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LOGARITHMIC MF”HDI) OF (
~ ?HA!.17.F.I) AMPLTT IJ DF: 9ETFCTI(V~.

V. N. Noqin , gra duate stuic’nt .

The problem D f ci oseness in “~ t her/ester ” and t he  f r e e d o m  f r o m

inter ferenc~ ot radio reception advanced into turn the t3s~ of the

separa-’ion of ralio signals with the over lappin g spectra. flu r in l it~;

solu t i on  s o m et i m es  ap pears  t h e  need for detection of such

a m p l~~tude—moiu1a t~~1 (AM) oscil1ation/vihration~~, “carrier ” frequency

of which ~an hav~ iny value up  to zero hertzes. In fact , let , for

example, v~ have a sum two AM of the signals

— U1 (t)sln(.1 t + $,) ± U,(t)stn (i t t + +2).

On Fig. Ia are dep icted thei r spectra . After syn chr onou s (or

sele ctiv e (11) q uad rature detect ion at carrier frequ ’n z y ~~ jamm i nq

s t at i o n , i .e . ,  th~ multiplication of th e tot a l o sci lla tfon /vi h ra ior

.h~. ~
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by the voltage of auxiliary heterodyn. Ur cos(~,t±,) and the

filtrat ions of all high—frequency coapoasat vs will obtain

as = U(t) stn (Q t + A$). ( 1 )

Formally expression (1) is AM oscillation of the adopted

station , but with the lowered/reduced “carr ier ” frequ~ n :y c~. rn it

U(fl~~+Ur .U I (t ) tb.  is envelop.” of tk. carrier amplitudes

oscillation ; Q — 
~~2 and ~~~~~~~~~~~~~~~~~~ with respect to a

d i f f ~ rence in fre7uencies and initial car rier frequ encies the

component initial AM of the signals. If the spectra of the latter

overlap (Pig. la.~ , then frequency Q can lie/rest at the range of

audio frequencies a n d  even lower. In common AM oscillation s the

carrier frequency considerabl y higher tha n highest frequency of the

r modulating. AM of the oscillations , in which this con~ iti3n is not p

observed , i.e., on carrier frequency are placed no limitations , let

us call those generalized by AM oscillations .

• 

_

- 
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‘ig. 1. Spectra: a) two AM of ~he signals; b) qeneralizei AM of

oscillation.

Page 19.

fl~ Pig. lb is depicted the amplitude spectrum of this oscillation

obtained by the way of the described synchronous detection from

spectrum Pi g. l a.. Its lower side band as is bent relative to zero

frequency. The real spectrum of the bent part stretches to the side

cf positive frequencies f 2; 3), partially overlapping wit h the

spectrum of upper sici~~ band. To Fig. 2 is shown the cut variable

oscillogra n 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 method s of detection , based on the

isolation/liberation of the modulating signal of as envelope of ‘he

carrier ampl itudes oscillation , are here unsuitable.

Prom expression (1) it is directly evident that for the

qenerali??d amplitude detection , i.e., theisolation/liberation “of

‘h~ env elo pe” generaliz ed AM of oscillation, the latter is sufficient

to divide by the harmonic oscillation , synchronous and cophasa l with

“c a r r y i n g” varia tion of frequency Q. This can ~e carried out one of

the method s of functiona l division , for example , describo~ in P~—~~1.

— • • ..-~~
- 
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The har monic voltage , cophasal with “carrier ”, can be separated

either by the narrow—ban d filter from spectrum Fig. lb . tuned to a

frequency 0 or to shape by filterless method from the oscillation of

rectangular form (Fig. 7b), the obtained by means amplification — t h ~

limitation of generalized AM of oscillation (Fig. 2a). The latter is

possible because this rectangular oscillation includes the

inform ation about the phase of “carrying ” oscillation , since the

torque/moments of the transition through zero in them coinri le.

L~ t ur examine now the logarithaiic method of det ection the

generalized o f  AM oscillation s, which virtually render/showed simpler

method s of division indicated . ~~~ ~js recor d exrression (1) in the

fo r m

a1 — U1 fl + mf(t)J sin (2 t + ~~), (2)

where f ( t )  — t h~ quasi—periodic func ticn , which is the

standardized /normalized modulating oscillation , i.e., th~ sound

vibration , referred to the average modulus of its instantaneous

values; m — the a verage coefficient of the depth of modulation.

