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_THE_POSSIBLE TRANSMISSION. BAND _IN THE_CASE _OF LONG-DISTANCE

TROPOSPHERIC 'PROPAGATIN

—— et ——— ‘

56..

by

¢

V.N.Troiltsld.y

The question of the distortion of tlransmission in the case of long-
distance tropospheric propagation :i!s considered under the assumption
that the atmosphere is anisotropic :and that the horizontal inhomo-
geneities of the dielectric cmistaqft are smaller than the vertical
inhomoger;eitie:. Formulas are giveln for determining the band of

the spectrum of communications that can be transmitted without dis-
tortion. The influence of antenna directivity on the possible trans—

|
mission band is analyzed. i

: i
Determination of the band width of the communications spectrum that can be

:transmit.ted without distortion in the case of long distance tropospheric propagation

—is a problem of great practical mportance for practice.

The fundamental cause of such distortxions is the formation by the field at the

i
‘to the different length of the path of each such wave. If we bear in mind that the

40
- _troposphere is .in fact anisotropic, and thab the horizontal inhomogeneities of the

1
dielectric constant are smaller than the vertical inhomogeneities, then, as has been!

shuwn in my previous paper (Bibl,l), the neld of a tropospheric wave may be repre-.

__'sentad as the superposition of the waves separat;ely reflected from inhomogeneities o:

—.different dimensicns. In this case there will be a continuous .spectrum of these in-

— tropospl er_ic wave is de: :med by the eq\mtion -

i
i)

B + —;psln —r, . '
=C’p‘lﬁe epsinge (o™ *1
" 1
] —_— @

RO — B - ——

= = distance between stations, 9o = 2 5 @ = geocentric angle between points of con-
lajtact between the rays and the earth (Flg.l), 'x = height of point of reflection above

_’the point at the limit of direct visihilit‘y on the side of the receiving antenna and
|

on that of the transmitting antenna. i

The time lag of the individual rays w1_11 be

£ 225G

If originally the trailing front of the vave had an ideal form (Fig.2a), then
it,hz.s front will become blurred (I-‘.Lg.2a) at the place of reception, owing to the ar-
95 rival of a mumber of reflected waves with d:.t‘ferent. lags. The value of the ampli-

f - tude of the received signal at any point T of the frailing front will be
g .

e .

oo &~ 2,

o

1
Ta

_/;’_c p“l

2
x, = cr

Zsmg, )
Integrating, by analogy to our earlier i:rocedure (Bibl.1), we get

i
E=oiyFpRE &

sinS ¢y [, + _R:i:‘v ]s_
3

; = field in free space, and Fo = quantity characterizing the intensity of
—

s !

ot !

5.,—, Thus, by eq.(4), the front of the received signal of the tropospheric wave will

the inhomogeneity.

be of the form defined by the equation: -\ ____ _
—i |
. ;__A__[__v c = STAT

STAT

|
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I NPy easy to determine the angle %'Irom geometrical considerations, - Tif we

know the distance and height or the ant : s

singo=—£-(1—g), —

|

i
Consequently the medium in which long~distance tropospheric propagation occurs |
ag = equivalent radius of the ea.rtl'x,

|

It is well known
. Ry + Ry |
q R '

By, R, = distance from horizon to tranémitting and receiving antennas

i / :
where E = amplitude of tropospheric wave under stationary conditions,
[

_acts on the signal in about the same way as a certain band filter.

“lthat a band filter with a finite pass band also causes blurring of the wave front,

respectively (Fig.l). |
On substituting the value -of sin 9, from eq.(9) in eq.(8), we obtain:
1‘
A, =137 e (10)
o e = g

Ve have until now been considering the distortion of a signal for the case of

This blurring is usually characterized by the time of variation of the amplitude of

ithe output signal from 0.1 to 0.9 of its steady-state value. In the case of an — not very strongly directional antennas, when the angle of directivity is markedly
ideal filter with a rectangular frequency characteristic, it is commonly known greatex- than the angle s S0 that the direct.lvity of the antennas could be nege

is i 1 tional t band width of the
18 inversely propor :.Lona © the ban © lected. Let us now consider the general case of directional antennas, assuming that

—
(Bibl.2) that the lag time T pax ~
36__|
£.(e. ) and £5( “2) are the characteristics ‘of directivity of the transmitting and re-
i

29

filter
. e . . ! 28
: " Ceiving antenna (al and ay are angles measured from the principal direction).

. . c ',> ’ ’ B Then eq.(2) takes the forms:
In our case the lag time may be easily determined from the equation ] !
: ot -
Eocfpy s .115 ) i) e

BT Q) : A ,
- % ) . ' ° 2

On determining the value of Af from eq.(6), and substitution of the value of
i By geometrical reasoning we get
max from eq.(7), we get the "pass band of the medium" in the case of tropospheric N . ) o i o
3 . 2x
EX ST
' == (12)

]
|
af, m=0343 e PO : 5t

R "“’" . STAT
- R s ! For an approximate eva.luatlon of the mtluence of ths antennas on the pau
" - -STAT

i
|
)
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Zjband; We ‘shail approximate ‘the directional characteristics of the antenra in the "7 Under such conditions the band Af varies with time, The value of these varia-
t 3 !

rm of the right triangles of width o o» Where g, = .angle of directivity c Inas. 4 tions depends on how strongly the actual spectrum of inhomogeneities. at. the_indiyi-_
| !

In that case the integral of eq.(1l) Will be of the form i q s

- & . A . 50

® S0 by i , A
B = Cj‘p‘l 3e—4npsln?.d[j' e—T‘dx, 30
o

¢ 5 20

|
|
x, =R
™3
i

i
Integration is performed in the same way as before.

As a result we get

- YR T 7|
‘E‘=0,}9V1~', R,_ L] e Iy = Q@ Q30505 @ 1
sin® g, (H—L): 3

Rsinty,

1
23
1

1
7 Fig.3
i : :

N X - . i
The form of the wave front is deflﬂ9d| by the.equation: X dual instants of time differs from the Kolmogorov spectrum. If there are gaps in
| |

:the spectrum, then selective fading is pos&ible, leading to additional distortion.

Paper received by editors 2 April 1956
u |
%\ . !
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0
i where .o . i
.2 !
i Af,__= pass band in the case of directional ante s
4. i
. :] Af = pass band in the case of nondirectional antennas.
6. P . .
. 3: oY % _1[ 1
= oz =281+ g0+
16 n -3 o
1 : 4O )a——-l]-l-l] T 1 (18)
12 2sln ¢, °
14 ) i o
N The factor Q@m ) defines the influence of antenna directivity,
o
6 1
T{For T/ » 1
18 1 sin g4 2 ) . ot R L .
J : s a
20 . ! Ql;i“,g)_ L
22_] ) L %o
] Figure 3 shows the relation -between llrns value of Q and the parameter o
! o
21': Under the condition that e 1, we may obtain from eq.(18):
26 9o } -
- — sin g,
20 Q=57 (19)
B ! |
30_] ; |
Consequently, in this case |
i
. 32 :
34| Af, = e 354
i fo=117 2 R3in 7, T R—q (20)
36.
38— As will be seen from eqs.(10) and (17), the pass band of the medium depends
40 ¢ .
o ;sharply on the distance. In the case of actual traffic lines 200-300 km long, this
_— 1
£9. \
‘“::band is rather wide, Thus a communication can be transmitted with a rather wide
a4t i
L__‘ spectrum by tropospheric propagation without appreciable distortions.
46— ! :
It must, however, be noted that all these conclusions are true only for average:
_— i
43, t
b: conditions, since the assumption that the.spectrum of inhomogeneities is of Kolmo-
0.

|
__'gorov character is evidently true only on the average. At individual instants of
|

| .
time the spectrum of inhomogeneities differs significantly from the Kolmogorov

0 L. - . T T S
Under such conditions the band Af varies with time, The value of these varia—
ad I
) {tions .depends on how strongly the actual spectrum of inhomogeneities at the_indivi- |
4 {
~4 Q T T
Sof o . 50 —————
- 40
Bewe.
- et N
10! 2 N jans
12 N
15
- 4
18_| ~N
8_— 3 \\
20 ) AN
2| : N
24 ! hnstl
= ar @ Q3gi0s @ 1 2 3 4 0%
- Sin¥
26 1
] Fig.3
26— ;
3):idual instants of time differs from the Kolmogorov spectrum. If there are gaps in
— [
12_,5the spectrum, then selective fading is possible, leading to additional distortion. 2‘\
34| Paper received by editors 2 April 1956
35_ :
— BIBLIOGRAPHY
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|

A VETHOD OF CALCULATING PROPAGATION CONSTANTS IN WAVEGUIDES

!
VWITH NON-IDEALLY CONDUCTING WALLS

L.N.Loshakov,
Full Member ofl the Society
|
The author describes an appro:d.ma.tt?-method of calculating propagation
constants in waveguides with non—i&eally conducting walls, based on
the application of the conjugate lemma, gives a confirmation of the

correctness of the method, and considers the results of its application.

1, It is well l‘cnmm that the rigorousl theory of the propagation of waves in
waveguides with non-ideally conducting wa.'%ls is based on the solution of the Maxwell
_ equations and the application of the Shch\gkin—Iecntovich boundary condition, which
is true for sui’riciently high conductivity[ of the material of the wall. Such theory.
however, cannot be extended to the case or! a waveguide of rectangular cross section.
~ The method of approximate calculation of damping in waveguides, which is termed the
i skin-effect method (Bibl,1), and is less rl'igorous » but more general, has therefore
enjoyed widespread use in engineering pra.:f:tice. This method yields the damping con=
stant for operation of a waveguide at tre!;uenciés higher than the critica.i, but does;

‘ =
not permit calculation of that constant for the eritical frequency, nor at all of

-1the propagation constant in a waveguide. '

In an earlier paper (Bibl.2) I have pointed out the possibility of approximate

|
e calcula.tion of the propagation constant .for a waveguide by the aid of a method baulg
50 ——‘on the conjugate lemma. The proposed method possesses considerable simplicity and "
:. generality, and invclve: no restrictions on the working frequencies. |
t
|
o |
i

50
ﬂ In the belief that this method might find practical application, and in view

sl A

2— !
..-and give certain results obtained by its, use. I

© o e e
7 & (<) [
I N O I Y

S

) j 1ary fields to differ only in the dependence on the coordinate z, then we may obtain'
- Irom eq.(1), by using the transformations - descrlbed in my earlier paper (Bib1.2) B
50!

- a.n equation for the propagation constant yo of the required field (of one of the
€n

per (Bibl.2), I present below a brief verification of the accuracy of the method

He note that the results given below ma.y also be found by means of the Umov-
Pcynt:mg complex theorem; and that method of calculation has been discussed in a |
work by G.V.Kisun'ko (Bibl.3); but the "lemma method™ described below is more con-

|
_ Venient. i

2. It follows from my earlier paper (Bibl,2) that by applying the conjugate
‘lemma (the Lorentz lemma, written on the feplacement of one of two independent
B :fields by a complex conjugate field) to the element of length dz of the transmission
:line we may obtain the starting relation: |
! . .
3 (1= = B E e d .
(B FR + (B F))E, ds = [ [ Bi]rar, W
s L
|
The following notation was used in writing this relation:

i T
El’ Hl = electric and magnetic rields: in the line, taking account of the non-

L

_‘ideal conductivity of the walls (the field sought), *_":u' ﬁu = electric and magnetic

i
. Tields in the same line with ideal conductivity of the walls (the awxiliary field),
!

= cross section of the line, L = contour of the walls, Ez = unit vector of longi-
bndlnal axis (z axis), and n = unit vector of internal normal to wall.
The sign * denotes complex conjugate qua.ntities.
In the case under consideration, the ‘transmission line is a waveguide, so that
— the auxiliary field consists of waves of f!n:e E or H.
If we postulate that the non-ideal ccnductivity has no influence on the trans-

— verse structure of the fields, and assume the components of the required and auxil-
i

poasxble waves) in the form . . f o
e e e et o _ [
(i—1) \|#,pdl ) |

= :‘: STAT
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"ﬁE;&"E;’F “are respectively 'th'é‘ih.{aé"ééha'é;nf and the mean power flux with
,.in_the wave guide, with_ideal. conduct1v1ty of the walls, o = angular_ fre@_gy
of field (the relation between the time t and the coordinate z is given'by the fac-
""(“’t'BOt)), ]Hol = amplitude of magr'letic field, in the . absence.of losa-e;:_u_l:

o1 = magnetic permeability and electric c:%nd;mtivity of the material of the wall.
In writing eq.(2) and hereafter, the :rational practical system of units is used,
The correctness of the equation so o!;ta:'med may be confirmed by comparison with
.'the known results of the rigorous theory.s
For the wave E in a circular waveg‘;xide, solution of the Maxwell equation,
using the Shchukin-Leontovich boundary condition, yields, in first approximation

(cf., for example, eq.(13) of Reference (Bibl 4)):

|

=22y -,

where a = radius of cross secticn of waveguide.

Bearing in mind that in this case |

JiFgpar= 2‘"“;‘_’ A? 3 Gon),

A M-8

|
where x 2 = ﬂzeu, € ,i4 = parameters of the 'mediuni £i1ling the waveguide, A = ampli-
.tude coefficient, and Jl(V ) = Bessel function whose argument is a root of the

- equation J (v ) = O, while

P = a3 gz <Pl g2 52 0, B
* T e Con)
, |
_‘we £ind that egs.(2) and (3) are in complete agreement.
i
When eq.(2) is to be used for practical purposes, we put
1

__!where B2 and -a2 are the roots of the quaé.ratic equation

0B > 0 should hold true.

--Whence

Then we get, instead of eq.(2), the foliowing equations:

A /“ f\ A a= g+ N

>

=B ot [HJedl =N?,
2ap ”.1/2:: 'E[Ho] dl=N?,

Nl
~Ngx—Tlo,

By solving this equation, we find

ﬁ=t]/ (8)

i
The two signs correspond to the direct and reflected wave » and for each wave
| .

It is easy to establish that the damping co.nstant o, obtained by the skin-
2
:effect method is connected with the quantity Nl by the relation
|

|
Nj =2a, f,,

i
!
i - .
@B =ayf. (10)
i —
I
For a frequency above the critical value, BO» @, and N; > Ni’ and therefore,
'

when the formula for approximate calculaaan

1 i .

(l+t1)2

BT pu—- VN
STAT
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At the critical frequency, B o™ 0, Ni
1

.‘ (12)

Finally, for. frequencies less than the eritical, B For this reason Ni

— 5|
<0, ir lﬁo] > Nl. In the case where N2 » Nl: egs.(7) and (8) pass over into the
] |-
expressions !
Ry SR
LAPSY] =. ot R Y
I 2] = IBol; B %= ZIN,I
For the air dielectric, ’
e
|
|

—iwhere A = excitation wavelength, and )‘cr critical wavelength of the waveguide.
Thus the "lemma method" allows us to determine the damping constant o and the
phase constant without res%rictions with respect to the frequency, which may be
either less the;.n the critical or greater than it, It follows from eqs. (13)-(14)
:tha‘c for A - = the damping constant approaches a constant value equal to. Zn .
To give a quantitative illustration éi‘ the results, a numerical calculazzon of
__;d and B as functions of A was worked out !:‘or a specific case., As an example we took
:a rectangular waveg;xide operating on the \Lavé HlO’ having the cross se‘ction a =
= 72 mm and b = 34 mm. ‘Tt was assumed that the waveguide had an air dielectric and
_icopper walls (conductivity oy = 5.8 x 107; ghm L),

I .
For this case the auxiliary quantitiers Ni and B§ were calculated by eqs.(15)

and. (16): e

46

"-general formulas egs.(7) - (8) be used,

2 N —
0.69-10 %= (@ A Aer
== 0o = By ( e -+

2
3 11
i S L

j where a is expressed in meters. !
!

The results of the calculation are given in the Table.
i
i

2
1

T 2hd

>
»[‘

LoobobL
|=288a88828%8s

OO0 st

P

43 412

i
1
i
i
i

A glance at the Table will show that eqs (11) and (13) may be used over a wide

—;rangs of variation of A, and only in the :.med1ate vicinity of A to )‘cr should the
i :

i
Paper received by Editors 28 May 1956

l
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PRECIFITATION ON THE ELECTRICAL PROPERTIES
OF WIRE ANTENNA ARRAY SURFACES '
1

Zt 7777 Let"a plane wave impinge on ‘a_s')'.'ﬁ'gl'é%ﬁhe wire array, each wire of which is

: 1. Introduction

by

V.K.Paramonov

The effect of icing on the reflecting properties of the wire surfaces
of antenna arrays is analyzed. Formulas are derived by which the .
transmission factox; through an anténna array, each wire of which is
covered with a uniform layer of ice, can be calculated. The re-

’ sults of experimental studies are given, confirming the correctness

of the formulas obtained.

in ultrashort-wave antenna engineerirl g, wide use is made of noncontinuous re-—

) flecting surfaces ;designed in the form of wire arrays or of
perforated metal surfaces. The use of noncontinuous reflec-
tors is usually dele to the effort to reduce the weight or
wind resistance of! the reflector.

In winter, reflz‘lectors » like other equipment and struc-
tures, are subjecé to the action of atmospheric precipita~
tion (sleet and fri(’“)' The presence of such rainfall on a
reflector modifies its electrical properties.
) The present w;ork is devoted to a stud;.r of the question
of the influence of rainfall on the electrical properties of]

a single-line antenna array of wires of circular cross sec—

tion; and each wire of the array under consideration is as—

54..sumed .to.be covered with a uniform layer of ice, i.e., the wire and the. ice. layer_ !

55_Torm_ coaxial cylinders. In spite of a certain ;i.dea.lization, this case is.very.close!

. . |
_icovered with a coaxial layer of ice. We zi\ssume the array to consist of an infinite
—inumber of equidistant wires of infinitely'long extension. We number the wires of
1
_;the array from - ®to +« and attach the cylindrical coordinate system Tyes Qlk, Z to
H H

1
‘each wire (Fig.l).

Tlway (Bibl.1):

| 2n
_Where E, = amplitude of incident field, a f % = phase constant, R = radius of ice

1
(Bibl.2) or (Bibl,3), we may obtain:

6..!.___To find the coefficients O_, let us make usé of the boundary conditions:. COIGTAT
|

to'an éctuaily occurring case , and 18 of ?eﬁ.nite practical interest.

I !
__i2. Normal Tncidence !
i

The secondary field excit':ed by the k-th vire, may be written in the following

t - e .
o
E=E, 3 QuHR(arge™% ot ro>R, ‘ @
Moo . !

(2) - |
layer, Hy "(z) = cylindrical Hankel function, Q) = coefficients determined from the
i
boundary conditions and not depending on the number of wires.

The total secondary field is defined by the radiation of all the wires

Eypy == E} E-, ) (2)

Ke—oo
| ' -
By summating the field of all the wires in the distant zone, in the direction

of propagation of the incident wave (for ifnstance, as is done in the References of
i

: |

Em=E 22 B (—)"Qm. ' )

The transmission factor (for power) m,ay therefore be written in the form
|

2]

P PO W — )" Qm .
+10 3 (e W

SﬁAT
|
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jof the vector of electric field intensity Son the surface of the wire:

_where Ej,. and Hinc are the respective intensities of the electric and magnetic

_|fields of the incident wave ,

:constants > By and Sp = coefficients deternp.ned from the boundary conditions and not

idepending on the number of wires. |

_ifield excited by the k~th wire (El(k)) in t.he coordinate system of the zero~th wire
“Xr and 9) may be written in the form:

the magnetic and
he_surface of_ the  wire, and vanishing of the _tangential componen

e -
Eppe + Eun =EP at re=R, Cs)
Hine +MHum=H ot re=R, )

Epr=0 at rx=p, )

p= radius of the wire, Ez(k) and correspondingly

Hz(k) = field intensity inside the ice layer, which may be written as follows:

: Ef1=E, 3 [RuIm(® r+iSnNm (e re)el % (8)

. ] Moo

Lol ot p<rk<R,

\Where at =¢,/ €; = phase constant for the]' Propagation of the wave in the ice; g;»

™ 3.2 = dielectric constant of ice, J (z) and N n(z) = cylindrical Bessel and Neumann'

i
i
i
1

|
The condition of eq.(6) may obviously be written as follows:

| P N
e | i _ O (6a)
ory ory o,

By the aid of the theorem of composltlon of cylindrical functions (Bibl.,), the

En")= E Qm

| ~——co ,,__“,

HYi(2xd)J,,, (ar) cos( 2 ) elminy

(9)

Sd_r., - Using eq.(9),_the boundary condition, eq.(5), may be written in the expanded _|

56_forms__

5e
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=
2 MinaRE™ L S QuH @ R) T

M=—co m=—co

+2 Z 2, Qn }_ H% (xxd) J,,, , (2 R) cos (u%) elmime

K=l Mmoo Am—oo

= 2, [Ria Jm (2" R} +iSm N (o R)] € ™®.

. i T - ‘
The first series on the left side of 'eq.(10) is the expansion of the incident
'
!
plane wave in cylindrical functions (Bibl.‘h).

The conditions egs.(6a) and (7) are similarly written in the expanded form as

|follows: .

3 (zR)e"‘7+ }‘_, Q,,,H’?"(rzR)e"""-i-
23 }‘_, e
Kl Mmoo R=—o0

g = H(men)y _
H® (axd)J,,, (2 R) cos (nT) € ”"‘" T=

=7 3 [RmJpa’ R)+iSaN. (« )] &' =¥,

m=—oco
e

o

3 [Rndn(@p) +i SuNm(ap) € 7=0,

m—o ;
: ="V (13)
) P
|
On equating the terms in egs. (10) and (11) with the same exponents, we get two

_ Anfinite systems of equations. Thus, froni €q.(10) we obtain a system of equations
o

of the form: !
! -

i"Jm(2R) + QmHE (2 R) + "Jm(aRJ 2 Qun cos(n ~) z} HP (@ xd) =

= R (5 R)+ S N (o R), a9

vee =2, 1. 0. 1. 2. ... ‘
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and from eq.(11): l . [ . _ .

N . . L e e ) Qne—in 5,GR —a [R,,,.J,',,(u’ R +iSuN,@ R
m=— o
%) (2R) +QnuHP (@ R) +2J,, (= R).?_] Q_nCOS (n —;—) .2_“, HA@xd)= ; : : HE @ R) 20 (aR) S} [P (s ) + HE, (s xd)]
. - h s o= . x=1 .
=1[Rn I, R) +1SmN,, (# R)], (15) 17 ) N

¢t N

— “\form =0,
where m = ... =2, =1, 0, 1, 2, ...

Making use of the well—kncm‘; property of the Hankel function b 2 Sy (xR)—7 [Ru Jya' R) +iSeNy(a R)]
- i . 0= - .

! H2, (2) = (— )" H2 (2,

=
HY' (2 R) + 2Jy (a R) 2 HE) (2 xd)
K=l

— . !

