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!
PASSAGE OF SIGNAL AND NOISE THROUGH A LIMITER AND DIFFERENTIATING SYSTEM

by
V.T.Bunimovich,

Full Member of the Society

The mean number of pulses and the law of distribution of pulse height obtained
as a result of the baSSage of a sinusoidal signal accompanied by noise through a
limiter and a differe;tiating system; are defermined.

1. In this paper the following problem is considered. The voltage at the in-
put of a system consisting of a limiter and a differentiating system is composed cf
a sinusoidal voltage (signal) and a voltage of fluctuating character (noise), which
obeys the normal law of probability distribution. The spectrum of the fluctuations
is concentrated mainly in a relatively narrow frequency band. Within the limits of
this same band lies the signal frequency.

At the output of the system, as a result of the limiting and differentiation,
pulses are formed, whose height, owing to the presence of noise, is distribhted
according to a certain law. The mean number of pulses in unit time whose height ex~
ceeds an assigned value is determined, together with the law of distribution of
pulse height. Thé éssigned values are the effective values of the sinusoidal signal.
‘and noise at the input.

It is assumed in the calculation that the voltage at the output of the dif-

‘_ ferentiating system'is proportional to the derivative of the voltage at its input.
.For this reason the following discussion is applicable directly to the practical
'»{case, under the condition that the time constant of the actual differentiating sys; .
;witeﬁ is sufficiently small.
. h -E 2. The‘varia;cion’s with time of the quantities with which we are concerned are
- 'iilustr#téd.schematicaii&_by the curvés‘of Fig.l. A ééééigﬁt line parali;i ib tié .
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ax:.s of abscissas, marks the level of l:_m.'!.tlng. " The curve of U (the dashed Iine)

represen’cs the time-dependence of the totaul voltage at the limiter input. The curve
"7 of voltage at the limiter output (the heavy continuous line) is formed of segments of
_the curve U and of rectilinear portions parallel to the time axis (and located at thHe

‘ - dlstance a away from it, that distance being equal to the level of llmltlng), and of 1

Fig.l

portions coinciding with that axis. The s]ame _;‘igmme shows the pulses formed as a ;
result of the differentiation of the voltage after its limiting. The pulse height is
denoted by H. If there were no limiting (more exactly, if the level of limiting
"a - =), then the voltage at the output of the differentiating system would not be of
pulse character, but_ would vary by a law represented by the curve V (the dotted Jine)'.
The vertexes of the pulses obtained in the presence of the limiter are formed by seg—-
ments of the curve ¥.
3. From here cn We shall assume that the spectrum of fluctuation at the input
_.is concentrated, in the main, in a relatively narrow band of frequencies, that is,

_Jlf AQ is the effective width and QO the mea.n frequency of the spectrum at input,

_then TAZ&- << 1 (in practice, AQ is equal to the efi'ectlve pass-band width of the
: H (o) ) _’ ¥
‘narrow band filter connected at the input ‘of the device and separating a definite

" -——;Spectra.l band of the fluctuation voltage). The curve of time-dependence. of such

3¢

voltage, hav:.ng a na.rrow spectral ba.nd is approximately sinusoidal in’ character,
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that is, it ha§~tﬁé—form of a distinct sinusoid which frequency is equal to the mean
frequency of the sééctrum. This fact is known from experiment (cf., for example,
reference 1), and is easily justified theoretically. The curve of total voltage at
the input, U, has‘fhe same character, and is made up of the fluctuation voltage with
a narrow spectral band, and the pure sinusoidal signal voltage. The same thing may
be assérted with respect to the chgracter of the time dependence of the voltage V
(cf.Fig.l) obtained as a result of differentiating the quaﬁtity;

Thus the pulse heightsH, which would be prodﬁced in the presence of limitation
(a being finite)-are equal to the maximum values (amplitudes) of the approximately
sinusoidal quantity V which would be observed at the output of a differentiating net-
work in the absence of limitation (a = = ).

Thus the pro%lem of determining the law of distribution of pulse height H re-
duces to the linear problem of the distribution of the maxima (amplitudes) of the
approximately sinusoidal quantity V, répresenting the result of the differentiation
of the approximately sinusoidal quantity U. Thus, in solving this problem, the limi-
ter is completelx_eliminated from the discussion. We remark merely that the value of
the level at which a is limited obviously affects only the pulse duration.

L. To determine the mean number of maxima of H (that is, the mean number of
pulse§) exceeding-a- certain value, let us use at first a method (Bibl.2) directly
based on the fact that the curve V has the form of a M"sinusoid" of frequency equal

.toQq, and of slqéiy varying amplitude and phase.

" Let uS'wr;te‘phe expression for the probability density of thé quantity H,‘in
other words, for the probability that the value of the maximum of the curve V lies
between H and H + dH. If the signal were absent, then the'probability sought would
be equal to - |

- H‘
- 2¢
- W H)dH=-_-¢ "V dn,
3 nAorm c'v .

@)

since the %atterﬁexpression represents, as is commonly known, the distribution law

for the envelope of the quantity V (Bibl.3) if V obeys the normal law. The quantity
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oy in the formula .(Bibl.l) represents the mean-square value of V, o, = V. 2. In the
presence of the signal, the quantity V is the sum of the fluctuation and sinusoidal
voltages, because s&ch a sum is the full voltage U at the input of the differentia-
ting network. We..zjecall that the problem has been reduced to a linear problem. The

limiter has been "eliminated" (cf. above, Section 3). That is, if at the input

2
U'——-Un ‘}‘Ess.jn Qutb ( )

where U, is the voltage of the fluctuating component and Eg is the signal amplitude,
then at the output we shall have

X V=V, 4 H cosQ,t,
- (3).

where
V=U, Vn——‘lojnwl_ls:{-'uk; (h)
(the dot on top denotes differentiation with respect to time).
In the presence of a signal, the law of distribution for the amplitude (envelope)

of the value will have the form (Bibl.3, pages 296(21) and 339(50):

u’ 4+ n?
T
W (H)ydH=-1L_, " L,( % H)dH, (5)
sy Sy

where I (x) is the Bessel function of zero order of the imaginary argument.
Equation (1) is a s;pecial case of eq.(5) for Hg =0.
According to what has been said earlier, eq.(5) represents the law of pulse dis-
tribution according ato height (ef. Fig.l1).
For simplicity, we now introduce the notation:
7 Hy

h=—, h=-t o (6)

_ oy oy
Then the probability of "the quantity h lying between h and h + dh will be

(cfeeq.5) equal to

- ;_ ( n=+h§')

W, (h) dh = he 1, (4, h) dh. (5a)
The transition from eq.(5) to eq.(5a) may be considered as a selection of the
units of measurement of V such that V2 = l. We shall likewise term the normed value

of h the pulse height. ‘

STAT
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5. The probability P(hg) that the pulse height exceeds the value hp, i.e., the

probability of the inequality h > hO’ will be, on the basis of eqg.(5a):
k'sz 1 9
—— — '
P(h)=e ~ |he I,(hs h)dh =

t

¥

h 1

-—— —_h

2 Mo, T
=1—e fhe Iy Lh h) dh,
0
-since (Bibl.L) ..
- - = 9 2
© Jo(hsh)dh=e" .
For hg = O, the value of P (hp) will be equal, as indeed it should, to P (0) =l.’
(It should be noted that eq.(7) is in agreement, as indeed it should be, with the
definition of opposite events).
Let us now denote by Nl(ho) the mean number of pulses in unit time whose height
exceeds an assigned value hp. Then the mean number of pulses during the period
T = én will be equal to NT(hO) = Nl(ho) T. During the course of any time inter-

(o)
val of duration T, one pulse occurs (since the number of pulses in unit time, equal

to the number of maxima of the "sinusoidY, is equal to the frequency% = 2; ). For
this reason the ;mmber of pulses, during a period, whose height exceeds a certain
value hy > 0, ma} be equal either to 1 or to O. The probability of the former
event (h > hg) 'é’éuals P(hg), the probability of the latter event (h <ho) equals

1 --P(hgy); and j:,he;'ei‘ore the number of pulses Np(hgy), in time T, whose Height exceeds
ho will, by the definition of mean value, be equal to "

No(h)=1-P(h) 401 — P ()] = P (ko) (@

R

and the mean, related to unit time:

- Q )
Ny (ko) = o P (ko)== — = P (k)

and, on the basis of eq.(7): )
N h{ h?

- ' -5 F T (9)

2 .

T N, (hy) =" 29 e Yhe Iyth, h) dh
e )xu .

The latter expression, in the special case where hg = 0, takes the form

~

' (Bibl.2):
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Declassified in Part - Sanitized Copy Approved for Release 2013/04/02 : CIA-RDP81-01043R001900020013-1



Declassified in Part - Sanitized Copy Approved for Release 2013/04/02 : CIA-RDP81-01043R001900020013-1

- 1

Ny (h)=—ae 7. (92)
The mean-square value oy, of the quantity V, = fln equals
oy =23, (10)
where oy is theﬂmean-square value of the fluctuation component U, of the value of U

. - =2 .
at the input, i.e., oy = V Un, and QII is the mean-square value of the spectrum of

the quantity U,, determined by the expression (Bibl.3 ), page 202):

o

l ]
9 =— j 2:G,(2)d e,
u

where Gy (Q) is_the spectral density of the quantity Un' With a narrow spectral
band of the quaI}tity U,, the quantity Q11 may be put approximately equal to the sig-

nal frequency ¢
)~ Q

=1 0

(in the special case, the signal frequencyQo may be exactly equal to QII)'
On the basis of eq.(10), (6), and (L) we may now write, for the quantity h,

entering into eq.(9), the following formula:
he = —— =2~ Ly, (1)
Loy Sy
The latter equation expresses hs in terms of the quantities determining the

signal and noise at the input. 9 here denotes the signal-noise ratio at the input:
E,

0 Vi (12)
‘u

6. In de};ving eq.(9) for the mean number of pulses with height exceeding an
assigqed value, we start out from the assumption that the law of distribution of
pulse height is determined by eq.(5a) (or by eq.(5), as the case may Ee). The truth
of this assumption is justified by considerations of a physical nature (Bibl.2)., We
shall now pfesgnt in brief another derivation of eq.(9), which is free from this
assumption, and we shall then obtain eq.(5a) as a consequence of eq.(9).

For our derivation, we shall make use of the general expression for the mean
number of p?aké of the stochastic quantity v, exceeding a certain level v = ho.

This expressioh hgs the form (Bibl.3, p. 329):

N h — o, . . -
() =T, (1, 5) do, (13)

6 STAT
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where Wv’§ is the two-dimensional probability density of the quantity v under consid-
eration and of its dérivative with respect to time, V. In our case, we are discus-
sing the peaks of the quantity v (cf.supra) exceeding the level hye We shall under-

stand the quantities v and hy to mean, respectively, (cf.eq.(6)

V
U= h,== 1o .

’

OV ::V

(1)

In the case with which we are concerned, the quantity V, or v as the case may be,
represents, in consequence of the presence of a signal, a nonstationary stochastic
(fluctuation) process, and eq.(13), representing the statistical mean, will depend on
time. For this reason, to obtain the total méan (both statistical and with respect’
to time) we must in general, take the mean of the right side of eq.(13) with respect
to time. Then, for the mean number of peaks of the quantity v, exceeding the level
v = hgy, i.e., in our case, for the mean number of pulses of height exceeding the

level h = hy, we shall have the expression

P e

Ny (hy) == [OW, ; (hyv)do, (15)

V]
where the wavy line indicates averaging through time.

7. Let us find at first an expression for the two dimensional probability den-
sity Wv’; of the quantity V and its derivative Vv with respect to time. We have
(cf.eq.(3))

V=V, +V, (16)

-

where V,, and V ‘are, }espectively, the fluctuation and sinusoidal components of the
quantity V.
- Ve=H, cos Qt}=Q, F, cos QL. (17)

For the derivative ﬁ, we have
_ ¥ (18)
The expression for the two-dimensional probability density of the quantities

V, and 6n’ under the normal law of distribution, will have the form (Bibl.3):

- : =-—l— ____.1__- 2 VQ 1

=1

where oy = V‘Vn =meaﬁ;square value of Vj and&)%l = mean-square frequency, determined

7 STAT
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C

by the equation

o

j' LGy () d Y.
1]

where G, (Q) = spectral density of the quantity V.

It follows from eqg.(19) that the expression for the two-dimensional probability

density of the quantities V and V will be
! sy W=V
exp (== |V — e | —

W, =
vV e
v Q;

9 -0 2
278, ,0y

The probability density for the quantities v and v (cf.eq.(14)) on the basis of

eq.(20), will have the form:

Wt e o — gy g (21)

Here the following notation has been introduced:

05== Vs =hs cos Qot» v$= :{7 =—!‘)0hs SinQO t: (22)
v 4

vhere

H,

Sy

8. By substituting in eq.(15), for the function W, ;, its expression by eq. (21),

we obtain (cf. also eq.(22))

Nt Nt St Mt N e e o Nt S N S s et N s st e

-]
1 .. ] 0 — 0.)2 .
N| (/lo) = —2—;‘,.—5 U exp {— '—2'[(}20 — Us)z + —(U—“,,ZUL]} dv=
L =1 (23)

(0 + 20 h,ysin Qo t)? :

Lot | i

-——l——j‘iz exXp {— —2]—[ (hy — hy cos Ry t)* +
!

;
2=0,

Let us now assume, for simplicity, that
. ] Qp=12}. (21)
" Then, for the exponent of the integrand expression of eq. (23), we get

~ (hy — K, cos Q £)2 + —9’2— (0 + O h, sin W, )2 =
11

- ] - o o .
={1§+h?+——gg —QhS(hocosg(,t— o sm-.ot)__

(Y]
-0
- 1 " .
=h 4 hy+ :2 — 2h, 1/!13-*- Y] cos (Qot + 9).
. - =y 0
. i We shall not write the expression for the phase ¢, since only the fact that

does not depend on the time is of substantial importance for us.

Equation (23) is now written in the following way:
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vvvvvvvvvw«vvv-wuv«dv

) hsw‘/hg-f-l';l—cos(%l-i-ﬂ
0 e 0 du

-

h "

=" F "o I hcos {2l +9) 2

N.(h)= 291: e ’ g/ze 2.e "dh. (25)
ho

On the basis of the well known integral expression for a Bessel function

n
1 X €OS 2
I (x)= T‘S‘ e dx
0

we have

e N S N e N S e N =

et _ goresi_ LS5, (26)
i
By virtue of eq.(26), after averaging over time, the integrand in eq.(25) takes

the form ’ h2 o

—_ —
N, (h) = 2‘"’; K She 2 1, (h,h) dh. 27)
ha

The expression so obtained for the mean number of pulses agree; with that found
earlier by a different method (cf.Section h, eq.(9)).

9. Equation(5a) for the law of pulse-height distribution follows from eq.(9).

Indeed, let n pulses occur in unit time, where n is a random quantity. If Wy, is
the pulse-height %robability density, then the mean number of pulses per unit time
exceeding h in height, is equal to

N, (h) =E;\TW,, (x)dx, (28)

where 7 = mean number of pulses. in unit time, which is obviously equal to n = Ny (0).

It follows from eq.(28) that
' LAV 1V dN(h)

7 e eem . .
Walh) n dh N (0) dh

and on the basis of eq.(27) (or of eq.(9)), the expression for the wanted pulse-

(29)

height probability density will be
’ L . (30)

W, (h)=he T ly(hh),
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which agrees with eq.(5a).
10. Equations(30) and (27), or egs.(5a) and (9), so obtained, represent the
solution of the problem posed (cf. also eqs.(11), (12) and (14)).

Thus the lgiv of pulse height distribution is defined by the expression of eq.(30)
LAY X
Wyhy=he "7 I,(hh) (1)
and the mean nunbgr of pulses related to unit time and exceeding the value ho in

height, is equal to

N(/t)—— N,(h,

. - =
No(h)y=¢ * | Sl (Al dh =

(11)
o (k) dh

(cf.eq.(7)). The quantity NT(hO) is equal to the mean number of pulses for the

period T =.%§ =;;, of a height exceeding the value hoe
(o]
At great values of h, or of hg, at which hg h>>1 (cf.eq.(I)), or (cf.(II)),
the well known asymptotic expression for a Bessel function may be used:

lo(x) ~ —__ --(\

Then the expressi‘on for the distrlbutlon law of eq.(I) may be represented in

. the form S e
Uy s = o—a—
C- ‘Vh‘\' - l’/ h e - ’h h>1), (Ia)

' im hs

while the expression for the mean number of pulses for a period may be expressed by
Ul—h )¢

Nr = ,—/z:'j‘ V dh. (I1a)
By performing the exchange of the mtegratlon variable x = h - h_ in the latter
s

N, (h) = —— * :
r (Ao V2nh_j;]/l+7x,—e ax.

At hg < hg (i.e., for hg - hy <0), and at sufficiently great values for hg,

equation, we get<

(I1ta)

the following approx:l.matlon will hold:
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—

) x!

; 1 Ty I
Nr(ho);': 72? 5 e Zdx = - }/]Z—n

~ —{hg =) 0

(31)
11. Equationgykl) and (II) are graphically represented in Figs.2-6.

‘ ‘ Figure 2 gives curves for the pulse-height probability density h = H/fo, at var-
ious values of hs;‘i.e., Hgy representing the pulse height in the absence of noise
"(or in other words, at various values of the signal amplitude Eg at the input, or,
more accurately, at vafious values of the signal-noise ratio at the input (cf.eq.ll).
The curves are constructed by eq.(1). The curves for hg < 5 are constructed by the
appréximate (asymptotic) eq.(Ia). As hg increases, i.e., as the signal amplitude
increases, the mos£ probable values of the pulse height (i.e., the values of H, cor-
responding to the ma§ima of probability density) approach, as indeed was to be expec-—
ted, the corresponding values Hs = ths, equal to the pulse height in the absence of

noise.

\
N

n 74

Fig.2

On Fig.3 the curves are plotted (solid lines) for the mean number of pulses ex—

ceeding the value hy in a period, or in other words, HO = tho is plotted against

h - . . .
the ratio;jfL » i.e., of the ratio of HO to the height Hs, which the pulses would

. (o4 pe h
have in the absence of noise (—ig- = jfl ) The mean number of pulses during the

S s
period represents, in other words, the ratio between the mean number of pulses for
{ >

any desired time interval in the presence of noise to the mean number of pulses for

11 STAT
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—

the same time interval in the absence of noise. The curves are constructed by eq.(II)
by means of numerical integration. The curves for hs 2 5 are constructed by the aid-
of the approximate formula (IIa). At hy = @ (3 = = or oy - 0), i.e., in the limit,
in the absence of noise, the form of the curve for the mean number of pulses NT
plotted agains_t hy tends, as was to be expected, to rectangular. Namely

{ ,l._ - ]

b STl (32)
o>,

1, :
if hg = =. Equation(II) in the limit as hy —~ = passes over into eq.(32). Indeed,

) A”(ll"):jl 0 at

”"/ho/. Nifbu) INI {hv )][,:.0
)

T
T T NR) [N’(ﬁ,,,‘]h‘_”

h
at—hﬁ-<l, i.e., at hg - hy > 0, and at h, - =, we have

S -
. 1]

' g

1 7
Ny(h - ’757—.} ¢ Cdx =1,
—_

h
On the other hand, ath—° >1, i.e., at hy-h > Oand h, = =, the value of
S

Ny (h ) approaches 0, as follows directly from the approximate eq. (ITa).

