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SPECTRAL ANALYSIS OF THE ENVELOPE OF AN AMPLITUDE-MODULATED SIGNAL AT
THE OUTPUT OF AN AMPLIFIER WITH A LOGARITHMIC AFMPLITUDF

CHARACTERISTIC

A. A. Voronin and A. G. Gordiyenko

Khar'kov

Wwhen AM oscillations pass through an amplifier with a
logarithmic amplitude characteristic (LAC) [J1.A-X.], nonlinear
distortions which depend on the modulation coefficient (m) originate
in the amplifier. Amplifiers with LAC are used extensively in
different communication channels, measuring and other devices. In
connection with this, it is necessary to estimate the coefficient of

nonlinear distortions at the output of the amplifier as a function of
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m. No matter how it is obtained, the LAC of an amplifier [ 1] can be

described by the expression

Unx = ko, (a g 4. 1) ; (n

gain of the amplifier (in the linear mode); U, is the input
voltage at which the LAC of the amplifier begins; a is the
coefficient which determines the dynamic range of the amplifier
according to the output voltage; and U, is the voltage at the input

of the amplifier.

We will assume that the input signal is modulated by one
frequency. Substituting the value of Ux in expression (1), we will
have

; U
Usax = koUss, alng= +aln(l+mcosx)-[-l]. 4]
Xy
where U,, is the level of the carrier signal at the amplifier input.

Obviously, the spectrum of *he envelope is determined by the

expression

‘In(l 4+ mcosx). R R AN

In the case in question, the modulaticn coefficient is

considered to bhe less than one (m < 1), whereupon the following

vhere Ua.: is the output voltage of the amplifier; ko, is the maximum
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inequality is satisfied:

O<in(ltmeos) L2, . “’

In this case, expression (3) can te represented in the form of

an exponential series [2] and, after transformation, we will have

In(1 4+ mcosx) = A, + Bi.acos (2t — 1)x + Ar.ncos2tx, ()

where = "
- | n
Ay = 3 (=1»+ _'1'2_"_ ;'E:T( );

Al n

Buu= (-0 X

1 2n— 1 i
.x221l—2 n__' L

A'." = i (_l)?u+l 22_:_“ X

R
" 1 (2n
P N\p—t)

If we designate kdh“==d (d is the amplifier parameter), expression
(1) assumes the form
Ve =d(aing® + a4, +1)+
swx e aA, +
+ adBy, scos (2t — 1) x +

+ adA,, ,cos2x, (6)
Ull
vhere d(aan-—. +aA,+l) is the carrier level at the amplifier
xn

output during amplitude modulation; adAi.» is the amplitude of the
even harmonics in the spectrum of the sigral envelope at the

amplifier output; adBi.a js the amplitude of the odd harmonics in
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the spectrum of the signal envelope at the amplifier output.

Analyzing the results obtained from the theoretical calculation,
we can conclude that the carrier level at the ocutput of amplifiers
with LAC depends on the level and coefficient cf modulation of the
signal at the amplifier input, while the level cf the envelope at the

amplifier output only depends on the modulation coefficient of the

input signal.

The verification agreed well with the experimental data and the

results of the theoretical calculation.

Calculated by computer depending on the modulation coefficient,
values Ao Aun and Bi.a are pfoportional with respect to the

first component and are represented by curves in the figure.

The curves obtained make it possible tc¢ find the harmonic

coefficient in amplifiers with LAC at different modulation

coefficients, as well as to solve the reverse problem: given the
nonlinear distortion coefficient, we can find the permissible

modulation coefficient. T.: curves are also used in analyzing

measurement results.
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