_iwe can show that for

In addition, we also have from eq. (12

m— even Q_,.=Qm ) N T . R ot (48) 41 SN a8} =0, S .
m— odd Q_,.=—Qmj 3 . .

Taking eqs.(16) into account, an infinite 'system of inhomogeneous equations is |- E Egs.(17), (19) and (21) for a system of equations in the unknowns Q , R and S

obtained from eq.(14). The solution of this system may be obtained by the method of| g 5By solving this system for Q, the following value for it may be obtained:
I successive approximations, provided that the process of approximation converges. 28
—_

i .
- im Im @R Un—In (R Vi
If for simplicity we confine ourselves to only the first approximation, then ; Qn= —A“———mvm— .

“ithe following value may be obtained for [

“ltorm # O . I A - |
. oL i R P Um=Nm (2’ R)Jm(2'6) —Nm (2's) Im (' R) ‘l
Qi — i Jm(:R)Alemg'R)—iSmNm(A' RI ) p — Vi =1[N,, (' R) Jm ('s) —Nm (p) J;, (2’ R)] [
HD (2 R) + 2Ju (= R) 3} (B (e xd) -+ HE (2 x)} i

x=1

!
The coefficients K and Iy, for m # 0:, are equal to:

: A S .

- Km=H®'(xR) +2J, (+R) 3} [HP (xxd) + HY, (2x0)]
Qo DGR —RICR IS N R) 2

HP @R+ 2% (= HY . fad
P R+ 234 ( RJ‘E-‘ D (axd) - Ln=H2@R)+2Jn(xR) 3} [HP (xkd) - HE), (a k)]
. - - x=i,

; Loy o =

Ky =HP'(aR) + 20, (R) 3} HY (a.xd) l

x=1
&

In exactly the same way the following expression for Q’ﬂ may be obtained from

| the system.(15): —_ - — B A .
3 | ) - Ly=HQ (aR) +2J,(zR) 3} HY (2 xd)
,‘forAm,.;‘. () —- B '
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“vavelengths, 3

i - mis‘s'i‘én' factor.” The relative predominance of either of these two tendencies deter—
ameters, and also for those distances between the wires, that are usually found in ! L,

+7 i ‘mines the character of the variation of the transmission factor within the given
- Ghé N ’ T actual situations, the value of Q decreases sharply 1. 4:f 5 limits of var:Lat;Lon of the thickness of the ice coating.
- — . -y comm b % ea  enen mvewss 4 Pt e
- ! ..__3 . with increasslng index of summation m. In most practi- 6.0 1——-—-——!?))— ———} . Thus the presence of & uniform $ée 14767 oA the |
. 8] coo ] . ) -~ oo
- a8 cal cases, tihls fact allows us, in calculating the ° C 18 / wires of a reflector array adversely affects its re-
¥ 10— ° : o ) AT 2 1 |
B - / ' transmlssmr? factor, to confine ourselves to only the 10— flecting prope?ties. At certain values of the ice layer
12 S
. 4= 06 N s M P I
k 1% ] / first term c;l‘ the infinite series (QD) and thereby - _ e thickness the transmission factor increases so greatly,
k o ; 14 J
16— 0412 y ~ . considera.bly; to simplify all the calculations. Thus T even for strongly reflecting arrays, that the array al-
- ’ . 1 - 1% - -6 :
. . : : 15 20 2 .
18: H 2p=0lcm ; , o= I] + %Qn 2. (26) j most completely loses its reflecting properties.
I Ay : ey - o B i
20 A=32cm ) ' -] =05cm : A
1 | Figures 2 and 3 show graphs, calculated by eq.(26) 20 A=32¢m . 3,.0bligue Incidence of Wave on Arra;
29_| 0 42 04 Rcem 1 N 1 22 ¢ ! OII 12 Rem
2f— Fig.2 of the relatllon between the transmission factor. and 22 ) ] Let us now consider the cases which are of the
£ . . . ; _ Fig.3
<] a) Calculated; b) Ex- the radius of the cylinder of ice coating. The calew i greatest practzcal importance: those of the oblique in-
i 26 ] 3 a) Calculated; b) Ex~

lation has b‘een made for two cases characterized by

zo_| perimental cidence of a .h‘omogeneous plane wave on an array coated

i s
i - i - perimental i
- 30- different wire .diameters and different distances be: . with a unifora layer of ice.
L 3 i l -
i 39| - tween the wires OI the array. 4 ] We shall term the first case case E. | Here: ;
i - —| . 32| :
i As will be seen from the graphs, Hhen ice appears on the wires of the array, A 3 - 1) the plane of incidence is normal to the wires of the array; - i
S N N . . PR N -~ 4 24| . B
36_and mtl:x further increase in the thlckness[ of the ice layer, within certain limits 1 - 2) the direction of propagation of the wave makes the angle B with the normal
to ab = 0. S amd g N PO - | | 36_1
35:(111: o about R = 0,1), the transmission factor 1nf:reases B a,nd very significantly at i i — %o the plane of the array; |
k 33 - |
40—'““'- ' k| . 3) the vector E is normal to the plane of incidence and parallel to the wires
| As shown by calculations, further increase in the thickness of the ice coating E 40|
42_ i . 3 ) of the array.
leads t £ i i . e 4£2_ 4
e s toa fall in the transnission factor: M 3 _ We shall term the second case case H.! Here:
. This variation of the t N " 44 1
45— & © e transnission raéctor may be explained as follows. The in 4 i - 1) the plane of incidence is normal t,o the plane of the array and parallel to
__crease in the thickness of the ice coating has two consequences. On the one hand, ~ 45 . |
K 451 i 1 the wires of the array;
k —'part of the space between the wires of the array is filled by a dielectric, which i Bl 43 .
§ 50. P I v ed by & dielectric, ch is q —_ 2) the direction of propagation of the wave makes the angle B with the normal |
i - —equivalent to a certain shortening of the wavelength of the wave incident on the ar— Bl 50— !
5 i £l | = to the plane of the array; ]
~-ray. In this case the transmission factor increases, On the other hand, the re- | 52—
. 5.1 i k| - 3) the vector T is normal to the pla.ne of incidence.
_. flecting surface of the a.rray "is also i.ncreased 1ead1ng “to a reduction in the trans- Bl 5‘1-—1«-
| A

. We shall ‘hereafter denote the qua.ntities relating to the cases E and H 1 by the

56_1
:a'{
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—irespective superscripts E and H..

i a)_Case E. The intensity of the _total secondary.field.may be_expressed _in the_

'system of coordinates of the zero-th wireias follows:

Efn=E, 2‘, QrHP (@r)e' m&+h

+2Enz 5‘ Q% 2, H"’(“f'd)J,,,“(ar)cos(andsmp-}-n—)

k=lm=—20 R=—co

e Xl . @n . _.

If the law of variation of field inte‘nsiby in the ice layer is written in the

E [RﬁJm @r +iS,ﬁN,,,(<z’r)] e1m(v-ﬂs) )

Mm—co

(28)

: then, by performing the entire derivation !as in the case of normal incidence, the

| E
following approximate expression for the coefficient Qp may be obtained:

3 (eRUp—In(:R) Vi

QE=—im (29)

)

The expression so obtained is analogous in form to eq.(22). The difference
|

consists in the values of the coefficients Kg and Iﬁ.

For m ¥ O,

KE=H®? (« R) +2J,(2R) E [H (2 xd) 4+ HP, (a d)] cos (x xd sin B)

k=1 (30)
LE=H®@ @R)+2Im(@R) 2 [H (2 xd)+ HY), (= Kd)] cos(a xd sin B)

x=1

KE=H{' (aR) + 2J,(aR) 2 H® (= kd) cos (« xd sin B)

Form=0, ___ ,l - B . .
kel

o -

LE—HP (R)+2J,R) 3 HY (axd) cos (axd sinB)
. Xt B o

the series

I#(x) is the complex number conjugate to L(x).
— |

in the case under consideration, that of oblique incidence of the wave on the
array, the expression for the transmission factor will be of the

p= 1+ —— 2 (—i"Qg

rdcosﬂ

[

As in the case of normal incidence, fl.hs terms of the sum with indices different|

—__ from zero may be neglected in calculatingxthe transmission factord E without intro-
|

jducing great error, i.e.: ;

1

xdcosﬂ QEI - (32)

|

1]
The principal difficulty in calculating the transmission factor is in summating

3 —l1+

|
{
o

z HE (= #d) cos (z xd sin B).
x=1

i .
With an accuracy unquestionably sufficient, in our case, for calculating this

sum, the following approximate formula (Bibl.5) may be used:
o o
©
2 ) H@(axd)cos (akdsinB)=
x=1
1=
4

e {L( 4% cos® )+L( dsin’%)},

i
|
where £=L - g, i

‘The function L(x) has a period of 27f.. The value of this function may be deter-

|
mined by the aid of the graph given in Fig.h. We note that L(-x) = IL®(x), where

Figure 5 gives a-graph of the relation between the transmission factor.6p and

the radius of the ice layer. The calculation has been performed for the case when

20 S
—!g = 78.5% "‘ = 0.0438: and T = 1.25. As wi_‘L'L be seen from the figure, there is a
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[ : o -
_i'sharp rise, in this case as well, of the transmission factor with increasing thick-
‘2_}

coating on the wires of the array.

b) CaseiH., It can be shown that the expression

for the Eééi‘!"icxéi{b"Q: is of the following form:

T

- , P—— 3, (@R eos§) U — 3, (aReos ) VE
” P KEUE—LEVE
Le)| - ' where the coéﬂ‘icients Uﬁ, VJ;‘, K:
|
D ' the corresponding coefficients in normal incidence by
20 60 100 %40 180X
Fig.h

, (38)

and 1‘1}; differ from

the fact that o cos ¥ must be substituted for ¢ in them,

The transmission factor may be determined by the

“, ;‘f;l 1+ —2_qn

Trdcosy Y (35)

Thus the case under consideration, of the incidence 'ol‘ a wave at the angle ¥ on
"lan ice-coated array, is in all respects equivalent to the case of normal incidence,
:on the same array, of a wave with the phas:e constant ¢ = ® cos¥. In other words,
~ifor the case when a wave of wavelength A ijs incident on an array at the angle y, all
:£he conclusions and results of the calcula!.tion for the case of normal incidence, on

_ithe se;me array, of a wave with the wavelength c:‘sw » still hold.

. Experimental Check of the Results Obtained
|

The energy transmission factor through an array of wires coated with a uniform
1 .

:l.e.yer of ice was measured.. The necessary Kpnitom ice coating was obtained by an
'43:’artificia‘1 method. For this puz-pos‘e I made use of the fact that if water is poured
fo:!.from above in a thin jet at a temperature Ior 10-15°C, on a vertical wire, the water
; ‘in freezing will form an almost uniform latyer of ice on the wire, Thisksame met,héd

__;was also used for the subsequent growth ofrtwh; ice E;yer.
56 —

!

and a receiving antenna, between which the array under study was placed..

P R l} )
: 8 Figures 2, 3, and 5 give the results of the meas-

! p—
p=785" "~ urements of the transmission factor for ormal and
2p=0t4cm
| d = 4cn
A =32cm

i .
oblique (case E) incidence of the wave on an array of

wires coated with a uniform layer of ice. As will be
i

seen from the: figures, over a relatively great range of
i
o {

variation of the thickness of the ice layer (up to

/ H

I
about 0.1 \), the results of the calculation are found

to be in rather good agreement with the experimental

|
1 data. The less satisfactory agreement on further thicks
02 84 Rom i
- ening of the ice layer may be explained by the increas—
Fig.5

_ ing relative 'importance, in this range of variation of
a) Calculated; b) Ex— !

the ice thickness, of the higher harmonics, which we
perimental i

] neglected in calculating the transmission factor, and

| |
__by the greater effect of the inaccuracies due to the assumptions and approximations
2_1!

““made to simplify the analysis.

34 |-

35:_5 . Conclusions

s .
| On the basis of the above, the follo\-rling conclusions may be drawn.

40_]

| The presence of precipitation on the lwires of an array exerts a substantial in-
42:}:fluem:e on its electrical properties.. In fthis case the influence of precipitation
é';:l-educes down, on the whole, to an increase: in the portion of the energy passing
45:1:hrough the array, and, co-nsequently, to t&:e worsening of the reflecting properties
48: of the array. In the most unfavorable cases, even strongly reflecting arrays may

50—
_lose their reflecting properties almost completely.

52 |
Paper received by Editors 23 May 1956
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BIBLIQGRAPHY : I8 . RECELVING ANTENNAS AND INDUSTRIAL RADIO INTERFERENCE
I ’ ’ !

! - ! . . R
1. Potekhin,A.N. - Some Problems in the Diffraction of Electromagnetic Waves ., ‘Pub— y

lishing Héuss "Sovetskoye Radio", §)(caww 1948 . VoViRodied anrf‘M;S:Gai~tdenshteyn
i2. Wessel, = - Hochfrequenz wmd Elektroak?mstﬂc (HF and Electro Ace.) 9, V.54, 1959 This paper discusses the question of the effective heights of room an-
:3. Kozhevnikov,V.A, - Dissertation for Deg:ree of Candidate. MAL. 1952 tennas and the noise transfer factors as the basic parameters determin-
L. Vatson [Watson],G.N. - Theory of Bessel Functions. Part 1, Publishing House for 12 ing broadcast reception quality under urban conditions, in the presence
Foreign I.iterature. Moscow 1949 1 of industrial radio interference. Data on the measurement of these

—i5. Yampol'skiy,V.G. - This Journal. No.9 1955) ] quantities in several USSR cities are given, and the results obtained

are analyzed by the methods of mathematical statistics.
Zi1. Introduction

2% The conditions of broadcast reception in cities are determined primarily by the

o 3: field intensities produced by the broadcasting stations and by the level of indus-—

~ !
3 jtrial noise. The intensity of the field of the radio stations is usually measured
3

32 jat frequency control points far from the éities, where there is no dist:orting influ~-|
34__'ence from builﬁings, overhead wires, metal structures, etc. Since room antennas are

35__widely used, the field intensities of radi:o stations must be determined directly at
Sdthe places vhere the receiving equipment fL'S installed.

40: Measurements in the middle wavelengt}é range made by various investigators have
42_'shown that the brick walls of dwelling hoxéses , which possess good electrical conduc-|
4 _!tivity, absorb the energy of the electror'ua‘gnet.ic field, and that the electric com=
4%_‘ponent of that field undergoes considerab]Ee attenuation, while the magnetic field
f.-s_imerely changes its direction, but suffers almost no decrease. In multi-story build=

—1
Scjings the field intensity of the station usually decreases as the ground is ap-

d |
5 iproached. For instance, according to German data, if the field intensity on the

. 54 "raof of a three-story building is taken as 100%, it will be 70 - 80% in the attic,_.
—
50% on the third floor, 20% on the second floor, 5 - 10% on the first floor,.and .
. ! .

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/02/04 : CIA-RDP81-01043R002900040003-9



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/02/04 : CIA-RDP81-01043R002900040003-9

Measurement “of Actual Effective Heights of Receiving Antennas

only 3 - 5% in the cellar,

|____In practice, however, deviations from such a distribution of field intensity by

—ifloors are often observed, This is explained, in most cases, by the influence of
{ ‘height, it _will be advisable to introduce the ¢ ept of the actual effective height

secondary radiafors, ~The Steel skeletons of the buildings, drai . [
_.,0f an antenna, i.e., allowing for the attenuation of the field due to surrounding

:pipes , iron staircases, cables, and other.lobjects may act as such secondary radia- | |
_jobjects. We shall denote it by the letter h.

—‘tors, which may attenuate the field, or, in some cases, may intensify it, depending

Let us consider the method of measuring h. At first we measured the electric

: on the natural frequency of these radiators. Owing to the screening effect of the i
component of the field intensity of some plowerful radio station at an open place, res

“'iron roof, the field strength of the stati}on may prove to be lower on the attic than

i
- : __mote from structures and metal masses, at a height of not less than 2.5 m, Then, by
—lon the floor below it. !

[
1 3~|means of an interference meter of type IP-12 M, we-measured the EMF,e, in microwatts
T |

The task of the present paper is to determine the station field strength for

| " induced in the room antenna by the radio station in question. The meter was con—
~|reception on small room antennas, as well ‘as the noise voltage that can be induced | !
| ] nected to the antenna through its equivalent antenna (a 10 uuf capacitor) and to the
“lin them by coupling with interfering networks. The measurements were made on a ! .

i ground wire. The effective height was determined as the ratio of this EMF e to the

_gamm—type antenna of'copper wire 1.5 mm in diameter, with a horizontal part 3 m lon
5 field intensity E in free space:

land a vertical part 2 m long, suspended as far as possible from the lighting wires.
) e

_'A steam heat pipe or water pipe was used a;s the ground. : "=‘L,.""- (2)

If the antenna is located in free spa'ce, its effective height may be calculated . .
This procedure was used in 1954-1955 to measure the effective heights of re-

:by the formula
L S | |
25-,,,,,( 1, _ﬂ)s(n"‘_"l . . 36_Ivanovo. The measurements were made only in the longwave and medium-wave bands,
- 2 2 (1) . | |
hpm—— — i
e msinml, 2o since the fading on shortwave makes the study difficult, In all, over 320 measure-
i e e . )
| 2n z,om:ments of effective antenna height were made in multi-story and low dwelling houses
__Where m = bl hy = length of vertical part of antenna; 1 _ = equivalent antenna |
! H . oe o £o__of various types (brick, frame and cinder-block).
length, determined as the sum of the lengt:hs of the descent and the reduced length !
i . The results of the measurements were worked up separately by the methods of
_lof the horizontal part. l i — |
| £5_mathematical statistics for the longwave and medium-wave bands. The values of the
Calculations for the frequency band 0,16 ~ 1.5 megacycles showed that the ef- ! i
48 | 43_effective antenna heights were expressed in decibels with respect to the value at 1mz
_+fective height of an antenna of the usuallsy adopted dimensions should range from ;
50! 4 50.
~.1.45 to 1.65 m. It is difficult to calculate the possible attenuation of the field *
f

go, .

n-:zmg_; db, 3)

-»'o-wj.ng to the walls of the house, the surrolunding structures, and other objects, 1 ’ . ! 3 )

54.. —— | — . . 54. and the class—interval of_the distributions was taken at 4 or 6 db. It was found !
-lsiuce local conditions vary greatly. !

56

-

! !
5._that_the distribution of the values of the effective antenna heights obeys the nor=
5 f R
|

)
)
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mal 1aw with a rather good degree of approximation.
____From the histograms of the distributions so obtained, by the pattern method, we

'next selected the values of the statistical paremeters of the normal curves (— =

3¢

36|

= "mean probable values and Op = mean square deviations) for which the divergence from

: imental distribution curves to the normal'curves so selected, made by the Kolmogorov-

“ling the values of F(t) so obtained by the, total number of measurements n, we get the

the experimental data was found to be slight. A check of the approach of the exper—
Smirnov criterion of goodness of fit, sho‘rlred the discrepancies to be insubstantial.
This check was made in the following way.E For the boundaries of the class-intervals
of the distribution, the differences between the experimental and theoretical values
of the distribution function, Ni - Ni' , were found, the theoretical values being de-
termined by the aid of tables of the probability integral for ass'i@ed values: of
the mean probable value (or mathematical expectation) T and of the mean square de-
viation op.

For this purpose, the values,of the normed deviation t were first com-

puted from the relation

(&)

after which the values of the probability integral were found from the tables

(Bibl.1). for the ends of the class-intervals

j ka)(t)-——-—}/'z—Tj‘e_—dt. (5)
- 0 .-

|
Since it was necessary to have the values of these integrals over the range

|

from =< to t, then : |

Co Fo=05+0@. (6)

For negative values of t, & (t) must be taken with a minus sign, By multiply-

—ivalues of the integral distribution fnnct%.on N:L" i.e., the number of measurements

.

0

the data of longwave measurements in the éity of Kalinin, we obtained:

+is great (in practice, over 0,05), then the discrepancy between the empirical and

normal curves is not substantial,

vith values not 'é}geeaing the values of the i~th class-interval:

N,=F(#&)n. ()

—_"FFe‘a'Ehwééniputation_point we find the modulus of the difference ( Ny - N; 'L, of|

the values so obtained we select the grea.i;,est. For instance, in calculating from

[Ny = Nilpax = 1,52

Further, we determine the argument )‘o

L

N;— W]
A==t I max 8
o (8)
In the case under consideration,
1,25 . )
g = e —
o= U 0,3.
For a given argument we find the value of the function:
EQ)= 3 (= 1yFe ™ : (9

' Xm—oo i

This function is tabulated and given,in several manuals on probability theory

(Bibl,1). In our case, K = 0,3814. If the difference
|

|
P o) =1—K() (10)
1

l

In the'example we are calculating:
PQg)=1—0,535 =0,465 > 0,05 o

and the discrepancy is not substantial,

~ - Table 1 gives the values of the statistical parameters of the-distribution-of —
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[ . .
_}the effective heights of receiving antennas for individual cities and for all the

2

...measurements _as_a whole.__In addition, Fig.l_shows.the. cumulative_distribution_curve

4.
. !
6 Tab]f.e,_l
8 -
- a) 0,16:-0,5 0,5+1,5
10 — -
. b) Hdb | Hm |q,db | Hdb [ F, m a5, db
12
-~ ) —13,7 0,21 9,0 —15,4 0,17 4,6
1 d) —9,1 0,35 7,6 |—150 | 0,18 9,4
- e} -—17,0 0,14 9,7 —15,3 0,18 6,2
16 9 —11,5 | 0,27 9.5 = o i
1 8) —25,3 0,034 7,7 —18,6 , 12 —
-] h ~21.9 0,08 8,3 —20,5 .| 0,095 8,8
18_J 1 i) —15,7 0,164 11,0 —16,4 0,151 8,4
20_] : T T .
22:a.) Frequency Band, megacycles; b) Parameters; c) Moscow; d) Kalinin; e) Orel;
2 4:1‘) Chkalov; g) Ivanovo; h) Molotov; i) All these cities
%5—of the effective heights of receiving antennas for all the measurements in all six
— , A
28— cities. The normal curve, plotted by the idashed line, is very close to the curve
°°: _ Phk)
32 \ 27
— et
34_| VL | sl
36, g v -
—| 5 7
- A=~15,7db; 6, 11db 06
38 B A .
40: ',’/ 4 ‘
a9_| 4 '
—_— 7 2
441 7 01
n 025 5 10 ZALI .
46— -40 6 -2 -8 - YRR ,
- ! )
48 — N o
S0,

— -
_la) Normal curve; b) Experimental curve; c) Effective height H

5__ble value of th

constructed fron the experimental data. The frequency dependence of the mean proba-

!
ffective heights is shoﬁn_ in Fig.2,

~32_
i

50-Yr 2014/02/04 : CIA-RDP8
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s interesting to compare these data with those published earlier. In view

z_r i
.1 of the absence of such information from the USSR literature, only foreign data

i
[ ...Table 2
3 ’ a 0,16--0,20 | 0,709 LI+12
10
12 b) —8,2 —1,9 —34
14
. 9 85 89 84
16 — S T—
18_]
_la) Frequency band, megacycles; b) Mean pr?bable values of effective angenna heights
204 . H
_|H, db; c) Mean square deviations Op> db
22
H
24._1dating rather far back is available for comparison (Bibl.2,3). A statistical work-
— |
25_iup of data given by SMKFR* in 1935, basedion the results of over 500 measurements of;
28: the effective heights of receiving antennas in
| - - |
30_] 4%:7 e variouslcountries gave the results presented in
| - Table 2,
i 1 ~d . .
2z I Thus the mean probable value of the effective
- 4 ‘ |
35... heights-of receiving antennas on long wave was
33: found t6 be about 7 db less, and on medium wave,
_ @z @3 aF a5 fme
4£0_ about 13 db less, then according to the SMKPR data
— Fig.2 i
£2_| The discrepancy is probably to be explained by
i

— :
44_ithe differences in house construction and room size, and in the smaller antennas

25_'that were used. i

—— B U
_ —* Special International Committee for Control of Broadcast Interference.