On Fig.3 are also constructed (with dashed lines) curves for the quantlty
NT(ho) - [N (ho)Jh 0, equal to the difference between the mean value (for the
period) of the number of pulses in the presence of the sigqal on the cdrresponding
quantity in the presence only of noise. This difference is obviously equal to the

. N(hy) —- [NCh )]h 0 . . !
ratio _, which, in a certain Seénse, represents the signal-

[N(h )] 0

STAT
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. noise ratiio at the output. In this connection the fact that these curves have maxima

-

. h H
must be taken into account. At large values of the ratio —h—°— =—2 , the dashed cur-
N s s

ves for the differeénce NT(hO) - [NT(hO)Jhs = 0 tends to coincide with the cuvrves for

the quantity NT(hO).

Al o0 ;)[4 i, g

.10

06 . S - =1 Nv(ho)"[NT(hﬂ)]h;;a_
; Nr(ho)

17,6 T = Nr{hn)-[Nr(ho)]h’_o

U4

02r-

‘ On Fig.5, curves for the same quantities are constructed as in Fig.3, but here

hg is the independent variable. The curves given in Fig.lL (solid lines) for the

ratio
Nr(h) = [N (hola, <o [N (ko] —o

Nz (h) o N (ha)

sense characterize the signal-noise ratio (more exactly, the

likewise in a certain

-

:,(h,). Ny (1) el g
X - 3

-

— Nr{ha).
- = r(hl)-[Nr(ha)},,s_a
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N (Ilo)
[IV (llo)]hc_o '
necessary signal-noise ratio, tends to increase without limit when the level of hy

signal noise ratio at the output). The ratio s representing the
increases without limit, i.e., at a signal as weak as may be assigned, the ratio of
the mean number of pulses of height exceeding a certain value ho, in the presence of
a signal, to the mean number of such pulses, in the absence of a signal, tends to
increase without limit as hgy increases. Of course, however, the actual number of

pulses in both cases does approach zero,

N, l'g - Nr hﬂ) .
_..(_;)T!l"(-}'i) J;t’— ¢ ] L{"(""?-(N'(h"”"s'q
10 | T

~
~
~

—

a8 {-— -, T M- (M),
N, (h, N\

Nr(h') '[N, {hl}]lg -0 _,5 \

\
\

5,

S N J__. e

6 7

- i e

1
v,
;.
.
L
W | 4———-
i

Fig.6

Figure 4 also gives curves (dashed lines) for the difference NT(hO) - [NT(hO)]h3=

= O which were also represented in Fig.3. These curves at small values of the ratio
:—: » coincide with the curves for the quantity Mriho) -I\EN’([‘:}]O)]I‘S "0 .

Figure 6 represents the sanie quantities shown in‘FigT.‘h,ographically, as a func-
tion of hg. As large values oih‘zhs, the quantity Mrtho) _N[I:;I‘(i‘o)]hs = 0 tends to
coincide with the curve 1 - e 2 (beginning in practice v}‘itl}?'values of hg equal,

let us say, to 5).
‘Paper Received by the Editors 30 September 1953,
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RECEPTION OF PULSE SIGNALS BY THE METHOD OF MUTUAL CORRELATION
by
V.I.Chaykovskiy

Full Member of the Society

The ratio of éignal to fluctuation noise on the reception of pulse signals by

the method of mutual correlation is determined; the ratio so obtained is compared
with the correspoﬁaing ratio at the output of an ideal band filter.

The purpose of this paper is to analyze the noiseproof features on the recep-
tion of pulse signals by the method of mutual correlation (Bivl.l, 2, 3). From the
block diagram of the receiving installation shown in Fig.l, it follows that the mix-
ture of the useful signal UF(t) and the fluctuation noise xF(t) passing through the
input filter, 1is multiplied by the signal of the local heterodyne e(t). The product
of these quantities is averaged by the means of an integrating device. ‘Thus there
exists at the outﬁut of the correlation receiver a discrete series of consecutive

values of yT(r), which may be written in the form:

r
|u (0) i-x (l]o(tf-r,dl=—,]r— Slu (et --udt
] .
1
_IT_E (t)('(t-{-r)dl_om,( ) 4 2 0p (0. (1)
0 N )
This quantit& is the sum of the short-time functions of mutual correlation of
*the noise xF(t) and of the useful signal uF(t) with the signal of the local hetero-
cyne e(t). The noise at the output of the correlation receiver is represented by a
function of mutual correlation between the noise and the local signal @i T(m), and
the useful signal is represented by a function of mutual correlation between the
useful and local:signals<pueT(T). Since the interval of averaging T is a finite

quantity, Py, T(T) and @ rT(T) are functions of the time, the function wkeT(F) as the

mean of a random quantlty over the time in a finite interval is a stochastic func-

16 STAT
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tion of time and is characterized, as usual, by the mean square of the fluctuation.

It follows from this that the signal-noise ratio at the output of the correlation
receiver may be determined as the ratio of
the square of the short-time function of

-
’ . I the mutual correlation of the useful and

local signals cg, calcutated at the in-

stant of existence of the signal, to the

- mean square of fluctuation of the short-
_ Fig.l )
time function of mutual correlation of the

a) Input filter; Auw,; b) Multiplier; 5
: noise and the local signal o,. It will be

¢) Integrating (averaging) unit; d) Gen- 5
shown below that the quantity o decreases

erator of local ;ignal e(t)

with increasing T; however, an increase of
T leads to a reduction of accuracy in determining the position of the useful signal
pulse on the time axis (the duration of the interval of averaging equals the maximum

. error in determining the instant of occurrence of the useful signal pulse). For this
reason, by comparing the signal-noise ratio at the output of the correlation receiver
with the corresponding ratio at the output of an ideal band filter, it is necessary
to adopt the condition that the error in determining the position of the pulse on the
time axis at tﬁe--output of an ideal band filter shall equal the corresponding error
.at the output of j:he correlation receiver. ‘

Let a useful signal u(t), in the form of a segment of a sinusoid of duration

and frequency wo, act on the input of a receiver with band Awg:

n(l)= F.coseyt at

(= at 1(—-;:_ and/\/\%.

. and let the fluctuation noise x(t), determined as a certained stationary stochastic
process, likewise act on that input.

The transfer ratio of the filter at the receiver input will be:

17
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K= 1 at o

' w . Sun (3)
. =0 at w< wy — _:\._)_'{ and w > w, 4 —--:ﬁ" i
The local'éignal, which frequency is always taken equal to the frequency of the
|
local signal,

) RS S A < NS |
et | =)=/, cos(wyf + 3), (L)

Let us determine the noise at the output of the correlation receiver, i.e., the
mean value of-thé’square of the fluctuation of the short-time function of mutual cor-
relation of the noise and the local signalxji.

It is well known (Bibl.L) that the mean value of the square of the fluctuations

on repeated calculation of the mean value of some stochastic quantity Z(t) with time,

over a finite ifiterval T, may be expressed in the form:

% Hl——). 222 () = (2 d =, (5)

In our case ?,,(T) is a function of the autocorrelation of the product
xp(t) e (t + 1); Z(t) is a function of the mutual correlation of noise and local sig-
nal, which, by virtue of the statistical independence of noise and local signal, is
equal to zero. ]

The functlon of autocorrelation of the products xF(t) e (t + ) may be rébre—
sented (Bibl.5) as the product of the function of autocorrelatlon of the noise at the

filter output eq.(3), and a function of autocorrelation of the local signal e(t):

Alll
sin ~—=""

P20 (9= £ — = | (6)
where b2 is the rioise power on unit band™.

Thus

P

*Here and below we shall consider the value of the power given off across a resis—

tance of 1 ohm,
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B, <

sin

,.

G G I ALY 2 ' ' - y B .

w2 (1= 2) T costaea ™
v

Integration of this expression gives;

, _ E® due T 2
Ox...—_. - { Si —
2 Aw, T
, E'

"T‘,_._._-
2r

(8)

Aw ' T :
AL —& <« 2Wg, the sum of the last two terms of eq.(8) may be neglected, and

then

!

(10)
w, T

2
The value of the short-time function of the mutual correlation of the useful and

Figure 2 shows the values of @ (

local signals cpueT('t), calculated at the

X T
v ~ instant of existence of the useful signal,

s

depends on the duration of the interval of

a3
averaging T and on the time shift between

14
the beginning of the calculation q:ueT('t)

ar

0 . and the instant of appearance of the local

ar 10 .
' signal. The value of q:ueT(’t) with equal

“Fig.2 . i

probability takes on any values between

zero and a maximum value [¢or(T)Imax o9 corresponding to the coincidence of the in-
tegration interval center with the useful signal pulse center. Thus the useful sig-

nal can be detefmi-ned as the mean value of the‘ square, of the quantity (pueT(r):

19
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7

2
l(?"ﬁ (t)' max T —'l’— .U". i (l) et '}" T) dt, . : (ll)

where up(t) is the useful signal at the filter output. eq.(3).

On substituting the values of up(t) and e(t +7 ) in eq.(11) and integrating it,

at bw;6210.2, with an error not over 103, we obtain

(?lll.'7 (T)] max é’ - a’[ T < o
(12)

["?acl ('t)] = _'6__ . L;“;."_ at 7> 5

max 7‘

At T <6, the probability density of the quantity ?urr(T), calculated at the in-

stant of existence of the useful signal, equals

2
Wis)=-=--. . )
()= L. (13)

Thus the mean square value of the quantity ¢ .p(7) is

"""'".,W.')l 1 EE
- [ 1 EE a

V]

Let us compare the signal-noise ratio at the output of the correlation receiver
with the corresponding ratio at the output of an ideal band filter, with equal errors
in the determination of the position of the uéeful signal pulse along the time axis, .
after passing

The _efror in determining the ‘position of the pulse on the. time axis,

through an ideal band filter with a band Awp, will be taken as equal to the build-up
time of the signal: _ : | '

! - b )
A("f .

The signal noise ratio at the output of‘ an ideal filter with a band Amf, at

! ‘ Awpd 2 10.2 may be represented with an accuracy within 10%, in the form (Bibl.3):

i

20 . . STAT
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-

(16)

leg = .
f Il." A"'f

The signal-noise ratio at the dutput of the correlation receiver (cf.egs.(9)

and (1L) is equal to

Ll

consequently,

(18)

T Aw Aw, T
20
(=7

Taking account of the condition that the errors in determining the position of

the pulse shall be equal, i.e., putting T = Ai’; , we obtain, on expanding eq.(18):

0.67=

a |

9 21 si Aue *— ! (l — cCs — r:) (19)
Amf L“"e - .\lnf 7

Aw £

A __

- o A
Figure 3 shows the relation between —£ and Ve o It follows from this figure

o W
f f
that the expansion of the band at the in-

put of the correlation receiver with un-

changed integration time T, or, what is

98 the very same thing, with unéhanged error.

05 " ' in determining the position of the pulse

B along the time axis, leads to an insigni-

92 > ficant adverse effect (of the order of

0 . AWe
12345678 9w 4% 30%) on the signal-noise ratio. Taking

> : into account the fact that the signal-
Fig.3
noise ratio at the output of an ideal band

filter is inversely proportional to the transmittance band (cf.eq.(16), it is easy to

reach the conclusion thét the advantage with respect to signal-noise ratio at the
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-~

output of the correlation receiver in compafrison to the corresponding ijratio at the

output of an ideal filter with the same band is proportional to the ratio between the
band used, Au;, and”the optimum band Aw,: '

a—c=0,67 Aw ) (20)

a; Awg

By the optimim band we mean a band assuring a signal build-up time equal to the
allowable error in determining the position of the pulse of the useful signal on the
time axis.,

Paper Received by Editor 16 November 195/
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- BUILD-UP PROCESSES IN DETECTION OF PULSE SIGNALS

by
A.A.Kulikovskiy,

Full Member of the Society

This paper coﬂéidefs a method of caléulating the steédy voltage of a pulse sig-
nal on the load acréss the detector load by the aid of the Duhamel integral for the
slowly varying constant component. .A method, convenient for integration, is proposed
for the approxiﬁgte determination of the DC component of the detector current with a
broken-lineSapproxi;a#ion of the characteristic of the latter. ﬁy the aid of this
method, simple expressions are found for the steady voltages across the load of
plate, diode and cathode detectors in detecting pulses with a rectangular envelope.
The application of the expressions so obtained to the calculation of states of detec-
tion of pulses with envelopes of other forms is discussed.

Several papers have been published in recent years devoted to the build-up pro-
cesses in detecting pulse signals (Bibl.1-5). In several works (Bibl.l, 2) the
study is performed:py the method of fitting differential equations. L.S.Gutkin
(Bibl.3, 4) has obtained a solution, by graphic integration, of an equation set up on
the basis of the.ﬁeghod of élowly varying amplitudes., This same method is used in

another paﬁer (Bibl;5). The expressions obtained in these papers are complicated and

inconvenient for practical use,

We present below a study of the build-up processes in plate, diode, and cathode

detectors, based on a relation of the type of the Duhamel integral for the DC compo-
nents, using a broken-line approximation to the coefficients of the expansion. This
‘method leads to approximate expressions that are simple and convenient for practiée.'

A circuit consisting of the resistance R and the capacitance C, connected in

parallel, (Fig.l) serves as the detector load. The time constant RC is taken as

-
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| ‘ffhany times lgnge; than the period of the detacted oscillations T
2¢

RC>»T.

Uy (t)

mls equ&l to

The contact resistance of such a circuit r(t) =

f.(f)=R(l —e"':?). | (2)

The current i(t) in the load circuit of the detector has a certain complicated
character., Then the voltage across the

load may be determined by the Duhamel inte-

l .
gral Uy t)y=i(t)-r(0)-+ {1(x) 7 (t —v)d=. (3)

Here r(0) = 0, and the first term may

be omitted.
By differentiating eq.(2), we get

r'id — 1) =— . (L)

Then eq.(3) takes the form:

{ t <

Uo(t)=—lc—bf e 1€ e BCi(x)dn. (5)

With an accuracy to T, we represent the time t as t = kT, where k is an integer.
According to ‘this, let us divide the interval of integration (O-t) into partial in-

tervals of duration T:

L Db LT x .
Uty = — R 5 e X (x)dx.
p=9 pT (6)

l

Let us consider the integral entering into the latter expression. On the basis

c

‘of eq.(l), the exponential factor may be considered constant in the i_nte.rval of in-
tegration, and may be brought outside the sign of the integral. Indeed,J‘ by the

theorem on the mean,

Declassified in Part - Sanitized Copy Approved for Release 2013/04/02 : CIA-RDP81-01043R001900020013-1



Declassified in Part - Sanitized Copy Approved for Release 2013/04/02 : CIA-RDP81-01043R001900020013-1

i
K ) _ . g
‘ where 0 < & < T, According to eq. (1), =

Then eq.(6) takes the form:
_ k-1 _tonl

Uo(t) = _LC_ 2 e ne

i(x)dx

i i by x)e
(here the variable of integration, for greater clarity, is denoted by )

(8) by the integral,

« 1

imi -~ 0. In this case, the symbol 2
. i.e., let us pasg to the limit of the sum as T 2

Considering T<<t, K >> 1, let us replace the sum in eqe.

T .
is replaced by f ; p by t; Tby dr,

I (pF Him /g(=).
The quantity Io(pl), must be replaced by  T,7e

Let us denote

=, -

B § itx)dx =n(2),

where a is an arbitrary fixed instant of time. Then

T v(z+ T) =1 (%)

f="20=5 =

T

) i Ay,
fim [ (x) =1im
70 ="
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It is obvious that on passage to the in]tegral, the replacement of the quantity

-IO(T) by the corresponding limit will return us to the original expressgion. Instead
- f
of this, let us approximately maintain the quantity IO( ©) under the integral sign

without passage to ‘the limit, i.e., instead jof the derivative of eq.(12), let us

retain the ratic of finite increments of eq.(1l). ‘
The condition determining the possibility of such maintenance of the ratio of

finite increments.instead of the derivative, is the slow variation of I0 with time.

o

Indeed

(s - Dmn(® T (@4 = () e (13)

Consequently

under the conditions that

_ — |
T YW ()

Let us substitute eq.(16) in eq.(17) and, replacing the expression n" by It, °

as well as —21‘- by —21;? , which strengthens the inequality, we obtain eq. (17) in the
form .

[o"’ > Iol. ' ) (18)

-
. -

iquation (18) is the usual condition of slow variation of the f.:uncﬁic;n rIO(‘T);' T

A
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Under this condition, by replacing the sum in eq.(8) by the integral, we may,
by virtue of eq.(16) abstain from passing to the limit of IO(T). Then we finally
" obtain

- 4 _‘_‘; !
Uy === ™ Lo(de= [t =9 To:)d,
“ h ' 0

-—

<+ 7

I,(%) = _‘T_ S i (x) dx. ' (20)

The quantity :EO(T) is the DC component, slowly varying with time, of the current
. i(?)’ calpulated:fbr an interval T small in comparison with the time constant RCe
Under these condibions, Io(r) may be substituted for the actual cufrent i(t) in the
Duhamel integral of eq.(19). |
In order to make use of eq.(19), it is
necessary to be able to determine the DC
component of the current as a function of

the voltages characteristic for a given

operating state of the detector.

In using the broken-line appfoximation
of the characteristics of the detecting
elements for determining I, we usually
proceed as follows: calculating, at a cer;
tain voltage, the cosine of the cut-offl

angle, we find £hié angle from the tables, and then from the corresponding graphs we
determiﬁe, fqr this angle, the coefficients of the DC component, which already allows
us to calculate I ’

This method which has given a good account of itself in numerical calculations,

but it is 1nconven1ent for the problem under con51derat10n. Here we are required to

represent Ig in the form a function of voltage, as simple as possible, which will be

27
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) ._A;hméét' convenient for “the integration of eg. (19).
2, the current, within the limits of

For the constructions represenéed in Fige.

the cut-off angle y-equals

i-_—.SUm(cos-t—cusw. (21)

\ '
- cos‘y =y -
m

The DC component of the current equals

Io= =\ idot =SU_ B,
b

[sin D — C0s "el . (21)

Figure 3 gives a graph of the relation B (cos v). We call attention to the

=Y as the independent variable in-

fact that it is convenient to consider cos 1 T
m

stead of ye.

Plate detectors usually operate aty= const = _“5 (U = 0), in this case B = 0.32

J,()=0.328U,, (. , (25)

In stpdying t'}}e proce;ss of voltage buildup across the load of a diode detector
' we must have anﬁapigroxjmation of the function B(cos V) which shall be as convenient .
as possible for integration. As the first approximation in the 1imits O« cos‘ y <1y
the function B(co's “y) may be approximated by a straight line in the equg.tion

B =023(1 —cos?) - T(26)
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Then, forUy > U

I, N2ASULM - cosy)
~ 0258, — b) (27)

From this we obtain a simple expression characterizing the stationary state of

the diode detector at any angles of cutoff. In the diode detector in the steady

i

state

L'-—'——U.: I.R.