Let us manufacture full—wave rectification for active loa d an i

‘he sut sequent ‘ loqarithm ic operation of generalized AM of the

I : ~~~1~ ~~~~~~~~
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oscil lat  ion (F ig .  2a)  • presented by expression (2)

F00r74 orv I . of t~s? operations of rectificat ion and logarithmic

operation j t  is possible and to interchange the pos ition , hut then

loaarithm ic amplifier must have symmetrical amplitud e characteristic.

PNT)POOTNOTF.

We will obtain

— Iog~ j Li, ~ I ± mj (I)] ~ sin (9 t + ~~ ~ j =
— lO~~ U, + Iog~ I sin(9 t + ~P) I ± log,5, f t  + m f ( f ) J .  (3)

•1

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Fig. 2. Ouc illogr aus : a) g.n.ra liz.4 &~ of oscillat ion : h)

rectangular oscillation.

Page 20.

The process of Heal logarithmic operat ion is illustr~ tei on Fii . 3d.

Tn expression (3) the first term is constant component and therefore

‘IS it ioes mot intere st. The second term represents the p~ riodic

oscillations • U~ (Pig . 3a) • which is present at the output/yield of

the loga ri t has t or as th. addit ive mixin g oscil lat ion.  Tts expansior

is Poerier series takes fore (a):

a1_ Io(W I sIn ( Q t +â $ ) I__ a [ l f l 2+~~~f
CO5 (2 k 2 t + 2 4)j I

i.e. it consists ~f the even harmonics of frequ enc y 0 (Fil- . 3b) . Here

a I/in N is  a mo dule/m odulus of transition to natural loqarithm.

k. ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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The third term in expr ession (3) it is possible to decompose in

~he follow ing power series, wh ich is converged wi’h iaf (t) < 1 ,

which virtually iiways is made.

- u~~,=aIn{1 +mf(t)j—

= a [ m f ( t )_ .~~_ P (t )  +-  —f ’ (t) —~~— J ’ (f ) -I- •.] . (4)

He re  th e  f i r s t  ~~ r m  in  brackets represent s the pure/clean sound

vibration , obtained as a result of the logarithmic metho~ of

detection. Its sp~ rtcum S (w) is depicted on Fig.  3b. The ‘em s of

higher degrees testify to the presence of the undesirahI~ compon ents,

which are the nr ~ i ucts  of n o n l in e a r  d i s t o r t i o n s  l u r i n g  d e t e c t i o n ,

which appear as a r~ sult of the nonlinearity of lo~jari Huic

characteristic.

i i ~~~~_~~~~_~~_ 
~~~~~~~~~~~~~~~~~~~~~~~~
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S (w)

0 -
, I

Fi g .  3. Logarithmic operation: a)- the ideal logar ithmic opera ’ion of

rectified generalized AM of oscillation; b) oscillation spectmun at

the ou’~ ut/yieid of the logarithmator.

Page 21 .

From expression (4) it is evident that wit h low m the terms of

higher degrees can be disregarded and the n Fig. Ssb with hiqh

accuracy/p recision it represents the spectrum of full wave a’ s-he

output/yield of the loqarithmator . Because of logarithmic et~era ’-ion

the product is con verted into the sum , from which i’ is possible to

ceparate the modulating signal , for which the additive mixing

L. -~~~ - - ~~ - - - —- - —-~— -., ~~~~~~~~~~
-
~~~

- - ~~~~~~~~~~~~~~~~~~~~~~~~~
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oscillation it~ c~ n be either filtered out by the blocking co’s b

filter , wh ich d oes not pass frequencies, mu ltipl” 20 or it is

compensated for. In the latter case for obtainin g the compen sating

oscillat ion it is necessary to separate the “carrying ” oscillation ,

0 rectif y i’ on resistive load and to take the logarithm . The com b

bl ocking filter can be carried out on the base cf t he c i rc u i t s  of

cross— period compensation F~~1. 
Apparently , the method of this

~il’ration is unsuitable at the values of the frequencies ç~, for

wh ich s-he half fundamen tal frequency of the sound (modulat ing) signal

is mu ltiple , since otherwise could be filtered out all ~he spectral

components of useful signal. However , wit h voice signals these values

0 do not exceed the limits of a compar atively narrow band of

frequencies l40—1SD Hz (0/2w).