.
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— voltage U, across the a.ntenna—ground termi.nals of the receiver.

ceiver input is the noise transfer ratio Kp' i.e., the ratio of the noise voltage U
i

_across_the_t termnals of_the.. source oLnoi.L.e coxmectei to_the_ network, and_the noise_

—ifrequency voltage of the order of a few volts is impressed on the electric lighting

2—ground terminals in several rooms on d:.fferent stories, using an interference meter,|

S4..

: noise from the receiver, on the design ofithe wiring, the dimensions and mutual po-
: si:ticn of the room antenna and the noise-carrying networks. The noise transfer ra-
: tio is a random quantity, so that statistical measurements are required to determine;
_{its law of distribution and its principal parameters, the meak; probable value fp and|
: the mean square deviation Ope It is assumed that the use of power-supply filters in

"lthe feed circuits prevents the direct penetration of noise into the receivers.

_la) HF band generator (50 ke. to 40 me.); b) Power-supply unit; c) Modulator, 1000
_cyc].es 5 d)"Cathode voltmeter (0.1 to 150 ‘folt.s)

board, and the voltage at this same frequency is measured between the antenna and

i U
U g,
; 1{,, 201g i

The value of the noise transfer ratio depends on the distance of the source of

The noise transfer ratio in a building is measured as follows. A high-

system or other noise-'carrying network from the main switch or distribution switch—

Fd3
i

!for instancs.one .of -type. IP~12M.. . The high—frequency vulta.ge is supplied from-the._
56_)

output_of. the .noise transfer ratio meter, type IKP-3M, developed by-the TSLIRMEP,.|

K4

meter at the output.

asymmetric output and a vacuum-tube volt-!

0.
4containing a high-frequency generator with

ltrom measuring the voltage of the industri

“ure only the high-frequency voltage introduced into.the network.

“lwith the lighting wire and is also a good
: frequency voltage introduced into the sys

siderably higher than the level of all the

The measurements were made in one or

quencies recommended in the standards for,
| |
—|interference.

: houses at Moscow and Kalinin,

The results of the measurements were

houses in various frequency ranges.

—:were constructed.

—tained, and a check of the possibility of

‘alogous to the check made for the effectiv

— crepancies were not substantial,
9

s Figure 3 is a schematic diagram of the type IKP-3M instrument.
!

! choke at ‘the input of ‘the cathode voltmetér is necessary to prevent the instrument

T ually placed on a fishbone antenna ladder-type cell near the main switchboard. The
- high-frequency voltage is successively im;lmsed on all three wires of the lighting

i
_{system, and also on the two wires of the wire-broadcasting system which is connected!

these noises do not interfere with the mea

Such measurements of the noise transfer ratios were made in several
The total number of measurements of the noise trans-

|
fer ratios, at frequencies from 0.16 to 150 megacycles, was over 1500,
The values of the noise transfer ratios in dec-
- |
ibels were distributed into class-intervals 5 db wide, and the distribution curves

|
Normal curves were selected for the distribution curves so ob-

normal ones, performed by the Kolmogorov-Smirnov criterion of goodness of fit, an—

Table 3 gives the values of the stati:

The filter

al 50-cycle current, so that it will meas-|

The IKP-3M is us-

carrier of noise. The level of the high
em (of the order of 5 - 10 volts) is con-
outside noises in the system, so that
gurement procedure,

two apartments of each floor at the fre-

the maximum allowable industrial radio

worked up statistically for the individualf

!reptesenbing the experimental curves by

e antenna heights, showed that the dis-

stical parameters of distribution for sep-

se)

» —arate houses at Moscow and Kalinin
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They can be regarded only as a first ia.pprmdmation to the elucidation of “the

problem, since the number of. houses_in which measurements were made was small, On |

Table 3
i

i)
29,3

5,5
43,9
16,6
63,0
1,3

320

- a.)VFx-equ‘ency band, megacycles; b) Mean Probable Values of Interference Transfer
:Ratiou ¥ and of Mean Square Deviations Oy db; c) Parameters of Distribution;
"14) Hoscow; e) Kalinin; f) Four-Story House; g) Six-Story House; h) Three-Story

_ House; i) Four-Story House

| comparing the results of measurements in different houses, it will be seen that in
_ the medium wave and short wave range the mean probable values of the interference

}
transfer ratio measured at Moscow and Kalinin differ only slightly from each other.

Table 4

I
' 3 o db | Kdb Gy db

: 50 68,6 19,4 86,7 10,2
80 14,1 84,2 5,0
150 67,4 20,4 88,2 9,2

-
— . L - )
d) Frequency, megacycles; b) Four-Story H(;:use, K,db, o k,db ; ¢) Six-Story House,
K,db, oy,db

In the ultrashort wave range, the no:}.:e transfer ratios are considerably highern

than on the lower frequencies., The stati%;z;l' p;!:;meze;; of the distributions of

2]

resultS of measurements in two houses are given

J,in Table 4 for frequencies 50, 80, and 150 megacycles. A_ tuned_horizontal half-wave
| : =

..fdipole was used as the recei;ring antenna..‘; The lack of detailed data in the USSR and|

. i"o;-éién— literatire makes ii:_ﬁﬁcés-iﬁi_emﬁ,‘com};ér‘e our data with those of others.
= The data on the statistical paramecelrs of distribution of the effective heights
of the receiving antennas of radio kistengars and of the noise transfer ratios will
“lallow the solution of important questions% connected with the conditions of broadcast
lreception: (1) determination of the probability of the disturbing effect of inter-
: ference in radio receivers at known levels of the noise voltage across the terminals:
| of equipment connected to the line voltage; (2) determination of the probability of |-
: the disturbing effect of interference if };he current standards of maximum allowable
industrial radio noise are observed, accoi-ding to the field intensity of the radio
i station in free space; (3) determination of the necessary standards of noise voltage
—.j across the terminals of noise sources in feception from a radio station in order for
an assigned signal-noise ratio to obtain .,t‘or an assigned value of the field inten-
sity. i
A consideration of these questions would be beyond the scope of the present

! paper.

_ | Paper received by Editors 21 March 1956
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. O_ l o_!with detector, T P
2 MUTUAL CORRELATION OF FLUCTUATION NOISES AT THE OUTPUT ] 2‘_3_____We_note ‘that the nuiber of. narrow-band filtérs and_comparators may_be consider=
. 4.: OF FREQUENCY ];JISMNATORS . 4- ‘ably greater than 2.
5” - " li)y 6:.. -—_Mi;rc-o-r{éi.d‘ex;ingbgﬁe éﬁeéii&; Volr.‘"tfx;;{:t:ion of noise—;-a.wgomparatc;r, the fact
. 3': M.V.Maksimov . . . 12: that the two output circuits have a commor:x source of noise, the radio receiver, must
10| -
:: The function of mutual correlationiK(t) is determined for fluctuvation 12 be taken into account. !!
noises at the output of line .f.‘iltex[s constituting the load gf radio- 14 N
15: frequency equipment with and without a detector. On the basis of 1 6: g{t
15 general considerations, the function K(1) is found with respect to 18 R
20: resonant oscillatory circuits. The parameters of the system under 201
DY consideration are analyzed. . 22|
24 1, Introduction . ) Z"‘: a) Radio receiver; b) F5 ¢) D; d) Fy; °)¥Prl; £) Comparator; g) Output
25 26 — L
23— In a number of radio engineering dev: 'Lces the signals, after passing the radio- 28: In this connection it is important t<i> know the function of mutual correlation
© 3o_|frequency stage & (Fig.1) and the detect%r D of the receiver, are fed to narrow- © 3 K(t) between the voltages Ul(t) and Uz(t) ((Fig.1), and also the parameters of the
32_iband frequency discriminators &, and &,, designed to separate the channels. The os= 39| system at which K(T.) becomes insignificant and can be neglected., On the bases of
- 327 cillations received at the outputs of the;e filters, after certain transformations - 347 the known function K(t) not only can we szi)lve the question of the action of fluctua-
36: in the devices Prl and Pry, enter the comllpa.rator, and then the final apparatus. 36: tion noises on the comparator, but also, as a consequence, the problem oJ:' the inter-
3'2: One of the numerous examples of radit receiving installations of‘ this type is 38: ference of complex signals, which has been considered by another author (Bibl.2,3).

I
— i . In these works essentially what was done was to find the dispersion of t!
40_|the system in which the numerical values of the transmitted signal are characterized 2ol of the product

of U;(t) and Up(t) under the condition of |the absence of a detector ahead of the

| U_I_I[_I

42: by the phase of the sinusoidal carrier voltage. In such a system, the filters {:1 42. i °
— | filters $, andd, when white noise acts on.these quadripoles.
44_land ¢, separate, respectively, the sinuso%.da.l oscillations of the alternating phase 44 1 2 . 3 Q poles
_ The present is devoted t i i i
45_1 (mismatch voltage) and the direct curren’c!phase (reference voltage). The convert— 451 P paper is devoted to the determination of the function of mutual
; — . —icorrelation K(T) of the voltages U.(t) and U,(t) obtai
48_lers Pry and Pry produce signals of the sa:i:e frequency, which act on the comparator, 43_] () “i 2( ) obtained at the outputs F, and F,
so_lor pimse detector : | 50| (Fig.1), which the noise reaches from the 'resonant system of the radic receiver
. - : i : —ithrough the detect thi
52| Tt is also possible to construct systems in which the filters Ql and q’z are | 52_—_ oug] e detector D. The solution of this problem for a system without a detec~
. 5t.)located.immediately.after.the filter g  and the signals are detected separately in_! . 54_,’*‘“ is also briefly discussed, and exanples are giv;n of the determination of k(%)
~: X 17 e e
56_| each_channel._ We shall henceforth term an installation of ‘the latter type a system’ 56 jwhen single resonant oscillatory ?}f?‘fitfg.WhICh are most often used in actual radi

38
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engineering, are used as the filters 3 and 2,.

On the basis of egs.(3) and (i), we find the function of mutual correlation

2. The Function of Mutual Correlation of the Noises in a System with a Detector (ty ==ty ). of the.noises U;(t).and Up(t):

Assume that the receiver uses “the linear detector D and employs radiofrequency A1 K(t,— 1) =U,(t) Uz ()=

0o -
stages having the resonant system ‘1’0 with!a rather narrow and symmetrical frequency .= ijj' [E(ty— x) — E@O)} [E (ta— v) — £(O)] by (x) 1 (y) dxdy.
1 00

characteristic. Assume further that only, fluctuation noise is present, while a ’ { c

' T ;
t,) = mean statistical product of U.(t. th)e”
useful signal is absent. The following e:kpression may then be written for e(t) Here ul t']. UZ 2 mean Stati Ip uet o l( l) and I’2( 2)

(Fig.1): Z By expanding the product of the first two cofactors in the integrand expression)

. - - . e and denoting
. +(t) = E(¢) cos [y £+ 0(0)]. : D)

where E(t) is the noise envelope, varying,stochastically with time, ®(t) is the -

| .
phase, varying stochastically with time, and ‘-’o the resonant frequency of the filter

) 000 ) : :
) K(t:—t)=c{ [ |[E(f,— X) E (la— y) — E?| hy(x) ha (y) dxdy.
(% representing the radiofrequency stages of the radio receiver. - H ‘uyl + e N 110 = ) ”

The voltage of the low-frequency components of the noise at the output onl : The quantity

and &,, provided the linear detector D is used, and that the constant component of ] - - S e ———— T
_ Kolta~ti +x—y) = Eg(r - x—y)=E{LLi—x) E(t; — )

the noises E(t) does not pass, is equal to .
i ’ . —irepresent.s the function of autocorrelation of the envelope of voltage across the

. 4 (t)% CE () —<E®), . (2) - output of ‘Po,

where ¢ = factor of proportionality,

364 From eq.(5) we find
- - - 1 - -

: - ©0 %0 T - : : ° ot
The values of the steady voltages at the output of €, and #,, in accordance v K@=¢ j‘ j [ Ko (x 4= — y) — E?) by (x) by (y) dxdy. . 6)
v

with the Duhamel integral, are determined'as

In the calculations it is more convenient to use the expression for the coeffi-
l .

. Y T o | cient of mutual correlation: {
Uity = § U (ty=- x) In(x) dx = 5 1E (i —x) =) Iy (x)dx,

R(z) =K

G

~ ©
U ()= }'U(tg -9 ha(y)dy=c [£(t:—3) = E@)] hy(y) dy. ) ] 2 2 ).
h o . . 50~ \where o and o, = mean values of the squares of the voltages Ul(t,) and Uz(c). These

In these expressions hl(x) and hi(Y)" reaction of the filters qsl and®, to a 52 quantities are easily determined if we know the autocorrelation functions for Ul(f,)

~lunit pulse, . '_ RONCHN “above described met.'t;oif,"wé get:
|

iy
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- N - - .o .
=t 5 j [Ko(x — 2) — E2| by (x) Iy (2) dxdz,

d=c “[Ko(x—-z)—- E2| hy(x) by (2) dxdz.

On the basis of egs.(6), (7), (8) and (9), we find that

|- .
Toces

jjIKo<v+ = )= B (o) s () dxdy

!}TIK. (x —2) — B3| In(x) Inf2) d\dzj j' [Kole—2)—E2{ (s vhz(z)dxdz}
W .

(10)

It is commonly known (Bibl.l) that
E=ey/T. ‘ Caw

]

x.(x+r—y)——[1+( )= + (e ente] a2)
- |

TP hs—) =iyttt

The quantities r(x +T - y) and s(x +T - y) are related in the following way
to the coefficient of correlation of the noises, Ro(x 4+ - y) at the output of 2t

Ro(x+v—y)=r(x+z—y)cosu(e+=—y) +
+ (et —y)siney (x+5—).

With a sufficiently narrow and symef:rica’L frequency characteristic of the res-

B

strpr—y)=

,_ionant system of &  of the receiver,

The series (12) converges very rapidly, For this reason, as shown in Bibl.l,

i .
! in calculating K (x + ¢ = ¥), it is sufficient to confine oneself to the first two |

56_.terms, Taking this value into account, a.nd also egs.(11), (12) and (13), we get_ |
-r

“lters of the filters Qo 5 Ql, and ‘I’Z.

J 3. The Mutval Correlation Function of the Noises in a System without Detector

— s | .
problem under consideration may be solved.with respect to the instantaneous values

_ of the noise voltages arriving from B0 |

",2ero, while the effective value equals o, we find that e(tl - xi e th - yi =

|
"'-GZR(X + T - y), and that, therefore, |

a—

j j 16+ =) hy (x) By ) dxdy

R(v) =

)

[ j‘ r’ (£ — 2) Iy (x) Iy (2) dxdz 5‘ S £ (x — 2) hy (%) ha(2) am]

This last expression allows R(T) to bé calculated as a function of the parame-

If the filters $; and $, are placed ilmmedia.tely after the filter ﬂ’o, then the

Assuming that the instantaneous volteige e(t) acts in the system without a de-
tector, and meking use of the Duhamel mtegral to determine the voltages U (t ) and
Uz(tz) at the outputs of ‘1’1 and B, We get the following expression for the mutual

I

~correlation function of the noises Kl(r ); [

. . oco ..
K@ =T® Gl = | | eG=Aelh—) hx) () dxdy. @as)
- 00
' i
But, bearing in mind that the mean value of the noise at the output of i’o equal:
| .

ooos
Ky = [#*R (x + = —y) b (9) by (y) dxaly. -
A . .
i
In these last formulas R(x + T - y) -; r(x +T - y) cos mo(x + T=y) is the co-

—efficient of correlation of the noises at the output of <I>°. Simila.rlyl, we obtain

—ifor the quantities oy and Oyt

' 5= o ‘Fé'm ()c — z) hl(x) Iy (z) dxdz,. 1)

'

R (x— z) ha (x) h, (z) 1xdz. (17) .

§

e 000
f=c? !’S
v
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| DO

- wyd
9 —|where « = = "1 .

8 and 6, = the damping of the circuits
_{the coefficient.

_lof 345 @, and &,.

. _{the syst;em without detector: *

: Under these conditions, the numerator in eq.(14) takes the form:
= |
L 8] i 'HR(x+<——y)h,(x)h,(y)dxdy i ] | . o T - .
- ' . H = i [ a=2elr =yl —Bx o !
101 \ R =—g T3 T (18) - ] i ! ?T‘J e " cos o, ydy aj e e ™" cos ayxdx. 19)
7 : U{R(x—-z)hl o) h,(zumz) é R(x—2) k(011 (2) dxdz] i : : . o
12 i .
14__ We shall calculate the integral of I separately for T < Oand T > 0, If
] Equation (18) enables us to find the |function of mutual correlation of the
= quat (18) e < 0, then, expressing cosw 1x in terms of rponential functions, the inner inte-

:noises at the outputs of @l and @2 for known parameters of these devices, and also

:gral may be represented in the form:

Tlof. the filter -7

po . .
1 —2alr—(z+ (—8 41w,
j‘e ale—{z4v)] [e( 3+le)x

— ' =1 (—B—lw,)ax1
J. Determination of the Mutual Correlation of the Noises when Resonant Circuits . { . L 2 +e ]dx.
_} are Used as Filters 14 ° S
24 . .
% 26 | If resonant circuits are used as the filters @l and &,, then the corresponding 4 . Dividing the entire domain of integration into two, we get
| —
2g__{coefficients of mutual correlation may be Icalculated from the generally known.ex— by
: — ’ i =._I_ e 2elthy—x) [o(—BHIw)x (—B—twy)x
- 30._pressions for R(x + 1 = ¥), hy(x) and h2(y) It must be noted, in this case, that aH 2 y le +e ldx+

. 32_resomnt circuits are rather frequently used in practice as separation filters. The

1 oafx — —3ite
+?j 2lx — (v+5)] [e( 3+e)x + gl—f—le)s ] dx.
Tty .

34 appraximation of the high-frequency stages of a radio receiver to a single oscilla-
i
i R
36._ltory circuit is peérmissible, since the function of mutual correlation of the noises .
7 ’ ! s Taking account of the expression for I,, after performing the integration of
32 lat the output, X{T), with which we are concerned, has roughly the same character for 8 @ R i
_ g N eq.(19) and the corresponding transformations of the relation so obtained, we find
40_frequency filters of various types (Bibl.l). ~—
1
- i

42

] ) ! B - ' -
la) Determination of the Coefficient of Mutusl Correlation in a System with Detector (), .o =41 { e [Acos e + Bsines] —
444
45; It is commonly known (Bibl.l) that for single resonant osc:illat.ory circuits: . | : ¢ : —e [(2::—(2{;)—1-}5.):25 ;'2;')_’_ en }
48 e oo I
0] ! R(x+<—y)=r(x+t—y)cosws(x+1—y) = ! e .
- A L = e+ o5 g (£ 41— y), . B : A 2O DREHD Autt Qurt A2t e] — B 8232 [(B+1)—Zwhw—ta®
o hy (%) =923 €7 cos w, x, o : : [(H0 201+ 8PNIG + DA A [(— 3207 (107159 Fwl]
+ 54 - _ I o [(3 44— 2 wu,— et {41 4 o
_ i hy () =27 €7 cos wyy, B= 110 7. wor—Awl[4a? 4 o] — B7) 4
s HE s ""Ax)1 . . ' “J AT SE T 760 Tif):]_(@j-v,.id.‘“(h’ gy

s
I
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N I
L2 445"'1(34"() [2 ﬂ+1)’+ﬂw‘+(2"n+““)‘1
+ 203(4e3+§2) +of]

Ao = oy — @y,

(Il)f<o = values of I fc}- T < 0.

Knowing I,, it is easy to find K(x )1: Lo

~K(")=<u== E;MI (’1)‘<n’_ ’ B o (21)

For the case T > 0, the integral of eq.(19) may be found as follows: First of|

. all, let us pass to the new constant of integration z = x + T, and let us divide the]

T

entire domain of integration with respectito y into two parts: a) L0§y§

Then we obtain

()50 =481 je_” cos @y ydy S e_m‘_y ‘E_ﬁ"—‘)COS o (z— ‘) dz+
>

o
+ 487 Te“” cos @, ydy S el cos ) (2 — 1) dz.
] 3 ) )
N B .