Then, from eq.(27), we obtain

U, =0,2SR(U, — LN (29)

whence the coefficient of detection is obtained as equal to

Ka= 4= = —5 (30)

These same relations also hold true for the cathode detector. In such a detec-
tor, the load resistance has such a great value that the initial working point is
shifted in the absence of a signal to the lower bend of the cathode current charact-
eristic. .ren an alternating voltage acts on the diagram, pulses of cathode current
are produced, whose DC component IO produces the additional voltage drop Uy across
the resistance R. Therefore the state of the diode detector is shown by the same

construction shown in Fig.2. The difference between a cathode detector and a diode

detector is that the circuit of the alternating component of the current is closed
through the source of plate voltage and does not pass through the signal source,
thanks to which the input resistance of the detector is close to infinitely gréat.

Using the relations (19) and (25), let us write the expression for the voltage

across the load of a plate detector:

STAT
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1
?

t {—<

U, (t)=—‘c— Y e 7€0,328U,, (7)d~. (31)

—— s,

In the special case of a rectangular pulse at the input of the detector,

‘ Up(t) = U, = const at 0 <tery (Tu being the pulse duration) and
r ot = -
Uo‘(t)=0'32‘sum_% e—mj ef“ dr=0,32 SRUm(l —e RC)- (32)
0
Thus the leading edge of the pulse of the detected voltage représents the ex-
ponent with a time constant RC approaching the quantity 0.32SRU_.

After the action of the pulse on the detector inp{lt is completed,) the voltage
across the load is determined by the dis-
charge of the capacitance C across the re-.

sistance R, and is characterized by a fal-

ling exponent with the same time constant.

4 as

“‘Tﬁ From this the conclusion may be

drawn that, from the point of view of the
Fig.3
distortions of the envelope of the pulse

curve, the detector behaves as a linear device with the transient characteristics

t
= U@ _ —e RC : (33)
h(t) =52 Q,32$R[1 e ]

Bearing this in mind, we may determine the input voltage for any form of the
envelope curve at the input' of the detector, by means of the Duhamel integral for

envelopes: -

-

t R
Uy(t) = U,y (9t — ) d . (3L)

In the case of the diode and cathode detectors, Up(t) = U(t). By using eq.(19)
and (27), we obtain an equation determining the build-up of voltage at the output

of the detector at any envelope of the curve of input voltage (at Um>UO):
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‘._"1 | vy=—g e e 0,25S|Unm (0 —Ualeld= (35)
vt (1} * |
i‘y -
.L By differentiating with respect to t, we obtain the linear differential equation:
- _C yusi+ (1 + _2 _\u,y=Un®. i (36) '
0255 ° 025 SR m .

1y With a rectangular inpub pulse having Uy (t) = Uy at 0 <t < Ty the exponent

Uo(t) = Kdum (1 -_— e- -é‘) ) . B | (37)

serves as the solution of this equation,

where Ky is defined by eq.(30).
The time constant of the exponent.ial leading edge of the detected voltage equals

) CR .
o ——— e
Tt =1+0255R ; (38)

f build-up of the output voltage,

Tt follows from this that during the process o
it would be dis-

the envelope curve of the pulse is distorted by the detector just as

torted by a linear device with the transient characteristics

fz(t)=Kd(1fe_f;"). (39)

This allows us to use eqe (31,) when the form of the pulse at the input is com-

-
-~

plex.
output of the detec-

For Up < Ups. "the tube is blocked, and the voltage abt the

tors ijs determined by the discharge of the capacitance C across the resistance R.

It is characterlzed by an exponential law with the time constant RC.

In determining.the form of the pulse at the input of the diode detector,
ut conductance of the

-> attention should be paid to the shunting jinfluence of the inpu

.- diode detector on the precedlng resonant circuits

- - I
tance equals Gy ™ U"‘l , where L4 is the amplitude of the firs

The value of the input conduc-

t harmonic of the

3 STAT
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g .
Its first }?annonic ‘has_the amplitude __ __ .

. .
=-%:f(w0c0>wtdmt——SU A, — o).
0

!

4
. S , :
A= - (Y — sin¢.cosy). (L1)

The ralation A(cos y) is represented ion Fig.L. In the region 0 < cos y < 1,

- rthe relation A(cos y) is close to linear
:
‘and may be approximated by the linear func-

A
w tion

L \ b+ —]
S
~1 -8 -06-04 -02 0_ 02 04 a6 68 10

. msﬁ"-%'-

Figo l|>

7). 3)

m

A consideration of the influence of
the conductance G;, on the resonant amplifier preceding the detector would go beyond

the scope of the present work.

Paper Received by the Editors L May 1953.

BIBLIOGRAPHY

Leytes,R.D. - Nonstationary Pr;ocesses in a Circuit with a Valve Element and a
Complex Load. Elektrichestvo, No.5, (1948)

Leyteé,R.D. _: Unisteady Processes in Detection of EMF with a Linearly Increasing ‘

Amplitude. This Journal, No.36, (19.8) ‘
Gutkin,L.S. - D’iode Detection of High Frequency Pulses. This Journal No.6 (1952)

(

. Gutkin,L.S. - Conversmn of Super-High Frequencies and their Detection. _

32 STAT

Declassified in Part - Sanitized Copy Approved for Release 2013/04/02 : CIA-RDP81-01043R001900020013-1 N



Declassified in Part - Sanitized Copy Approved for Release 2013/04/02 : CIA-RDP81-01043R001900020013-1

LS

- Gc-;sene‘rgoizdat , (1953)

v % -. . . _ . . .
1.5 Gerenrpt,?fe.L_. - Transient Processes in Pulse Detection. This Journal, No.3,

- (1954) -

g ;
‘-‘ 1 [

T—

Declassified in Part - Sanitized Copy Approved for Release 2013/04/02 : CIA-RDP81-01043R001900020013-1



D — . -
eclassified in Part - Sanitized Copy Approved for Release 2013/04/02 : CIA-RDP81-01043R001900020013-1

TRIODE FREQUENCY CONVERTERS FOR METER WAVES
by
I.I.Levenstern and G.G.Kostandi,

Full Members of the Society:

On the basis of the requirements that must be met by the frequency converters
modern Al~F1: broadcast radio receivers, the optimum versions for the design of

diagrams of triode frequency converters of meter waves are discussed.

1. Introduction
In modern radio broadcast receivers with an ultra-shortwave band for receiving

frequency modulated signals, single-grid frequency converters are exclusively used.
This is explained by the fact that single-grid converters best satisfy the following
basic requirements for modern meter-wave frequency converters:

1) The transfer ratio of the converter must be maximume.

2) The leakage of the heterodyne voltage ab the receiver input must be mini—l

mum

3) .The noise factor of the converter must be minimum.

\

2. Design Features of Diagrams of ’Triod.e Frequency Converters

In diagrams of single-grid frequency—conversioh circuits of modern receivers
operating at f;eciuencies above 60-80 megatycles, triodes are mainly used. This is
explained by the fact that the values of the noise impedances and input admittances

, are considerably lower in triodes. The former fact is due to the presence of addi-

tional noise in pentodes owing to the redlstrlbutlon of the emission between the

' pla.te and screen grid, and the latter to t.he shorter electron trayel tlme in trio- |

‘ . des. Thanks to this fact, at frequehcies« over 60-80 megacycles, at whlch the mput

1
!
1

. , .
l
i

impedances of pentodes éz:o;re_;co

FEE R

ZT‘QLJ

STATWM__J
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L o S

is found to be.55}qjﬁﬁﬁzﬁﬁﬁj¥ﬁaiqiﬁé-usé!6f pentode converters. Application™ ~ i
of_ triode frequency converters is particuﬂarly advisable when special dual triodes

with separated cathode leads are used, allowing a convenient combination of the fre-

. I !

“Iquency converter with the UHF stage operating on a circuit with a grounded grid.

It must be noted that at frequenciesllower than about 45-60 megacycles, it is

Single-grid frequency converters usiﬁg triodes are constructed at the present

~ time exclusively onﬁthe dual bridge scheme. The widespread employment of bridge
diagrams is expléiﬁed by the fact that, when they are properly regulated, they as-
__sure the enhancemen£ of the qualitative indexes of the frequency converter.

The first bridge eliminates direct coupling between the signal and heterodyne
circuits, which assures both high grade matching of their tuning and sharp reduction
of heterodyne voltage leakage across therreceiver input.

The second bridge compensates the negative feedback on intermediate frequency
through the plate-grid transfer capacitance, which is very considerable in the tri-
.. ode. With the object of increasing the amplification on intermediate frequency, the
parameters of this.bridge are so selected as to assure over-compensation of the con-
verter at which the applied positive feedback is somewhat greater than the negative

feedback due to th;iplate—grid traﬂsfer'capécitance.

A triode frequency convertef is usually used in combination with a UHF stage

on a triode working in a grounded-grid circuit, thus allowing the entire high fre-

‘ quency tract of the~USW band to be construcﬁed on a single special dual triode.
. }

L 3, The Triode Frequency Converter with Inductive Bridge in the Grid Circuit
Let us consider the diagram of a convgrter with an inductive bridge in its grid
' circuit, allowin% the use of variable capaciters with a groﬁnded rotor for tuning
.. | tHe UHF circuits and the converter unit (Fig.l).
| The_plate circuit of the first triode, which is the UHF stage, includes a cir-

" cuit consisting of the inductance L3 and the capacitance Cq (09>> ClO)° Through _

i
¥

35 ! : \
STAT o

.
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!

[the bypass capacitor Cg, the amplified sipnal voltage is fed to the middle point of

_the feedback coil Lj,-which is inductively coupled to a he terodyne circuit Lg = Cge--

|
a) To USW Feeder of USW antenna; b) To first IF amplifier stage.
|

- The intermediate frequency voltage obtained as a result of the simultaneous action
of the signal and heterodyne oscillations on the frequency-converter grid is separa-!
ted on a circuit consisting of the inductance L6 and the capaq;tances Cg» 07, and
Ch(C11>> Ch)' ~Thg Eapagitor Cgs entering inté the capacitance ok the intermediate

.frequency circuit;,also serves to pass the high harmonics of the heterodyne directly
from the'convgrter blate to the ground. Such a connéction reduces the radia@ion of
the heterodyne harmonics, since it reduces their passage into the other circuits of
the tract. -7 _ o . }

‘To eliminate.direct coupling between: the signal and heterodyne c1rcu1ts, a

|
n s i brldge is used, whlch is formed by the. two halves of the :1.nduct.a.nce Lh and by the

Since the input resistance of the converter r, _and the re_sg‘._sta.ncé of the‘fauto-

‘matic bias R, are much larger than the impedances of the bridge arms, the influence: -

]

L

o

D STAT: ]
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I
4

“'i of r and R. Ro on t.hola bridge balance may be neglected. Then, with the strict symmetry f

iof the halves of ’the inductance L;, the condition of balance of the bridge reduces to

i

Fig.B
a) To converter grid; b) To converter

plate;
the satisfaction of the equality:

C, = C,,. (1)

The second bridge, serving to compensate the negative feedback through the

plate-gi'id transfer capacitance of the tube Cpg’ is formed by the capacitances Cpg’

C35 C,» Cg, and C7.(Fig.3).

The bridge is balanced when the following conditions are satisfied:

CF1 = C,(Cq + C; ) _ ‘
Cu>C,. . . (2)

If'it is desired to increase the int.érmediat.e frequency amplification, the so- |
- called overcompensation of the bridge must be accomplished. For this purpose the

‘vo.ltage of the pbsitive feedback taken from the capacitor Ch is increased, decreas- :

¥

37
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ing its capacitance. It must, however, be borne in mind that excessive OVercompen—

._éatiqn may: léad-to unstable operation and|even to_self-excitation of the converter _

istage. _
., ~17 771t is not hard to show that the transfer ratic of the UHF stage is determined ~

al

I by the equation :
| .

S K=(p+1) -2 : .
- Ra+RI l—";- w? L4Cgc . (3)

1 !

1

The .factor- 17-;—(.,?1,. Ce. 'allows for the redistribution of the high-frequency
voltage taken from the plate circuit L3 -:1Cyp» between the half inductance Lh and "
the grid-cathode t';;nxiinals of the convertor; in this case it is assumed that
ergc» 1, which in practice is always the case,

In eq.(3), 1 and R, are respectively the amplification facter and the internal

resistance of the 7tube, R, = the resistance of the plate load of the UHF stage.

, _ZR
- R”_Z+R’

where Z = p Q = resonant resistance of circuit (p and Q being respectively the wave
. impedance and the.-quality factor of the circuit), R = input resistance of converter

. referred to the terminals of the plate circuit

) 2
(rwCe)? T ' . (&)

R%r[

- R i:.s deterrm’med“ starting out from the system of calculation shown in Fig.2,
"taking account of the inequality rcoC'gc»l.

~ The effecti;re’-quality factor Qg, determining the selectivity of the UHF stage,
is cglculated by: the- formula: i

R!

%071z (5)

The transfer factor of the convertor K., ., when the bridge is in balance in

: .-- intemediate frequency is determined from the relation:

38
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Declassified in Part - Sanitized Copy Approved for Release 2013/04/02 : CIA-RDP81-01043R0019200020013-1



Declassified in Part - Sanitized Copy Approved for Release 2013/04/02 : CIA-RDP81-01043R001900020013-1

S e il

‘ -_‘-l__ - - ZiRicon . _ZsRin. n e e (6)- - __i
R - Z,+ Ricgn Z;+ Rl'n 1+ 2

— )

- !

o
- —— g —_——

‘,..'__!where Scon = transconductance of conversmn, equal to 0.25 Sp.py Sy Peing ?nanmmn

. P
- transconductance of triode; R; . . = internal resistance of converter; Zy = resonant

—

R

S impedance of plate circuit of converter; Z, = resonant impedance of circuit included

o in bridge circuit-of first UHF stage, and,: together with the plate circuit, forming

- the band filter; n= coupling parameter; Rj, = input resistance of first intermediate-

:

. frequency amplification stage.
Equation (6) allows for the shuntingiaction across the circuits of the internal

. i
resistance of the’ converter and the input resistance of the intermediate frequency

amplifier, since these quantities in many cases are found to be comparable with the |

resonant resistances of the band filter circuits.

.. L. Triode Freguency Converter with Capacitative Bridge in Bridge Circuit
We pass now to a consideration of the second frequency converter hookup with

capacitative bridge in the grid circuit of the converter (Fig.l)

!
— b
" '

y C } !‘ ’
‘*ﬂ " a) To feeder of USW antenna; b) To ;1rs‘b stage of intermediate frequency B Tt

T 20 R - R ampl:.i‘n.er OO U -

3!
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[Since in this diagram the heterodyne circuit : iﬂnsulated Wwith Tespect to ground, the

use of a unit of variable capacltors m.th;grounded rotor as a tuning element is here

impossible. For th:Ls reason the tuning o the circuits in this diagram must be ac-

i complished by means-of & gariable inductance unit Ly = L.

] The signal volj;age, amplified by the |high frequency amplification stage, te.ken
from the L - C, c;.rcuit, is fed to the middle point of the capacitance divider

06 - C7 and thus enters the converter grid. Simultaneously the heterodyne voltage

t.aken from the c:.rcu:Lt Ll -C 8 is fed to the converter grid. The inductance L5'is

~ a feedback coil. The intermediate frequency osc:Lllat.:Lons obtained as a result of

" the conversion process are separated on tl?ﬁe circuit Lg - ClO - 012 and are further
amplified in the intermediate-frequency ampllfn.er stage.
The signal circuit L3 - C and the heterodyne circuit Lh -C 8 are connected to

different diagonals of the brldge, whose arms are formed by the capacitances Cgc, 06;

C7, and Cgq (Fig.5). The bridge is balanced when the following equalities are satis-

. fied

C,. C;=CCo
(Re>r> Ic‘;) :

The brldge is tuned by varying the value of the capacitance 09.

A bridge serving to compensate the negative feedback due to the plate-grid

L
i

~and Cyp (Fig.6). The condition of balance of the bridge reduces to the satisfaction
) - |

" transfer capacrbance of the converter is formed by the capacitances Cpog? Cgo’ C o

" of the equality ©
: : |

i
}

'CpyCro=CyC1s. ' (8)

.~ By reducing the capacitance Cj the!bridge may be overcompensated and the amp-

" lification of the, converter may thereby be increased.

et e

We ~present below the principal computational relations for this diagram.

40
T STAT
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e ‘Transfer ratio. 6f the high freguency ampl:ffier s_tage_:

- i Rn Ca .
- K=®+ DR Gt e (9)

. c '
Here the factorfs—jf—c—— allows for the redistribution of the high frequency
. . _ gc

" voltage taken from the plate circuit L3 -G, between the capacitance Cg and the grid-

_ cathode terminals of the converter. In this case it is assumed that the inequality

holdg, which in practice is always the case.

-
—

bt

b)
b ;c

a 9

Fig.b
a) To plate of converter; b) To grid of

converter

In ‘eq.(9), R, =/ZZ+RR , where Z = PQ = resonant impedance of plate circuit of

—_ . c. + C X
.+ high frequency amplifier stage; R = r (—‘ﬁ—(—:—ﬁﬁ’—)2 = input resistance of convertor

— ‘ p ‘
*-__‘_.referred to terminals of circuit.

P

1 .n_f The resistance R is determined starting out from the coinputational diagram

= . .
i4_shown in Fig.5, taking account of the inequality:

rR. 1
r-+ Ry w Cge o,

The. effective-quality factor of the plate circuits of the high frequency ampli-‘.

'.f‘w;:‘fier stage. Qe: ]
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-

The transfer coefficient of the converter, Keon®

>

K =S Z=Rl=ag_,. Z:Rux 1
con- Zy+Rigy Zat Ree 1472

5., Experimental Verification of Computational Relations )
! ! :
For the experimental verification of the above presented computational relatiom? R

¢

two amplifier-converters were assembled using the circuits shown in Figshl and L.
The amplifier-converters operated in.the 6673 megacycle band (in the band assigned |

for FM USW broadcasting) with a dual triode type 6N3P with the following data:

E, =63 v Ep=150v Eg=—2v
p = LO S =5 ma/v R; = 8 kiloohms
X 3#*
CgC = 2.8 uu £ Cpg = 103 (I T} f CpC = 0035 uufo
The computational values of the transfer ratios for the central frequency of
]

the band (70 megacycles) are as follows:

for circuit shown in Fig.l: lhok

10.5

for circuit ‘shown in Figel: , = 11,7

= 10.5

The measured transferrratios for the first diagram were: Kyra = ZL2,l K =
i con

= 9,5 and for the second diagram: Kura =1], Kcon = 9,5, ' There is a certain devia-

'+ . tion between the’ experimental data and the calculated data, which is explained-by

! the difficulty of éxact‘ly calculating t.he‘wiring capacitances and the values of the

t
——t ’

A4 . input resistances, as well as by the absexflce of ideal balance in the balanced l:;z"id-i

!

T

%
H
|
|

S

1
i
!
]
l
!
|
I
|
{
]
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!

