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PULSE SPARK EXCITATION OF OSGILIATIONS IN THE MICROWAVE BAND
by

I.V,Ivanov

The report describes the method for spark excitation of
oscillations in cav:iEy resonators. The energy level of the
fundamental oscillation is given. The design of the resona-
tor is described, giving to the charge HF pulses of an ex-
ponential form whose duration is of the order of 0.1 B sec
in the 8 - 13 cm band. The pulse output power of the reso-

nator reaches 10 watts. '

In connection with scanning by new methods for generating microwaves, interest
has lately been revived in the Hertzian spark method for exciting oscillations in
the SHF band.

G.A;nders (Bibl.1l) describes an oscillator whose basic member is a Hertz doublet
in the video alteration inspired by P.M.Lebedev (Bibl.2). In the Anders oscillator,
the dipole is placed in a cylindrical circular cavity. The dipole radiation excites
the entire spectrum of the cavity oscillations, and the energy of one of the oscilla-
tions of this spectrum is filtered out and emitted further on. The shortcoming of
this method is that the oscillator works on tﬁ-e principle of extracting, from a
continuous spectrum, a narrow strip of the dipole oscillations, whose width is de-
termined by a quality factor of the cavity. There is no oscillating interaction of
the dipole and cavity, so that the fundamental energy of the dipole emission is
wasted on equal excitation of all the other oscillations of the cavity spectrum.

Besides, the power which the oscillator puts into the load has an insignificantly

small value.

Oscillators, working on a similar principle of extracting a narrow strip from
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{
a continuous spectrum of narrow pulse current, are described by Davis and others

(Bibl.3 and'4). As in Anders's case, there is little utilization of the energy en-
tering the oscillater from the modulator.

The problem of the given operation consists in increasing the degree of util-
ized energy from the modulator in a system, consisting of a cavity resonator with a
Hertz vibrator placed inside it. Speculation on the possibility of resonant in-
teraction between these two members 1ed to the result that, when there is a coinci-
dence of the dipole and cavity resonant  frequency, it is already impossible to
consider them separately. The dipole proportions become in this case comparable to
the resonator proportions, so that the dipole, together with the resonator, forms a
certain complicated topology of the conducting surfaces, a resonator of a new firm.
If in such a resonator, it is possible to charge the component conductors at various
voltages, then static electric fields arise in the system with corresponding reserves
of energy. When the charged conductors are brought into the resonant circuit,
currents and alternating electromagnetic fields are created, bringing into the closed
system the character of standing waves. In the capacity of a closiﬁg key, a spark
discharge can be used, whose operation time is much less than the period of the cav-
ity oscillations. Such a discharge arises between the charged conductors of the
resonator when the voltage drop between them is large enough for disruption.

- As is well known (cf. for example the works in Bibl.5 and 6), the development
of a spark discharge in air at atmospheric pressure has a streamer character. Dur-

ing this, in the process of forming the d&ischarge, two stages can be observed. In

. the first stage, a spread of the initial avalanche and streamers crosses the spark °

gap between the electrodes. In the final stagel, the stage of forming the main dis-
charge, the electrodes are well overlapped by a conducting bridge, by which the
pulse of the current crosses with a speed of the order of 1010 cm/sec, completing

© the disruption of the gap. For gaps of 1 mm width, the formation time for the main

discharge has an order of 10':1‘.l sec. So short a duration for the closing process

—~
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guarantees the possibility of using the spark as a low-inertia key for the entire
microwave range. The explained calculations allow us to develop the Hertzian method
for exciting oscillations usable in electromagnetic cavity resonators, .
As an resonant system, in our opinion the most convenient for spark excita-
tion in actual operation is a coaxial cylindrical cavity, a diagram of which is given
in Fig.l. The cavity is made up of two
- concentric cylinders (1) and (2) and end
planes (3). The central conductor (1), be-
cause of the fact that its direct current
-0
_
-1