By division into separate regions of !int.egration with respect to y, this ex-

—pression may be freed from modulus signs. l We get:
38—

4011 et je—'-r cos oaydy fe e cos (2 — b+
o .
I

y
+ 487 re"” cos wp ydy 5 e~ MR~ cos o, (2 — %) dz +
i R .
i
i
.
! . A

After performing integration and the _corresponding transformations, we find:

»
+ 48y 3 e~V cos w, yd; 5 l‘-”e_’(‘"’ cos @, (z -—%) dz.
y

(1, 0= 431{ e [Ccos w,t —Dsin un] -

I :

2Bz
— e et «zj}

I

icorrelation egs.(21) and (23) coincide. By analyzing the expressions for (Il)

] 1
—jcordance with egs.(8) and (9) let us find ,Uf and o2,
. |

Ceaf — CtpE -9 a—p)@aty)
[@2+ 3 +of[@: — 7 +ei]  [@a—Br+ e [+t +ef]”

_ 4z ((er +8@) (B 4+ 1) + 3018w (g + Bu) + Aad) [42 4
= T 0T oy + AT (@ F 0 F 8] (G2 — 45 F

-

Lol 8 = 6B G o+ A
+ 2.5 (42 + 59 + of]

@24 B)sy @—fe
@2+ 2 + i [@2 — ) + o] [(2= — ][+ ot o]

T

Correspondingly,

K0io 5 - o (23)

We note that (as it should be) for T'= O the values of the functions of mutual

T>0o

- ]

_iand (I:L)c < o» it is easy to see that K(1) idepends both on the time © = t, - ¢, and
—on the parameters of the rilterscpo, <P1 and @2, The maximum value of K(T) corre-
—sponds to T = 0, To ascertain the relatiénship between the coefficient of mutual

i correlation and the parameters of @, i>l and @,, let us determine R(*) = R(0) for

" =0, For this purpose let us substitute', in eq.(20), the value T = 0, and in ac-

P

a3 (23 + ]) (421 + of — §%) 4 203 o? — Bt @ +«.,) (4,- —p')
+ o (4= B 207 (427 + 89 + o]
4OLI@EH (ot 8 ) [42 + (o 8 — 1
[ + (o1 4 A0)7] [422 — p)*
207+ B = (1 (o HA] (4]

=4

92

-

+2(w * Bu)t (465 + 1) + (s + ho)]
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By making use of the values so found |for oi and as, as vell as the formula for

——(-I'l) . _for T = 0, ve may, on the bagis of eq. (1) write the expression.for R(0). |

~JIt is easily shown that this is obtained in a very unwieldy form, little suited for

technical calculations. It must, however, be borne in mind that usually, in prac-
“ltice, 61« 1, 85« 1, while m = g—: , may lie in the range from several hundred to
: several thousand, The latter conclusion is easy to draw, in view of the fact that
|the frequencies wo» which are essentially intermediate frequencies of the radio re-
: ceiver, have values from a few hundred kilocycles to a few tens of megacycles;
:while the resonance frequenc:{ea of the fi]'.ters Ql and <I>2 lie, as a rule, in the
:audio—frequency range. Therefore m&o is always more than unity, and in most cases
"|the condition ms, » 1 is satisfied. )

Bearing all this in mind, we may obtain the following approximate expression
-

“Ifor R(0) under the condition that the pass: bands of the filters are the same:

LGRS @+ gy ]

i [(2+=)=(ez+==> T (e

! x md+ (1 + € (2)
; V @t miglmti (4 e — mieta (149 ]

:where e =Auw/w 1° Tt will be clear from this expression that with increasinge (es-

38:pecia]_1y for e < 1), the value of R(0) declines very rapidly. This confirms our cal:

_Jlculations of the dependence of R(0) on k, m$ 02 and 6, The data of the calculations
are given in the graphs of Fig.2. |

It follows from these graphs that the quantity R(O) is a function not only of
)

'ratio between the pass band of the filter §°, which has the pass band Mo no» and the

50—pass bands of the filters <I>1 and @2, which; have the pass band dv ne It follows from

52 Fig,2 that with increasing ratio A:no

i
, the values of R(0) for the same values of
n

: 5”;k“ixfcre'asaTbut—mignizicantlyr

_lthe relative detuning k -ﬁ“" = '5‘"1 of the! filters ‘I’l and ‘§2, but also depends on th
n H

The increase in R(0) may be explained by the fact that at one and the same val-

— . . o,
ues of k, with increasing value of-— A;?--’—' 10ises closer together in intensity arrive
n

“}in the band of ¢, and %,.

EN
\

As a result of the analysis of the gz:aphs given in Fig.2, the general conclu-
| ! .

“Ision may be drawn that in most practical cases the voltages across the outputs of

- !

_iseparating filters may be considered uncorrelated (coefficient of correlation less

—
_than 2%) if their resonant frequencies are separated by

__b) Determination of Coefficient of Mutual Correlation of Noises in System
" iwithout Detector .

42 i
~ By substituting in eq.(18) the values of R(x + T=-y), hy(x) and hz(y), an ex-
44,
__pression may be obtained for the coefficient of mutual correlation Rl(t) in a systen|
As_withoub a detector, using single circuits Ias the filters ‘Pl and QZ' This expression
s . )
—Iu very urwieldy, The maximum value of Bl('t) » as was to be expected, will occur at

i
0, The expression for Rl(o) may be somewhat simplified if we take into account

cs_ithe fact that usually 6, « 1, 5, u€1, and 8, € 1, Moreover, the frequencies vy

56_ and yp should lie in the pass band o{ E._he i‘iJ'.t:ex: @o, and thereforew, and w, are
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0~

2.:‘17

close to wq.

and of the Lil&g!‘_g;o,_it_is_nacessaty_the Lthg_pa:ﬂ.banLoL;éHhaJLha_considena;

Finally, so that several separating filters may be placed in the pass

] ably wider than the pass band of each of the separating filters.

This condition

4
6‘— Py r

_Ileads to the existence of the inequality g, » 51.
8] .

— Taking account of all these remarks,
10—

—{the filters &; and &, are equal,

12

—be obtained:
14
16 i

-] !
18 _| |

—] i
20 '

22_] ' .

— ! ) / ; -
24— V(o s —mr
26— ! : )

7 . 1 1 _
28, X{fmiaj+4(1+e_m)=
30 - ) T
32:
36| o o

o
36 g
3g_] 9 A

- 7 - 5,-01
40 @ pAmma -

0|
42.

— . =
PV I Y |

| 2 ot - 50
SRR

48] 3
so| T - -

R— Fig.3
52—

e
RO ={a s

4By (L m) (1 m* 4 22+ &)

the following approximate expression for Bl(o) may

and also assuming that the pass bands of

1 .
ma ¥4 (1—m) .

T 3 ny (L m R (St 41— m?] (55 + 4(‘—"‘+S)’l}'

4mdq (1 + m%?

}x

T+ m [ 4 (1 — m)?

It must be noted that eq. (25), which rather accurately represents the depend-

» 5¢_lsign in eq.(25) remains practically constant, while the sumands of the first co- |

55 factor decrease.

S
"_% € are substantially less than unity. If,

o

|

Am3g [(1 + €+ m)*
(x+m+-)‘1m’az+4u—m+==n'} (=5)

‘ence of Ry(0) on the system parameters,
'allows us to draw the conclusion that with
‘the growth of €, the coefficient of mutual
‘correlation R;(0) declines very rapidly.
l'l‘hzi; conclusion follows from the fact that
("it the bands of the filters?) and?®, le

,1 .
dn the pass band of &, then the values of

‘ however, € is small, then when it in-

1
’cres.ses, the expression under the radical
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__ The results of calculations by eq.(2!
—|represented by the graphs of Fig.3

. "} just been dravn on the behavior of the function R,(0).

) for m = 1 and various values of Bl are

These _graphs confirm the conclusions that have

52—

“lthat the values of the coefficients of correlation R(0) and R;(0) in a system with

—{detector and in one without detector are determined primarily by the ratio of the

—nj_(o) roughly coincide,

205, Conclusions

227

94 The expressions obtained for R90) and R;(0) speak in favor of the view that,

4 . ; )

76—'with increasing separation of the frequencies W) and Wy, the coefficients of mutual

2 8— correlation of the noises decline rather xfapidly and by about the same law in a sys-
° ao—tem with a linear detector and in a system with no detector.

Y3 o | It should be noted that about the same results should be expected when a square:

—Jlaw detector is used in a radio receiver, since the function of correlation of the
] |

—|low-frequency bands in this case is also ﬁroportiona.l to rz(x + T-y)

\
381 The calculations presented for relations R(0) = F(k) and Hl(o) = Fl(k) permit
40~t’he conclusion that for radio equipment the voltages Ul(t) and Uz(t) may be consid-
4 ered uncorrelated if k > 4 - 5 (i.e., if the separation between the resonant fre- -

|
“:—jquencies of the filters §, and &, exceeds the pass band of one of them by a factor

of not less than four or five),

—is always such a separation of the tesonanﬁ: frequencies of the separation filters.

By comparing the graphs given in Figs.2 and 3, the conclusion may also be drawn

pass band Mu, of the filter 2, (or respectively #,) to the pass band A“m of the

“no .

filter ®,. In this case, when the ratio is

the same, the values of R(0) and
n

As a rule, in a considerable part of the radio devices met in practice, there

In conclusion I may state that the parameters of the resonant system of a radio
:

. s 4:receiver likewise affect the function of mutual correlation of the noises

at the

STAT

.50
1

I
S 5ﬁlcn.xlapui: of the separating filters.
:

i
i STAT
i
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STUDY OF SHOCK EXCITATION AND FORCED |QUENCHING OF OSCILLATIONS OF QUARTZ
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~12. Karnovskiy,M.I. - "Contribution to the !Question of Energetic Summation." A method of shock excitation of the oscillations of quartz by the aid

Collection of Papers. Institute of Motion Picture Engineers, No.II,1954 of a balanced circuit is considered. Several different methods of

3. Karnovskiy,M.I. - Contribution to the Question of the Interference of Complex forced quenching of the oscillations so obtained were studied. A cir-

Signals. Trudy komm.po akust, No.8 (1955) cuit is given which allows rapid excitation and quenching of the -

oscillations of quartz, and is suitable for practical use.
Paper received by Editors 19 January 1956

_|1. Introduction

Modern pulse engineering makes widespread use of devices creating an electrical
. i
_|time scale. The accuracy of time measurement here is determined by the stability of
:the marker generator.

It is well known that quartz resonators have highly stable oscillatory proper-

:ties. When a quartz resonator is used to measure the duration of single, nonperiodig
:and unsynchronized processes it is necessa.iry to have the oscillations of the quartz
“erystal occur with constant initial phase (and amplitude at an arbi-trary instant of
‘time coinciding with the teginning of the brocess under investigation. It is obvi-
__lously possible to satisfy this x-equiremems by using shock excitation of quartz, fol-
:lowed by its damping to complete rest, by ;the arrival of the following exciting
:pulse. ’ I

Papers (Bibl.1,2) have been devoted t;o the production of marker pulses by the
aid of the quartz resonator, but the circuits proposed in them have a number of
shortcomings. %

It is therefore of interest to make a further study of various methods of ex—

- i
54_ 'citing and quenching the oscillations of a quartz resonator,.which may be utilized i

Sﬁ_puild_a_:eliably_operating pulse generator of high-precision marker signals.

53
I
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[ hin=4 4 BeM + fasin(ot+e). |

The coefficients A, B, G,0,9, py are expressed in terms of the constants of

“Jthe system, and, as shown by Tesearch, A~ 1, B = =1, p1< 0,G>0,0< 0O

.The first two terms in eq.(1) give an increasing exponent, the third gives
:damped harmonic oscillations.
b) Excitation of the quartz by a rectangular pulse of amplitude E, and dura=
: tionT. ‘

In this case we have, for t < 7, u () = Egh (t).

el m e (1 — &) + EG | e¥sin @i+ —
— " Isinfo(t—1) +9l)l. ) ) (2)
T

. ! ) )
Let us investigate the relation between the oscillating part, u ~ (t) and the

:paramster Te l

For Bt «1,
+

3

u. (8)=2EG e" sin 5 cos (ot +a),

_where' a= ]
I .

Thus the amplitude of the useful signal depends on T and may vary from Oat T =

| P
- KT to 2EG for T = (k + 3 )T, where T =5 , k=0, 1,

(e

2,3 e !

To compar!e the theoretical results with the experi-
i

mental data, the formulas obtained were calculated for a

l

quartz generator, type K=11 (cut X + 59), of frequency

Fig.2 | .
& 100 KC. The calculations showed that the coefficient G

in eq.(3) equals 7.65 x 10"",. i.e., that the amplitude of the useful signal is about

The present paper presents a theoretical and experimental investigation of shock

excitation of quartz oscillations, and considers several methods for their forced

"|quenching.

"]2. Shock Excitation of a Quartz Resonator

:was assembled., The exciting signal, applied to the input of a paraphase amplifier,
—|through the capacitance Co, equal to the capacitance of the crystal-holder, is fed
: to the quartz crystal Kv. At the instant lof shock, the quartz may be considered in
| first approximation to be of capacitance G
: signal, when the circuit is in exact balance, may.be considered to be practically
"|absent; at the same time a signal taken from the crystal appears between these

_points. Thus only the-oscillations of the crystal will act on the input of the am-

|vestigated :

2| . |
_|function h (t) for an input voltage of the form E (t) = ao(t)’ where go(t) is a unit|

To study the shock excitation of quartz, the balanced circuit shown in Fig.l

e At the output (points a,b) the exciting

plifielr, connected to the points a,b.

fn calculating the amplitude and phase of
the os!cillations being excited, the ordinary
equiv;lent circuit of the quartz is used. The
equivalent circuit of Fig.l, used in the calcu~-
latior;, is presented in Figs.2. Here r =
2Ry HR,

Fe-1 TS T
1

a) Input

5 L, 6, R, C, = equiva-

lent ﬁarameters of the crystal under study.
i

The computation was performed by the operational method. Two cases were in-

a) Excitation of the quartz by a voltage drop.
|

Denoting the voltage on the plates of the quartz by u (t), we find the transfer
|

—1: the amplitude of the exciting pulse. The results of the calculation agreed with

__|function,
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:za: a) Experimental; b) Theoretical
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the experimental data within the limits of accuracy of measurement.

i_on;‘r:ﬂtv;een the amplitude of _.the__Qa;imx«;.ons_and_memion_o!_&he?

The re

¢ Tlexciting pulse that had been found from-the calculation was also checked experi-

imentally. Figure 3 gives the results of the measurements.

Oscillograms of the oscillations of the quartz crystal were taken at various
y . T
“ldurations of the exciting pulse (Fig.h). !As will be seen from them, at T =3 =

= 5 microsec (Fig.4b), the oscillations ex

cited are close to sinusoidal and have a’

i i '. X considerable amplitude. At T =T =

18: : 1] U l=10 microsec, (Fig.hc), when according to
20: | a5 ‘ the calculations no oscillations should be
22: \ 3\ ‘ excited, they still do exist, but have a
24: ! _ﬂ. ﬂfifji_ﬁ_}f “ u..?]f_ i !very small amplitude and a complex form,
- Fe:3 Ediffering in freq from the £

tal oscillations. At intermediate values

“lof T (for instance, Fig.ha shows an oscillogram at T = 0.3 microsec) the form of the

32: oscillations excited is also complex, indicating the presence of oscillations of
34:various frequencies. |

36: These data tend to support the view hlhat it is desirable to use particularly
30_monofrequent quartz crs;stals for producing: time marks. B
401 -

42

44| '

16— ‘

48]

50: Studies were made on quartz plates vi;brati_ng in flexure. The plates, figured

59—'for vibration in thickness, gave poor results.
|

4 3. Quenching the_Oscillations of a Quartz Resonator.

|
56_|___ The_forced quenching of a quartz resonator was studied by various methods: —
! B : .

|
56

AR

a) Quenching the Oscillations of the Quartz Crystal by Shunting of an
A«

The simplest method of quenching the !oscillati.ons in ordinary resonant circuits

10

12

14

16 —;

_Iis by shunting the circuit With an active resistance. A check of this method for
:quartz is of interest.
“ltive quenching of the oscillations by thiss method has been demonstrated. In the

:present paper the influence of the value of the shunting resistance on the damping

__of the quartz crystal is calculated and experimentally checked. Figure 5 gives an

:tion of this system is of the form:

In an earlier reference (Bibl,3) the impossibility of effec—

equivalent circuit for a quartz crystal shunted by an active resistance. The equa-

& a;, [, voUUNd, .
- > Jr('"a*’---—,_cn +1'{)—,,,i+w5‘m.=0. )

T g+

6_where: Y= —— -
26 —wheres Y= 72, ° K
2]

30.

j The character of the damping of the quartz crystal may be established by study-

ing the roots of the characteristic equation. It will be easily seen'that at r = O

32

_ the characteristic equation takes the form p2 +ap + w§ = 0,
34, ,

| and the damping decrement of the system equals the natural
36| |

- damping decrement of the free quartz crystal. The influ-
28] i

- ence of the intermediate values of p was investigated by
40_| Fig.5 !

_ numerical solution of the characteristic equation.
42_|

.__lt'ree damping of the crystal. Figure 6 gives a comparison of the calculation with
|

i
The calculations showed the damping to be maximum at a definite value of r
!

about wlc , but to increase by only one order of magnitude over the value for the
o’o !

the experimental values ( @ = damping factor of the system).

|
b) Damping of Oscillations in a Circuit with Nepative Feedback
i

Figure 7 shows the simplest circuit for imposing a negative feedback on the

|
=
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1

quartz crystal, Its equivalent circuit 11 analogous to the circuit given in Fig.2. . — R B Y
T S The_equation_of the system is 1 oL YCo . ° LC

w2 =

. of the form: E : 4 ——(C:" —2==4 % I the coei‘l‘icielnt of the last term of eq.(6) vanishes.

""l ,|4h
L i
" .
d"- b +'
T c‘ LCo

di
U6 W B W% W A 4R (L""L‘ ")] A+
- - T . o

Fig.é . ‘

1+ K i
— ! H +
a) Experimental; b) Theoretical; c) Natural N T b

ldamping; d) r, kiloohms . . . )
— danping; d) ! where K ~ overall amplification fac- I a) Theoretical; b) Experimental
— | |
o f the system. . -]
—tor o e sy . ‘\ t_For such a value of K, the roots of the characteristic equation are of the form:
If we put r¥* =7 : ¥ » then we-arrive at the same eq.(4), which describes the ] 1 .
26 7 . . . . —
behavior of a qua.rt.z crystal shunted by th'e resistance r¥, : 20: Pa=— aty V/W_’:’f—)
Thus the variation of K is equivalent to the — . e e .-

o et

variation of r. The case r ~ O corresponds to the ! — . ' X . )

4 As may be seen from a calculation, the damping is characterized by two summands
case K ~ =, For K = 0, r* = r, Consequently such a — . 7
. —'¢ and Y. In practice, ¢ = 102, Y = 105 - 10', i,e., the damping has been increased

method cannot provide a greater damping than that , . i
. 36__by several orders of magnitude over the natural damping.

—!: given by shunting with an active resistance of op- B — i
- - . | . k 38— The relation @ (K) was studied for a specific quartz resonator by numerical so-

Fig.7 timm value. B

—] '
/,0_‘lut.ion of the characteristic equation. The same relation was also studied experi-

a) Quartz crystal; i | . . P .
. c) Quenching the Oscillations of a rtz tal in £ 4a_5nentally. The calculated damping, and that experimentally found (Fig.9) are over

b) Amplifier a Balanced Circuit 1) —
. 44__three orders of magnitude greater than the natural damping of the quartz crystal,
The circuit shown in Fig.l was now studied. To —L

; 46__‘which permits the successful practical use of such a system of forced damping. Thus
ffect the ching, the oscillations of the tal from the points (a, b) must be
e © auen & : e ’ 43 ‘for instance, an amplification factor of 200 in the feedback circuit assures a de-
fed through an lifier and phase converter back to the input of the circuit. Fig-

o . F | 50—crease in amplitude by a factor of 2.8 in only eight periods.
ure 8 gives an equivalent circuit for this connection. |

52—d) Shock Quenching of a Quartz Resonator
The equation of the system is of ths fom. 7 - — K' _— o
‘ moY +‘r

i
2LC =0, : (6)___|

-! It was found in studying shock quenchiné that by varying the duration of the

I
_58
i
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exciting pulse the amplitude of the excited oscillations could be varied. If a rec- the osciTiations Tust b rapidly reduced. | Complete quenching is difficult, owing to

:&ir!gp;léz.}gs_eg__hov@!g:.J;_ciusssl..Lo_.a,c_t__Qu_qugar_\zz_cm.ajaaLalzeady_axcit.eﬂ,.them “Ithe non-monofrequency of quartz crystals that has already been mentioned.

by varying the duration of the pulse, its amplitude, and its delay with respect to ; As a result of our investigations, albalanced circuit of excitation and quench-

TjingTof the “oscillaticris of quartz crys '@j’ﬁs'?ﬁﬁbimlﬁ'ﬁﬁmm dia-|

—|gram is given in Fig.1l. The operation of the auxiliary equipment, permitting

a .
Fig.10

[ :quenching of the oscillations to be zccomplished at any desired instant after ‘their
. excitation, is not considered, in view of its simplicity.

lthe exz':iting pulse, the amplitude of the olsci_'l.lations i Thus the equipment presented allows the oscillations of a quartz crystal to be
: (almost complete quenching). . : _quenched after a few periods, the instant ‘of turning on the feedvack and its dura-

tion being easily changed.

—k. Conclusions

A theoretical and experimental invest.’iga.tion of the shock excitation of a quartz

crystal has been performed. A complete soiut.ion has been obtained for the oscilla-
tions excited for the cases of action of a signal of stepped or rectangular shape on

the quartz crystal has been found.

The optimum pulse duration at which the excited oscillations are at maximum am-

itude and have the smallest number of harmonics has been established.

Four methods of forced quenching of quartz crystal oscillations have been stu-

died: shunting the crystal with an active resistance, quenching in a circuit with

40. i
__:negative feedback, quenching by zeans of a balanced circuit, and shock quenching.

It has been found that the damping oft the quartz crystal can be increased by
i
~—only one order of magnitude when the first two of these methods are used.

Calculation and experimental study of; the quenching of quartz crystal oscilla-

The oscillograms of Fig.10 show shock' quenching for the case when the exciting i
| —tions by means of the balanced circuit proposed in the present paper have shown that

and quenching pulses are of the same duration(t -% = 5 microsec) , while the delay
| “the damping of the quartz crystal oscillations may be increased 10* times by this
time of the second pulse with respect to the first is varied (Fig.10a : t del ™ f 5 | - ‘j

. . | - ‘ "lethod. Further than that, the quality factor of the crystal may be artificially re.
54 .= 5 miorosec;—Fig.10b—t t4oy-= 10 microsec; Fig.10c-2-tgey =15 microsec)s Bo-oss )

odback tion

. . . 'duced to any required value by pe: t L
56_) Tt 4s-advisable-to-use this method of quenching in-cases when the-amplitude of
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_loscillations. The circuit is suitable fo

A balanced circuit has been developed!

for exciting and quenching quartz=crystal

practical use.

This work has been done at the Depart

ment of Oscillation Theory, Faculty of

_|Physics, Moscow State University. The aut

__Jtion,
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FEEDBACK IN TRANSISTOR CIRCUITS

by
Ya'.X.Trokhimenko

Full Member of| the Society

This paper gives a technique of analysis of the principal types of

feedback in transistor circuits.

"o Introduction

The role of feedback in transistor ci'rcuits is even more important than in cir-
:cuits using vacuum tubes. There are two reasons for this.

|
1. The transistor has a deeper internal feedback than the vacuum tube.