6. Conclusion
_____Both circuits _considered yield about |the same qualitative indexes, since the:

-~

are based on the séme‘method, which allows, to the maximum extent, satisfaction cf

‘the basic requirements for modern USW frequency converters. |

The selection of one of these circuits or the other depends mainly on design

-

| considerations, in particular, on.the tun%ng element in the USW band and on the quesy.

tion of its mechanical connection with thé tuning elements on the other bands of thef

_receiver. When a bldck of variable capacitors is used as the tuning element for the.

t

jUSW range, the converter circuit using thé inductive bridge should be employed,

while when a unit of. variable inductances;is used for_tuning, the capacitative

|
-

" bridge circuit should be used instead.
It must be noted that when modern triodes, having high transconductance charact-
eristics and small interelectrode capacitances (S = 5-6 ma/v, Cpc = O.2-O.25L;u)
_are used in the high‘frequency amplification stage, it is possible to obtain stable
amplification at high frequency, of the order of 10-12.
Thanks to so considerable a high-frequency amplification, the converter noise
" will have practically no effect on the noise factor of the receiver, and this factor

will be determined by the noise of the high~frequency amplification stage.

T

-

Paper Received by the Editor 16 July 195k.

| :
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#*
IT_PROCESSES_IN_LINEAR SYSTEMS __ _ ..

by

R.D.Leytes{and L.N.Gutman

Full Members of the Society

In this paper an approximate method ?f studying transient processes is devel-

oped, based on the application of the theory of finite differences to the integral

|
i

? equation under consideration. i -
It is shown that after the 1ntroduction of special coefficients a simple ex—

. pression is obtained which relates the 1nput and output voltages of the system.

" This expression allows the solution of a pumber of problems relating to transient

processes in amplifiers. As an example, a stage with plate correction is investi-

o

gated. ’ |
A method of approximate determination of the transient characteristics directly’

from the differential equation describing this circuit is presented.

Introduction

The investigation of transient processes in linear systems reduces in most
,‘ cases either to Phe éirect application. of éhé inversion Svertyvaniya integral, or
. fo.the solutioﬁ ofﬂan integral eouation of the Volterre type. - ‘i
The former problem is always solved,,K but the functions which in practice enter

into the equation may prove to be so complex that there are serious dlfflcultles in |-

flndlng the solution of the integral equation. In addltlon, cases are p0331ble

when certain of the fanctions are assigned graphlcally and cannot be expressed w1th‘

::~*Read before the All—Unlon Scientific Ses?lon of VNORiE [All Unlon 501ent1f1c and

124
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“a sufficientadegrqg of accuracy in a convenient analytical form. It is therefore

i
o

! very desirable to use approximate methods of investigating transient processes. A

) %:f large numberiof studies conducted in various directions, have been devoted to this
._; question.
Tn a considerable number of studies, the tmethod of time sequences" (Bibl.l)
"is used. This méthod is based on the fact that a continuous function of time with
I\-_ a bounded spéctrumﬂis determined by the assignment of a finite series of numbers,
connected with the values of this function taken at discrete instants of time. A

¥

proof of this %heo£;m was introduced into.communications theory'by V.A.Koteltnikov
in 1933, and wﬁs‘gubseqnenfly (191.9) treated by Shannon.

In essence the method of time sequences is a method of the theory of finite
differences, applied to the study of transient processes in linear systems; this
connection has also been pointed out in the literature (Bibl.2). For this reason,
this group may also include works based on the approximate representation of differ-
ential equations_describing diagrams by equations in finite differences, and also
studies in which the methods of numerical solutions of integral equations are em-
ployed. (Bible3-6).

The approximate method of study of transient processes developed in the present
paper may be inci&@ed in this group of works%. A feature of the method is the con-

veniént computatioﬁél formulas, which allow the solution of a number of problems

connected with traﬁéient processes in complicated diagrams.

-

1. APPLICATION- OF THE METHOD OF FINITE DIFFERENCES TO THE DUHAMEL INTEGRAL

‘ :jl. Derivation of the Fundamental Relation between Output and Input Voltages

;j The voltagé.at.the output of the system U(t) is connected with the voltage at
1 .

Z:the input V(t) by the well known relation (Duhamel integral):

o
|

#The present paper was written under the influence of a study.(Bibl.?)mbelongingwﬁolé

-
[ A8 20

ro
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K
- ¥ -

! ;
U=hOV O+ (K OVE-DaE, @)
; I

. i where t = time, h(t) = transient_characteristic or transient admittance of the sys-

‘

. _ tem (reaction of the system to a single véltage shock).

- -

v For appli‘cagion of the method of finite differences it is convenient to intro-
duce the notation U(m<t) = Uy, V(mt ) = Vs h(mt) = h, wheret= step of interpola-

tion. Then eq.(l) takes the form

- _U,,=h°V,,+j‘.h’(E)V(mr—‘E)dE.
v {

Linear interpolation is most convenient, for it makes it easy to evia.luate the
error of this approximate method. Be Newton's formula (Bibl.8) '

v (n}_g— )= DV = Wyt Vinones = Vi) 5+ a8
(3)

Here nt < £ < (n+1) 1

.t . (n = O, l’ 2,.0., m), T

m—n +S the residual term equal to

r,,_n(E)=% (n~—28&)(n<4 —HV( E,,__',,), i

consequently,

C(m—n— l)':<5,,_,<(m—'")“;' S * &

L On substituting eq. (3) in eq.(2), performing integration by parts and elemen-

. tary transformations, we obtain a formula! for détermining‘the output 'voitége U for
—_-_ an assigned input voltage V: : ‘
] - i

i !

zMHV--u‘R. (m=0, 1, 2,...), (5)

A=0 l

! .‘
My=H,; M, =2t H,, 0<<n<m,

-

A o it b e e o e e

l
H
i
o
1

STAT =~ -

[
i NS, N i
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‘m -l (n+l) ]

‘R =_E S ,,,'_,,(E)h'('ﬁ}de-i-vo(AHm—o-hm).

n-o

ns

Here we int.roduce the nota.tion of the theory of finite differences:

f : { AHx=Hx+1 - H,; A Hn~=Hx4 — 24,

+ H,.

x+1

The'quanti‘ties-Mn represent the weights with which the values of the input vol-
tage V at various intervals of time from the instant t = mt enter into eq.(5).

Rp is the residual term allowing us to evaluate the error of the formula:

P __,v,ﬁl. — -

l (9)

n=0

s_-|'with the interpolation interval selected.l

2. Relation between the Coefficients M and the Transient Characteristics of the
* Q

System
Let (us dwell in somewhat greater detail on the physical meaning of the coef-

38: ficient.s Mn . . )
S ' We "assume that. the transient characteristic of the system h(t) is known or:
o 40: assigned numefica.uy for equidista.nt values of the a.rgumex.'xt Ty 2T, 37 oss Let us
lgf:g:dgn‘ote hn = h (n ) and let us take as h(t) the-linear interpolation between hn -and
e “hn; . Then, on the bas::.s of the well known "trapezium formula", eq.(7) for H is

.'.ﬁ,’?. now rewritten as- follows

\

_lH‘-——-h-}—h-{-h-{- +h,,1-|— B, l

‘suﬁstit;ﬁtin:g ‘the 'rgspe_ctive valué% of H in eq. (6), we get

D - I |
=3 (A, + ’fl); Mn=—2"( h,n+1 - hn—l ) ‘
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Ty

In this way the co.rficients Mn (0 <n < m) are the averggod increments of thne

transient characteristic h(t) over the tike from (n - 1)t to nt (Fig.l). An excep-

tion is the case n = O. The cosfficient - |

o if ho ¥ O i'epresents the mean value

of the transient characteristic for the

time from O to t.
Obviously,

e , id -
” ! Z M"- 9" *
- (1)t ! neo '

:’;;;);‘_’_’ ' | determines the mean value of the transient

characteristic for the instant of time

Fig.l mt < t <(m + 1) T. In other words, the

coefficients Mn characterize the steepness of the growth of the t.ra.nsient character-

istic h(t) in the interval under consideration. It will be shown later that these

arguments allow us to draw certain conclusions on the behavior of complicated cir-
cuits without a complete calculation of the transient characteristics.

The use of the pulse characteristics B(t) which is connected with the transient

|
characteristics of the system h(t) by the| simple relation:

) B(t) = HKil).

is very convenient. )
| It is not hard to see that the coefficients Mn are equal to the discrete values
of the ordinates of the pulse characteristic B(t), and, consequently, determine it.
A direct consideration of eq. (9) confirmsj this cons;l.usion‘: the value of the output

voltage at some calculated instant of time t = mt is equal to the reaction of the

system M, (n = 0, 1, 2, «.s, m) to the pulses of input voltage with the Mamplitudes’

Vpn (Fige2).

t

Equation (10): determining the relation between the transient an‘?n. pulse char-

acteristics for discrete values of the argument, may be easily transformed into the
- i i .
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\

+ M5+ )0 < M) (1T)

in ec.(ll), the last summand in the j rentheses will be My if n 1s odd and My

- if n 13 even.
- Bea.ring in m:.nd the fact that the initial value of the transient characteristic

usually results from the physical meaning
of . the prcblem, we reach the conclusion
that eq.(11) makes it possible for a known
M, (or in other words, with a known pulse
characteristic) to construct the transient

characteristic of the diagram under study.

If hy= 0, then eq.(11) is simplified

’h- 2M.; hz-2Mn

hy=2(My+ M)...0 <n<m
’ (12)

The coefficlents Mn may be obtained
directly from the differential equati:ons
describing the diagram without resorting
to solving it (cf. Section VI).

3. Evaluation of Error

e ————————————

‘ tem . Let us evaluate the error of eq.(9).
"Por this purpose we turn to eq.(5) and cohsider the residual term. Rp.
On substitutmg, in eq.(8), eq.(4) for the error of r; . (£) of the interpola-

lying the theorem of the mean to the inte-

lll—l (ﬂ+1) <.

'"___Zh'(c,)j—-(n:-—s)(n'c-l-t E)V”( _,,)dE-{-Vo(Ah.."hm)
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1

o n-c<C- <(n+l)‘t C+E

1 S
P J

o

) :E‘g:_:_',_a.ftor ;Int_eg;'a:.tion
. | -

. -

m-1
- .. R, -—‘—- A C V" (Ecn) + Vo m —
. n-0

-

’ r:.t<C <ln+l)r, (m—-n-—-l)c<5m ,,<(m—n)-:

represent Hp, the mean value of the transient admittance during the time
(m + 1) , in the form

AH,

It is likewise obvious that

- l

« 3K CV (Enen) jh'(s)v"(m:._a)de

On substitutmg these eacpress:Lons in eq. (13) , W8 get

Ah
: R j‘h’(E)V"(m-c—E)dE+Vo —=. %
- l
In order that: the error of By shall not exceed a certain assigned error R, it

is necessary tha.t, for any m, the fonm?g condition .shall be satisfied:

4

. !
Sh’(E)V"(mt-—E)dE<R Vo —= " H .i
' |

i
i
-
i

and this provides grounds for a definitiox!x of the interval of interpolation, :

T

| 12 (R—V, =% ""')

“h
|

jn' E) V' (me —E)dE
v '

|
_5.&(>.~
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0 oq. (1a) does not roquire axact computa-

ia ailnplest to consider the mx:!mm ‘value |of theae runctiona h' and V" ., and,

.| as nmt , to adopt tho inatant of calculatign mt =.4; which is most remote from the

. insta.nt of connection of the input voltagr Then

i

' sh'(E)V"(mt—E)dE<t,|h

RS

The max:lnmm value of the increment-of the transient ‘admittance Ahpoy must, likewise,

(&

: be substituted in- eq.(ll;)
As a. result we cobtain the inequality for determining the necessary duration of
the interval

. —
l/ 2 (R—v, Sz (15)
T< 7 0 .
i B s Vg .

‘We note .that before the selection of|t, A hp .. cannot be determined. It is

o A
therefore convenient to proceed as follows., Assigning the error R! = R - V %
(which is somewha.t smaller than the requiz'-ed error of calculation R), let us deter-

Ah
mine T; then let us determine Vo—52— and let us calculate the maximum actual

2
] error:

Ir Rmax is leés than the assigned error R, then the duration of the interval

ha.s been properly selected- if Rp.» > R, then a shorter durntion T must be assigned
:‘:\ > : N L3 < ;
— and Il\hm“m and Rmax must be recalculated, meeting the cond:.tion Rma.-x'R'

< \‘

he ° Exglﬁ : 6'1'- of- Calculation

As an illustratlon of the a.ppllcatlol
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a) Detormimtior;' of the Interval of Inte:

: ;___The_mcpnoaaign_:tor_thg_trja.nmm_cMJ

rpolation ‘ ‘ :
|acberistic of ah amplifying stage with

plate correction (Bibl.9) is of the form:

16}

] tain interval of interpolation ¢, determil

!

| A(t)=1—ae

Vik
_| = correction parameter.

Figure 3 shows a graph of h(t) for k

Let us take as the acting EMF, a bell

Figure 3 shows the corresponding gra

The calculation of the input voltage

sion of eq.(9).
Let us make use of eq.(15). It foll

. the transconductance of the transient cha

Where t = generalized time; a --—2L=. , b= Vik -1, tanp= ——;“‘ik__m](‘ k =

~Tyin (57 + ). |

. (16)

T

= 0.5; in this case a = 1, b = 1, B= .
| -shaped pul.;.'.e of maximum value equal to

unity. We sha.li measure the duration of
the pulse Min 0,1", and shall understand
T to mean the generalized duration of the
pulse, i.e., the duration related to the
time constant of the plate circuit of the
amplifying stage (just as in‘the introduc-

\tion of the generalized time t). Then

o

=e

| —-%ﬁ

7

v(t)
Let us put T = 2, then

—

V() a7)

- T-1)3
— o22(T- 1

pho }
by eq.(5) requires the selection of a cer-
hing the error of the computational  expres-

]

ows from eq.(16) that the maximum value of ;

¥

kacteristic h'(%) is reached at T - 0, and

4is equal (with a selected value of the co

rrection parameter k = 0.5) ht . = 1.

:
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AThe‘max_imum value in absolute value of the second dern.vat:.ve of the input voltage

s U" (t) 18 rea.ched at T = 1 and is equal to V' . = = L.5. _The entire process of build:

~ jup, as w:.ll ‘be seen from the curve oi‘ h(t) of Fig.3, occupies an interval of time of

_;_ about three unrbs' consequently, Ty = Je On substituting these values ineq. (15) we

obta.‘.\.n

< ]/3‘4f R — /89K . {‘ |

—

_ Let us' assign the error R' = 0.053 tlen the duration of the interval of inter-

: polatlon must sa.tisi‘y the :mequali 7T <0.21.

Let us takeT.= 0.2, In this caseAly,c = ht = 0:2, and

| . R=Rl+ VOT_A_,!?IJ—'- =0.03'i001 9"2_2":"0,03. \

e
AN e

_Thus ﬁhe maximun error of ed. (9) does not exceed 6% in this case. The actual

vy .error in determnmg the output voltage will be considerably less than 6%, since the

-evaluation adopted by us for the :Lntegra.l

! e e e

o o 1

1

! T Sh'(E)V"(mt—E)d'<‘1|hmx mx ‘ \
o R .

| is very course, a.nd in this case, where ht and V" fluctuate very sharply, gives Very

strongly wcaggera.ted results. However, even with this course evaluation, it is easy

1 to reduce .the~ erx;or.to 3%4; for thls it is|sufficient to take t= 0.15; then Rt = O. 02

[Ahygy = 0.15, aid R = 0.03)-

b) Calculation of the Coefficients M,

Let us substitute the expression for|the transient characteristics from eq. (16)

in eg.(7), and a.fter integration, we get

T —— e - - - - - . e ——

H,.-n +7Tﬁ7‘ e~"*sin(bnx + &) —sind),
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e . 8=B-}1; T=arclghb.

-

4
eq.(18), we obtain a computational i‘ormuleI for H, in the form:
- i

———On_substituting the values adopted, __l =1, b=1,6= 3T
t

.

=n+2,5[ e (c0s0,2n — sin0,2n) — 1].

The resul't;s of the ca.lculation are presented in the third column of Table 1.
In the next column are the results of the;calculatn.on of the coefficients Mn by
ea. (6). |

!
A consideration of the coefficients M, shows that the transient characteristic

—{has a peak. The maximum value of the trazgsient characteristic is reached at n = 11 -
- 12, that is, at generalized time 2.2 <-'E;<2 oL, which corresponds to the curve of

the transient characteristic at k = 0.5 shown in Flg.B.

c¢) Determination of the Output Voltage |

|
The numerical values of the input voltage obtained by eq. (17), related to var-

ious instants of time every t seconds, are given in the fifth column of Table 1.
. {
Let us use eq.(9), taking, as the instant}of calculation, the time of connecting the|
; !
voltage at the input; then |

o
-

Uy = M,V, = 0,009:0.10 = 0,010.
|

Taking the following instant of timelas the calculated instant, we have:

U, M‘.l,-}-M ¥, =10,009-0,237 -1 0,192 0.100 = 0,043,

I

'y = MOV. + M| Vx + M’Vg = 0,103.

.
i

+ By continuing this process we obtain|the values of the output voltage Up for

T T e e e ——
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_vgiven in Table 1° Fig.3 ahowe a

b A considera.tion— of the shape of the »utput pulee aho;te a considerable elonga-
9FTWW W

1I. SOLUTION OF THE|PROBLEM OF INVERSION

In ‘this Section we shall consider thi determination of the input voltage for a
known output voltage. In practice such a|formulation of the problem may prove to be
= necessary (for example in studying the co ined 'opera.tion of pulse generators and
—| shaping circuits): the required shape of|the output pulse of the system with a
known transient characteristic is given apd the shape of the pulse that must be fed
to the generator at the input of the system is to be determined.

The mathema'.tical problem reduces dowh to the solution of the integral equation
(f:L), or, in other-words, to the inversion|of eg.(5), allowing us to f£ind V(t) from

| a known U(t).

Let us represent eq.(5) in the expamrled forms
Uy + Ry = MgVs
U, + Ry= M Vo + MV,

- [} . L] . - (19)
U +R =M, Vo+Mm—1V1 + . e+ M Vm -1+ MV ‘

-

The system of eq.(19) may be regarde?. as a flnite :mhomogeneous system of lin-

6 |
ear equations in thse unknowns Vg, Vys oo Ve The "determinant of this system is

1 equal to

(20)

=

N~

Consequently,: if Mg ¥ O, then the sy

" | be obtainediby using the Kramer i‘ormula'
i
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My e e e e Us + Re
MnMo---"----Un‘i'Rx

/_i'l,,'_;h;,,’.g‘.. M,. Un—l+Rn-l
M"Mn—l . . . M,_ U +R

D, ~ ME~"

—

Let us resolve the determinant by eldments of the last column:

D—-—Mo '"I(U +R,)Mo—-<un_,+Rn_,>M3“‘M,+--~+ :
M,Mo
v

n -

MnMn—l

+ (="t (Uo+ Ro)

On substituting eqs.(20) and (22) injeq.(21), we have:

1 M,
Vn-(un+ Rn)m—(un—l-i-Rn-l)?

n42
+(=1"* (Uo+Rn)M,,+, i

n-1"p—2"° °°

M, M,

.1 v e

Thus we have obtained an inversion formula allowing us, from a known output voll

tage of the system with an assigned transient characteristic to determine the form
__{of the voltage acting on the input. In order to establish an analogy between the
__{problem of invezjeion and the direct probtlem, let us rewrite eq.(23) ina form coin-

_jciding with eq.(5)%

=ZK1'

where ﬁp = eIem_en‘ljs‘ of the inverse matrix
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.. .
Ru=—E A’pRn-—p
pe=20

e recurrance formula:

In pra.ctice,n.t is simpler to calculate Mn by th

[P R— - ——. = =

S .
- ,M’= — l"’e M’_c . M.

