77197700 PAGE % "\ .

3. D. V. Ageyev, Yu. N. Babanov. On one method of an increase in *

the selectivity of radio reception with the being superimposed
frequency spectra of useful and mixing AM of the signals. "electrical

communication”, 1963, No 9.

4. B. Ya. Kojan. Electronic simulators and their application/use

for the study of automatic control systems. Fizmatgiz, 1963.

S« H L Kahn. Multiplication and division using silicon diodes.
Rev. Sc Instrum. 1962, v 33, No 2. (Is abbreviated/reducasd. by
mountain pass see in 3ksprss-information, a series "“computer

technology", 1962, No 29).

6. K. K. Polevitskiy, E. K. Stolyarov. Device for the division
of two functions (author. certificate, kl. 42 t, 14, No 119017).

"bulletins of inventions", 1959, No 7.
7. Ae- A. Vitolin'sh. Electronic dividing circuit (author.

certificate, k1. 42 4, 10, No 139096). "bulletins of inventions",

1961, No. 12.

Page 29.




DoC = 77197700 PAGE <3 53R

8. A. M. Zaezdnyy. Harmonic synthesis in radio engineerinqg and

electrical communication. Gosenergoizdat, 1961.

9. A. N. Bakulev. Radar methods of the selection of the driving

target /purposes. 0Obhorongiz, 1958.

10. ¥. M. Volkov. Logarithmic amplifiers. Gostekhniziat UkrSS®

I Yccp, Okrainian SSR], 1962.

11. 5. V. Gradshteych, I. M. Ryzhik. Tables of integrals, sums,

series and products. FPizmatgiz, 1962.

12. G. V. Glebochich. On the estimate/evaluation of nonlinear
distortions. Transactions of the GPI im. Zhdanov (radio a2ngineering

department), 1955, Vol. XI, iss. 1.

13. V. M. Volkov. Amplifier with exponential amplitude
characteristic. "Izv. of VUZ [ 99spy4 - Tnstitute of Higher Fducation)

- radio mechanic", 1960, Vol. 3, No. U4.

i




e .

DISTRIBUTION LIST

DISTRIBUTION DIRECT TO RECIPIENT

ORGANI ZATION MICROFICHE ORGANIZATION MICROFICHE
:2205 DMATC ; E053 AF/INAKA 1
10 DMAAC EO17 AF/ -W

B34h DIA/RDS-3C 8 E404 AED:Dm i
Cok3 USAMIIA by E408 AFWL 1
C509 BALLISTIC RES LABS 1 E410 ADTC 1
C510 AIR MOBILITY R&D 1 E413 ESD 2

LAB/FIO FTD

C513 PICATINNY ARSENAL 1 CCN 1
€535 AVIATION SYS COMD 1 ETID 3
oy wesls ) NIA/PHS 1
C591 FSTC 5 NICD 5
C619 MIA REDSTONE 1

D008 NISC 1

H300 USAICE (USAREUR) 1

PO0OS ERDA 1

P055 CIA/CRS/ADD/SD 1

NAVORDSTA (50L) )

NASA/KSI i

AFIT/LD 1

FTD-ID(RS)T-1977-77