!
2, In modern transistors the instability of the equivalent parameters is con-

m_siderably greater than in vacuum tubes,

30 The technique of designing radio is c[ontrolled primarily by the properties of

39_the active elements. The transistor, as an element of the circuit , differs from the |

34_vacuun tube in the value and character of its feedback and in its low input Tesist-

36_ance, It is the last-named fact ‘that is p'rimarily responsible for the specific fea-

i
3g_tures of the analysis of circuits using transistors. Thus, depending on the ratio
i

40_of the internal resistance Rg of the signal source and the input resistance Rj, , amq

o_plifiers may be arbitrarily divided into three classes:

1. Voltage amplifiers, for which the following inequality holds:

4

'

' R.‘.>>RA,T
A g i

|
2. Current amplifiers, for which the reverse inequality holds, i.e.:
!
i ] }?,-,, << Ry

1

] 3. Power amplifiers, when Rj, and Rg‘ are_comparable,
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In the general case the transistor amplifier must be replaced by an active quadd

] R holds, a fact which considd = 3
For electron tubes, the inequality Rip » Ry uswally ’ . _iripole ,_Vb—'ll,_e_\!ﬂe..Of_tbe,mebhodsvof_Auadl:iPOl!!_tlleﬁﬂ_is_asiv_igahlE_iu_LhLammib_

and particularly the use of methods based 'on the application of matrix algebra
! s
~lof a tube by an active dipole controlled by the input voltage (Fig.la). Such an.in- jwhich considerably siuplifies the calculation.

:_embly_sjmleifiea_the_calcula&icn_cUacuumtubn.nincnits,,_ancmn_g_thwplanement_

equality can hold only for a very Jimited number of transistor circuits (for in- n
_J2. Technique of Analysis of Transistor Circuits with Feedback

lstance ,' in circuits with a common collector at very low values of the internal re-
s N 3 i jts that the substitu- N N .

sistance of the signal source) and it is only in these circuits s In a linear circuit, approximating the physical circuit for weak signals, the
“ltdon circuit of Fig.la and the technique of analysis corresponding to it are appli- Tvariation of voltage is related linearly t’

0 the variation of current, so that the

—|cable. division of the feedback into current

i i h the opposite inequality R «R_ holds are con- — o 2
Transistor ‘circ\uts for whic ppi q in g . - - -1 n feedback and voltage feedback is in
. i L . _ siderably more frequent. Such cir- H I H H ,
; = > l l . large measure arbitrary. From the
—?— f g —

cuits may be analyzed by means of - )
) v A : V-l + 1], 1-2)iz), Wl-lli), )l ), Point of view of the connection of
the equivalent circuit of Fig.lb, a) 8) ) 4

. " by the aid of a Fig.2 1 the feedback circuit to the amplifier
and, in particular, by the -

itself, however, and also in comnec—

t:echrxique of calculation based on

]
‘tion with the fact that i 4 i i
n an actual circulz.t the difference between current feedback

the input circuits of vacuum tubes and transistors. In the Tand volta, Lot )

the dual anal&jgy between the inp . . ge feedback acquires substantial importance with nonlinear loads, it is ad-
lequivalent circuits of Figs.la and 1b, the! amplifier proper is described by only two —Visable to classify circuits with feedback between the output and input into th
e

34
—Tollowing principal types: (1) parallel feedback (Fig.2a);

; 3 .
36_whelm:1ng majority of transistor circuits, however, the input resistance is comparable B:j(hg' 2b); (3) series-parallel feedback (Fig.2c);

't which considerably ;:implii‘ies the analysis. 1In the over-
equivalent parameters, 2 et !

: and (4) parallel-series feedback
to the resistance of the signal source, "h|i°h requires the replacement of the ampli- . *;(Fig'Zd)'
4

_ifier, not by a dipole, as in the cases discussed above, but by a quadripols (Fig.lc) . _‘Ilf our types of feedback or to some combination of them
42__| *

—sign of the parameters of the feedback circuit, that circuit may be either positive

It is easy to see that any feedback circuit may be reduced to one of these

1 Depending on the value and

_lescribed by four equivalent parameters. It must be noted that in calculating the
42 | 44

_input circuit (especially in cases where tpe resistance of the signal source is as- “or negative, active or passive, et :
44| 46 !

signed), a power amplifier may also be reduced to an active dipole, analogous, for

I
: To anal, i
431 yze each of these fundamental types of feedback, it is convenient to

example, to the circuit of Fig.la for . ake use of matrices i R
ple, L ) so 1 of equivalent pammetlers corresponding to them, i.e. » matrices

A - !

- - — P RuiFa | —of the constant coefficients of the equations:
p= N 1= Ra— T o . .

[ Ru+Rg RutRg™ - - :

C — i 4

| . : ); Y‘
. i —[ ¥
54_or to the substitution qig:g_it_g&Eig.}k;‘bPF,@iM’LEhL9M£’ML_ [i,] [Y,,Y,,][

’
2.

56 replace not only the amplifier, but also the passive part c of the input circuit. |

4
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~ _—Afz—-'allgebfaic“ﬁiﬁlfém}éﬁi_of the element k12 of the matrix; J

T -
[u,]_[z“z,.][i,] : (2) 1w = parameter wi ensionality and value depend on the system of equivalen
w)  |ZaZn)li]’ _—_—

. s [
: parameters. Thus, for' equivalent impedance, w = ZH; for equivalent con-
[u,] — [”u”u] [‘1] s 3) -
iy HaHao 1y !

ductivities, w = Y ; for series-parailel H-parameters, w = 1; for paralleld
[i‘]=[Gan][“‘x]. (4) series G-parameters, w = zg!H'
Uy szEGu i .

For a circuit with feedback, the amplification factor is e

] whe LK 7T
L o femEyee
kukn] (5) i B
k] = ,

[] [kzxku . ’

qual to
" The matrix of the coefficients of egs:(1) to (4) may be written as follows:

(8)
:where A= K/deb = coefficient of feedback. For the analysis it is more convenient

. . - _ito use, not the coefficient of feedback, but the feedback difference F (Bibl.l),
\nd the elements of the matrix, eq.(5), :ml accordance with their roles in egs.(1) to

- |
_ | which equals the ratio of the determinant ;cf the entire circuit to the determinant
q(u) , may be termed: kyj, the input parameter; ko, the feedback parameter; kg1, the . |

_from which the given element of feedback is absent:
22 )

“lransmission parameter or the amplii‘icatiof; parameter; l.czz, the output parameter. -
> For the analysis of the principal fee%lba.ck circuits any desired systems of equiv: L o
% “hlent parameters may be used; but the calcixlation,s are the simplest when the corre-

e e

i _ .
ZBWsptmdi.ng system of parameters is used for each type of feedback. In particular, in
% ‘this case the matrix of the entire ampliti"er is equal to the sum of the matrices of

By simultaneous solution of egs.(8) afnd (9), we find

A, .

37 v ] | Kldb=w%= . - (10)

““%he amplifier proper and of the feedback circuit, as shown in Fig.2. | . ’ .
34 ifiers by the ° | A

5 erform the analysis of feedback for power amplifiers by . 12
g It is convenient to perfo YT Lid 3 8_1 Since the parameter m .AT , showing the influence of feedback on the trans-—
. ification factor, which is connected with the pover amp. can 3 s L i y
3E‘:a.m of the voltage amplification T —mission parameter A;, = kyy, is rather close to unity, we may consider the feedback
lations 3

tion factor by the simple re: —difference for the given feedback element to be approximately equal to the coeffi-

1

N |

Y R e ——cient of feedback for the given element, i.e., that
Kpy—=—31- K. . 6) : '

* Rn

i

T - - i -
i A=F/m=F.

The‘ voltage amplification factor in the general form may be written as follows: |

(1)

l o] Equation (11) enables us to use instead of the quantity A the quantity F, which

, . - K,_ A . S @ s —dis simpler to calculate. The criterion of such substitution is that the parameter m,
1 ==, :
i - i : ‘

: o : SA—Fhall differ from unity.

|
“where A = determinant of matrix of the corresponding _equivalent parameters of the

“—l In the case where the feedback is being determined for a given channel, then to

amnlifion  4incInding the external circuits as well;

!
87
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0
“Tthe value of K in eqs.(8) and (10) will correspond the amplification in the given
jchannel in the _al_:ﬂca of feedback, but in the possible presence of feedback in

Tlchannels, this feedback may be termed the original feedback. In the absence of ex~

Itetnal feedback in a transistor amplifier, the original feedback is equal to the in-

Jternal feedback of the transistor itself. | The influence of internal feedback on am-

Tlplification in this case may be expressed by the relation:
Kake T
o |

:whera Ko = amplification factor when the feedback parameter of the transistor van-
:ishes, i.e., when k12 = 0; and Ao = feedback with respect to the parameter k12'

- For an amplifier with multi-channel feedback, the following expression holds:

_where Aj is determined in the absence of any feedback with a number greater than J
__with respect to the original feedback for the given' channel,
The stabilizing action of feedback may be expressed by the aid of the "sensi-

34. I
__tivity" S of the amplification to the variation of the element w of the circuit, de-

|
'tined as the ratio of the percentage change in the value of the given element to the

rcentage change in the amplification factor (Bibl.l):

OFqut/Eout

The concept of sensitivity may also be utilized to determine the stabilizing acq
tion of feedback on the other characterist:ics of the circuit (for instance, on Rin

|
or R , etc.). In this case, the value of the sensitivity

out,

e
d
Stw)= a:llz

T
!
68
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Type of Feedback

T:Lb}e 1

i .
i Series

. ___Calculation of Circuits with Direct Feedback .

Parallel

Equivalent circuit

Matrix of circuit parameters

'[2..+Z, +z

Zut+2 ]

In+2 Zun+Zu+Z

[Yn—f-Yq +Y Yu-—-Y ]
Yn—Y Yn+¥Yu+Y

Parameter

m=b,/8%,

Zn+2Z
Zn

Yu-—Y

Feedback difference

F

2Zy
Fe1422

1= (Zn + 2;) @artZ)=Z1aZn
Zu—ln+z, +ZutZ, Zu—Zn

Fe1p e

8% =(F11+Yg W na+Y,)—Y ¥
Yu=Yu+Yy +Yut¥ptVut
+¥n

Input impedance

Z4n

Zin = B .
2t Z,+2Z
Bin=4 for Zg =0

Yui¥n+Y
out = ry
in

Aip=4 for yq_o

z

Output impedance

z out

z _Bout
ot Zutzg+Z
A =8 jorZ =0

z Yu+Y¥y +Y
ot Bout

Q=24 for Ym0

Value of feedback element

for an assigned F or A

Z=F-Dgs = (-4
‘38

Y=(r—l)£=(,a_n;—'
E L]
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Table|l (cont.)

Series-Parallel

Parallel-Series

Z=2y+2y q=2JZ

Z=Z+2 4=2JZ

Hu+2 +2@ -9

Hatq

Gn—4q Cut+Z,4-Z@— 4"

Gn—4q
Gn

F=1+'A1.—{a—qbl

) 1 1
A =(Hu+Zg)(Hn+Ynt — ) —Hulln | 8 =GCu+¥g+7 G t+2Z)—
Z 97 2z

b=Z(H + Yn)
a=b+1+hn—hn

—GGn
b=2Z(Gu+Yq)
a=b+1—GCn+ G

Bin

Zin = 1
Hat+Ynt 5

Ajp=e & Jor Zg=0

z G+ Zp+2(@—3"
in = Bin

Bjy= A for Yg=0

Hu+Zg+Z@—4)
Zour= ot

A A for Yo =0

out™

P Aout

‘out 1
Cut¥y+g

Bjy=A for Z,=0

1
R

R VA
=% W b

a® a’(A-1)
V-5

Jthe aid of the stebilization factor

“lwhich is equal to the ratio of the sensitivity of the circuit under different condi-

Tivack circuits.

:stahilizing factors. The computational formulas obtained from the general relations

52|

:chagge of the value of P, with which we are concerned.

: tions (variation of the depth of feedback, variation of the value or configuration
1

:01‘ circuit elements, etc.). l

— |
3. Properties of the Principal Types of Feedback
)

| |
—lent effects on the other characteristics olf the amplifier (especially on its input

“Jand output resistance) and on the stabilif:y of the parameters under the action of de

~iwe have considered are usually rather unuieldy, but they may be considerably simpli-

ified by taking account of the relations between the values of the parameters of a
—for an amplifier with direct (transformeriess) passive feedback, Each of these ex—

:i‘or a single-stage amplifier using a brangistor with grounded emitter, the usual as—

will determine the ratio of the percentage change of the value of W to the percentagq

The stabilization under variation of ithe circuit parameters may be evaluated by

_ s
V=5@" (s)

|
The general relations pr d above are f

al for the analysis of feed-

|
With the same coefficient of feedback, different feedback circuits have differ-

specific circuit. For illustrative purpoées , Table 1 gives computational formulas
pressions may be simplified without impairing the accuracy of the calculation. Thus,

sumptions may be adopted: |
E Y& Yo Y& Y Yol Ya

Under these assumptions, the curves of the relation between the terminating re-
1

5S4

e

sistances of the_amplifier and the coefficient of feedback (Figs.3 and | 4), as well |

o 4tn ~thom ahamantariatics. are practically in agreement with the experimental |
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—jcurves.,

“lemitter the series-parallel feedback, which ralses the input resistance and lowers

tors, etc,) show that, for circuits with ¢

and series-parallel feedbacks give the maximum degree of stal

| As will be geeh from the graphs of Figs,3 and 4, for a circuit with grounded )
"] equivalent parameter kll’ while parallel feedback or parallel-series feedback give

|the output resistance, is the most , with respect to the terminating re-

loistances, while the parallel-series feedback is the least advantageous. The ab-
:ssnce of a common junction point with the load and signal source is a disadvantage

T|shared by both these types of direct feedback.

Fig 4
a) Series-parallel (R = 50 kiloohms) a) Parallel-series feedback; b) Series

feedback; b) Series feedback; c) Par— feedback; c) Series-parallel feedback;.

i
|

allel-series (R = 20 kiloohms) feed~ d) Parallel feedback

back; d) Parallel feedback

The formulas for calculating the stability of the amplifier parameters for dif-
:Ierem; imposition of the feedback are more( complicated; but they, too, may be con—

I
—siderably simplified by taking account of specific relations between the values of

:the circuit parameters. The experimental fiata and the calculation of the feedback ’
48:eﬂ‘ect on the sta.b:z.lity of the amplifier p‘aramebera (by instability of parameters

SO:rnay be meant not only temperature or time linstabilit,y, but also the deviation of the
zj— alue of the equivalent parameters from t.he nominal values due to the influence of

_ study. The development of a clear-cut engineering theory of the application of

| reedback to transistor circuits will permit substantial improvement of the working

1. Bode,G. - C:chuit Theory and Design of Amplifiers Using Feedback. GIIL. 1948

the maximum stabilization of the output parameter k22. The amplification parameter
kp) is stabilized to about the same extent by all forms of feedback. With a suffi-
ciently deep external feedback, the influence of the parameter of internal feedback
k12 may be neglected. The application chDC feedback permits rather deep stabiliza-

tion of the working point of a transistor

L. Conclusion

The application of feedback allows c?nsiderable diminution of the influence of |
the equivalent parameters and of the inflw;lence of the internal feedback of transis-
tors, which influences, in a mumber of caises , have a markedly adverse effect on the
operation of semi-conductor equipment. I£ must be noted that a number of questions
connected with the use of feedback in tra}lsistor circuits (especially the conditions

of stability and the phase ratios) have up to now been given absolutely inadequate

characteristics and operational properties of articles using semiconductor instru-

ments, especially in their mass production.

Papei' received by Editors 16 April 1956
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DIMINISHING THE PULSE-FRONT DIS

STORTIONS IN VIDEQ AMPLIFIERS

USING JUNCTIO!

TRANSISTORS

1y illustrated by the example of a circui

_ put pulse, since with steep voltage drops

b with complex current feedback (Fig.l).
he lower, the steeper the front of the ine
the feedback circuit Roco is almost inop-

by

T.M.Agak

The author discusses a method of dimi
pulse fronts due to dispersion of th

carriers in the base region of a jun
—|1. Introduction

The distortions of the pulse front i

: tors are due mairly to two groups of phenqmen'a. The first group is connected with

|
the presence of parasitic capacitances. The methods of diminishing this type of

—! distortion are well known from the theory! of vacuum-tube video amplifiers. The

v

chanyan

inishing the distortions of the
velocities of the minority

ction transistor.

n video amplifiers using junction transis-

] second group is ed with the pr

pulse front. Such

L2, Circuit with.Camplex Feedback !

| junction transistor. These processes - diffusion, on the one hand, and impairment
: of the thermodynamic equilibrium between the processes of recombination and the pro-
cess of thermal production of carriers, on the other (Bibl.l)
~ lead to a time .%m:\_ft of the input and output pulses and
to an increase in jtha build-up time of the front (Bibl.2,3).
The build-up (;:ime of the front may be shortened by
choosing parameter‘s such that, at equal amplitudes, more car=

| .
riers shall arrive'in the region of the base, the steeper the

s
\ 1 -
leads to an increased flow of carriers at’ the output during sharp drops of the in-

put pulse, so that the build-up time of tll'xe front is shortened.

taking place in the base region of the

a redistribution of the minority carriers

A The method_of-redistributing the carriers in the base region may be_very.clear-

erative. With decreasing input resistanc
gion increases, and therefore the distort:
minishes,

Figure 2 gives a substitution circui
for the transistor is surrounded by a das|

ohmic resistance of the base layer;

e, the flow of carriers into the base re-

ion of the front of the output pulse di-

t for such a stage (the equivalent circuit

hed line), In this circuit, Ty, is the pure|

Tk==re—Tp andfe=1ry— T} ’ . @

are the resistances, and Cy and Cg the capacitances, of the junctions (with sub-

seript k, that of the collector junction,

1
‘with subseript e, that of the emitter junc
i

1
tion); and @i, and aiy, the current generators.

The operator expression of the mutua

follows:

|
1 conductance of the circuit of Fig.2 is as

Zet+z,

Som e Z @

di
MRGEESI[EEE

e

(I—a)Ze+2n+ 2,
2

]+(z,+z.) [1 + ZZT"]—z,..,'

R

Z= :
PreCe+1

Exact determination of the original

considered, with an accuracy sufficient f

3)

Zg=
PRCy+1

S, from eq.(2) is difficult. It may be

or practice, that
|
i

TRyt ZeF )G ) — 0 (R )+ Fenaal

5
1
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the shunting action of Zk. Instead of the
exact, relationship for (Bibl.l,4), we used

the approximate expresleion (Bibl.3):

icient of correction

ie, RCo=%,

T T . i ma—r '

o2 — i
e Kial R )

___ fy = boundary frequency of @ in the circuit with grounded base, and, finally*

~fa=n, o ™

ay ==
e m—r

RS

|
Let us consider circuits using transistors in which overcharging of the capaci-|

: tance Cg takes place in a time considerably shorter than the build-up time of the

: pulse front. For such triodes, we may consider Zg % Tq, and then

1
Pt

a, o a,
”'*P(_‘_*mi )+—t’Lm

B R A thfret R a[Rytrotrend,

A 1 e (Ratrptr dm)
R!+q,+r¢

*ay, depends on the rate of growth of the pulse fronts. But in the examples con-

“lwhile the build-up time

_ Ry) in the circult of Fig.l, t, may be reduced to a value equal to, or even less

_ than, the build-up time in the circuit with grounded base. This reduction, however,
_ is accomplished at the cost of decreasing{the amplification of the individual stages;
: This latter circumstance makes it necessa;y to increase the number of stages, since
“Ithe overall amplification is usually assigned. It turns out that even when we do
: increase the number of stages, the total build-up time of the transfer character-
: istic of an amplifier with feedback is decreased to almost an order of magnitude be-

“llow that of the ordinary amplifier. 1

&m=_%Q~;%m)

th=225 (13)

It will be clear from eq.(13) that by appropriate choice of a . (practically of]|

With an assigned amplification in the circuit of Fig.l, the build-up time is
|

shorter, the greater the coefficient of correction m. Thus, for example, for m =
|

= Morits Where !

My =20, — 0,0~V @a, a2y —aal, )

]
i.e., in the critical state (the roots of ‘the characteristic equation are equal, and
\

are real numbers): X ‘

',scq>=;—sd{n+[(}m—1)|/ -

Merit.

_lsidered,this approximation is rather accurate.
i

Tfa < 2 thon tha tranafer characteristic is a_monotone increasing functionm. |
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0 0
—|In this case the build-up time will be shérter than in the case of m = 1 by a factor tm= "l*afdg"—bm (22)
2 . : 2 . b T oma—l_ t
a, f 5= - ’ : for ma>1. 1 :
4_jof 28 -a% 4] SN s i
- 4 B — Figures 3 and 4 give the values of #%and A related to m and a, for a, = 0.05
6 If ¢y > 2, then the reduction in t_ is still greater, but in this case aperiod- 6 S A !
-] - £ = pe i (when a varies from 0 to 0.7, Hand A vary only slightly). !
8 ic overshoots will appear. Their value miy be determined by the formula: ! 8 3 i
T X . - : ] When roCq >, i.e. in circuits using high-frequency transistors (P 1-I, junc- !
10 —] I o - 10—
— I _ Vo ' " tion transistors), the effect of the capacitance of the emitter junction, Cg, cannot; t
12 =WVa. m., — Gee My —1 ' 12 : !
- e A Va, ;g —~1)e et . ae) ] . e be neglected. This capacitance, too, '
14— ’ ) 14 * %
_ For m > m,.;¢, the circuit will operate under oscillatory conditions: o) / » leads to an increase in the flow of ’
16 16 | .
- L o . A / / / charge carriers into the base region, !
18 " it T 18 oy S/ / ZE
207 | Se(t)=— Sz [1 + Yaemfam—y+67 =" g (L b-—x) Coan e e 41 vhen the voltage drops are steep, and,
] . —_— Pty 201 i
- TTTTTr ot T - - - _ / 7 - / consequently, also leads to shortening
22 29 _| 6 e
where 3, / NN Y of the build-up time of the pulse fronts.
24 24 4
— S 1, A A / lﬂ‘z It is precisely for this reason that thel
26 _] i - T T 26 7 4
— i 8= jo(@+ma) b= V (18) 1 A /// 4 / transfer characteristic of a stage with
20 : - - . 20 C 6 U B 22 % 26w
- ! . _ - — grounded emitter, using a junction tran-
=30 . : 30_ Fig.h I
In the oscillatory regime, the build-up time ] ’ ! sistor, is of escillatory character at
32 i
— - oL . ' 32
. r - - - =
34: : t, =22 :c 8, 9) “:_ low values of Rg. ) ,
— S . 1 The analysis of the circuit of Fig.l, with high-frequency triodes is somewhat
" 36. ° '
| 36 P .
, —{where 6 is a coefficient indicating how many times t, is smaller than it is in the - " cumbersome in the general form. But in practice, in such circuits, the value of
8 ' . 38|
20 case m = 1, The build-up time is shorter, the greater the allowable value of the IRy, is found to be close to that of rgCe. In this case, i.e., when
e i 40_] i
* ,first overshoot: _ . : .
R\ 020 | . —m, - |
. - ; : S (20! - 44 ' ;
/6_ [ i'g ! I A=Viam— 1P +5%e ! ) : _| the mutval conductance Sc may be expressed by eq.(8), and all the quantities neces-
M . 46 !
48] a7 L\ i Here ¥ __ sary for the calculation (tn, A, etc.) may be determined by the formulas given
_ : 48] |
— 25| - N~ - ! above, if we consider
S0. i bm ' g
-1 X . ! ‘ ®— arctg 3 se
R BT - : L S 1L B ! -
s W @ % % ¥ 20 22 & i 5 . 50| [P S VR ¥ 31
1 . [ A ' ' =0 e = 1 — %0 Chand e
5t Fig.3 g oma<t P (@) . L =T Rewn T Rekrs . . (&)
| B T : -
56 'ana : . 1 W b . |
~— i [ | STA
78 : d 79 STA
] R ! - —— - —
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t, is very slight.