%c=0
inversion eg.(2L), let us consider that n
the error of the direct prob

- ©To evaluate the maximm error of the

1ting for Bm

IR, I>RZIM|

p=
Thu‘s, with e;. gi‘ven duration of the intervals, i.e., at a given value of the
bf the inverse problem will not exceed

error R ¢ of the direct problem, the error
error of inversion shall not exceed an

If it is necessary ‘that the >
@ interval must be selected from a condi~-

then the .duration of -th

.tion ana.logous to-eqe (15)

- (25)

12R
P-""R Vo"—;L‘ 2|M ‘

: .- ..
Il !I[,’”‘x VMIX I zlﬂ’l p-"
-0 ,

21 reasoning, then ,i;b may be assumed with-

o

Lcmmot be evaluated from physic

) «"*I‘f L

is of the order of unity,
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0 ————
Hence it is obvious that on solution of the inverse problem, the duration of

___; .
2
) _|.the interval_ mu.st be taken less than on solution of 1 the _direct_problem by a fa.ctor
il S o ‘ ;

—i 1 - .
¢ _of about 2‘ ] ‘ . if we are attemptin’g to maintain the same errors R = R).

o ' > ey . e -
’-0 ! .
w_} The quantity Zl determines the value of the Minverse transient characteristic®
Fi

1
pr gy

17___1 for the instant of time mt < t < (m+1);. (

! .
If My = 0 (a systerm with a lag with;respect to time ‘b3) » then it is. necessary

v
L

' %o shift the origin from which the intervals are measured to the point ’c3, in the

selection of which Mgy 7 O.

IIT. DETERMINATION OF TRANSIENT CHARACTERISTIC OF SYSTEM WITH
ASSIGNED OUTPUT AND INPUT VOLTAGES |

In the experimental study of the tr;nsient characteristics of complex circuits'
not amenable to calculation, we need a generator of pulses of strictly rectangular ‘
form, which in practice is not always eas?y to accomplish. In using the proposed '
method, we may determine the transient charactern.st:.cs also for the case when the
voltage applied 'by the generator to the input of the system under study has any ar-

bitra.ry form. For this purpose we need only the graphic assignment by points of
the voltages V(t a.nd U(t) 1 |

The system of-eq. (5) may be considered of a f:mite inhomogeneous system of
linear equations.in unknown coefficients Mo, My, ecees Mpe ‘

i3y analogy with the solution of the'inverse problem, we .obta.in, on ‘cLhe condi-

i

tion that Vo ¥ O,

(26)

7
-
l

| |
. Using.eq.(26),.(11),.or (12), we obtain the discrete values of the ordinates oi'

STAT

i
i
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R:__- - 2 VpRn-p-

p=0

It may bé shown that by analogy to eq.(25), it is not difficult to select the
duration of the intervals T,, on assigning the maximum errgr R':

o — . oy - p— -

| " " AI X
i R¥ =R~ — "”' Z IVPI
e | Vi =0

p=0

2R~

- 3 - 1

The accuracy of the calculatioris is the higher, the steeper the front of the

= = = mo_
acting voltage. Indeed, the greater V., the smaller Vor V1s Vos eee and 3 [V,

m -0
am,meMMthSmuwﬁwum”Rq_RZW F
=

p=0

IV. DETERMINATION OF THE INPUT CH.ARTICTERISTIC OF A MULTISTAGE AMPLIFIER

Let:us consider the transient processes in a two-stage amplifier, the transient
charactegrist;ics of each stage of which are known (in other words, the coefficients
—{ My for the first stage and N, for the second st'age are known).

Let us denote by V(t) the voltage at |the input of the first stage, by (1) (t)
—|the voltage at its output, which is the sdme as the voltage at the input of the

- second s;t,age;‘and by U(z) (t) the voltage at the output of the second stage.

Let‘ us apply eq.(5) to the second steige:

Um ia z W, um V- 15,3;.

—_— 1
._p Rl '
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- ) . ]

Let us substitute eq.(28) in eq.(27)land vary the order of summation; we get

—

- ~ )
I U = B MV — R, (9)

n=0 ~

o

M, - ZN,M,,

p=0

-Py .

R 5N, RUL,+ RY

n~0

(31)

Thus the coefficients M¥ charactering the transient admittance of the two-stage
amplifier, may easity be calculated from the known coefficients of the individual

stages. . |

If both are identical, then M, = N, jand the coefficients of the two-stage amp-

lifier are calculated by the formula:

n - -
Ml: = ZMnMn-p ¢ ' (32)
p=0

From the coefficients M;t it is easy to calculate the transient cﬂéracteristic
i

*
of the two-stage amplifier h, by using eq. (11) or eq.(12).

By applying eq.(30) the required‘numt-er" of times, we may consider the transient

—.processes in ‘amplifiers with any desired number of stages. .

_We remark that on considering proc:ess!.es in multistage amp;lifiers, the duration
of the in‘be,m\rafewr must be taken sufficien‘t!,ly small, so as correctly to; reflect the
peculiarities of the transient characteristic of the intermediate stages.’

" For a_sc',woistage amplifier with identjl.cal stages (Mn = Nn) we may tzconsider the
maximum errors of the individual stages as equal ‘;,6 R(l) = R(2) = R; ti}}en the error

- i

of the fomul:a will be: i

- [PERPR —_

i

i
|
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e ——————

) "
o s B o S . —

’is equa.lby eq.(3l) to. _ ‘ ' L

e (ZIMH‘\ . ‘

n=0

Fom o © R*<R

P

b
et R 4

P

3and. the dmtloﬁ-{ st be selected from the relation:

: - ) !

1 —
i

|- -
| - x<‘/ 2R .
Cd -0 'lhmu Vo l (‘}"‘IM"l"'l)

n=0

!
i

i. ) -
e T R¥=R-— — v, e (Z|M|+1).

S . P
l - .
If the transient characteristic of one stage of the amplifier has no large

‘_gpea.ks, the'nl B le I~1\and . i

ne=0

| f\‘ o

;{_. *In thie way; in studying the action of an EMF on a two-stage amplif

:Ln order to maintain the same a.ccura

necessary (
o.f 'the single-sta.ge a.mp]if:.er) to shorten t.he duration of the interval by a factor of

“'r’bou'c \J2 by comparison with the T for the single-stage amplifier. |

nsider a two stage amplifier with
K = 0.5, The duration of the interva

jer, it is

cy of calculation as in the analysis

plate correction and w:rbh

. As an example » We co
s T is

N s T identical sta.ges a.t correction parameter
(32), are entered in .

38:jleft 1mchanged° T= O 2. The coefficients }{:' calculated by eq.
' that the transient cha.racterlstn.c must rea'ch;

t “'0,.« 'I‘a.ble 1. A consielera.tlon of ’chem shows
gince it 1s precisely at this

at 15t1c t < 16t or 3,.0< b < 3.2, 8
'l'ne ma.xi-

hat the coe‘i‘;lcients M¥ change thenr signs.

toccura.'b 5'r<t<61: or 1.0 < T <

: Aits i mum value
value of the generalized time t

-1‘46_¢mum steepnese of _the transient characterist:.c mus
: A f
| A i
¢
. I
i

< 1.2. PR
following colunm of Table 1 are
r calculated by ede (12)s Figure 3 gives a

stage a.mplifie |
—11%,-—which -corresponds—to-the-data- -in-the- ht-j

In the r;tered the values of the transieqt. '

W ‘ H k
2 characterietic hn ‘of a,two
.j.t;sl’&ph*Of-h (- ) '«—the—peak»ie-equal —t0

I et B
X N i

o = i o S =
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V. Determination of the Transient Charactleristics of the Component Elements from |

the Transient Characteristic of the Entirs System *
Assume that the transient characteristics of a multistage amplifier with iden-
. H

tical stages is known. Required, to determine the transient characteristics of each
' t

of the stages. Such a formulation of the p‘roblem may prove useful in cases when a
multistage amplifier with an assigned trar.séient characteristic is being désigned '

- }. .-
(for example with assigned peak and front |steepness) the number of stages is being

i . !
selected on the basis of the required amplification factor. <

Let us consider the "breakdown® of the transient characteristics with coeffi-

cients Mﬁ into two identical characteristic coefficients M. |

By eq.(32)

[ ] i a-1
M= MM, =2MM, -SMM,__,
r

y Bl

whence we obtain the recurrence relation:

M, = 5’_ (M; B :?:Mr'".-.)- (33)
p-1 !

In this way, eq.(33) allows us to det en;nine the coefficients ( and consequently
also the.transier-lg characteristics) for eachi of the two groups of stages making up
_|the complex diagram., Using the same‘ formulas, we may\ perform a furt}—ler "breakdown™
which will yield the transient characteristics for each of the four groil:tps of stages
making up the \comple,;c diagram. TIf the amplifier contains 2° stages, then the pro-
cess of "breafl;down" mst be performed s times; as a result we determine the required
transient characteristic of the individual stage. .
Let us consider the case when the trdnsient characteristics of the’ groups of

the diagram are different, - Here the assignment of only the transient charactéristié‘\

of the system is no longer sufficient, but we need a certain supplementary condit'ion.

"establishing the relation between the transient characteristics of the groups com-

62 STAT
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y‘" W

posing the system (and conseqpently also Ietween the coerricients of the groups,

T'“ _ M and N ) The question is solved most simply in the case where the transient

_charactoriatic of one of the groups, is selected from.any considerations whatever,

for exagple.Nh. Then, from the relation

- - L PR

'-ZMM_,--MN.+ZA wp

r v p-0

'l n-1
M.-—-,(M' - I MN

No L] ".(_\ " (32‘,)

These same relations allow us to solve the problem of adding a certain number
of stages to an amplifier already designed, having known coefficients N,. For this
it is sufficient to assign the transient characteristic Mﬁ of the entire new system,
and, starting out from eq.(34), to detenm?ne the required coefficients M, of the

additional stages. By "breaking down'" £hL coefficients M, into individual stages,

if this is necessary, and making use of the values obtained for the peak and steep-

ness of the front, we may conduct the calculation of the parameters of the supple- |
1

5

mentary amplifier. i
" |

|
i
l

VI, Determiﬁéﬁion of the Coefficients M,|from the leferential Equation Describing

]
the Diagram = g

v -

Cases are possible in practice when Fhe differential equation describing the
- !

diagraﬁ is of High order, and is so comple that its exact solution, which is neces-

il I i
'sary to determlne the transient characteristic of the dlagram, is difficult, In !
these cases the coefflclents Mh may be detervuned directly from the dlfferentlal

,eqpatlon without hav1ng recourse to its solution.
; = |
Let us consider as an example the third-order differential equation:

—

Y'-kpy' +qy +ry =f(t).
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9 ] The edua.tion in finite differences that approximately replaces this equation
2

"1has the form (Bibl.8):

—— -y PRcTR —— - -

Ynr2—Yn—2—2ns1F 2Y51 4p T Yp1— Yt Va1

43 13

+ Y0 ="[n

Here T = interval of interpolation, fn = f (nt), yx =¥ (K7 ).

Let us, group the terms in the difference equation, eq. (35):

(36)-

p=0

UL

Ve The coeffici;énts determining the pulse characteristic (and consequently also

)* the transient chiaracteristic) may be obtained by inversion of eq.(36)::

n-2

- ‘ Vo= szfn—z—p’

p=0

s

Equation (35) has meaning only in the case where yn = O, i.e., the properties
;2 | of the system are_such that the output voltage (or current) does not appear suddenly

]
STAT
]

ﬂ

1
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Tt is pfossible to evaluate the accuracy of the substitution of the differential
" equation by the difference equation from the formulas given in the literature

(Bibl.8). . ~

Conclusion .

The method. developed in this paper may be applied to the solution of certain
more complex problems of electrical engineering and radio engineering, for example,
to the study of transient processes in circuits with distributed constants and in
systems with parameters depeﬁding on time. .

The calculﬁtions by this method are not rore complex, even in the case where the
time elapsed since instant of connection is long.

Table 1

E
1 1"
Vl’l Ln e

G C. (99 C.10C 0.01C .00

C. 099 0.192 0.237 C.0n3 C.C38

00391 00175 C..’J-S C.103 o. 672 Oo Cq'f)

C.858 0.152 C.698 0.20Ch C. 98 C.16k

1,077 0.127 0.91n 0.31.2 O.llhA C.272

2.223 C.102 1.0CC 0.5C5 - 0.122 0.392

3.071 C. (172 C.91h C.629 - C.122 0.516

3.997 C.C6C C.0698 C.710 0.114 . C.635

1..983 C.035 Cshil5 C.725 0.10% 0.71-8

£, 0Gh 0. 027 Ce237 "0.680 C. (B9 © 0.Bhh

7.052 0. 0L 0.10C C. 591 0.07L ’ 0.326

8.113 C. 005 0.039 C..).87 0.C57 0.992

9.180 | -C.00L C.012 0.379 0. 0l:2 1.0.0

10.215 | -0.0C5 | 0.003 '0.280 0.028 1.076

11.306 | -0.007 0.00L C.195 0.CL6 1.096

65 STAT
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Table 1 llcon't;

: 3¢
D SO S SV B A% I | ¥n

1. _3.0 | 12,359 |_~0.00 ' : 0,006 | -1.108

3.2 [ 13.404 . 0.00L | 1.108
3o | lheksl . ~0.007 | 1.106

In conclusion I consider it my duty to express my thanks to Professor Ya.Z.

- N 1
—' Tsypkin for a number of valuable suggestions and hints in preparing th:‘i.é: paper for
19) e - '

—— the press.,
13 __1
R i
2N |

—. Paper Received by the Bditors 22 March 1954
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‘.____*w_.“.PROPAGAEION.OF._A.PLANE,._ELECTROMAGNETIC.W'AVE.IN_SPACE_FILLED_NI?'H

PLANE-PARALLEL GRATINGS !

y
A.M.Model?

This paper is devoted to a study of the propagation of plane electromagnetic
!

__f waves in artificial dielectrics. Using the technique of difference eqt;ations, for-

e '
—{mulas are obtained for determining the parameters of artificial dielectrics (phase

o |
. velocity, refractive index, reflection factor, etc.).

: Introduction
At the present time in antenna technology artificial dielectrics are used,
* formed by rows of parallel gratings of various structures. These gratings may be
made of flat metal bands, of flat metal discs, of parallel wires, in the form of
. ' _ flat metal sheets with openings, etc.
‘ The strict analysis of the propagations of a plane wave through such media in-

volves great mathematical difficulties. At the present time there existfs partial '
t |

and approximate methods of analysis, which are applicable, however, only to gratingsi

{.. of a definite typé. ' .
The present paper set forth an approximate methodology* of analysis of- the
propagation of a plane wave in artificiai dielectrics formed of a finite or infinite:
:nilmber of parallel gratings. The methodology of the analysis does not depend on the

'_ geometrical form of the elements making up the grating.’

i
~ *The analysis reduces to the solution of a second-order difference equation. Analo-

gous equations descrlbed the propagatlon of waves along transmission lines with_____

perlodlcally Iocated mhomogenerbles (Bibl.l, 2)
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1. Derlvat:.on of the Fundamenta.l Fquat.lon

|_ Let us.first consider a_single _grating on which_a_plane wave impinges. The

-

tdirection of propagatlon of the wave is normal to the surface of the grating. The

incident wa.ve} excites currents in the grat:mg which create a secondary field that is

propagated on, 'both sides of the gratinge

Let us aLsume that the secondary field, like the primary one, consn.sts of a

plane wave. This also_includes the inaccuracy of the analysis. In actuality this

——i structure of the secondary"field is more complex than a plane wave. However, if the

14 —
| _| distances between the 1nd1v1dual elements of the grating are small, then the second-

15 _
, -* ary field may be cons:x.dered approximately plane even at small distances from it.

2]
i The ratio of the amplitude of the secondary wave to the amplitude of the primary
2 z
_t wave will be termed bhe reflection factor:
24—y
i

t 31 4
»

p-lple

where |p| = modulus of reflection' factor;
P = its argument.
Starting out from the energetic relations, it is easy to show that the modulus

'and argument of the reflection factor are! connected by the following relation:

—cose=Ip|. | (2)\

-

Since |p| varies from O to 1, ¢ will vary from % tomw, From eq.(l) and (2)

PR

we get

p——coscpe*\"-‘-cos'ep?lcosnlnq. T (3)
- - \ N - .
lv
—’2'-<q><*-

" | |
) H

Let us consider a medium formed by many parallel gratlngs equldlstant from each

_.')6,__1__.,,__, e e = - e e s e
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S o——— —— . — - —-———— e —— — —— meam = = - g ——— -—- ’—-—- “n m— e
— other (Fig. l) .Let us select any three adjacent gratings, for example, the (K ="I)=

—_ ]
- =th, the K~th and the (K + 1) -th,

- o When a plane wave in the space be-
) 'tween the (K - 1) -th and K=th~ grat:.ngs"'
falls on the system of gratings, two plane:

‘waves will exist. One of them w111 be

----..m

propagated from left to right (Ei ine)s

N-----—~n1

Duecgom===—m
&

-~ -

the other from right to left (Ey pesy)e
. In the space between the K-th and (K + l)—;
Fig.l o
-th gratings, two waves will also exist,
E2 inc and E, refl* Let us set up the equations connecting the amplitudes of the
incident and reflected waves with the amplitudes of the fields around the gratings

under consideration. In the cross section of the K-th grating, the following rela-

tions will obtain:

Exino+51nﬂ -E,
E.;. +b..,,f, =£E,

In the cross sections of the (K-1)-th and (K + 1)-th gratings; the following

relations will 6btain:

\

—lad > - la > :
E]fnce' ) + Eyrep et d=[:x—-l ‘ (%)
Eyice*® "*‘Ezrt}lc_“dngx-n‘ ‘

i
.. where d = distance between adjacent grati!ngs ’ EK-—‘l’ EK and EK +] = amplitudes of
 fields around the (K - 1)-th, K~th and (K + 1)-th gratings.
By solving simultaneously the system of eq. (L), we get:

’
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1
t R )
] - i

Exu'."'Er‘—“‘. ‘ ‘I

T
12%inad b 2 ine
y—Ece ',

I2daed  ° Lavept = 125in 1l ) —_—

0 - t

Erine= 120 1d )
E.

L‘C —’..+|

_El.rcjl -

In addition to eq.(k), the following|relation also holds between the incident

1and reflected waves on both sides of the K-th grating:

- |
I, refl = pEyine + £, vept (P -1- 1).
|

i
On substituting eq.(5) in eq.(6), weiget

’ P N f
l.h,_,—EZ(C()Staz(l-f-IP+’51n<:zd)1:,‘.-}-l3““,~l . i

Equation (7) is a second-order difference equation determining the propagation
of a plane wave in the medium formed by the plane gratings. In the case when the
medium is formed by a finite number of gratings, boundary conditions must be added

‘ . to eqe(7)e
) In deriviﬁg the equation defining the boundary conditions, the same technique
- is used as in d;riving the fundamental difference equation (7). The distribution
of fields on boﬁh sides of the extreme grating is considered. On one side (Fig.l)
| ~ of thls gratlng, in the space between 1t and the (m - l)—th gratlng, two waves exlst
the incident (E3 “ine) and the reflected (33 efl)’ on the other side of this grating
,'t'only a. single wave ex1sts, the incident one (Eh‘inc)‘ On setting up for this case

~ equations analogous to the relations of eqse«(4), (6) and (7), we obtain

o Ep 1= /.,,,(cosad +i” l smad) (8)

P A

1
%.where (m+ 1) a number of gratings forming medium;

E = amplitude of wave at first grating.