Let us pass to the quantitative estimate/eva luation of th9

nonli near distortions , which appear as a result of nonlin earity

logar ithmic characterist ic. For the purpose of simp lifi~ .ition let us

define , as this is usually accepted , the coefficient of harmonics.

Let f (t) is be the sinusoidal function of single amplituie . Then sum

n of the fir st ‘e n s  of series (4) viii be the exponential

trigonometric polynomial , converting (8) which in harmonic

trigonometric poly nomial can be found kr ~eing limite d to the number

of terms n = 4 an~i by lowering int er mediate compu tations, let us give

the røsultant expression for the total coefficient of the second and

* ~~~~~~~~~~ 
- ~~~~~~~~~~~~~~~~~~~~~~~~~— 

- --
~

-- —— ~~~ -
~~~ 

—
~~~ ~

_ 
~~
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t h i r d  harmon ics

~~~
mV9 (2 +m 2

~
±4m

~r 
- 6(4+&)

The coefficient of har.onic nonlinea r distortions during

detection (Fig. 4, curve 1) are almost directly proportional to the

depth of modulation , whereupon it is comparatively small and with th~-

standard depth of modulat ion m = 30o/o does not exceed 8o/o.

It is noted [101 that the a mplit ude characteristic of rea l

logarithmator differs from that dep icted by Fig. 3a ~s rrese nce of

the init ial linear section whose value on input voltage let us

des ignate  by U~~.
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0~~~~~~~~~ ~~~~~~~~~~~~_—

0 20 40 £0 10 m7.

F ig. 4 . De pendence of th. coefficient of ha r mon ics , caused by the

nonlinearity of logarithmic characteristic, on the depth of

modulation~ 1 — f o r  t h e  a s y m m e t r i c  v e r s i o n ;  2 — for a symmetrica l

version.

Page 22.

Due to s-his sonic output potential of this detector had been h a v e  as

if n a r r o v i n g s  at t h e  po in t s  of the  passage t h r o uq h zero of det ec t ed

oscillation, i.e., sound v i b r a t i o n  wi l l  have certain envelope . The

formation of the latter it explains Fig. 5. on the uppe r  p a r t  of t h e

f igu re  on the amalgamated scale is depicted the range of the initi al

values of voltage on the input of the logarithmat or, in which the

initial cuts of sinusoids (inclined dotted line) are close to

st ra igh t  l ines.  The amplitudes of sound vibration at outpu t /yield for

- ~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _  — -
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s- he sect - Ions , where input vol ta ge is lens u, ,  grow /rise linearly

(sect ions oa and oz). On those sections (a~~and 28), where the

corresponding half-periods of sound vibration in the i n p u t  s i g n a l

intersect  b o un d a r y/ i n t e r f a c e  of MtV betwee n the  l i n e a r  a n l  loga r i t h m i c

sections of the characteristics, enveloping chang e nonlin ear. From

Pig. 5 it is evident that the envelopes on top (oa6oJ and from below

(o2de) are obtained differe ntly. However, since the distortions in

the ranqes of the flat/plane sections of envelopes (68 an-I i3e) , tha ’

appear as a result of the nonlinearity of logarithmic characterist ic,

already were taken into account above, with sufficient

accuracy/prec ision to evaluate distortion s due to narrowinqs

envelopes from below and can be approxima ted on top by one and the

same equilatera l trapezi urn w i t h  t h e  dura t  ion of i n c l i n ed  sides in

time ~/2.

Let us approach toward the quantitative estimate/evaluation of

the distortions , caused by narrowinqs. Thus , we consider t hat- the

envelope of the sound signa l is the periodic sequence of the

trapezoidal momentum/impulse /pulses (Fig. 6) of single amplitu de.

Spectra l represen ta t ion  for  t h i s  f u n c t i on ( 8 ]  can be recorded in t h e

following fore:

E ~D Stfl m~~~~ 
-

= I — — — cosn2 , t . - (6)

Here ..i _ the relative duration of narrowings; 2 .~~~
__ the

Ti - Ti

• S __
~~ - 

~~~~ 
—

• - -S. ~ S -

~~~~~~~~~~~~~~ - -~~~~~~ - - —~~~~~

. 