13. Circuit with Combination Current Distribution Circuit and Feedback

_|%. Conclusion

The circuit with complex feedback is

merely a simple special case, showing How

The source of the input pulses for t!

"l the stages preceding them, which may in pi

e intermediate stages of the amplifier is

actice be represented as current genera- -

—: effectively the distortions of the pulse fronts may be diminished by redistributing
i

30_]
32_]
34
36_]
38|
40_|
19_]

44

7 only at high values of the inductance.

56_]
-

tors. To diminish/the distortion of the pulse fronts in such
circuits, the use of what are termed current-distributing
ci;rcuits is recommended (Bibl,3). The simplest of such cir-
cuits consists of a resistance and an inductance connected in|
series with it, A|disadvantage of such circuits is that an

appreciable shortening of the build-up time can be obtained

In circuits with a combination of a current-distributing circuit and feedback,

: induction coils are in practice no longer:needed. In this case the current-

distributing circuit consists of a resistance connected in parallel with the input

of the stage (Fig.5). ’ i
The current amplification factor forlsuch a circuit is as follows:

P aRn
i, R+ rot Ze4- 20 (pe 1) — a0 [(Rp+ 1) + Zeoual’
- g -

(26)

The structures of the expressions for Ki and Sc are entirely the same, and
|

therefore the formulas for tn’ A, etc. aré also the same, if Rn is substituted for

_RG in them. For an assigned amplification, the build-up time of the circuit of
I

Fig.5 is the shorter, the greater the values of RH and Ro. In actual circuits, the

_| resistor RH is connected to the collector circuit of the preceding triode. An in-

crease in this resistance, or in R o> makes it necessary to increase the voltage of
.thé.supply_sourne.,_.ln practice.it is sufficient_to .confine ourselves_to_the_values |

RHL2=3_kiloohms,_ since_on further increase of this resistance_the shortening of |

[

: by the most varied methods: use of feedhazl:k, employment of current distributing cir-)
: cuits, etc. The feedback circuits show t}}xe greatest promise, since they not only
: shorten the build-up time but also lead to qualitative and quantitative improvements|

| of many other properties of the amplifier

1 i
_j equipment designed either for amplification or for shaping pulses with steep drops.

— It i
_|2. Chow,W.F. and Suran,J.J. - Proc.Inst.Radio Engrs. 41(9),(1953),p.1125
] 3. Shea,R,F, - Principles of Transistor G:ircuits. New York 1953

i
i 4+ Schaffner,J.S. and Suran,J.J. - J.Appl,Phys. 24(11), (1953),p.1355

the carriers in the base region. The red:}stributiun of the carriers may be effected|

This method of diminishing the d.isto;tions of the fronts is applicable to pulse]

Paper received by Editors 27 April 1956
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0
9.
THE PRINCIPAL PROPERTIES AND CHARACTERISTICS OF THE SYNCHRONOUS FILTER

4.

- by

6 S

] N.K.Ignattyev

. :

10: The author discusses the action of an electric filter designed to sepa-
12: rate or absorb oscillations of arbitrary form repeated at an assigned
14 frequency. The basic parameters of the filter are established.

15: Relations for the frequency, phase and transfer characteristics
18: of the filter are derived. The concept of the filtration factor with
20| respect to the noise voltage is introduced, and the relations of this
22_ factor to the parameters of the fillter are established, ~
— . !

24| The possibility of using a long open line as an accumulator for
2] the filter is shown. '

—j1. Introduction

30 :

32: In modern radio engineering it is rather often necessary to separate a complex

34: ostfiualtion into two components, one of wk;ich is an arbitrary function of time, per-
35:_iodically repeating at the assigned frequelncy f,, while the other is either a non-
33:periodic or a periodic function of time, r:epeating at a frequency other than fo. Th
40:1‘11-:(: component may be termed synchronous, and the second, asynchronous, with re-
42: spect to the assigned repetition frequency! fo. In some cases it is necessary to
1:-1: isolate the synchroncué component and eliminate the asynchronous (for instance, in ’
46: controlling interference in radar work); iln other cases, c;n the other hand, the

48: asynchronous must be isolated and the aync:hronoua eliminated (for instance, in the
50_lgelection of moving radar targets). { .

A number of devices to solve such a problem have already been constructed,

1
54..ltested,~and-described in-the literature (Bibl.l, 2, 3,-4, 5). - According.to.the. pur=

56..noga.—tha-method -of- realizing it, and the ‘methods -of--describing the principal prop-_|
} .
82
i
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0
_Terties, these devices have been given the most varied names. in some cases they are

2
_icalled canceling devices 3, in others, synchronous accumulators, in others, comb fil-

lters or synchronous filters, in still others, integrating devices, and so on.

6.1

We shall consider Ehe action of 4I1 these devices (regardless of the form in

8 ‘which they are realized, or of their purpose) as special cases of the realization of

10 a particular type of filter, hereafter termed gynchronous filter. This paper is de-

12 ivoted to the elucidation of the principal ‘properties and characteristics of such

14
~.generalized filter.
16: The synchronous filter is a natural generalization of the resonant filter. In
18: - - - - contrast to the usual resonant filter,
201
iwhich is able to separate (or absorb) only
22
I a) 'sinusoidal oscillations of assigned fre-
as_| i
I ‘quency, the synchronous filter can sepa-
| .
rate (or absorb) oscillations of arbitrary|
b) form, repeated at-the assigned frequency
 TTFFFEEFEEET 5 l Tos to which it is "tuned".
I oo The accumulator which must "remember"
34_| Fig.1 .
the form of the oscillations fed to it, is

a) Differentiating output; b) Inte-

‘a principal and inseparable part of the
|

grating output
° synchronous filter. The action of the ac-|

|
|

cumulators may be based on the utilization of the most varied physical phenomena.
)

42_1 .
"Thus, for example, the accumulators that have been practically realized and de-

scribed in the literature, include capacitative storage devices with cathode-ray

45, |
'switching (Bibl.1,2), with vacuum-tube switching (Bibl.s), and with mechanical

10

48 |
lewitching (Bibl.5), electrolytic storage devices (Bibl.3), wave storage devices,

- 50,
_'storing information in the form of waves propagated along a line, and others. Ac- | '
52 |
cording to the form of the accumulator, the circuit and design of the synchronous
54

es as a filter must never—

.filter mav be radically modifié&,vbufiis”iﬁﬁé ;opT;{
]

T
83 _
|
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i b )
_|theless be.maintained unchanged. , . . ; —Jecommutator can produce but slight fluctuat'rons of the voltage on the capacitors ol

4 2
As the starting system, serving to elucidate the principle of operation of the 3 the accumulator. At the seme time, the component of the input voltage that is syn-—

- . 1 . 4
T|synchronous filter, and to obtain the fundamental relations, an idealized system of & - Tlehronous with respect to the frequency f, will fully charge those capacitors after

e 6
T|a synchronous filter with a capacitative storage device (Fig.1) will be used in this “|the appropriate number of revolutions of t{xa commutator (i.e., each of the capacitors

- 3 s s 3 8
Tlpaper. It is considered as an equivalent circuit for a synchronous filter of any 4 will be charged up to that instantaneous value of the synchronous component of the
’ i 10—

—|form. . : % _linput voltage which is teken on by that voltage at the instant of commutation of the
12
- iven capacitor). As a result of this, the voltage u; will be separated on the ac~
—]2. The Synchronous Filter with Capacitative Accumulator % 14:8 pa ) > 88 N
- ! _lcumulator, and will approach the synchronous component of the input voltage, which,
16 — :

_las it were, it "remembers®, while on the r!esistor the voltage u4 will be separated,
181

The commutator K, rotating at the angular velocity v, = 2'[1'0, periodically

“|passes a number of contacts, uniformly distributed along an arc of the circumference and will approach the asynchronous component of the input voltage. Accordingly (by

_|Tdealizing the operation of the commutator, we shall consider that, in passing from amalogy to an elementary filter, consisting of resistances and capacitances con-

|contact to contact, it does not connect them with each other, and at the same time - nected in series), this system of a synchronous filter has two outputs: an inte-

N ! s s 5 = H
_|does not remain separated from one of them‘. A capacitor of capacitance C is con ating output and a differentiating output.

ﬂmact.ed to each contact; the leads from the opposite plates of the capacitors are cons The smaller the value of the coefficient

~|nected together. The system consisting of the commutator and the set of capacitors

At
¢ . . b= — 1’
"|is called an accumulator. The resistance |R is connected in series with the commuta- . RC’' - - @

|

_[vor. : H ihich we shall term the damping coefficient, the closer u; will be to the synchron-

The input voltage u is applied to the storage tube through the resistor R. It ous component, and uy to the asynchronous 'component, of the input voltage. For

|
. - | yas |
"iis assumed that the time A+t, expended on a single switching of each capacitor of practical purposes the cases when b « 1 are of the greatest interest.
|

_|the storage tube, is sufficiently short by comparison with the time during which u The commtation frequency f, and the ‘damping coefficient b are the basic par-
' o v .

) 1
. { .
__[can vary appr eclably in value; in other wolrds, the input voltage may be represented, ameters of the synchronous filter, completely characterizing its action on the form

|

In view of the fact that during the pro of cc tion each ted ca-

!
it] i t
__with a sufficient degree of accuracy, in the form of a sequence of rectangular ’Jof the input voltage.

:pulses, each of duration At.

i H !
If the value of the time constant RC iis taken sufficiently great by comparison . pacitance is able to vary somewhat, the form of the voltage taken from the accumula-—

|

_iwith th A, t will -
“with the time At, then a large number of revolutions of the commutator be re tor will prove to be "sawtooth”. In analyzing the processes taking place in this

:quired for each of the capacitances of the accumulator to become charged to a vol-

synchronous filter system, we shall not take this "sawtooth" character into account,;
i

2| ! i
—tay lose to the input voltage. Und h i i
ge close to the lnput voltage naer sue conditions, the component. of the inpu and shall take, as the true value of the voltage at each commutated contact, the

54 e e+t e e e e i e e e
__,ivoltage that is asynchronous with respect to the frequency of rotation £ of the 1
561 - !

woltasa that becomes established at the end of its commutation.
- - STAT
STAT -
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~ T
3. Derivation of the Starting Formula . . al)=u[(rtx) Ty).

. 4— °  This permits analysis of the’ i
. — . process pf variation of the volt: i-
We shall commence our analysis of the operation of the filter by deriving the — P oltage at any capaci
. ' 6 _tor—(for-any.x).-as-a_function-of-the. number of revolutions_of..the t n._Know:

stariingfoomila,_relating the voltage at lits. output_to the voltage at its input. | _ $
A 8—ing the function gi(n), the voltage on the capacitor for any n may be found as the
For this purpose we introduce the following additional notation: t = current time; n
10—sum of voltages, each of which is the result of the action of one of the successive

—n = number of complete revolutions of the tator from time t = 0; x = coordinate —
] 12 —pulses of the input voltage, i.e.,
of ralative displacement of commutator (in fractions of a complete revolution),

14
“|measured from the position occupied by the commutator at time t = 05 T, = period of d w[(n4x)To) =ulx T,,](lr—e:”—; e;;" +u[(1+x) 7},]){

_lcommutation: _— - COXA—eT) e b — 14 )T (1—e ) e +

(2) £ _ ! +u[(n+x)m(l_e—’)_(l_f‘)ﬁu[(n+x_',,) T,
K - . k=0 -

: j .
According to the meaning of the notation just introduced, the current time may ; 1 ‘where k = a whole number, 1

. . E |
—|be expressed in the form ° B The expression so obtained may be rewritten in the form

S '~ S ®) . L= =) Su¢—sTye™. )

P—_ x=0

Let a single voltage pulse, of duratiion At, be fed to the filter input from some This formula, relating the form of the voltage at the integrating output to‘the

_!source of EMF, and let it fall on one of the capacitors of the accumulator. This ’ — T form of the voltage at the input
1 >

capacitor will be charged to the voltage 1- e"b, and then, at each successive com— will serve us as our starting point

mutation, it will be discharged by a factor of e'b. As a result, a sequence of for the solution of all problems
>

pulses will appear at the integrating output of the filter, and the value of these both of steady and transient char-

pulses will vary by the law i
|
g = _e-b)e—nb' . ) " . To find the form of the vol-

acter.

tage at the differentiating output

The function g;(n), represented in Fig.2, may be considered as the reaction of the obvious equation may be used:

the_ integrating filter to the unit pulse function (i.e., as its transfer character- . = R
| u () = u(t) —u, () S
istic). <0 @ ll,_( ?" - - - ©

Using eq.(3), the input voltage, which is assigned in the form of the function 5 first finding wi(t) by eq.(5).

lof~time-u(t),-may-be represented in the fgrm of a function of.the number-of. revolu-_ Using eq.(5), let us consider the action on the synchronous filter of certain

bf the ators

|
8
r
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forms of input voltage which, on the one h

est, and, on the other, most completely di

—lof the filter. Such forms of input voltage include: a periocdic voltage of arbitrary

: - kAT), and this latter function may be

“Jeuracy, to be a continuous function of the

only integer values, will Tead to relativa

1y small variations of the function u(t -
sonsidered, with a sufficient degree of ac=

variable k. Similarly, assuming the fol-|

_]form, a harmonic voltage, and "noise" voltage.
4. Action of Periodic Voltage

Beginning at time t = 0, let the periodic voltage u(t) act on the filter input.

Let that voltage have a repetition period [T, differing little from the commutation

_jperiod T, i.e, let the following inequality hold:

T,

PV (®
|

If the form of such voltage is observed on an oscillograph with sweep beginning

—c_m the left part of the screen and having a repetition period that is-a multiple of
To’ then for AT> 0, the oscillogram will be seen as moving from right to left,
_lwhile for AT < 0, on the contrary, it will be seen as moving from left to right.

Using eq.(8), we may write |

. . R e e .

u(t—xT)=u(t—xAT—«T) i
. 1 N

- |
_lor, taking account of the fact that T = period of repetition of the function u(t),

_|while k is an integer, we may write: i

wt—wTy=ut—raT . ®

Thus, according to eq.(5), the expression for the voltage at the integrating

output of the synchronous filter in this case may be represented in the form

yt)=(1—e?)Jut—xADe™.

i
3 (20)

. - . ;
lity eq.(7) holds, then varistions of the quantity k, assuming |

88

T|1owing inequality to hold:

—lthe function e XP may likewise be considered to be a continuous function of the var-|
[
! s
iable k. Here, as the limiting value for ;k, we may use, instead of n (which assumes

~—lonly integer values), the continuously varying quantity n + x [ef.eq. (3)3.

_|the formula with the integral:

a,t)=b j’u(t

°

: Further, taking eq.(3) into account,

' passing to a different constant of integra'ution, T = kAT, we get, from eq.(12):

i,

Ty
uy(6) = %‘Y
. . v

:integ;rating output of an elementary RC-filter, differing from it by the cofactor AT
“Istanding at the upper limit of integratior‘\. The sign and value of this cofactor,

:expressing the relative divergence betweex’: the period of the input voltage and the
_iperiod of commutation, affects the form of the output voltage in the most substan- .

_ltial way.

u tation frequency (i.e., if AT = 0),.eq.(13) is easily reduced to_the form

[Z38 (11)

These assumptiors allow us to pass from the formula with the sum, eq. (10), to

In its form, the latter expression recalls the formula for the voltage at the

!
In the case where the frequency of the input voltage coincides with the commu-

|
—kAT)e™ dx. (12)

l:'mt:x‘aduc:lng the notation T = i—’r- , and
1

u(t—=) e " ds (13)

o

i
i
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L Consequently, under appropriate condjtions, the voltage at the output of the

. ) -
a4 () =u() (1 — . (23 _|synchronous filter may coincide with the voltage at the integrating output of the

. "Jequivalent RC~-filter. For negative values of AT, however, this analogy loses its
~ In this case, the form o output! voltage repeats that of the input, but inz.

~|previous meaning, for 1, and T become nega tive, end when the operation of reversion,
1 creases exponentially in value, reaching only at the 1imit, the same value as the ]

| __|expressed by eq.(15), is performed, we must summate the residual action on the sys—
"] input voltage. ‘ . )

1 | "ltem by the following values of the function u(t), and not by its preceding values.
In the most general case, when AT #.0, ‘the output voltage is found to differ |
“]In this case it is as though we were dealing with the action of the input vol-

from the input voltage both in form and in magnitude, which vary at first, but then, _
! | tage u(~t) on the equivalent RC-filter instead of the action of the actual input
~| with time, reach certain limiting values.‘ ]
] i —Ivoltage u(t).
Let us obtain an expression for the limiting value of the output voltage. For
Figure 3 gives examples of the steady values of the output voltages of the fil-
| this purpose, let us first represent eq.(.}S) as: . & ;.
— . purpose, J "Jter for a pulsed input voltage, obtained by egs.(15) and (16) for the cases AT> 0

- t = t =
u,(t):—:;—j. u(t—s)e ~di—o - Su(t—1)e Vg,
[ .

Aty

—landAT < O,

To

T R - : ] <-—T—:|gT_

‘ I I
Tt will be easily seen that for suff?.ciently great values of t _(in the steady Ta—L 7—

. - v

1 state) when the inequality l : : l ﬂ 14 r\_ .

4

PR - .. - . '7
. —;;T.t,»:‘?., .- [ . .' ] ‘&V__LV—LV;_t "01 A J
1 : . N Y ¥

3¢ holds, the second number of the last ineq{!ality may be neglected in view of its - . Fig.3

40:i smallness, and we may consider that {
|

When these output voltages are observed on an oscillograph with a scanning

42_| PRI Cee ey e ‘ :
1 =3 ' ~‘having a repetition period that is a multiple of T, the "pulling" of their form in
,,,(,)=Tgu(:__:)e Vdn as) g a repe » Lp o pulling
.

] .-

i % —
This expression already agrees completely with the formula for the voltage at $8_15. The Action of Harmonic Voltage

R 4 the direction opposite the apparent displé.cement. along the screen may be observed.

| the integrating output of an elementary RC-filter with the time constant: . i . 50
i i — Let the voltage
52— e - [ A
B oy - | u(t) =Unsinwt,
8- .| By 54 . . @) Jm>T
' i

—— - 56_Ibe_ imposed on Lte: ; quentlys:
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B [
t{(t—-xTo =U£nsin(mt—xn To).

On introducing the notation, to shorten the formulas:

a=wT, '

and applying eq.(5), we obtain

w(t)=(1—e")Un Y sin(wt—ax)e ™.

Xm0

We shall concern ourselves only with|the steady process, and shall th‘erefore

perform the summation to k = =3

. - .
w(t)=(1—e")Un ) sin(wt—ax) ™.
- . o - =0 oL

D)

‘It can be shown that

¥ 2(chb — cosa)
wl N
X S sin (»t — ay + arctg = + = 4 arc oslﬁf"_—c"_’“)ﬂz
1 €% T €O /2 (b —cosa)

sin(ot—ax)e™ =

i
i
i

)e—” dy.

Consequently, eq.(19) may be writben{as follows:
i

/FEE

u(t) =
1) Y 2(chb— cosa)

p E .
Umj sin(mt—ay+arc1gl+i+
. 5 2
kA
(e?—cosa)e”
¥ 2(chb — cosa)
gl

) e dy.

|
|
| + arccos

(20)

On integrating the expression so obt%nined and performing the appropriate tra.ns-.-

— formations, we get
i

AT

S

LN
—~b 2
— COS e
== + a + arccos (e a)

_ or, after obvious transformations, l

V2(-hb—cosa)

{e? —cosa) e

= arc CoS——m——— -
? ¥ 2(chb — cos a)

| 2sh—b-
: o T R
' 1=y T Y/ 2(ctb—cosa)

“land its phase angle to |

t
A
= arccos ( e__.._._—b —cosa)e
%= V2(chb— cos ay

of the integrating output, its complex value is easily obtained:

i
e ‘s L
2 .
= [¢*—cosa—isina].
chb—cosa
- \
!
Thence follows directly a more convenient expression for 953
|

sina

— — arct, .
i . ACE"F _cosa

After performing the appropriate triéonometric transformations,

(22)

Tt follows from a comparison of eqs.(17) and (21) that the voltage transmission|

: coefficient for the integrating output is lequa.l, in absolute value, to

(23)

(24)

Knowing the absolute value and the phase angle of the transmission coefficient

(25)

we get

(26)

Using eq.(26), it is easy to obtain an expression for the complex _t}ansmiss“fﬂ
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. put is:

Indeed, since

-

K,=1—K."

On performing the appropriate transzrmatians , we obtain
T B : A
. e_ sh L (29)
" 2 111 — coc doth b 1si
Ki=g—cosa [(1 cos a)cth > isma] .

T T 1
I

smission coefficient of the differentiating out-
i

The absolute value of the tran:

(30)

K= s

¢4 =arctg sing = (31)
(1—cosa) cth ? .
Equations (23) and (27) express resp?ctively the amplitude-frequency and phase-
- !

frequency characteristics of the integrating filter, while eqs.(30) and (31) express
acteristics of the difterentiating filter. Examples of such

_|those respective char
.are given in Fig.h.

"l characteristics, constructed for b = 0.1,i .
For cases where b « 1, the formulas so obtained are considerably simp]iﬁed.
|

Thus, for example, eq.(23) is reduced to f,he form
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|and eq.(30) to the form

—frequency or to one of its harmonics (the

:may be still further simplified.