*f—-2.— Study.of tHe Equation Obbained

It is well known that the solution of a difference équat’ion is an expreséion:

.-

7 | STAT

-¥ N . . if i
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-

E,=Ae4Be*, (9

' where Y. is defined by the equation. _.__.__ .1

= arcch (cosad+i r sinad),
p+1

A and B are determined by the boundary conditions.

Let us consider the propagation of a)plane wave in an unbounded medium formed

! by plane gratings. ".iIn this case, only a single plane wave, propagated in a single

e direction, will exist in the medium. The solution is written in the form:

E,=Ae"". (11)

In those cases where Y is a pure imaginary quantity, the plane wave will be
propagated without damping, and the series of parallel plane gratings may be consi-
dered as an artifiéial dielectric with the phase velocity v and the refractive in-

dex n:
(12)

speed of’light in vacuo;
d = distance between adjacent gratings;
o = %, where A = the wave length.

The refractive-index

' =
. n_ia_d. . . (13)

Let us ponSider the conditions under which Y is a pure imaginary quan};ity. On

*;_‘A | substituting eq.(3) in eq.(10), we obtain, after transformations

' .
h . . .
)

« ‘ N

. i
Ve y==arcch (cosad F ctg psinzd). to(1n)
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be imaginary if the following inequality

VT “follows from eq.(lk) that Y will
‘.obté.ins: - 51:
. ; _ ) ]

. - i .
_l<cosad¢|ctg?smad<l. (15)

Figures 2 and 3 give graphs of the relation between the index of refraction of

. N
;an artificial dielectric and the reflection factor of a plane wave from a single

nd-o1
‘d
2)§=02
3) 4-az
4) 9-g3
5)4-0s

.
3 N
\ 6) §~as

0§ Q6 a8 1in 04 a8

NG

Fig.2 Fig.3

. grating for various distances between the gratings. The graphs are calculated by

. eqs.(13), (10); and (11). The following conclusions may be drawn from the graphs of
i - | g . .
3. Figse2 and 3: ' .~

1. The index of refraction of an artificial dielectric formed by plane grat-

i2 _ ings is completely ‘determined by the reflection factor of a plane wave from a single

l'i...grating and from the distance between two adjacent gratings. By selecting the re-

—

'r”;Jflection factor é‘nq the distance, we may obtain any desired value for the refrac-
- .

'4..tive index of an g.rtificial dielectric.

ae’ 2, The closer together the gratings are spaced and the denser the grating it-

.‘7—; self is (i.e., the higher the reflection factor is from it), the more the refractive .

7. index.will differ from unity.

oL 3. From the consideration of the graphs for a dielectric with refractive index

v
3 -~

3 .
STAT _ .
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¥

{
i e g

{1t Jiess than unity, it is clear that with indressing wavelength, the FTTACH Ve TER '

—

_f decreases, that is, the phase velocity increasésJ This is connected,with the fact
) that, with increasi'r'i:g wavelength, the value oflthe reflection factor (p) i.ncreases.
Iye Tor artificial media with lowered phase vé]focit&, that is, for media with
. n>1, with increasi'r;g wavelength, the refractive index increases. |
The band profpergaies of artificial dielectrics may be elucidated by a' éfudy of

the graphs of Figs.2 and 3. It follows in particular from these graphs that artifi-

cial dielectric with reduced phase velocity possess wider band properties.

3. The Reflection Factors ' . ' |
- f
The expressions for the reflection factor of a plane wave from the surface of

separation air-artificial dielectric, and from the surface of separation a‘trtificial
dielectric-air, are determined from the boundary conditions. Let us first consider
the case of the reflection of a plane wave from the boundary air-artificidl dielec-

tric. -~
Figure /. shows the edge of an artificial dielectric. In the left haIf—space

two waves, Ey i, and E; .0, exist. To the right of the origin of coordinates, in

the interval between the first and second gratings, two waves, E, inc and Es .e1

likewise exist. For these four waves the following system of equations maiy be set

—

up: ’ T -

l:‘l inc + Ijl refl = /:".’ l\ f
I:‘Z fnc 'l" [:.‘.‘ refl = EO |
elall ‘l‘ I%‘? Nﬂ c-l’lll=l‘.‘0‘e7 i (16)

L2 ine

Etvep =PEyine FEr e (p-1-1)

E) refl
y :El inc .
" plane wave from the artificial dielectric ’

from which the ratio may be determined, that is, the reflection fa:ctor of a

p — Eiren 12psinad + (p+ D(e'?d —eT)
o=t ety o
Ejine, 12sinad — (p4-1) (e —el)

-

Let us consider_the second case. - Let the left 'ha.lf—spac‘e be filled with an

7L
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'

Y

~|artificial dielectric, and let air be ab the right of the origin of coordinates
9 , - N H

] |

._.M(Fig.5). — -

!
i

E-l.ﬂ&

——
ftt

¢

D LT N pp——

" Let us return to eq.(8). From it we determine the ratio between the amplitude of

: the incident and reflected waves:

I‘ e“T m c'{ — e( wd

(18)

Let us now consider the case of reflection of an artificial dielectric of finite
thickness consisting of m + 1 gratings. Using simultaneously the boundary condi-
tions at the leading and trailing edges of the artificial dielectric, we may obtain

the formula:

Po=p— —__ ptlpe't!
— (p41)e'"9 —et +

shy ™

shym

1;.“ The Coefficient of Transmittance

Let us introduce a formula for the coefficient of transmittanc'e t characteri-

—

+-... zing the transmi§sion of a plane wave through a finite number of plane gratings.
! - We shall consider it equal to the ratio between the amplitude of the plane wave

W ' passing through the gratings and the amplitude of the plane wave incident on the

— 1

-

;' first grating

@-

f = Ztran

E inc

.E"‘,“

Declassified in Part - Sanitized Copy Approved for Release 2013/04/02 : CIA-RDP81-01043R001900020013-1



Declassified in Part - Sanitized Copy Approved for Release 2013/04/02 : CIA-RDP81-01043R001900020013-1

0

It is easy _%‘o ée-é th-a*t—.—_ T

Lol =Ae"" 4 B

irans

I

S SU———

/s _ - A “(_e""'-e'f)+e"'7'"(e"7_.e"") .
Cie Ty 4 py 14 py ‘ P - . (22)

L

l
}
|

On substituting eqs.(:é].) and (22) inieq.(20), we obtain, after transformations

“shy
shim+ 1)y —e'*“shmy ° (23)

el

o
!
!
|
t
'
)

t= (1 +p;s)‘

i

L. Conclusion

The formulas presented for the values of y, n, Py, Py, P3 and t allow the ap-
proximate determination of the parameters of various artificial dielectrics made of
a series of plane gratings. For this purpose it is sufficient to know only the re-
flection factor”i‘rom a single plane grating. This method of analysis ee_}considerably
facilitates the study of artificial dielectrics. The reflection from a single
grating may be determined either by calculation or by experiment. For some types of

gratings, for ex_ample , those consisting of cylindrical wires, this problem has been

solved. - §

Paper Received by Editors 25 December 1954
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COMPARATIVE EVALUATION OF COMMUNTICATIONS CHANNELS USING DIFFERENT

SYSTRMS OF MODULATION, WITH RESPECT TO

THETR TRAFFIG-CARRYING CAPACITY

by
L.G.Zyuko,

Full Member of the Society

-

.This paper gives an analysis of the fundamental relation of statistical communi-

_ cations theory; _On the basis of this relation formulas are derived for determining

‘_the capacity of*a channel in two cases: a) the signal is 1imited in amplitude; and

. b) the signal is_limited in mean power. The existing systems of modulation are com-

pared with respect to relative traffic-carrying capacity (efficiency).

1:1. Introduction
In connection with the rapid development of radio engineering, the problem of

the traffic-carrying capacity of communications channels takes on great practical

importance. 'In itself, this problem is not new. It was first formulated by

V.A.Koteltnikov as long ago as 1933. We also find certain questions of this problem

-¢con51dered in papers of Nyquist and Hartley.

In Kotel'nlkov's paper (Bibl. 1), the, fundamental theorem of modern communlca—

' tlons theory is proved° any continuous signal consisting of frequencies from fy.to

f2 may be transmltted continuously with any desired accuracy by the -aid of numbers

‘ . 1
following each other at intervals of —Er?;—:—?aj— secCe

In 1938, thls problem was developed further by D.V.Ageyev, who pointed out the
—&substantlal 1nfluence of noise on the traffic-carrying capacity of a channel., In

~—’the 1930'5 and the beginning of 19/,0ts the problem of the traffic-carrying capacity

..of channels’ was rot widely studied, since our knowledge of the properties of signals

" fand noises, and of the methods of transmission and reception was still 1nadequa€¢.

7
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" at that time. Studles of these questions,

and, in the first place, of the questions

of noise-proof communication, made it necessary to allow for the statlstlcal proper-

ties of the signal and the noise. The Soviet authors V.I.Siforov, V.A.Kotel'nikov,

V.I.Bunimovich,lgnd others, have studied these properties and their quantitative
characteristics. i

The theory of’potential noise immunity, !developed by V.A.Koteltnikov (Bibl.2)
allowed the existing methods of reception to be evaluated and the existing methods
of tfansmissioﬁ to be compared with respect to their sensitivity to noise. The
question of the ﬁgtential possibilities for jmproving systems of transmission and
communications l;nes as a whole, however, still remained unsolved.

The discovery of new systems of modulation (FM, PM) and studies in 'the field of
noise sensitivity, showed that the traffic-carrying capacity of a communications
channel is determined not only by the signal frequency band and the transmission
time, but alsq by the signal-noise ratio (in the general case, by the statistical
properties of the signal and the noise). Modern communications theory, which it
would be correct to call the statistical theory of communications, has thus estab-
1ished this most general relation between the fundamental quantities that character-
ize a communications channel. These general relations allow evaluation of the exist;
ing systéms of transmission and allow indicating the pgssibilities not only for the
improvement, but also for the development of new methods of transmission and recep-

tion assuring the maximum immunity from noise. In the present paper we shall con-

31der the fundamental relations of statlstlcal communications theory and shall com-

pare the existing_ communications systems with respect to their traffic-carrying cap-

acity. o : l ;

* 2, PFundamental Bglations

It may be shown (Bibl.lLb, 8) that the traffic-carrying capacity of a channel,
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in the general case, is defined by the expression s

, o Q=Q(A4) — Q,(A),

|

i
Q(A)=—?T£ | P(@igp(a)dadf,
|

|

QA ==2T[ {p(p.(@)Igp, (a)dadzdy,
_ L e

(3)

p(a) = probability density of transmitted signal A(t);
p(x) = probability aqpsity of received signal X(t) (total oscillations of signal A(t)
. and of noise N(t)):
~__2x(a) the a priori probability distribution of the signal;
T = time during which the channel is used to transmit the signal A(t).
The domains of integration (G) and (V) are determined by the limits of varia-
;? tion of signal and noise amplitudes, and by the pass band of the channel.
The physical meaning of eq.(l) is rather obvious. It shows that the traffic—
_ carrying capacity qf"the channel, Q, in transmission of communications by the.aid
‘.:: of signals A(t) in the presence of noise N(t) in the channel, is equal to the dif-
) _ ference between the quantity of information Q(A) which can be transmitted by the aid
j of the 31gnals A(t) and the information QX(A) which is lost in the channel owing to

=

.. the prﬂsence of noise. unatlon (1) may be written in another equlvalent form

__ (Bibl.k): -

i
¥
1
1

‘*In the papers cited (B1b1 Lb, 8), it was ‘postulated, in deriving this ralatlon,

i . 2 that Q is a function of the a priori probability P(a) and of the a posteriori prob-’

ablllty Pr(a) of the sn.gna.l and that the quantitative measure of information sa.tls-‘:

7. 'fies the condltlon of addltlvz.ty.

N
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Q=Q(X)—QA(X)1 R, (1:.)
4_{ :
lwhere Q(X) and Qy(X) are expressed_ by relations analogous to_eqs.(2).and_(3). _If

p:iA(t) and N(t) are independent, and X(t) =|A(t) + N(t), then P,(x) = p(n) and QA(X) =

03- Q(N), where p(n) is the probability dens;ity of the noise N(t). Then, by eq.(kL),

Q=QIX)—Q(N), (5)
Q) = — 2'/‘(-([{ p(x)Ig p (x) dxdf,

p(x) is the probability density of the received signal X(t).

Equations (1) and (5) for the traffic-carrying capacity of the channel are
derived under very general assumptions as to the properties of the signal and noise;
they may therefore be our original formulas in the analysis of both an ideal and a
real system of éommunications.

The function Q(A) is determined by the type of transmitted signal%, and there-
fore characterizés the transmission system. The function QX(A) for a given‘trans—
mission system characterizes the method of reception. - Consequently the function Q

characterizes the communications channel as a whole, with respect to the transmission

of signals in the presence of noise,

3. Conditions of Ideal Reception

-

A receiver whlch assures the minimum value of the function Q(A) and, conse-
1

quently, the maxlmum value of the trafflc-carrylng capacity of the channel Q, will

be termed an ideal receiver for an assigned method of transmlsslon. We shall show

STAT

Declassified in Part - Sanitized Copy Approved for Release 2013/04/02 : CIA-RDP81-01043R001900020013-1



Declassified in Part - Sanitied Copy Approved for Release 2013/04/02 : CIA-RDP81-01043R001900020013-1

: |

O e e - N L .. - e .
-J that this condltlon c01n01des with the condition of ideal reception given by

{
—

'V.A.Kotel'm.kov (Bibl.2). The latter, as is commorily known, reduces to the condition

e’ | . . .
’that the ideal receiver must reproduce a communication corresponding -to that trans-

!mltt.ed 51gnal A(t)-for which the qua.nt:\.ty [x(t) - A(t)] shall have the minimum

8 1
~ value o

According to the Bayes formula

p (A p 4 (X)
A T

For an assigned signal X,

py(Ay=xp (Arp, (X),

where K is constant that does not depend on A.

In the case of fluctuation noise (Bibl.2)

1

—Lixw-awnr

) . 2N(\() (Ol

pu(X)=——7—¢
@2 N) "’

__ where N = mean noise power, n = 2TF, F = pass band of receiver.
Then

| e
xp (A) - -yvl('\(‘), At} .

Pi(A) = anln

By eq.(3), the minimum value of Q.(A) corresponds to the maximum value of px(A)

1. .. or, according to the latter formula, to the maximum value of the expression

13- [X(t) - A%,

—-3 l,. The Ideal Transmission System )

) D
H
!

e shall term a transmission system ideal if its signals yield a mao&j_rmnn value

Te e i wemarh

+of the functlon Q(A), and, consequently, assure the maximum value of t.he trafflc

8l
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”l

-
-

.Ec‘arrying c—:apacity of the cﬁﬁnél_v;iﬁh an aééign_e"d method of reception.
U'si‘ng eq.(3) for Q(A}, we may determine the probability distribution of p(a) _
: "~ and the energy distribution of the signallalong the spectrum at which Q(A) has the
maximum value. )
The solution of this extremely simple problem in variations shows that if the
signal is amplitude<limited (Bibl.8), then, in an ideal syst;em, the trarismitted sig-
nal must have a uniform probability distribution in an assigned interva{l: of varia-

tion of amplitude: ' |

1 .
p(¢1)=2—6:; U <a<1Ug

pla)=0;, —U ,>a> + U,
. 3*
and a spectral amplitude distribution uniforn in the pass band of the channel F @

U, (fy=U,=const. (9)

When the signal is limited in mean power (Bibl.s2), then in the ideal system
1t must have a normal probability distribution and the distribution of ‘power P(f)
along the spectrum in the pass band of the channel must be uniform:

ai

p(a)=‘-‘—/——l_—e—7ﬁ1 L | (10)

2x a2

P(f)=const. ‘ (11)

. 5. The Channel d}a.pa.cit,y

A communication system whose 'tra.ffic-carrying capaéity is maximum, is called

VIt is assuméd tﬁat ‘the channel has -an ide}al Pi-shaped frequency characteristic and

~a linear phase chardcteristic. In_this case it is also considered that the fre-

' - quency band occup:‘ged by the signal is équal to the pass band of the recéiver and is .

.equal to Fe
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; jdeal. This manmum traffic—carrying capacity is usually call!.ed (Bibl.h, 5) the

| channel capacity, and is defined as _ — R o

s . ‘ ] _ - i

C == max |Q], | ) _ﬁlg )

6 4 F —_—

1

i

! R ' H
" "] where the maximum is taken for all possible values of p(a), if Q is defined by eq. (1),

{
or for all poss:.ble values of p(x), if Q is defined by eq.(5).

Since Q(N) does not depend on p(x), then, by eq.(5) and eq.(12),

Lo ' «C= max |Q(X)|—QW). o | (13)

!

If the signal is amplitude-limited, then on the basis of eqs.(6), (7), (8),

:and (9)* o

i max [Q(X)]=2TF g2 (Us 4-Unh
n 1 Q(N)-=2TF1g2U n,

P

’i. ___ where Ug = signal amplitude;

- Up = effective value of noise.
S It is here assumesl that the received signal X = U + U £ that the noise varies

' from - Uy to + Uf; and has in this interval a uniform probability distribution p(n) =

‘Y i
ﬂ{ .= ?l— . Consequently, in this case
Y - f . ) - 3

— c—2TFig(* l-l) " : (18)

An analogous Mfornm'la defines the quanity of information H vyhich can be repro-

T duced at the output of the receiver of an ideal system

mp

G . h’--ZlI‘,,,lg(Z"‘ ¥ 1), (15)

-y

- 1 .. where ; -

£ ..‘ #The. derivation off the_formulas. for this case is given in an earlier paper by them_,_“_:

! . . g

. ‘author. (Bibl.8)..
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- s . i

b
- 1

I ———

Fm =’ Dass band of receiver. at low frTleciuency;_

. - | .
U = amplitude of signal at receiver outpub; ..

-

Umn = effective value of noise at receiver output.
Equations (14) and (15) were obtained by §N.Tosyakov (Bibl.3) by another

method, under the same assumptions as to ‘h'e' statistical properties of the signal

__tand the noise. ( . ‘
If ‘the signal is limited in mean powier, t_l'}en, as sho.wn.by Shannon, by eqs.(6), l

(7), (10, and (11).

-

max [Q(X)]=2TFig)/ 2xeN? =2TFIg)/ 2xe(P+N) ,

where P = mean signal power;

N = mean noise power,

Q(N)=2TFlgVy 2z eN

C=TFlg (% + l).

Accordingly

- H=TF, 1g(% -+ l). .

m

where P, = mean signal power at receiver output;

N, = mean noise power at receiver output.

It is assumed here that the noise has a normal probability distribtqltion for its:

-

, amplitudes and a-uniform spectral distribution of power.
Thus, depending on what limitations are imposed on the signal and on the noise, -

"we obtain, on the basis of the general relation (1), by eq.(lL) for C and eq.(l5)

!

for H, in which the ratio of the signal and noise voltages enter, or b i
1

eqs. (16)

and (17), in which the ratios of signal to noise power enter.