~~~~~~~~~~ - - -- — --~~



- • -•--
_

.— ~~~~~~~~~~ -
• -_-- _ 

~~~~
- _ • _

DCC = 771~~77O() PAGE ~~~~~~~~

frequency of their sequence.

Let the sound signal is be the complex periodic funct ion

u,.=~~~B~cos (k Q3. t ± ? * ) .  (7)

M ‘‘‘ N

/iv,
///I l l I

$

I I I

Pig. 5. Fo rmatio n of narrowin gs in th . output signal.

Page 23.

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

narrovings , is recor ded:

• 

a,.,, 

:: 

— _!_ ci B~ cos (k 2,. t + ~ —

— ____ 2 B~ (cos U~ 
2~ + k 2,.) t .f 

~ J +

- + cosj(n2, — h 2 ) g ~— 

~~~ 

(8)
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F Comparing the last/latter expression with ( 7) ,  it is no t di ff icult to

note that the first term here represents the pure/clean sound signal .

Tts amplit ud e because of narrovings somewhat decreased. Pe lal-jye

decrease it composes ~/2. The second and third terms of expression

(8) a re the spec tral com pon en ts of com b ination fre q uenci es, wh ich

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

-

nonlinear distortions.

Since sonic u1. and enveloping P (t) of oscillation are

independen t, 
~~~,. 

and 2, in the m a j o r i t y  of cases they w i ll

no s- tie fou nd in a ff ine  multiple rat ios. Consequen t ly ,  it is possible
F 

to count that the different components of expression (8) do not

coincide i n  f r e q u en c y  and therefore  occur s the  add of t h e  powers of

separat e spectral components.

The coefficient of nonlinear distort ions will he greatest , when

only the negligible part of the combination frequencies in express ion

(8) exceeds the limits of the spectrum of the modulating oscilla~ ion

and therefore can be filtered out. Thi, mill, be at comparative ly low

repetition frequencies of narrowings 2,, i.e., with ~~~~~~~~ For

this heav iest case let us deter•ine on th. basin (~ ) the coeffic ient

of nonlinear distortions because of the narrowings:

• r /
/ ~~ I 5Jfl k 4~~~1/ 2 S ’LL.~~~~~~ 2 . -I, 

~~~~
— _r ~.—i ‘~~c-fl m., 

i — _!.. — . 

- 
(9)

- 2

- .- ..  —~~~ , .— - . .  . . a-. - -. ‘- — 1 -, - • ‘ “ ‘ ‘ .

~ -
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Pros (~~) we ee that 
~~
,_,. do.. not depend on th . for m of

modulating (aomi~ ) signal (7) . This essentially ditf.r . the nonlin ear

distortions of this form from those which appear because of the

nonlinea rity of a .plitude character ist ic.

Is simplifie d the recording of expression (9)

/ c o 11~~~~~~ L~~
412 •II ‘~‘ _ _ _ _ _ _

ID ~~“ ~~~~. (2 —~)P’ ‘!Y~
-
~~’

F it)

_  _ _  _

p 
_ _

Approximation of the input signal envelope by a equilaternal trarezium . I-ç~a13e~~.
After expression under the root of the degree of the sine through the

• function s of the mul tiple arguments infini te sum decays to thre e , for

each of wh ich in r i i i  are expressions in the convolute form. F inal ly

we wil l  obtain

(10)

However , the relative duratiom of ma rrovinga ~ is unn mb ig uously

connect ed with the dynamic ran ge D [ 10) of th. logarithmic section of

the usable port ion of the amplitude charac teristic of t h e

loqarith.a tor. k:teally , on the basis Fig. 3a and Fig. S it is

possibl. to write

I

S 
— - - ~~~~~~~~~~~~~~~~~~ S 

— 
- - -

—~ 
- - — _v • -. -• . —

~~
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~
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~fter considering that 2~~~~~2~,and aft er requiring in order t~~~t 
t h p

input volta’je of the logari tb .atO r v i t )~ any m would not exceed th~

upoer limit of t he logarithmi c section of charact er m t  ic , i.e.,

set/as~umtiq 
m,r ~~m..a = l , from th e last/latter expr ession let  us f i n d

2 2(~~~~— a rc sIn — .