Ky= ———5 ————>—,-

"/ 1+ b —
2sin r}

For cases when the frequency of the input voltage is close to the commutation
case of "slight detuning"), these formulas

According to the notation of eq.(18); we may write
d

i
'
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_16. The Action of Noise Voltage

o

Putting Ié_f. « 1 in this case, it may
_° — - - T 5
——Consequently;, - i | On the filter input let there be impressed the noise voltage u(t) charac erized

“Iby the dispersion D(u) and the mean square value O, where

o=VD@. : @)

As a result, at the integrating output of the filter, there appears the vol-

“ltage u;(t), characterized by the dispersion D(ui) and the mean square value o ,where
Under the same conditions,

: : . I 2 02 *2)
;._, — - . The ratio

“3)

| ] 7
| i
i %

{ )

— . i
. s bud 94 characterizing the power of the integrating filter to attenuate the noise voltage,
is interesting to note that for cases of uglight detuning", the amplitude— ] . ;
T de dmtere ¢ . incide i 26_will be termed the filtration factor. ‘!
and hase—fre uency characteristics of the synchronous filter coincide in ’
] freq“em’l i p 3 ® g ﬁ Let us establish the relation between the filter parameters and the filtration
form with the correspondlng characteristics of a resonant
! “factor. For this purpose let us make use'of eq.(5), rewritten for the case uf the
filter consistinglof a single oscillatory circuit (Fig.5), _‘ |
| _steady state, assuming that b « 1: !
provided that circult is tuned to the frequency f and has a

®
§ d o
1ogar1bhmlc da.mpmg decrement r& which is numerically equa.l ' ] w(t)==56 2: u(t—xTo)e™.
. £ Xm0
tn the damping factor b. ) . ) {
i Let us determine the dispersion of the left and right sides of this expressions|
|

|
By analogy to the ordinary resonant slystems , the concept of the pass band may

s —2xb i
be introduced for the synchronous filter. : If a pass band is understood to mean a , . D (u;)=b2D (1) 2 o0, i
] x=0 ;
a3 ot . | !

2 F, included within the 1imits of the half-slope of the square 4
= Of e The holding of the inequality b « 1 enables us to pass from the sum to the in-

of the amplitude-frequency characteristic l(.for one of the peaks of this characteris—

: tegral: i

tic), then from eq,(35) we get the following expression for such pass band:

D () = 6D () 5’ o,

: b S (39)

9 ' : whose solution gives ]
~_lanalogous to the well-known expression fox{' the pass band of a single oscillatory

circuit: 2 i : (10)
_ ) —f 5

3

{3

2

Dw)=LD@).
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Setting up the equations relating the

From the relation so obtained, on the 1.
Z and R, we get

obtain

(i)

Making use of the fact that the noise voltage has a uniform distribution of en- B : N Hence, making use of eq.(29), interpreting the values of b and a in accordance

ergy throughout the spectrum of frequencies, the filtration factor may likewise be b "|with egs.(1) and (18), and passing to the|limit R — =, we finally obtain

:detemined from the amplitude-frequency characteristic of the filter. i ) ot -
. 5 Z=—i"cgee
Considering the spectrum of noise within the limits of repetition of the form H . . 2C € 2 o (45)

:oi‘ the amplitude-frequency characteristic {(i.e., within the limits of variation of a 1 It is clear from this formula that the equivalent resista;\ce of the accumilator|

“|from O to n), it is easy to reach the conclusion that the ratio of the noise energy : | coincides with the input resistance of a L:ssless open-circuit line of length

1="Te

. T (6)

_lat the Tilter input to the noise energy at its output will be expressed as

! = Lo 3 i
| : — . .
i ) 5 Kda ; . . b 26| (where v = velocity of propagation of voltage wave along the line), and of wave im-
. S £ _ .
. _ | pedance equal to '

The filtration factor, by definition, must equal the square root of this ratio.

" |Making use of eq. (32) and taking account of the fact that b « 1, we obtain from 32 ,7 w7)

—lthis the previous result of eq.(bL4). _ i
) | g Thus, by completely formal operations, we have discovered the possibility of
] . ) 3 — . |
7. Certain Properties of the Accumulator 3 _|using an open-circuit line as a wave accumulator for a synchronous filter. This re-

sult, however, is entirely natural, since the

C | : 1 5
Let us attempt to ascertain the equivalent impedance Z by which the capacita- _ i
R b). 1imla constitutes a peculiar "memory" device.

__ltive accumulator in the synchronous filter system may be replaced.

. Figure 6 gives a diagram of the syn-

i
When a sinusoidal voltage is applied to the filter input through the accumula-
9 chronous filter with line (i.e. with a wave

1 3
1 4
in addition to a sinusoidal current of the same frequency, a sawtooth component| 2 [::! : .

- 1
of the charge-and-discharge current of itsl individual capacitors will also flow. R Fig.b

1
Uy
st
|
%
|

tor, |
accumulator). The application of a single

— ' . ] | volt
When the resistance R in series with the accumulator increases, this component will 1 a) Line; b) Differentiating Out— age pulse from some source of EMF at the

— . £i

decrease, and at the limit, as R —=, it will disappear. For this reason the equiv- b put; c) Integrating Output 111;81' input causes the appearance of this
- ' { 2|

52 lalent impedance % of the accumilator (which has a meaning only for the sinusoidal i voltage at the input of the line, followed by

)
| 1ts_wavelike motion_ along_the line, refle%:tion from the end of the line, motion in

54_)current)-must_be sought_at. its connection to_the filter_circuit with _an_infinitely.

the_opposite direction, reappearance at the input of the line, partial reflection

€& lomaat raaiatanca.
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Setting up the equations relating thd voltages u and uy through the resistances

From the relation so obtained, on the —1e
_i2 and R, we get

_lobtain

Z=R(K_““),
A

(44)

Making use of the fact that the noise voltage has a uniform distribution of en- Y 1 Hence, making use of eq.(29), interpreting the values of b and a in accordance

“lergy throughout the spectrum of frequencies, the filtration factor may likewise be 12_|with egs.(1) and (18), and passing to the|limit R - =, we finally obtain

“ldetermined from the amplitude-frequency characteristic of the filter. 1 4: i ar .
. 1 Z=—1-tcig=e.
Considering the spectrum of noise within the limits of repetition of the form i I . 2Cc " 2 L (45)

:oi‘ the amplitude-frequency characteristic ((i.e., within the 1limits of variation of a : Tt is clear from this formula that the equivalent resistance of the accunulator
_|from O to n), it is easy to reach the conclusion that the ratio of the noise energy | coincides with the input resistance of a lossless open-circuit line of length

:at the filter input to the noise energy atl its output will be expressed as 4 - oT. . .
. . - =20 !
: _ - E , 2 . (46)

! = Do 3 7 i . T

| ' ’ N : ;

! ) 5 K2 da . . 06 | (where v = velocity of propagation of voltage wave along the line), and of wave im-
) .

: pedance equal to

v The filtration factor, by definition; must equal the square root of this ratio.

—‘Making use of eq.(32) and taking account of the fact that b o« 1, we obtain from ) S 7)
- .C - -

—lthis the previous result of eq. (k).

] . i
i = Thus, by completely formal operations, we have discovered the possibility of

) : - . |
7. Certain Properties of the Accumulator 2 _lusing an open-circuit line as a wave accumulator for a synchronous filter. This re-

i
| sult, however, is entirely natural, since the

) ! . 3 8|
Let us attempt to ascertain the equivalent impedance Z by which the capacita- e 1 ¢
S R

i
b). 1im:e constitutes a peculiar "memory" device.
' !

tive accumulator in the synchronous filter system may be replaced.

* Figure 6 gives a diagram of the syn-

i
When a sinusoidal voltage is applied ;to the filter input through the accumula-
9 chronous filter with line (i.e. with a wave
|

. ; 3)
— 3 l 2
— | 3 4
tor, in addition to a sinusoidal current of the same frequency, a sawtooth component o :lz: >
. accumulator). The application of a single

— - |
_lof the charge-and-discharge current of its; individual capacitors will also flow. 4 Fig.6 |

— | . — volt: ul
_ |When the resistance R in series with the accumulator increases, this component will a) Line; b) Differentiating Out— Iage pulse from some source of EMF at thsA

- . fi
decrease, and at the limit, as R —w, it will disappear, For this reason the equiv— put; c) Integrating Output 117” input causes the appearance of this

voltage at the input of the line, followed by
|

1
U
st
1
%
|

alent impedance Z of the accumilator (Hhiéh has a meaning only for the sinusoidal ‘

. |its wavelike motion_al the 1i :
current)_must_be sought_at. its connection to_the filter_ circuit with_an_infinitely | B : . along_the Line, refle?:t.i.on from the end of the line, motien in |

\ the_opposite direction,_reappearance at the input of the line, partial reflecti

i

—igreat._resistance

|
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0 .
from the input of the line, new motion aldng the line, and so on. As a result,there 0 . .
9 ik Vladimirskiy,K.V. — On the Synchronous [Filter. Zhur.eksp.teor.fiz. 21,3,1951
_lappears, at the input of the line, a sequence of voltage pulses, separated by time 2
4] _15, Beard,C,I. and Skomal,E.N. — RC Memory|C tor for Signal-to-Noise Improve-
- _lintervals 2l and damped by an exponential law (even in the case of a lossless line 4_|
6 v. PR— ment. Rev.of Sci.Instr. 24,276,1953
“Jowing to the losses of energy across The desistance R at each reflection from the 6
. 8 . -
_linput. This sequence of pulses, constituting the transfer characteristic for the . 8
10— —
- 7" _lintegrating output of the synchronous filter system presented, coincides with the 10 ]
12 . —]
_lanalogous transfer characteristic of the synchronous filter with capacitative accum= 12
14 —
__|ulator (Fig.2). Consequently the two systems mentioned are equivalent in their op- 14 |
16 - : —|
_jeration, 16
18 | —
_ Tt must be noted that if the voltage |separated is of interest merely for a cer- 18
20 —]
_|tain part of its repetition period, then the requirements to be met by the "volume 20
23|
"] of memory™ of the accumulator are lowered by the correspcnd.mg factor. In this case 22_|
24 i —
—jthe capacltatlve accumuilator may be smphli‘led on account of the corresponding de- 24 4
26 —~
“lecrease in the number of the capacitances $0 be switched. A line accumulator cannot 26 |
204 —]
. “Ibe further simplified under these conditions, however, since the line length re- 28
30— : —
ﬂquired depends only on the duration of the repetition period of the voltage separ- 30
. 32 : —
- _lated. i 32
34| i —
_| - In principle, any other device possessing the property of tremembering" the 34_
36 . —
_Iform of the oscillations fed to it may Jikewise be used as the accumulator of a syn- 36|
3 . —
_JIchronous filter. 38—
40| —
— . ) 40
42_| I}’a.pex' received by Editors 26 May 1955 —
— . 42_
14 o .
BIBLIOGRAPHY i 44|
2] -
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I
|
REVIEW BY AUTHOR

“Tin the plate circult of the first tube, by means of the Duhamel integral:

|
THE USE OF HARMONICS IN CALCULATING ENVELOPES

O O-OH [ @
- N — - o _ .. P -

| of the preceding tube. The operation of ‘the oscillatory circuit in the plate cir-

the influence on an oscillatory circuit (and consequently on the linear resonant

~| stages following it) of a high-frequency icurrent pulse in which the form of the

~—| nfilling" oscillations differs sharply friom harmonic, owing to the nonlinear state

| cuit of a nonlinear resonant amplifier Hi‘ll serve as a typical example. It is of '
i

| oscillatory circuit or at the output of the following linear stages. As far'as 1

| tions of telegraph signals in the power stage of a transmitter operating in class B

. (i.e., with a constant angle of cut-off and with constant first-harmonic factor)

| does approach this subject (Bibl.1). l

— {
may be represented in the form r(t) = R(t) sin wgt, where w, = resonant angular ve-,

o
locity of the guadripole in question; R(t) = the slowly varying amplitude. Let us

« 54

by
A A Kulikovskiy, -

Full Member ofj the Society

In considering the nonlinear problems of p{:lse engineering one often encounters

i
interest to determine, for this case, the variation with time of the voltage on the

know, this problem has not yet been investigated. A paper discussing the distor-

1 t
Let us make use of the transfer characteristic h(t) = %“tp( ) of a reson—~
; i Uinp * (L) .

i
ant amplifier containing n + 1 linear stages (Bibl.2,3). If we divide it by the
transconductance S of the first tube, we lget an expression for the contact resist—

“outp(t )

ance r(t) = Top ° O)

of a quadripole clonsisting of an oscillatory circuit in the
. |

: plate circuit of the first tube and n linear stages following it. Ti"lis resistance

|

s6_1

Jetermine the voltage at the output of the quadripole,with an arbitrary “eurrent 1(%]
|

e

lthose employed in another paper of mine (Bibl.4), it may be shown that this expres—

“|sion leads to an integral relation of comj?lex amplitudes:

“11In that case, eq.(2) relates real envelopes.

_ lwell-known integral relation cbtained by S.I.Yevtyanov for this important special
!

“lease (Bibl.3). ]

_ival (x; x + To)' If the plate reaction ce;n be neglected, which is pgrnﬁssible for

Taking the slow variation of R(t) into account, and using methods similar to

1 .
Un ot (@)= 32 [ Rt — ) [ (x) dx. ‘ (2)
Here Iml(x) is the slowly varying complex envelope of the first harmonic of the;
expansion of i(t) into Fourier series in the ngliding" interval (x; x + T ), where
To = —ﬁ% = period of resonant frequency of {the quadripole.
If the fundamental frequency of the current i(t) coincides with the resonant
)

frequency of the quadripole, ‘then the pha.s:e of its first harmonic remains constant.

In the special case when the cux:tenb!i(t) consists of a pulse filled with har-
monic oscillations of frequency coinciding with the resonant frequency of the quad-

ripole i(t) = Iy(t)sin wyt, we get Ia(t) = Iy(t). Then eq.(2) coincides with the

In order to use the relation so obta:';ned, eq.(2), for calculating the output
i K
voltage of the nonlinear stage at known input voltage and at an assigned nonlinear
| 1
tube characteristic, we must determine the plate current i(t) and then find the en-

velope Iml(b) of its first harmonic on expansion into a Fourier series in the inter—
]

pulse stages with pentodes or tetrodes, then there will be no difficulty in deter—
1

mining the plate current from the known input voltage and from the assigned nonlin-
\

ear tube characteristic. In the case of triodes , the investigation is impeded by

the necessity of allowing for the plate reaction, but even in this case eq.(2) may

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/02/04 : CIA-RDP81-01043R002900040003-9
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serve as one of the equations of the operating conditions of the tube.

In calculating the envelope of the first harmonic of the plate current. of a

i tube operating under nonlinear conditions, it is convenient to approximate the re-

- .
Tlof the interval of integration where U_o Ivaries within the limits (-1; +1) the pro-

m
—|¢Ess iy complicated by the variation of the angle of cut=off and" of the valueof the

“ifirst harmonic of current with the variation of Um(t). The integral of eq.(2) in

_J]lation between the first harmonic and theratio of the DC bias voltage U, to the amd

: plitude of the alternating voltage of the-i.np{lt signal Up. Thus, with the nonlin-

4 4

Fig.l

: earity shown in Fig.l, the amplitude. of the first harmonic of the current is Ilnl =

B T P .
| = SUmA, where A — (4 —sin$-cos ¥);|S=transconductance of the ascending characteristic

— a U S - = | U
¥ = cos 1 .U_°. = angle of cut—off. The relation A(F‘Z) is represented on Fig.2 and is|
: !

: rather well approximated by the broken line, whose equation is

In accordance with this appro:dmtibx;, for an assigned envelope of input vol-
“ltage U,(t), the interval of i.nt;egration of eq. (2) must be divided into pa.r&:s such
~’chat, within the limits 8{ each part, .u_o ;:m]l remain either greater than 1, or

less than 1, or have ‘int.emediate values._‘ In the former case, A = 1, which cox-;-e-

i
sponds to the linear state, i.e., to operation without cut-off. In the second case,|

the tube is blocked (A = 0), and the particular integral vanishes. On those parts

:this region takes the form:

|contains the correction factor 1/2, while 'the second summand characterizes the pro-

: cess independent of the envelope of the input signal.

— ! N
quency changer, the distortion of the envelope obeys the same regularities as when

N |

:they pass through a resonant amplifier with the same oscillatory circuit in the

:plat,e circuit as the frequency changer has[, provided that the usual requirement, tha

:the envelope of the intermediate frequency current shall coincide with the envelope

"lof the input signal, is satisfied. :

:1. Gonorovskiy,I,S. - Contribution to the 'Theory of Distortions of Telegraph Signals
|
|2, Ageyev,A,, Kobzarev,Yu., ~ Transient Phenomena in a Resonant Amplifier. Zhur.Tekh,

—3. Yevtyanov,S.I. - Transient Processes in Receiver-Amplifier Circuits. Svyaz'zdat

wealée

2 (RG] (1 -

=—S;—"°-SR(I—X)Um(x)dx— u,,jR(t_x)dx.

The first summand characterizes the linear process of amplitude build-up, but

It also follows from the above that, ‘when pulse signals pass through a fre-

H

| .
Paper received by Editors 4 May 1953,

i
Review by Author of paper 3 March 1956

BIBLIOGRAPHY
|

in the High-Frequency Parts of Radio Equipment. IEST No.6,1940
)

Fiz. 5,8,1935

1948 !

"I Kulikovskiy,A.A. = Build-Up Progesses in Detection of Pulse Signals, This
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. Journal, No.6,1955 .

5 Kulikovskiy,A.A.—_Passage of Pulse_Si inals_throngh Nonlinear Selective Stages._of

Radio Receiving Equipment. Trudy |VVIA im,Zhukovskiy. No.328,1950 (cont
ontl

6.Kulikovskiy,A.A. - Steady and Transient States of Nonlinear Stages of Radio Re- ) B

ceiving Equipment. Ibid. No.54k,1955 i ELECTRONICS SECTION

PR

1L.A.Vaynshteyn, in his paper Electron Waves in Delay Systems, discussed the
linear theory of such waves (theory of amplification of weak signals in the travel
traveling-wave tube); the results of generalization of studies in this field allow
derivation of an expression for the forces acting on &n electron beam in a nonlinear
state of amplification of a monochromatic |signal.

2.S.Chernov reported the results of a study of spiratrons, which are new elec- i

tronic devices of the type of the traveling-wave tube (1BV) with centrifugal-
]

The Section noted that the theoretical and experimental material contained in

the paper evidence the promise inherent in the utilization of the new type of focus—

i
electrostatic focusing of the electron streams.
2 : !
28,
30,

ing for the construction of gpiratréns; it also recommended accelerating the intro—
3

“"lguction of spiratroms, in the first place, in the equipment of radio relay lines.

34
% Ye.D.Naumenko communicated the results of the development of laboratory models
36 i
of reflecting klystrons for measuring purposes. The 7-19 mm range is covered by
3 T et

n%klystrons of two sub-types with a power of the order of 5 ~ 10 mv.
490,
42,

A paper by A.S.Tager presented the results of a theoretical study of the effect
of noise waves in the electron flux on thé noise characteristics of traveling wave
44
tubes.
46 .
The Section recommended the continuatzion of the work on the theoretical and ex—
48. .
perimental study of noise in electron flmlces at super-high frequencies.
5C.

In his paper, Nonlinear Theory of the Traveling Wave Tube, L.A.Vaynshteyn for-

mulated the fundamental equations of the nonlinear theory of the traveling-wave
54 !

- C—
se—}tube, operating in the state of amplification of a monochromatic signal, and sim-
‘ﬁ‘_________’—————-————‘—‘_ .

T T {




the detector stage )

0 e eyt R ey T
:rf pulse noise in the radio reception area, both after and before

-
plified equations Tor "slowly varying" Tuctions, which hold at small values of the
land also pointed out methods of practicall y_complete suppression of pulse noise by

presslon O
fundamental parameter of smallness of the |tube

. % |compensation methods.
The Section noted the considerable interest of the nonlinear theory of the ! 6

e e, K H.G.Golubtsov and V.A.Morozov Jevoted their report to the suppression of pulse
traveling-vave Tube reported by the gpeaker. . | 4 Bj .
- 1 noise by the compensation method, with the formation of artificial noise. They

A.M,Chernushenko spoke on an oacillograph for studying the electrical processes i
showed the possibility, in principle, of total compensation of pulse noise, without
in pulse generators of the centimeter-wave band. The oscillograph has a marker gen=
distortion of the signal received.
erator and calibrated delay lines. The Section noted that super-high frequency

L.T.Remizov and L.S. Tyufyakin devoted their paper to the suppression of pulse
__cathode~ray tubes should find widespread 2pp: plication in super-high frequency engin-
. noise by the compensation method, using frequency conversion, and showed that the
eering, and pointed out the necessity for their extren\ely rapid introduction into 4 8

suppression of noise in the IF amplifier tract requires two additional channels be-

_|measurement practice. _
| sides the reception channel (i.e. that the total band of the receiver must be wid-
The paper by S.G.Afanasova investigated the reactive properties of diode inter- ) .
ened).

‘mediates by introducing them into a coaxial passive oscillatory circuit with exter- !
2 | . il The Section noted the considerable sc1enti_t’1c interest and practical value of
nal exciter. She considered the possibility of using diode intermediates for the 3
26 l S the studies in the field of compensation mathods of pulse noise suppression.
electronic returning of the frequency of HF generators. . |
A paper by A.A.Gorbachev gave the essent::zl features of a method of controlling
In the resolutions on the paper the Section noted that the work on the methods 30 l
__'pulse noise by limiting and converting the spectrum of the useful signal and of the
__lof frequency control (modulation) of superhigh-frequency generators was of great
i - ‘noise, He gave the results of an experimental check of the method, and ‘discussed

1

!practical interest, and recommended its continuation.
! “ithe circuit diagram of the equipment. Thq Section recommended the realization of

v.S.Troitskiy, A.M,.Starodubtsev, and V.S.Serebrennikov spoke on the results of |

this method in broadcast recelvers. i
a study of the phase fluctuations of the oscillations of certain super-high fre- .
A.A.Pirogov, in his paper Balanced Plate Modulation, considered a number of

quency generators. !
N lquestions connected with the problem of increasing the efficiency of radio trans—
The Section noted the timeliness of the investigation of the fluctuations in | '

i . mitters, by improving their noise-proof qualities, by reducing their power consump-
the phase and spectral composition of the oscillations of super-high frequency gen—
ition, and by narrowing the frequency band The Section noted that the proposed Sys-—
erators, and recommended the expansion of jthe work in this field.
tem was one of the most progressive and promlsmg metheds of radio transmission.
M.I.Kuznetsov reported on the design, and presented the characteristics, of 48

1 Yu.V.Bogoslovskiy reported on pcssible methods of accomplishing auto-plate mod-

per-high frequency generators with electronic tuning, in the centimeter-wave band. 5 .

ulation with triodes and pentodes, and analyzed the technique of calculating the i
i 5!

SECTION OF RECEIVING AND TRANSMITTING EQUIPMENT ¢ modulation characteristics of a stage. 'l‘he Section recommended the widespread use

- R
A paper by V.A.Klya: ous action

56 _ . i } R

e e
"Tof the materials presented, and advised further " development ~of the methods of ea.l—"‘
1

108
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_Jeulating auto-plate modulation.