~ 4
i

8l .
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The aéiﬁéi:sigﬁéignidugﬁé Transmission

of Speech and Tusic, as is well known,
| have an amplltude distribution close to normale. The spectral distribution of sig-

nal power, as a rule, is not uniform over the entire pass band of the channel. It

may be shown (Biﬁi.s) on the basis of the same general relation of 'eq.(5), that in

this case the neéi capacity of the channel is determined by the following well knovm

expressions (Bibli5):
Lo DT

e il 1] o

L

~ or, introducing the coefficient&(Bibl.8), depending on P(f) and N(L),

’) - ~ 1’
C,==TFIg? (—N- + 1),

fl ,l
P j'P(f) df w N -jN (fy df.
I St

Accordingly the quantity of information that can be reproduced at the output of

the receivey of a real system is determined by the expression:

H, = TF, g3, ( H) (20)

" The expression of eq.(18) shows that the real capacity of a channel is comple- -

I _ tely determlned by the statlstlcal spectra of signal and noise. It also shows that
" the degree of fllllng of the pass band of the channel by the components of the
’ signal—powef sﬁecppum characterizes the degree of approximation of a given system

" 4o the ideal: the greater the filling, the greater the actual capacity of the chan-

nel (Bibl.8). At the limit, when P(f) = const (ideal signal) and N(f) = const

Ll

(fluctuatlon n01se), Cp will have the maxlmum value determined by eq.(16).

I

If N(f) # corist, then the condltlon of the maximum for C will be the condition

“.jwﬁzf) + N(F) = conSt (Bibl.5).
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l . "
- \ 1
" The Effectiveness of "Radio Communn.cation with Various Modulatlon Systems

Statlstn.cal communications theory establishes the fact that in an_ideal system
T the channel capac:Lty may be made equal to t.he quantity of information to be trans-
mitted (H = C) This equality can be attained by means of a proper selection of the
. coding method. In a real system, H is always less than C. "

The margin of unutilized capacityAC = C - H is determined by the assigned qual-

ity of the communication, which, in the simplest case, is expressed by the ratio of

signal to noise at the receiver output. The higher the qua.hty of communlcatlon
required, the larger must AC be in a given system. Let us call the ratio between
the quantity o:f ‘information reproduced at the receiver output and the channel capa-

city, the efficiency of the communication system (Bibl.6, 8). By eq.(19) and (20)

- ' Pin.
. F,,,lgB,,,( +1). o)

FlgO( + 1)

. The value of the efficiency n differs for different conmmnicationisystems and

characterizes the degree of utilization of the channel capacity with a given method
of transmissiocn.

Table 1

i

System of Modulation = Remarks

R

Single Side~Band™ :
Transnission System (SSB) o ) =1/

- g (S + l)—
Amplitude Modulation (AM) ) 2Ig[l + (1 + I_W;*) s J 1 = Modulation
: . T2 Factor

—

—

Frequency Modulation (FM) | 3 g ‘*fl) 2{; .1

= Modulation
Index
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" : Table ]’. cont. .

-

Time, Pulse Modulation _ . . L g (S+ 1 \
(TP) g (1-{-555 s)
¢ - . ]

I (S-+1)
72 '
+ 16,7a S)
as

\

PN L e - - - - ——— e e—

| Duration Pulse Modula-
—|tion (DPM) e 12+ 16,7a alg (| +
a) Two-Sided

b) One-Sided g (5 + 1)

288 + 3342\
s

ait

qe
i

ad

288 + 33,4a alg (l +

l
|
|
|

—
e?__ ] '
|

| coded Pulse Modula- 101g § = 2,21
A5 1g S)

.-
1tion (CPM) . “ g (el

_2_
1

[

- |

The most perfect communications system must evidently be considered one with
" the maximum efficiency at an assigned quality of communication. In comparing sys-
_ tems, we shall pubt the coefficients & and 6m equal to unity. Tntroducing the nota-

p .
_tiona = L., 8= _ﬁ@- and 0= —%- , we obtain the following simplified expression for
m
m

. h __' g+ N ; 2
T LT ! &)

—

The results of an analysls of various systems and modulation performed by the
‘ _ author on the basis of eq.(22), are presented in the table in which the formulas for
‘ Ny lii{e those i‘og’-—%— , hold good for signal—n01se ratios above the threshold level.
__ The expressions f-ozz —i—with TPM and DPM are obtalned on the basis of the well know_n

e i .
. l . formulas (Bibl.7 ) in which we set F; = 3Fp where F; is the pulse repetition fre-
i 3__.5 ' . ‘ .

— quency.
a4 - -

L S )

- _ Figure| ’1 glves the curves of communication efficiency M= £(9%) fOI_"S = 60 db.
: Figure 2 'g:q%e's curves of -the necessary slgna.l povier NPFm' =9 (@) for S = 60 db.
i ,.‘. Here NPF r%i= oo, where T’Jo = mean noise power in unit? band, 'The curves of Figs.l
: : and 2 a(;'em constructed according to the'formulas of Table l.
.:“T For ampalit'ude' modulation under these co;xditions ’ n = 0.5 and N:Fl: 62 d.b°

i .
et An a.naly31s of the exprcss:Lons obtalned for n and of the corresponding curves

STAT

eclassified in Part - Sanitized Copy Approved for Release 2013/04/02 : CIA-RDP81-01043R001900020013-1



Declassified in Part - Sanitized Copy Approved for Release 2013/04/02 : CIA—RDP81—01043R001900020p13—1

0.

of Figs.l andE shows that the TPM and DPM are of practically equal efficiency.
2
—~lthese systems.the efficiency is somewhat. lower than in FM; its .valuerecrcases...with ‘

Fig.l Tig.2

increase in the necessary width of the channel band at S = const, and depends only
slightly on S at o = const. With an assigned communications quality, higher signal
power is required in a DPM system than in the TPM system.

The FM sysf,em is better than the TPM and DPM systems, both in communication
efficiency and in ihe utilization of signal power.

'The CPM systeni is the most acivanced,of all existing modulation systems.- It has
the greatest efficiency and assures an assigned signal-noise ratio at thedreceivér
output at a conéidegably lower signal lev'el of ’the input than with the other forms

il

" of modulation, o ) ’ ' ;
}
The SSB and FM systems have high efficiency, but these systems give no advan-

i

- tage in the value of the signal-noise ratio at the receiver output; and do not allov\f

" this advantage to be increased by widening the ’channel frequency band. Ufider the

|
ot

same conditions, with AM, that is, under conditions when an assigned communlcatlons«

quality must be secured with a cha.nnel band width equal to 2F = 2Fp, all of the
~ H
modulation systems we have cons:.dered are practlcally of equal value, . They have__

STAT : ;

R

i

i
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|

about the same “efficiency and about thelsamc necessary signal power. “Under these

conditions, the SSB and Ah,systems have the best characteristics. The conclusions

“iobtained in tﬁié Section are in rather goéd agfeement with the results of S.N.

| - o T

1
Tosyakov's work (Bible3).
The author expresses his thanks to Professor I. Ye.Goron for his valuable advice

during the pérformance of the present wérk.

-t
) |
~ Paper Received by the Editors 20 June 1953.

-
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INCREASING THE EFFICIENdY OF|REACTANCE TUBES

by

AD.Artym,

Full Member of the Society
1

This paper considers a method of increasi%g the efficiency of the re%ctance
tubes used in frequency modulation. It is shown that an increase in the efficiency
of the reactance tubes allows the stability of the center frequency to be ?ncpeased.*

The results of experiments are presented.

1. Introduction

To accomplish frequency modulation, reactance tubes, which Qary the pgrametcrs
of the self-oscillator circuit, are widely used in practice. A major shor%coming of
this method is the low stability of the central frequency.

To improve frequency stability, an automatic frequency control is use?, the
reliability and efficiency of which increases with the weakening of the destabilizing
factors. More specifically, it would be desirable, in order to weaken the%influence
of the capacita;ces of the wiring and the tubes, to reduce the wave impedance of the
auto-oscillator circuit, i.e., to increase its capacitance. In this case,lhowever,
the frequency dé&iation produced by the reactance tubes is narrowed and thérefore,
‘in practice, as¢; rule, circuit; with high wave impedance are used. Under such con—i

ditions, to assure normal operation of the system of automatic frequency control,

the reactance tubes must be calculated for an elevated frequency deviation, as a

'rcsult of whiqh their destabilizing action increases. The methods déscrib;d bélow

+

‘allow these difficulties to be overcome. ,

2, Tncreasing the Efficiency of the Reactance Tubes.

In the push-pull diagram usually employed (Fig.1l) (Bibl.2), the necéssary pha;;,

20
‘ STAT
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K R A A LA T phase with 1t, of the
shift of the grid voltage Ug and of the plate current I in phase wi ,

Tjshifting dividers R{C, and C.R..

i reactané:e txibes* with respect to the platq voltage Ups is provid‘.ed‘. by the phase-

22

The cadmittance of the first rea.ct.a.ncel fube equals:

|
=l S g =l 5, _s,(._-’{ - ")

U. U, Ry—1x¢ l+’} l+"

By analogy, 'foxi the second reactance!tube:

o ) B3 B )
— - —_— +
Y’=_J; S'ZR 1%es 82 (l+ gg 1+B

§

The ix;xaginary part of Yy is negative:,l that is, has the character of a capaclta-«E

)

, "t tive conductance: i
4

(Y1) = — s B i =—b,=— A(uC)

i

. ~ and, accordingly, ,

1Y) = s,%é ;.b =A (..,L)

. " has the character of an inductive conductance.
YO .

= -1 1 for the
B d‘fferenﬂi@ztiaﬁing the expression lnw= 1n 1 5 InC + = 2 In —
v Vic .
mall :mcrementsA Cand A(——— , we obtain the expression for the relative frequency
s

devn.a:b:_on: .=
- . .

| o(=)
do © 1 - =
2

—
w

- . P )
s0__‘where p = = wL.'—‘“ wave impedance oi circuite.

- -
3y

o

!

*Pentodes are 1 usually used as_the. reactance tubes, and the reaction of the p;l.ate_ﬂl_lygxl

_' be. disr&%é!?;.ed s cogsj_,dering _Ip_ = SU c*
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In accord;hqe;ﬁith'eq.(s), wo shall dake the term efficiency of a reactance tubd

:to mean_its equlvalent reactive conductande (1:1 _or by )., With increase'oj the la.tterJ

) g at an assigned frequency deviation—A-‘i’— , the wave impedance of the circuit p may be

_|decreased with ‘the ,object of increasing tbelfrequency stability.
We shall conf%ne ourselves to the corn sitderation of a symmetrical diagram, i.e.,:
we shall put in eqs.(1) to (4);

B _p=20 o3 ()

' Rx ez

;ar:ld in the absence of a modulating voltage

‘Sl = 32, consequently, b g = bL.

? In this case, ‘as will be seen from
‘eq,(5), the synphase action of the modula-
-ting voltage on the reactance tubs, due to
the inconstancy of the feed voltages, will!
not produce a frequency modulation, since '
" conductances bg‘and bL vary by ééual quantities. This constitutes the well known |
" advantage of the p&sh—pull circuit for conn?cting reactance tubes over the single-
; ended circuit.'f. '

With the antiphase action of the modulating voltage, the frequency,deviation,
' i‘

|
%=—AHHH0W433W (7)

- i

_.according to the voltages of eq.(5) and eq.(6é), will be equal to

To eliminate the considerable parasiﬁic‘ amplitude modulation, B <<:1l is used

. ;g

.:m the ordmary dlagram. )

If the parasrolc amplltude modulatlon is not llmlted then, as Wlll be seen

} ,‘from eqe. (7), in the ordinary diagram, the limiting frequency deviation (at B = 1)
- ) ‘ & .

. < !
2 - °
l SN
] |
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must, according to eqe (1), be increased.

+£,

Fig.2

." ta) Master oscn.llator circuit; b) To fre-

I

a) Master oscillator circuit; b) To fre-

ipliers
quency mult1p11ers~ c) Reactance tube quency multip

bl.l). In
tage in the circuit (Bi

edient to use a buffer s

such an amplifier it is exp

thls case, two versmons are possible.

at first
the first vers:Lon (F:Lg.2) the voltage of the master oscillator 2G is
4 0._}' In the fir

| ub ted t 9( f: ha se shl in llfled in the bu.f-
| l hi ft the leldeI’ C and is then amp.
{ 4 S ieC o a P ORO’

oW a,n in r'ea.se of Y by a factor of K]T where q
if t ge This circuit allows c ¥ d, Xcb1
3 er SUageCe

4 Yy

divider C C, »y and
Cb2 + Cpo - division factor of the capacitative bl" b2

Cp1

* X2 " G4 !
Ky = amplification factor of the buffer stage.

g L -1
it is possible to secure Ky = 50 = 100 and g 5 3

In concrete cases,

| = l - 500
\';“7—_‘ ie€ey to get a gain by a factor of Ky q 5 N
e on the buffer stage is imposed wi

]

94 . In_ another versmon (Fig.3),.-the excltaxlon
P e g et et

Lb I; Cb ’ -
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_4same time branches of the buffer stage circuit.

‘be'by a factor of Ky, ie€ey 2 10 3 tlmes‘greater than in the preceding’ case._

———i

We remark that in the clrcult of Fig.2, the voltage on the plate of the buffer
[I

_ stage is only'—l-= 2 - 3 times greater than the vditagé-oh the grids of the reactance
' q

3

ﬁi:'tubes, while in the diagram of Fig.3 it is| |=| l times as great. For the nor
 mal operation of reactance tubes, the high frequency voltage on their gridé, asa i
rule, must be small (less than 1 - 2 v) For this reason, in the circuit of Fig.2‘
the voltage on the plate of the buffer stage tube is likewise low, and in a number of
cases does not,prqyide the required excitation voltage for the follow1ng%stage (which
..'.-prdinarily operates in a state Sf frequency multiplication), as a result;of'which,
an additional stage of amplification may be necessary.

Since the circuit of Fig.2, which is inferjor to that of Fig.3 in efficiency and
value of the output voltage, is in all other respects merely equivalent to it, the
circuit of Fig.3 is preferable. On the basis of these considerations, we shall, in
future, discuss the latter circuit. The theoretical researches presented below show’
that the introduction of an amplifier in the circuit of phase shifting units does

not disturb the stability of operation of the circuit and in practice causes no ad-

_ ditional distortions in modulation. - : i

"3, Practical Results

For the éxpépimental verification of the method of increasing the efficiency of
_ reactance tubes, an exciter with frequency modulation was assembled. The use of

. ~ - | .
6zhl, tubes proved to be most advisable for the master oscillator of the buffer stage:
{. _and for the reactance tubes connected according to the circuit of Fig.3. The master:
- : .
1, ,oscillator was figured for a frequency offS.h megacycles. The capacitance of the

e :
e !

"‘} ‘- 3e have in find ‘the most widely used state of operation of reactance tubés without

5. a-cutoff -point and with low_grid voltages. Such a:state allows us to effect fre-

w

»quency modulation with insignificant nonlinear distortions.

9h_
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al circuits, owing to “the increase in the effficiency of the reactance tube, could be

taken higher (of the order of 800 p uf, which, at a low output capacitance of the

auto generator tibe (3 - Supf ), assured high stability of the central frequency (on

changing’ the tube “of the autogenerator and! on deformations of the assembly e

The considerable amplification factor of the buffer stage allowed the connection

of its grid to part of the autogenerator circuit, as a result of which the destabil-

l
izing action of the input capacitance of the tube of the buffer stage was reduced by

i __ita factor of n2 where n is the coupling fa:ctor between the buffer stage grid and the

lo —t
_!master osclllator plate. In this case we took n = 3.2, so that the influence of the

:g input capacitance and the buffer stage wene reduced by a factor of about 10 and be-
: came negligibly small. ; !

The resistances Tq and Ty, (Fig.3) werte of the order of 5 - 10 ohms, and the highi
_ifrequency voltage from each of them was fed simultaneously to the grid circuit of one
Q reactance tube and to the cathode circuit of the other. This doubled the efficiency
" of the reactance tube. The low value of the resistances rg and ry eliminates in

. practice the influence of the capacitances of the reactance tubes and the wiring on

them, and assures a stable phase shift.
Owing to the high efficiency of the reactance tubes, it proved possible to con-
" _ nect their plates to the same part of the .autogenerator circuit to which the grid of

1the buffer stage was connected. Thls allowed us practically to eliminate the in-
1

,__; stability of the centra.l frequency due to instability of the output self-capa01ta.nces

i
—t

_tof the reactance tubes, and also to decrease the destab111z1ng action of the varia-
i'_j tion of their transconductance. In spite of the small coupling between the reac-
" __i tance tubes and-the autogenerator clrcult; the maximum frequency deviation was 3 to
‘%—35 times as great/ as the 100% modulation 1evel, which assured the necessary margin
‘»0: for the automatnic’ frequency control (the latter was selected at a lower level owing

9
'-: to the general :anrease of the sta.blllty of the center frequency of the autogenera—
54

—} tor).

545

-
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We present below a table characterizing the increase of the stability of the

central _frequency.of _tpi;__ex_qipe::‘by_‘g,omparisorl« with the exciters formerly used _

_ (B{bl.B). =

Name of Index Former Exciter New Exciter

1. .Equivalent Admittance
__|of Reactance Tubes (Converted
“lto Terms of Capacitance), W if

2. Deviation of Admittance
_|of Reactance Tubes Necessary for
1100 Percent Modulation (Converted
“lto Terms of Capacitance), Wi 0.27 L2.5

13. Relative Frequency Drift
(A£/£) with a 5% Variation of 3 y
the Self-Capacitances of All Tubes 6.10 1.5.10°"

l,. Relative Variation of Frequency

on Departure of the Mean Transconduc-
_ltance of One Reactance Tube with -l
. " |Respect to the Other by 10% 6,107k . 2.0

Without allowing for the advantages due to the use of the modern tubes, the
gain by reason of the use of the new circuit (Fig.3) over that of the circuit of
Fié.l, amounts to:

a) in efficiency of the reactance tubes, a factor of 25 (Ky = 25);

b) in the deviation of the admitﬁance 6f the reactance tubes necessary for
.:"lOQ% modulqtisn, on account of the increased efficiency of the reactance tubes, a-
__ factor of 50, and on account of the more ¢omplete utilization of the characteristics;

_._ﬁ of the reactance tubes for modulation, by a factor of 3. The latter circumstance

. ~decreases, by the same factor, the relative variation of fregquency owing ‘to instabil:-

_ ity of the transconductance of the reactance tubes;
t H

1

¢) in the frequency drift—Af—f—on variation of the self-capacitances of all

tubes, by a factor of 10 - 20 (L - 5 times on account of the selection of a higher

capacity of the autogenerator circuit and 3 -4 times on account of connecting the

96_ STAT
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reactance tube and the tube of the buffer stage to. the part “of the osc¢illatory cir-

cuit). .

The total maximum instability of the

céntral frequency of the exciteér (without

automatic frequency cor}trol) due to changes

in the capacitances of the tubes was re-

duced by tens of times and did not g0 be-
A Af = ~l
1y . =2- b; R

yond the limits of ( 8 1

The temperature factor remained dominant,

and to eliminate its influence the master

Fig.ll, .
oscillator and the reactance tubes were

Tplaced in a thermostat.