7 —  /N
~—1— !~~ L 

—

I ~~~~~~~~~~

3 45 7 10 2 3~~~~~7io ~ 3 45 7 0
rig. 7. De p ndsn~ s of the rel ative duration of narrow ing . ~ and of

the caused by t hm m maximum coefficient of co•binat ion dist ortions
lou,.. fro . the dy namic rang . of loarithmato r D.

------ — - - - - --- - 
— 

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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By formulas (10) and (11) are designed the graph/diagrams of the

dependences 7D max and ~ on D (Fig. 7). Let us note that in

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 , in 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 y )  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 (i- ) once (~- 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 
~D max ’ 

But since the distortions of two forms in question

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

F distortion products. Then the to.tal coefficient of the harmonics



-~~~~ 

.- -

~~

\l~~i

- 

~~~~~~~~~~~~~~ ÷~ 
.~~~~~~~~~

. (12)

Hence It is apparent that if we assume “D max equal to K r~ 
then - •

K~~_ insignificantly will exceed value K 1.. So with “ = 2

Means it Is possib le to allow 
~
‘D max equal to the average value K r~

I.e., 8%. Then from graphs Fig. 7 we find that required D do not

exceed 60, but the relative duration of riarrowings E In this case

will be about 2.1%. It is noted [10] that the manufacture of

logarithmators with this dynamic range, which does not exceed two —

orders, represents no difficulties.

— - — -- - . .•  
~~~w— .-, —- 

- • “
~~~~

- - -
‘ ‘~~~~~~ 

‘
~~~~

- -‘- 
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Let us expitin now requirements for the accuracy/precision of

the a mplit ud e characteristic of the loqarithiiatcr . Tn i t s  our case it

is convenient to rate/estimate not by relative error 6 t i O l

logarithmic characteristic , but by relative error ~ the

characteristic of the differential gear ratio of the logarithmat or.

since this value directly characterizes the deqree of siinal

distortion due  t an inaccuracy in the logarithm ic charact eristic.

Furthermore, error - ‘ can be measured incompa rably faster and morc’

precise than 6, since for its determination it is not r e q u i r e d  to

take the graph of a mp litude character is t ic .  These two errors of idea l

loqarithma $-or (D —.~~ ) are eq ual, and of real ~~<c . The

differential gear ratio of the logaril-hmator , as is known , dir ectly

proportional to the module/modulus of transition a (see above) , that

charac”erizes the slope/inclination of logarithmic amplitu de

charact erist ic. Therefore value ~ can be also considered as a

relative error in coefficie nt a.

Thus, let the characteristic of the differential gear ratio of

the loga t ith mator has relative deflections from the ideal withi n

l i m i t s  ± .  It is clear that because of this the amplitu de of useful

sonic output potential of the loqarithmat or (see formula (~4 )  A rig
Ia) viii also have r~ iative deflections from its normal va lue on ±i.

Page 26.
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rn  other words, output voltage will turn out to be that mod ulate d in

ampl itude with the Iopth of modulation , equa l to ~~. This mo~ ulation

— idle , and its law is unknown. However , it will be its k n o w i n r i l y

* 
periodic; therefore standardized/normalized envelope (referred ~ r the

averaqe v a l u e )  it can be decomposed in P0uri~ r series with t h e

amplitude factors

A (h) l +~~~A~ . - (13)

Ry co mp a r i n g  (13) and  (6) • by a n a l o g y  wi t h (~~ ) let us roc3r1

ex pression for the coefficient of nonlinear distortions because of an

inaccuracy in the anplitude characteristic of the logar- i’-hmator

p.

~~~~~~~~~~~~ 2~~~
(
~~~)2.