In his paper, B.I.Rassadin rh‘v the experimentally confirmed advantages of

—isignal transmission on a single frequency band .in multi-channel radiotelegraph and
:i‘@mmsm&mﬂa‘ea—amm—ﬁ ~considerably reducing nonlinear
"|aistortions.
The Section noted the original formulation of the question and the value of the
: technical improvement of the single-band transmitter, allowing a considerable in-
T|crease in its efficiency.
V.V.Malanov described the essential features of a high-efficiency pulse method
: of power amplification of audiofrequency cscillaticns , its advantages, and its qual-
|itative indexes. .
The Section noted the great scientific and practical interest of the method so
jdeveloped, and recommended continued resea:rch in this field.

D.V.Ageyev reportéd on his theory of Ithe FM receiver with follow-up tuning and

—|controlled oscillatory circuit. He defined the conditions under which an FM re-

__|ceiver with follow-up tuning will have grelater noise~immunity than the ordinary FM

:receiver, without introducing appreciable ‘frequency or nonlinear distortions of the

|received.signal.

Ya.G.Rodionov gave the results of an -experimental study of FM receivers with

__lcontrolled resonant frequency, which had tihe object of elucidating the advantages of]

this receiver over the ordinary wide-band-fFM receivers. The results of the experi-

__Iments were compared with the conclusions l;f the theory developed by D.V.Ageyev.

The Section noted the great scientir:‘%c and practical value of Agayev's studies

_Jand the interest of Rodionov's experimentail work.

M.K.Belkin.gave an analysis of the stj:perregenerative receiver operating in the

'super-high frequency range with a rarlecti!ng klystron. The Section recommended con-
'

tinued study of the methods of reducing klystron noise and the noise factor of the

receiver.

TELEVISION SYSTEM

A,P.Angaforov considered two basic principles of construction, together with

“lmay be applied to color television and radar.

24—

“Ithe design of television receiving tubes
ithree-ray tube with dim-out mask and mosaic screen (of the colortron type), and the
_ i

|single-ray tube with control grid and linef screen (of the chromatron type), which

“|systems of color television, based mainly on reducing the quantity of color informa-|

"{tion to be transmitted.

or direct reception of colored images: the

M.E.Gos discussed various methods of narrowing the frequency band in modern

In its resolutions on these papers, the Section pointed out the necessity of

| s
considerably expanding the.work on creating a system of color television.
|

26
28:

30_

50: Yu.V.Lobov proposed a more objective approach to the evaluation and measure-—

a

:Moscow and Ieningrad television centers, as well as schematic diagrams of the equip~

__Iment, i

:ment for the new television centers at Moécow and Leningrad, to the qualitative and
—-operational indices of that equipment. An interdepartmental conference should be
" called in the near future to deal with thc; questions of selecting methods of tele-
" lvision transmission of motion pictures anrlx distributing the research and,

:atperimental—designing work among the orgénizations concerned.

P.Ye.Kodes told of a new television éystem using eight studio channels, de~
signed to transmit one program in black-and-white television. The television sta-
|

tions of large USSR cities will be equippe!d with these installations.

I.V.0strovskiy considered the fundamental principles of construction of the new,

|

'
The Section recommended paying particular attention, in developing the equip-

52—

_ment. of the qualitative indices of television transmitters. The measurements are

+54__'made.by means.of_a special electronic measuring instrument giving_x:eadhxgs_,of_the_ ‘

56_lamount_of distortion directly on the_scale of the instrument. itself

5

€




:v-ision receiving tubes: contrast and definition of the television image. The ap- '

“lproach to the evaluation of these indices had not previously been uniform. The.

V.S.Gladin reported the results of a study of two qualitative indices of tele-

_lapplied to the super—orth

_lthe quality of the television image will open up great opportunities in the develop-

_ltract. '

42_1

44

46|

48]

I'speaker proposed passing from these qualitative indices to three others: contrast of

:major details, contrast of medium details, and contrast of minor details, The in-
| 1

- i

__|troduction of a characterization of the transmission of detail in the evaluation of

“iment of television receiving tubes.

: evaluating the influence of periodic noixel, and pointed out that the disturbing ef-

_|the television imge.

"|parameters and allowances, and recommended continuation of this work. Considerable
i

1
~|expansion and intensification is required:in the work of improving television re-

" ltelevision with partially suppressed lateral distortions alone, and especially the
___ standard.
__lvision motion-picture channels, and the bja.sic requirements they must meet.

_Ibe the further improvement of reception quality, the Section recommended further

The report by A.P.Yefimov gave a critical analysis of the existing technique of

"|fect of various noises must be evaluated according to their visible manifestation on;’

The Section noted the value of the reported methods of measuring television

ceivers, and in that of determining the optimum parameters for the entire television
V.B.Ivanov analyzed the spscific distortions that arise on.the reception of
. i

distortions due to the square component in the system adopted as the USSR television

i
G.V.Braude and M,A.Ushakov diécussed‘the planning of pre-amplifiers for tele-

i :
Considering one of the most important problems of television broadcasting to

work in determining and standardizing the optimum characteristics of the amplifier

system of television receivers.

In his paper, I.I.Tsukkerman gav_e— the “principal results of a study of the

_|fields to control el?&ton—opticai_a&i-?e{tiions, both in the construction of televis—
“lion cameras with a variable field of vision and to enhance the dynamic range of

: super~orthicons.

:types of televisors scheduled for initial ;production in 1956. The trends of future
: development of television reception engineering were discussed. The Section noted

| the necessity for increasing the amount of research in that field.

Tl Communications and Television, discussed the advantages of long-distance signal

—transmission on H, waves along circula.r—s:ection waveguides, The Section noted the
_ great importance of the investigations cor‘\ducted in the USSR on the questions of em—
:ploying waveguide communications lines, ar{:d recommended the formulation of a single
_plan for such work in the research organizations of the various government depari-

_i{ments.

__iready be built with the semiconductor devices produced in the USSR.

1
__lof the corresponding types of semiconductor devices.

Je of "vision" of the television camera,as

The Section approved the advisability of using matched magnetic and electric

A.Ya.Breitbart reported on the principal data and characteristics of the new

Yu.I.Kaznacheyev, in his paper Prospects of the Application of Waveguides in

Ye.V.Gershzon considered the possibility and advisability of using semiconduc-

i
tor devices in televisors. He remarked that a number of televisor units could al-
1

i
In its resolutions, the Section recommended acceleration of the mass production|
i
A.D.Azat'yan presented the technical characteristics of a number of tube types
in wide use in modern Western European and American radio receivers and televisors,
" p

|
and gave a survey of the new USSR bantam tubes for radio receivers and televisors.

| .
The Section recommended considerable expansion of the research work in the de-~
i .

sign of new tube types, with special attention to the noise characteristics of the

tubes designed for the input équipment. E
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RADIO BROADCASTING ALD ACOUSTICS SECTION . :ghonograms ; and_the magnetic fields of recording headg. The Section noted the origi~|
4_| . T L 4: nality and value of the work done by the gtaff under the direction. of the speaker.
' 5‘— L.Ye.Goron delivered a roport on the draft standard for the principsl qualita I 6__ The report by V.A.Nyurenberg discussed the application of a system of remote
v 3:tive characteristics of radio broadcasting channels. He discussed the results and v . g: neasurenent to radio broadcasting. The system developed encourages the improvement
‘ 10:t=0hﬂique of investigatirg the audibility of various distortions, and presented & . 10: of the quality of the operation of radio broadcasting installations.
12_technique for Working up the results of such investigations. . 12: In its resolutions the Section noted ithe timeliness of the work and recommended
14: He presented a justification of the classification adopted, recomended the . 14: the extension of this system of remote measurements to other means of communication
15:draft; standards for pass band, nonlinear distortions, principal forms of noise, and | - 16: and radio broadeasting.
15_|gave a justification of these standards. . ]B: A.K.Bektabegov told of a new piezoelectric ceramic pickup with a number of ad~-
20 The paper by G.S.Genzel! was devoted to a study of the audibility of crosstalk. 8 10: N
; 22_|He discussed questions of standardization, and gave an analysis of the factors 3t 22+ The Section recommended the international standardization of the piezoelectric
24: fecting the results of subjective—statist:‘ical expert tests of the auditory perception » 24: ceranic heads of phoo pickups so as to ma!ke the heads and their spare parts inter-
26_|of such noise. . o 26: changeable. The phono pickups now in procluction, using piezoelectric elements of
28: The Section recommended that measures be taken for the most rapid introduction , ga: rochelle salt or ammoniun phosphate, do not meet modern denands, and should be re-
‘ 30: of the draft standards so worked out, and {'hat persons preparing specifications for 30: placed by piezoelectric ceramic phono pickups.
. 39_Inew equipment, or for the rebuilding of existing equipment, guide themselves by such ’ 32 :

_ V.S.Kissellgof presented a survey of ‘the electrical and design features of

1 nda | — i

34_|standards. i _|modern USSR and foreign radio broadcast rpiceivers and radio consoles of various
¢

] A i i f classification of methods of measurement and 36_] [
¥4 LM.Zayosdndy propesed criterit o { —lclasses. He formulated the problems of development of radio broadcast equipment dure
i ifi i tions, and presented a survey of the existing 38|
3g_lidentification of nonlinear distortions, and p ) ing the next e years.
sorethete: ! — In his report, P.Ye.Shifman discusset“l the possibilities of a sharp improvement
42: In the paper by N.L.Bezladnov, the sh]ortcomings of the methods now in use for 42_1

i

i “!4n the quality of the sound of modern radio broadcast receivers, which is of partic—
i i i i discussed. The speaker also presented require- 44| '

peasuring nomlnear diatortions vere f P __|ular importance in connection with the introduction of ultrashort-wave FM broad-

. l het:
#6_Iments which, if met, would permit attainment of the ry correspondence 46

: casting.

45_|the results of measurements and the percepition of distortions. 48: In its resolutions on these reports, .the Section noted that the new models of

> 50: The Section's resolutions on these pal.pers noted the great timeliness and the i ! 50._._ unified radio broadcast receivers and rad;o consoles recently developed are a sub— ..
5'.’,: necessity for working out modern methods o:f measuring nonlinear distortions in radij 52: stantial step Forvard in the fisld of radi!.o broadeast receiving appara.t.\;:. he Secd

¥ 54_jbroadcasting channels ! ’ 54__ tion recommended acceleration of the creation of various types of radio receivers,
. M_U.Taufer considered the circuit of the recording magnetometer with modulation - — s STA
| : 1_{5 STA
B - |
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—ireceivers,

extensive use of semiconductor devices and printed circuits in them, and development
,oLhigtbg;éde.speakem_anLsoumLsyntemanLthe_new_modela_nf_radio_and_televi;ion_

In drafting a new State Standdrd it will be advisable to provide for the

_|ameters and other characteristics of semiconductor devices and presented the results

“the report with the data on the state of semiconductor technology abroad indicates

possible production of radio receivers in|the 13-19 meter band.

SECTION FOR SEMIGONDUCTOR DEVICES

A.I.Stefanovskiy surveyed the semiconductor devices produced in 1955 and analy-|

zed their shortcomings. He reported the studies on improving the electrical par-

The resolutions of the Section noted|that a comparison of the data given in

the unfavorable position in the design and series production of USSR semiconductor
devices.
V.B.Pestryakov presented data on the

actual effectiveness of the use of semi-

conductors in radio equipment of the receiving type: diminished weight and power

consumption, improvement of the thermal conditions, prolonged service life.
i
G.Z.Gol'dshteyn discussed the specific features of semiconductor amplifiers in

automatic regulation systems,

Yu.D.Lindenbraten, on the basis of a criterion of evaluation for various semi-
conductor amplifier circuits o}ierating over a wide temperature range, discussed the
conditions of stabilization of the amplifier parameters and the methods of stabiliz=

ing the DC conditions.

The Section noted the practical significance of the materials of these papers.
On the basis of a representation of ? transistor in the form of an active, ir-
reversible quadripole, S.G.Kalikhman sta.bel;d methods of experimental determination of]
the characteristic parameters of the.junctiion transistors used in the radio-

frequency range.

Yu.A.X tskiy di:

d the qualitative indices of transistors and an in-
1

4

Approved for Release @ 50-Yr 2014/02/04 : CIA-RDP81-01043R002900040003-9

0 strument for mea.sux"ing them, based on the idetermination of the parameters of an

2] equivalent circuit.

4 The report by Ya.K.Trokhimenko was devoted to the use of feedback in transistor

6:'aTn§11.flers.

8—: The Section noted the importance of the use of feedback in transistor circuits.
10: A.A.Rizkin showed in his paper that by introducing a regeneration factor it is
12 easy to obtain simple formulas for calculating certain important quantities charac-
1 —_|terizing the operation of an amplifier stage using a transistor.

161 I.N.Migulin considered a system of law-frequency and high-frequency parameters

18: of junction transistors which permits the generalization of the theory of crystal
20: and vacuum-tube amplifiers. ]
22+ V.N.Yakovlev compared the methods of ‘obtaining the input or output volt—ami)ere
24: characteristics with a falling part, appli:.cable to the analysis of pulse circuits
26: using point-contact triodes; and presented a technique of calculating pulse circuits
?8: from assigned pulse parameters.

30: P.P,Toroshchin discussed simplified nlxethods of calculating amplifier circuits
32: using tfansistcrs, and showed the applicaﬁi.lity of the propcsed. technique to the
34: calculation of transformer-coupled amplifiter stages.

36: A.G.Muradyan analyzed the operation J!‘ semiconductor amplifiers with series and
38

__lparallel feedback. |

0 S.M.Cerasimov considered the va.riatio:n of generator states of a junction tran-
42:sistor at supercx;iticél fx:equencies , and :ilso the variation of the energetic in-
44: dices, and gave an analysis of these varialtions. ’

46: In the resolutions on these papers, the Section noted the practical importance
48: of the methods of calculating various ciréuits using semiconductor devices.

50— '

52 RADIO ENGINEERING SECTION
54— ! —

— He gave|

P,P.Mesyatsev discussed the technclégical plann?L;é ot ;a—d.fo‘emlipment.

| )
17
=
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2]

—| a method of determining flow in the production of radio apparatus.

The Section noted the timeliness of this work and its practical value, and

_| pointed out the fact that the further development of radio engineering questions de-

6__ manded the study of the theory of probability, mathematical statistics, and the
! 8: theory of tolerances on radio electric elements.
1‘0: Ye.M.Khodov discussed questions of -combined mechanization and automation of the
12: production of radio engineering-apparatus
14: The Section noted the great value of, the materials pr d and r ded
16: improving the work on normalization and sltandardization of semimanufactured goods
18: and their parts.
20: M.P.Yemel'yanov, in his paper, considered the method of "ccmpa.risox; by sample™,
22: which is used in tuning, regulating and checking modern radio equipment during its
24: production. The Section noted the promis;.ng nature of the method presented and
'26: recommended continuing the work on introducing it into production. .
N z:z N.N.Ivliyev devoted his report to mefhods of making radio equipment air-tight,
_and protecting the parts from moisture, and to the materials employed for this pur—
? 32: pose.
34| :
The Section called attention to the ?ecessity of very rapidly reorganizing the
36: production of filling and impregnating m:terials.
33: I.P.Chesnokov discussed questions of fthe mechanization oi"we-lding processes in
40: mass production of radio equipment. : X
42: The Section called attention to the importanqe of this work and recommended its
44: continuation. : !

#6 G.A.Shevtsov and Yu.A.Fedoseyev repox{‘ted on theoretical questions of parallel
48: reserves as one of the methods of increas'ing the reliability of electronic appara-
® 50: tus. They gave recommendations for the cénstruction of circuits using parallel re-

52: serves. i
¥ 54. - J L S, —
55— The Section recommended continuation of the development of the theory and tech-

!

0__ nique of calculation systems of enhanced reliability.

>71_ The report by B.A.Krasyuk considered|the data of experimental studies of the |

4: variation of the magnetic properties of alloys of the "permalloy" type under the ac-

6__ tion of gamma-rays.

B: The Section pointed out the timeliness of these studies and recommended compre-
10: hensive tests of the effects of radioactiyve radiations on new materials for use in
12 radio technology, during the course of their development and introduction.

14_ P.A.Arutyunov presented a report entitled "Study and Caleulation of the Accur-

16: acy of Certain Elements of Radio Technoloigy"; on which the Section recommended the
18: development of methods of éalculating radl?o technological equipment.

20: P.Ya.Tsygankov discussed the basic c;.uses for the ageing of quartz resonators,

22: and reported the results of work in building slow-ageing quartz resonators. The
24: Section recommended very speedy practicalv utilization of the new technique of build-
26: ing slow-ageing quartz resonators. '

20— : i
30 NEW BOOKS
32: M.L.Volin. Intermediate frequency amplifiers. Publishing House "Soviet Radio".

34: Moscow,1956. 232 pp. Price 7.20 rubles. i
36: This book gives the theory and simplified methods of calculating intermediate
38 | 5 o144

_| frequency amplifiers of a radio receiver.; It discusses the questions of shielding,

0 decoupling the circuits, and suppressing f;arasitic feedback in amplifiers. It gives
. an analysis of various amplifier circuits:and designs. The distortions in amplifi-
44: cation of various types of signals are cox;lsidered, and the selection of the basic
46: parameters of amplifiers is justified.

46: It is written for radio specialists %:oncerned with the design, production and

50: adjustment of radio receivers of all waveiengths. It may be used as a text by stu-

SZ: dents and ins.tx'uctors of colleges and teci'micians when studying the relevant parts

54_. of the course in "Radio Hecei;in; Eqmpmen_t'r;nd in ﬁ;@ghmm_;mﬁ

56 S S

19

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/02/04 : CIA-RDP81-01043R002900040003-9

> "f’v”."‘v‘_‘w—‘-r"‘l

STA
STA

Ny



Declassified in Part - Sanitized Copy Approved for Release

50-Yr 2014/02/04 : CIA-RDP81-01043R002900040003-9

_ition research projects. |

4 A.B.Ivanov, L.N.Sosnovkin. Super—ifigh Frequency Pulse Transmitiers. Publishing

¢~ House "Soviet Radio®. Moscow,1956. 611 ppi+ 1 insert. Price 1b.35 ribles.

The »theory and calculation of the el%aments of super-high frequency generators
10: and modulators used in super-high i'requen'::y pulse transmitters is discussed. The
i2 : book gives an exposition of the principles of constructing pulse transmitter cir-
1 4: cuits, and of questions of their testing ?.nd operation. )

i
It considers generators with external excitation, auto-generators using triodes,
| .

i3t klystrons, and ma, ns, resonant aut enerators, and pulse modulators.
i & > >
20 The book is written for enéineering workers in the radio engineering field, and

29_| also for students of radio engineering and radar faculties.
!

G.A.Remez. Course in Basic Radio Engineering Measurements. 2nd Edition. Svyaz'izdat,

i Moscow,1956. 448 pp. Price 11.25 rubles.

The theory and technique of the basic radio engineering measurements is given
. !

(measurements of currents, voltages, powe{', frequency, phase, nonlinear distortion,

32_]

_'modulation, basic parameters of circuits with lumped and distributed constants,

: field strength). The book is approved as a text for radio engineering colleges and
26| !
* _!faculties. !

M.A.Okrainskiy and V.D.Snetkov. Basic Telephone Cable Measurements. Voyenizdat,

49_| Moscow, 1956. ljh Pp. Price 3.45 rubles. i

44: This book gives the general concepts and definitions from the theory of long-

45: distance communications that are necessar;y for- a better mastery of the methods of
I

basic measurements of telephone cables. ':J."he arrangement and principles of operation

5(\: of certain special measuring instruments ;xre briefly described (signal generators, *

- nepermeters, frequency-meters, noise—volthge meters, etc.). It considers in detailj

_the practical methods assuring the conduct of that minimum of measurement that is

_ressent_ia.l_rqr the correct tuning and operations of telephone channels,

b

[dio Astronomy. Transactions of Fifth Cohference on Guestions of Cosmogony, MArch
2 !
_19-12, 1955, Academy of Sciences USSR, 1956. 567 pp._Edition 1500 copies. Price

} i bound 23.90 rubles. !

6 e b
___i This book contains the papers and addresses delivered by the members of the
r 8l i .
_+ Fifth Conference of Questions of Cosmogony, devoted to radio astronomy.
10— i

— !

12| Collection of Scientific Papers. Svyaz'izdat, Moscow, 1956. 226 pp. Ministry of
- !

14 Telecommunications USSR. Central Telecomm]unications Research Institute. Gratis.

15; This collection contains the following papers: A.D.Apanasenko "Equations of
1

90_] of priority call on a single line"; M.I.H:ikhaylov "Protection of underground cables
95| from lightning"; A.F.Marchenko "Theoretic:al principles of determining the aggressive-
94_| ness of soils and ground waters on the 1e§d sheathing of cemmunications cables";
2(,: N.N.Gerasimov and A.A.Kon'kov "Method of ;neasuring electromagnetic coupling on aer—
2 E: jal lines"; N.A.Stepanova "Methods of meafsuring electrical fluctuations"; L.T.Kim
)30: “Rational methods of obtaining the drivin;g frequency for multi-channel systems de-
~~: signed for short-distance r:ommunica.t;:lon";x V.P.Rurevich "Measurement of the parame-—
34| ters of transistors at low frequencies i;o; faint signals"; M.D.Korf "Effect of de-
viation of filter elements on the frequen?:y characteristic of damping of the filter

53 in measuring a small number of elements".! .
1

| |
A.F.Ioffe. Semiconductors and their use. Academy of Sciences USSR, Moscow-Leningrad,
| )

—11956. 71 pp. (AN SSSR. Popular Scientific Series), Price 1 ruble.

Describes the electrical properties of semiconductors in industry and in daily!
) .

__i11life, and tells of the history and prospeéts of .the study of semiconductors.
48 i

!
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1.3" electromagnetic energy transmission on multiconductor lines";G.F.Pramnek "Expectation
- ’ .
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_ ANNOUNCEMENT

| On and after October 1, 1956, subscriptions will be accepted for 1957 for the
]

- ] .
8;? Journal Radiotekhnika, organ of the Scientific and Technical Society of Radio Engin-
- ! ’
10— €ering and Telecommunications imeni A.S.Popov.
—
12 | (12th year of|publication)

14:: The journal presents information on the accomplishments of Soviet radio engin-

i
! eering and on the working experience of research institutes, laboratories, scientist

i H
_| and specialists in the field of radio engineering.

It contains reviews and bibliographies on radio engineering literature, as well

as individuval papers printed in the periogical literature,
' .
It reports the activities of the Scientific Society for Radio Engineering and

|

j Telecommunications imeni A.S.Popov, i

|
The journal is intended for scientis?s, engineers, instructors and students of

advanced courses in higher technical educ?tional institutions.

The subscription rate for 12 months is 72 rubles, or 36 rubles for 6 months.

Subscriptions are accepted at the city branches of Soyuzpechat!, at telecommun-~
I

i

—+ications offices, sections and agencies, at subscription agencies, and by authorize&
1

agents at industrial plants, in educational institutions and organizations.
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