We give below the experimental relations between the frequency drift —A?f- and the

¥

"~ amplitude of thé autogenerator (U, ) with a variation of the plate voltage Ep (Figel)

. " and with variation of the filament voltage U, (Fig.5). In the former case, the

oscillations broke off at Ep = 50 v; with-

i}’:w’ b i out the reactance tubes, the frequency

drift at Ep = + 107 was 5 x 10'6. In the

ey

latter case, without the reactance tubes,

L the frequency drift at AUy = % 20% was less
. 5 .

- than 2 #1107,

Fig.5
In the presence of the automatic fre-

' ___‘ quency control (based on the use of a frequency divider and a bhase detector)

-

45

_(Bibl.,) reliable frequency stability was secured, of the order of stability of the

standard quartz oscillator.

With rgspect_fto the remaining gqualitative indexes (nonlinear distortions,

1
de modulation, background, etc) the exciter likewise met the re-

.97
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i

_iﬂ: Theoretical Study of the Circuits |

~
-

.- i
o In practicé, certain advantages of the push~-pull connection of reactance tubes-
4. ) ‘ . . . !
.. are not fully realized, owing to the scatter of their parameters. -In the presence ;:
) i

. _ of automatic frequency control, when the frequency drift of the éﬁﬂégenerétor is cor-,

i

under substantially different conditions. Thus, for the most objective evaluation
of the operation”of the diagram its least favorablé version, the single ended con-
nection of the reactance tubes, must be analyzed.
Such a circuit is presented in Fig.é.: Taking apart the grid circuit of the
. reactance tubes RL, as shown on this figure, let us investigate the diagram. Consi-
dering the vo}tage Uin at the grid of the

reactance tube the input voltage, and the

voltage U+, taken from the circuit of the
buffer stage, the output voltage, we may

consider the diagram as a two-stage ampli-

fier. In this case, one of the stages
serves as a reactance tube with a load con-
A) Oscillator; b) Buffer stage
sisting of the admittance ‘'of the circuit
_ and the autogenerator tube, and the other as a buffer amplifier, the voltage from
which is withdrawn through a divider consisting of thé capacitance of its circuit C
; :jénd the resistahcehfg. '
Determining the complex amplification:factor

b

Upsr _ A+1B . _
K ] Uip C+ID. (9)
__the condition of dynamic equilibrium of th% system in the presence of oscillaiioﬁ

' {
_+ 1 may be written in the form of two equations:

w

A=C, B=D.
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These equations allow us to find the frequency of oscillation, "and ‘on allowing

' for the nonllnear properties of the diagram, we also find the amplltude of the oscil—

f latlons as a function of the bias on the grid (or the tran;conductance) of the

_! reactance tube, -

-

Under normal conditions of operation of the circuit, the self-oscillations are
' maintained on account of the negative admittance of the autogenerator tube, compen-
sating the admittdnce of the LC circuit. Since the voltages on the grid and plate

of this tube are of opposite phase with a high degree of accuracy (over a wide fre-

> -

quency band), it.may be considered that its admittance contains no reactive compo-

nent and that the generated frequency w corresponds to the natural frequency of the

circuit.

The reactance tube, owing to feedback in its grid, iay introduce both active
%

and reactive components into the circuit . The dynamic equilibrium, however, is
resto?ed owing to the fact that the reactive component is compensated on account of
_ the variation of the generated frequency and of the detuning of the autogenerator
circuit, while the active component is compensated on account of the variation of
the admittance of’the autogenerator tube Yg, which arises due to the variation of
the amplitude-offﬁhe oscillations. The dependence of Yg on the amplitude of the
oscillation may bé.found experimentally or by the graph-analytical method from the
characteristics of“the tubes, and in this way it is sufficient instead of the
amplitude to determine the value of the admittance YS. For many practical cases,
within the normal limits of variation of amplitude, the latter is connected with Yg
by a roughly llnear "relation, so that the character of variation. of Y also cor-
responds to the character of varlatlon of the amplitude of the 0301llat10ns. In

o

what follows we shall make use of this fact and shall characterlze the parasitic

l - -

¥The édmittancé of the tube due to its internal resistance (plate reaction) we

shall ne_leét"cohsidering that a pentode is used as the reactance tube.

99
STAT
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§

-

ﬂ 'i—arn_pliﬁudeAmodulation not as the relative variation of the ampln.tude ofAcyascill;a.tions,

—E
o but as the relat:.ve variation of the admittance of the autogenerator. "Yg" .

Teking account of the fact that at grea.t deviations of the frequency %] from
. the tuning frequency of the circuits, ¥ V——- \E_C- (Fig.6), their equivalent re-
‘ ' 81stances are low, and the amplification factors of the tubes become less than unity,
| we may come to the conclusion that in this case the condition of equilibrium K = +1
cannot be sati’s;‘ied. This allows us to limit our consideration to cases of small
deviati;ms of 'i_;requency (ﬁﬁ << 1), and for the equivalent resistances of the cir-

o]
cuits we shall make use of the approximate formula:

Z,= ,R” (11)
248 w

141~

where Ry = equivalent resistance of circuit at resonant frequency, Ow =w - 6,
Q = quality factor of circuit.

For the buffer stage circuit, accordingly,

Rp,
Zbc=

28
1+x—-—3Qb

The amplification factor (neglecting the plate reaction) is

. S kx,b K
Ky= Sis = —24 20— =—— (13)
141220, 14+i—Qs )
w wg

¢

where Qy = quality factor of buffer stage circuit, S, = transconductance ';of its
tube,

: . UL

The load of the plate circuit of the reac?tance tube Z ., is determined by the

conductance: of the circuit (YKg) and of the autogenerator tube (Yg):

7 - 1 1 _ R,,
Y Yig—Yg 2, Qq R

° - ‘wo .y wg
R 9

The am;;lification factor of the reactance] tube

100
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SRK — SP Qg
24w 2w’ (15)

0

The tra?.nsfer ratio of the phase-shifting network Cy, rg equals

(17)

I-- This quantity may be considered constant, since the frequency variations considered
: are small,
On the basis of eqs.(13), (15), and (16), eq.(9) may now be written in the

’ expl:.clt form:
K= = L ‘
: K=K,K,p SPQgKtb R,+- Qg )(l e Qg)(l-l-i?) (18)

—

- Simultaneous solution of egs.(10) allows us to obtain the expressions:

1 8
. B, 2 T p PKe
“,

L4455 :( )Qz’“x-fpp'( )

- () 1002 @t @)
YRy m —= '

" The latter of these equations determine the stability of the system in ampli,—‘g‘;::

101
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".tude and parasif:;i.c’ ’modulation.

Stabll:.ty in dmplitude is evidently disturbed when Y RK becomes close to zero,
since this in practlce means the appearance, under the action of the negatlve con-
ductance of the reactance tube, of high oscillatory voltages blocking the autogener-
ator tube. -

The domn.na.tlng term determining the relation of YgR}{ on the frequency at the

I

limiting allowable frequency deviations, is the second term of the numerator, and

therefore, from i:h_é condition YgR]{ > 0, we get:

-- =<V @
that is, with resp'ect to stability in amplitude, the frequency deviation must not
exceed half the width of the mean geometrical pass band of the autogenera;‘tor and
buffer stage circuit. At radio broadcasting f;requency modulation, the normal maxi-
mum relative frequency deviation is usually eqlua.l to —%‘L = (1 - 1.5) % 10f—3, Qg =

= 100 - 150, @, = 10 - 20. For this reason the condit:fL)on of eq.(21) is satisfied
even when the normal frequency deviations are exceeded by a factor of 5 - lO. The
. parasitic amplitude modulation, defined as the difference between Y gRK at normal
frequency deviation and YgRK at Aw = O, constitutes, as will be clear from eq. (20),

.a quantity of the order of 1% of YRy -at Aw = '0. .

: I
Stability in frequency and frequency modulation are both determined by eq. (19).

The relation of the frequency deviation —ﬁ—“’— to the transconducté.nce of the reac-
“ (o]
tance tube is glven, generally, by a cubic equatlon. But it is not hard to "see

that, since the parameter of the diagram are so selected that the value of the -num-

erator in eq.(19)7is a small quantity, -%‘-"-m.ll also be smalle In this case, all
(o] .
terms in the denominator of eq.(19) may be neglected in comparison with unity and

we may find—f)i(gn ‘first approximation) as follows:
o .

Boy_ 8 — - (22) .
(o) T T or Kw=os i
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' For the ordinary single-ended cireuit without amplifier in the" phase-shifting

- —— - -

%m.,:% lfav Se

:? which differs from eq.(22) in the absence of the factor Kob' equal to the amplifica-
* tion factor-éf the buffer stage at resonance. The presence of the factor K, allows
~us, at one and tﬁé.same frequency deviation, to appropriately reduce p, that is, to
- increase the cgfééitance of the autogenerator circuit.

Under thg condition of normal radio broadcasting frequency modulation, accord-
ing to the figures given above, the correction to the terms of the denominator of
eq.(19), which are omitted in eq.(22) and determine the error of eq.(22), amount to
tenths of one pefcent, that is, they are negligibly small. The nonlinear distor-
tions are absent from the first approximation, since, by eq.(22), the frequency

-deviations have a linear relation with the transconductance, through the factor of

“ proportionality @ = % -—B— PK op

2 1+p?
To evaluate the nonlinear distortions, let us find the second approximation of
Aw

o

s by substituting the first approximation of in the denominator of eq.(19):

2o} _ o5 |
_((,,0)3_ : 1—p2 2 <00 8 . l (23)
E +4J+32a S Qb+4waSQb+aS .

Taking eq.(l?y) into account, and neglecting 32 in comparison with unity, we

have, with an accuracy to small quantities of higher orders:

(fi_“")= .S =aS(l —4228°Q} —32S) =
©0 'z 144a°S.Q" +3aS '

=aS —3a2S*— 42’ S Q3.

v

To determine the nonlinear distortion factor, we put, in eq.(22):
ST . : (.A_".) =aS=eocoth,
‘ . 1, '

i
t
g
i
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.0
fter ‘which eq.(Zh) yields‘

"’i

,3 h ea:f2L) S -
| (.':_Q.) --.coth—3c’cos’91—4t:Q°bcoc‘Ql—
4 3

=g (1 —-3-’Q°)coth —-—cocod’Q!—c‘Q' cotSQl——-!}

Whence the nonlinear distortion factor equals'

—

K~ ‘/——-=+..Q:, .-—-.]/1+—-.o:, :

where ¢ has the meaning of the amplltude with reSpect to frequency deviation.

] -

i -

According to this formula and to the above presented figures for €, and Q at
radio broadcastlng frequency modulation, the nonlinear distortions constitute frac-
tions of 1%, i.e., are negligibly small.

What has been set forth above aliows us to draw the conclusion that the intro-
duction of an amplifier in the circuit of the phase-shifting elements in radio

- broadcasting frequency modulation does not lead to instability of the oscillations
in amplitude or frequency, to a marked parasitic amplitude modulation, nor to non-
" linear distortions.

In conclusion I consider it my duty to express my profound thanks to
Professor Z.I.Model! for a number of valuable suggestions, hints and critical re-
marks on the suﬁjéct of this work, and also for the helb.given during its course,

... Paper Received Bx the Ritors 25 March 1955.

-
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AUTHOR!S REVIEW
BAND RESONANT SYSTEMS WITH CONSTANT PASS BAND
by
I.M.Simontov -

In band resonam;e systems intended to effect frequencjr selectivity, it is de-
sirable to ha;re a constant pass band over the entire tuning range. In this case,
maximum selectivity is a’qtain‘ed over the entire tuning range. Usually with in-
creased tuning frequency, the band (2Af )0.7 =8 (w)f o increases, since the damping
of the circuit 6 (;) varies only slightly. It is possible to compensate the band
by introducing a freduency—dependent damping, positive or negative.

In the former case, the band is compensated as a result of its widening. An
RC element may serv’e as the frequency-dependent damping (cf.Fig. ). It is simplest
to find the values of R and C by using a method proposed by G.V.Braude for the cor-
rection of amplitude-frequency characteristics.

The band at any frequency range is determined by the equation:

R
25 L (1 +w] )

_ F)(mi)wl
@3 =——F

By equa;oing, to, zero the first and second derivatives of the band with respect
to frequency, we find the quantities R and C = —TR— . *With a linear dependence of

the damping on the frequency 6 (W) =aw+ 6, we get:

- (Quawy +8) (1 + u,?;;z)n L

2ti0, W,

R

2 ~
T+ 9qw,4+0
1 — 3w’z 20wy

*

T

., where Wy = frequéncy corresponding to the external value of the band.
1

B . V3
. c: R= —0w,L; C=——.
To 8 () 2= A than T = V3 w, ! R 3 * 851.013 l
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In this case, the variability of the band in the tuning range will be equal to?

-
* 2w
} » !

—nea - T

A
pl’" (24 /), ="—L(Kl+ 8

(24 f)e 3

If fx is the central frequency of the range, then at Kg = %‘- ~ 3.Ki varies :
- from 0.5 to 1l.55 and the variability of the band proves to be sl;gl:t.
‘ Negative frequency-dependent dampiné may be introduced in the circ;ui!'r. by the
aid of a combiriéd feedback (positive and negative),

A number of authors have investigated systems with combined feedback| (in what
follows we shall use the abbreviation CF), operating at a fixed frequency‘ (Bibl.1,
2, 3, Ly 5)s The physical p‘rerequisite that determines the possibility o!f accom-
plishing band circuits with a constant pass band, consists in the fact that on re- ’

. tuning of the amplifier from the low freciuency region to a higher frequency region,,;
the EMF of the positive feedback increases, compensating the increase of the band ‘]‘
on account of the reduction in the equiva:aent attenuation of the diagrame’ The de-

N ‘M
termination of the feedback parameters n —_CE"“_P and Ry may be performed if the
! . ’

following condi‘tiions are adopted: a) on :i‘.n'broduction of ‘the feedbacks, the ampli-
4 ‘.'._d' fication at maximum frequency of the range rema.iné constant; b) the same band is

!
observed at the extreme frequencies of the range.
- .(%:}
In this case we get: i 5

~

s o
e A
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: Here 6, and 6,-= attenuation of the 'system without CF at the"'frequeri&?iéé"'fr'r'li;"-
. and £ respectively; 20 max = resonant resistance of circuits at frequency f.;

e
S = transconductance.

~ * _ k
1€ 8) = &), then R =—d., wnile m =1,
omin

‘- The variability of the band in this case will be equal to:

=t _ xi—1
P (@402 (l Xy )x,,

The band proves ‘to be maximum at the central frequency of the range. The re-
lation between the maximum variation of the band and the band of the circuit is
determined by the equation B, = 0.25 (Kq +-KL) + 0.5 is reflected in the follow-

d
ing table:

Ke | 1.5 | 2.0 3.0 5.0 6.0 7.0 8.0

Buax | 103 | 1.12| 1.33 1.80 | 1.9 2.28 2,53 3.03

It must be borne-in mind that, in both cases, at § (w) = const, an additional
attenuation is introduced into the circuit, whose variation is inversely propor-
tional to the frequency, and an addi‘c;ional non-uniformity of amplifica;hion equal
to Ky is observed. ‘

By using "elongat'ed" antenna and plate circutis, it becofnes bossible to attain ‘
equal amplificatj:on a:t the ends of the band. In thié case the elongation factor of

the antenna circuit must be selected starting out from the relation fp = fmin

' £
- If the "elongation" factor of the plate circuit Kp = f—‘?—= Oe5 = 0.7, then
N min
the nonuniformity of ainplification in the range at Kq ® 3 will be respectively
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L o ,
025-2 0.  On using circuits with magnetic tuning in the band circuif"(uccording g

, to the method of direct connection of the oscillatory circuit) the compensation of .

""", the amplification_takes place simul‘ba.neously with the compensation of the band. In:

! combined feedback circuit, in this case, a constant part must “be"taken off the~

. ind;lcta.nce of the circuit by means of which constant part the positive feedback will

M
be supplied. Otherwise, in retuning the amplifier, the quantity m = OT“'- will vary.

In conclusion I remark that systems with combined feedback allow narrow-band

range filters to be realized.

Paper Received by the Editors 21 December 1953. Authors Review Received 10 April

1954.
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NEW BOOKS

kaz O~B.Lur'y%. .Video Frequency Amplifiers, Publishing House "Sovetskoye radio.
lebscow, 1955, 280 pp. + 5 plates; price 9.35 rubles. |
The basic questions of theory and design of wvideo frequency amplifiers used in
”,:{ television and pulse technology are considered. The frequency and time method of
L: analysis and cai;ulation of video-frequency amplifiers are described and the most
important propertles of the transient characteristics are analyzed. Calculations

te 1§
PT ey
{
|
|

. frequencles are set forth, together with the method of calculating anti-noise sys- "’
The last chapters of the book are
"‘devoted to manual and automatic gain control, and the the design features, tuning
anq testlng of ndeo-frequency amplifiers,
Aca,demy of Sciences USSR. Laboratory for development of scientific problems

£ wire communlcatlons. Collection of scientific papers on wire communications.,

; 'ssue 3. JProfessor G.V.Dobrovoltskiy, Editor. Academy of Sciences USSR, Moscow,

95L, 206§pages.- Price 9.75 rubles.

Tlus}collectlon contains the following papers: G.V. Dobrovoltskiy: Finding
process, and' Influence of phase distortion on steady processes in communications
cila.nnely jE.V.Zelyakh and S.L.Epshteyn, Electrical filters from line segments;

I. I.Grodn;v' Parameters of influence and protection from noise in shielded cable
¥ circu1ts~ V.I Kovalenkov' Primary parameters of a bundle of wires; and: On the
3 LeTe.Turbovich: Principles of

‘ easurement of phase distortions in television main lines, and: An instrument for

measuring the group-time of propagation in television main lines; V.M, Shteyn,

etermina.tion of the quallty of structural lengths of coaxial cable; A.D.Kharkevich:
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" Accessibility of selector of automatic telephone exchange on connection of connec-;

ting lines im its contact field; I.T.Turbovich and V.G.Solomonov: On the error _of:_{ '
measurement of oscillations of the frequency characteristic of the modulus of the- -

transfer ratio by the method of frequency modulation. ~

V.V.Solodovnikov, Yu.I.Topchiyev, G.V.Krutikova. Frequency method of constru@é
ting transient processes, with appendix of tables and nomograms. Gostekhteoretizdag
Moscow, 1955. -195 p., price 12.40 rubles.

This book states the theoretical principles and the essential nature of the |
method of trapezial frequency characteristics, used in the theory of automatic reg- a
ulation for the construction of transient processes. The method is based on the
concept of frequency characteristics which may be found not only from the differen-
tial equation of the system but also from experiment.

This book gives examples of the construction of transient processes for var-
ious systems (aircraft with autopilot, electro-hydraulic servo system, etc.). To
facilitate the use of the method and make it more convenieﬁt, the book gives tables
of the h, functions which are far more complete than in works published previously
and provide the required accuracy of construction.

Technique of transmitting the results of measurements by radio. Manual of
translations on radiotelemetry. Voyenizdat, Moscow, 1955, 150 pp, price 6_rub1es.

This book gives certain information on the thedry of radio teiemetry and also
describes concrete types of systems of transmitting measurements by radio, using

frequencies and time-division of channels with various methods of modulation.

The book is intended for persons interested in questions of radio telemetry.
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