From t h e  l a s t/ l a t t e r  expression we see t h a t  
~. is equa l to t h e

RMS va lue  of the  v a r i a bl e  component  of the  s t anda rdize l/n o rmal ixed

enveloping oscillation. Its amp litude is know n and egual to i. It is

known that of all possibi. forms of the oscillation s, which ha ve the

assigned amplitu la s, - the PM S value .ax i .a lly  is equal ‘0 amplitude

of square oscillat ions. However, the possibility of t h i s  en v e l o p e

shape is in  practice excluded , vsince the required for  us v a l u e s  D
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can be reached by ‘- he application/use onl y of one nonline ar

cell/element in the logarithmator tS ; 10~, which provides the

smoothness of its amplitu de characteristic. Then it is 1ossihle ‘-o

count that virtua lly always T’<’-

Furthermore , in this case error s usually only in ver y t h e

beginning and the end/lead of the amplitude characteristic not iceably

‘iffers from zero. Therefore it is possible to count that modul a ’-ion

indicated in practice will be noticeable only in the int-’rvals of

tim e, which corr~ spond to the use of beginning and end/lea d of the

logar i thmic  charac te r i s t i c  (see Fi q . ~a ) .  The r e la t ive  d u r a t i o n  of

these intervals of time is insiqaificant. Therefore in a tuality the

coefficient of th~ nonlinear distort ion caused t~y an inaccuracy in

th e logarithm ic character istic , will be several (~~ ) t i m e s  less t h a n E .

Valu e 3 depends ,n the form of the amplitude characteristic of real

locyarithmator. Thes-~ nonlinear distort ion s also combination.

Vvprything said about distortions due to narrowinqs is r3rrec’- for

‘hem. Therefore the common/general/total equivalent coefficient of

harmonies for all three forms of distortions by analogy vi’- h (12)

will he recorded

* Kr ..1. = V ~ + ( D u n
) + 

( )  
- 

-

-i :  :- 
- -- 

: :- -
~~~
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From expression it is evident that the specific grav i ty / we igh t

of the third form of distortions is insiqnificant and with £ U~ to

their several dozen percent it is possible not to consi~ er.

Consequently, requirements for the accuracy/precision of logarithmic

characterist ic are low.

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

which appear as a result of the nonlinearity of logarithmic

characterist ic.

Page 21,

Let ‘is ex amine the version of logarithmic method with ‘-he

ap p l i c a t i o n/u s e  - f  c o mp e n s a t i o n  for  the  add i t ive  m i x i n g  3sc i ll at ion  U 3.

in wh ich t h e  d i s t o r t i o n s  of t h i s  f o r m  are s t r o n g l y  lowered/ r educe d .

Let us deduct fro• (2) the doubled voltage “of carrier ”:

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ (14)

Com paring (2) wit h (14), we see that the last/latter expression

is a lso generalized A~ the oscillation , which differs from the

in itial only in terms of the sign of the phase “of carrier ”. If it ,

it is analogous with voltage u1, to rectify and to take 1-he

logarithm, then we will obtain

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - (15)

_ _ _  

_ . .~~~~~~-~~- - i ’
~~~~~~~~~~~~~~~~~~~~~~~~~~
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The l ast/l atter term of expression (1~) it is possible to expand i n

‘-he follow ing power series

= Iog,~, U — mf(t)I

_ _
a[ mf (t)+j

’_ J2 (t)±5_f3 (t)+~~
_f4 (t) + . .

~~~

]. (16)

3y deduc$-ing (iS) from (3) and after considering (1~ ) and (4), we

will obtain the result of the detection *

~~a act — u2 =-2a [ m f ( t) + -~~— f ~ ( t)  + -5— J~(t) + . - }- (17)

He re is s t r a i g h t e n/r e c t i f i e d  on r e s i s t ive  loa~ a n i  is

loqa r i t h m i - z e d  each of t w o  gene ra l i zed  A M of oscillation s u 1 a n d  u 2 ,

a f t e r  w h i c h  r e s u lt s  ‘-hey are  d e d u c t e d .  T h e r e f o r e  this version can ~~

call /named  t h e  s y m m e t r i c a l  ba lance  versio n of the logarithmic m e t h o -~
of the generalized amplitud e detection. Let us note that in (17)

t he r e  a re  no te rms  w i t h  even degrees.  A n a l o g o u s  w i t h  exp re s s ion  ( c ) ,

it is possible to ob ta in  expression for the coefficient of the

~i a ra on i c s  of t h e  vol tage  u~. which in view of u n w i e l d i n e s s  h or e  is

not qiven.  On Fig .  4 is represented the graph/diagram of its

depe ndence on m ( c u r v e  2) , f ro m w h i c h  it is clear t h a t  t h e  nonlinear

d i s t o rt i o n s due to the nonlinearity of the logarithmic characteristic

in s y m m e t r i c a l  ba lanced version are  ex t re m e l y  low. So , p .c . ,  wi’h m

- . ~~~~~ ____________________________ -~~~~
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IOo/o coefficient of harmonics does not exceed lo/o. Let us focus

attention on the fact that the symmetrica l balance version is wore

complex than the unsymmetric version with the application/use of

compensation , hut it is very insignificant.

Th us, durinq the generalized amplitude detection in a

l o g a r i t h m i c  m anne r  appear the  n o n l i n e a r  d i s t o r t i ons  of t h r e e  f o r m s .

The d i s to r t ions, w h i c h  ap pear as a resu l t  of t h e  n o n J i n e a r i t y  of

logar i4 -hmic  c h a ra c t e r i s t i c , are  i n h e r e n t  in p r inc iple  in t h i s  method

and in the  u n s y m m e t r i c  vers ion of l o g a r i t h m i c  method  t h e y  are

de f i n i t e .

Ot h e r s  two f o r m s  of d i s tor t ions  are  the consequence of the

imperfection of real logarithmator. So, the nonlinear distortion s,

wh ich appear as a result of the linearity of the initial section of

t h e  a mplit ude cha ract eris t ic  of real loqarithmator and which are

developed in the form of the periodically being repeated narrowings

of t h e  o u t p u t  s i g n a l , can be decreased down to the a s s igned  m a g n i t u d e

by means of an increase  in the  d y n a m i c  range  D of t h e  l o g a r i t h m i c

section of the characterist ic of the loqarithaator.

[ Page 2R.

The desired val ue D being approximat ely two orders (in symmetrica l 
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version) or less (in unsymm etric version) , which is easily attained

in pract ice .

The t h i rd f o r m  is t h e  d ist o r t ions , w h i c h  appear  as a r e s u l t  o~

an i n a c c u r a c y  in t h e  l o g a r i t h m i c  a m p l i t u d e c h a r a c te r i s t ic , i t  is

nossible t o  cons iler  n egl i g i b l e .

The t ot a l equivalent coefficient of harmonics Kr~ w , tha t

characterizes t h e  distortions of a l l  thre e forms , with unsy .metric

version is approximately iOo/o, with symmetrical — in essenc~ i~

determined b y value D and easi ly can be obtained about 2—~ o/o, h ein u

decreased with an inc rease in the “carrier ” frequency 0 the ini ’-ial

oscillation. The latter is explained by the facts that with an

increase 0 all large part of the  products  ot t h €  d i s t o r t i o n s  of t h e

second and third forms falls beyond the limits of passhani U!Wh

r YH4 — lov—freiuency amplifier l and therefore it is filtered out.

The distortion s, which apnear as a result cf the nonlinearity ot

l o g a r i t h m i c  c h a ra c t e r i s t i c , in  u n s y m m e t r i c  versio n car be c o m p l e t e l y

corrected by t h e  w a y  of the  subsequent in vo lu t i on .  A c t u a l l y ,  i f  t h .~
voltage of for m log t10 f i  • m f ( t )  j  is en fo rced  ~ once , a n d  t h e n  is

fed to th? input of device with exponential amplitude characterist ic,

then it is not difficult to show f 13~ tha t at out put/yieli we will

obtain 
-

U 1 1 + mf(t))’ . (18)
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Here 1J~ is amp li ’-ude factor ; p=1n N,/1nN~~ 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 non lin~ aritv

of through amplitude characteristic it suftices to require , in order
to ~ p = 1. This can be accomplished w i t h  any p, making

= 1~ tt must  he not ed t h a t  such the a d d i t i o n  of t h ~ loga r i t h m i c

me thod  of d e te c t ion  a c t ua l l y  conver t s  it in t o  t h e  l o g a r i t h m i c  m e t h o d

of f u n c t i o n a l  d iv i s i o n .

In conclusion the author expresses appreciation to the doctor ot

technica l scienc~s, ‘-0 Prof. P. V. Ageycv for the survey of the

manuscript and the mad’~ observations.
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