has no contact with the outer cylinder of

5
j/ the end planes and enters through an open-

}——{modi/ato
aj_’} ing in one of the ends. Befween the

AN

|

disk (4), in contact with the central rod
of the oscillator and one of the end sur-
Fig.l
faces (3), there is a clearance (5), form-
ing a capacitor of fairly large capacitance. Between the points of the rod (6), in
contact with the outer conductor, and the end surface of the inner conductor there is
a spark gap (7). In this diagram, the following designations are used: 8 - coaxial
two—wire circuit of the sonde, 9 - sonde, connected with the charge, 10 - HF outlet
plug. !
The inner conductor of the resonator is connected with the modulator, giving
pulses of 1 sec duration and 3 - 5 kv amplitude. An artificial line is used as
.modulator, which is charged by a high-voltage rectifier and connected across a thyra-
tron to the characteristic impedance. As a consequence of the characteristic imped-
ance of the line, the spark gap of the resonator is closed. During the firing of
the thyratron, the central conductor of the resonator is charged to the disruptive

potential of the spark gap Uy; during this time, energy is.stored in the coaxial

part of the resonator

STAT
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W,=5U
2

‘ |
Co, is the distributed capacitance of_the goa.xial part of the oscillator,

‘whore

While the disruption occurs, the spax"k gap is closed and the artificial line

discharges into the characteristic :meedaﬂce. The square pulse of the current, flow-

ing through the spark channel, guarantees ‘constant closing conditions for the last

oscillation of the cavity. The resonator, closed at one end by the spark channel

and at the other end by the fairly large capacitance of the central conductor en-

1

trance, on account of the stored energy Wo accomplishes the damped oscillation.

The fundamental oscillation - an oscillation of the Lecher type with a wave-
length of )\ = 2L, where L is the length of the resonator, and all the odd harmonics

withy =2 T (n=1, 2, 3...) - is excited, as will be shown below, by prefer-

2n + 1
ential means by comparison with the even Lecher harmonics \ = .i) and with all os-,
n

cillations of the waveguide types H and E, Preference excitation of odd harmonics is

related to the fact that the configuration of 1\:he electric fields of the odd harmon-,
ics is contained in the structure of the initial field of the resonator, so that the

initial field can be analyzed in terms of the fields of the odd harmonics. Such an

analysis, making it possible to determine the share of the initial energy entering l
i

into the fundamental oscillation (the first odd harmonic) can be nearly completed on,

i the following supposition: We will suppose that the configuration of the initial

1

field in the resonator is equivalent to the field in a cylindrical capacitor. i

"tually a longitudinal component field e:cbmds to the limits of the cavity, and con- f’
sequently there is room for a certain deviation from the field of a cylindrical ca- ‘
pa.citor. After mirror-reflecting the charges, forming the field of the inner cav:.ty '

relative to the two end planes, developing the fields, and repeating such operat:.ons'

an infinite number of times, we obtain such a periodically spaced structure of the

field that:

1
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where, as in the case of a cylindrical capacitor:
Uy, is the potential of the inner conductor relative to the outer,

r is the distance from the a.?cis of the cavity,

r
X = 2 is the ratio of the radii of the resonator cylinders.

rl

Expanding £(z) into a Fourier series according to sines, we get

f(z) = D) Cysink

Ke=]

-
“

n
L

where

2L
C,‘=—L—5 f (2) sin K—: z-dz.
0

After integrating, we get the following expressions for the amplitudes of the

harmonics:

jor k=2n—1 (n =1.2....)

!
|
|
I
I

for K =2n (n=12..)

Knowing now the distribution of the field of the fundamental oscillation
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the energy entering part of this wave can be obtained. For this, it is essential to

take the integral for the entire volume of the cavity from the energy density w(l) =
|ED) ¢

gn

. On completing the integration, we obtain

W UL :

rs ln x

and neglecting the capacitance of the oscillator coaxial part C, = 7
2in x

wn= £ CU<ogw,
LA

In this manner, roughly 80% of all the energy stored in the oscillator enters
part of the fundamental oscillation. An anallogous calculation gives a value of 102
and 3%, respectively, for the energy of the third and fifth harmonics.

The above calculation gives the initial energy for the odd harmonics of Lecher
type oscillations. Excitation of even harmonics and waveguide type oscillations in
an absolutely symmetrical distribution of the ini‘biai field is impossible. Their
excitation is tied to a deviation of the initial field of the resonator from the
field of the cylindrical capacitor, to an asymnetric distribution of the initial
field (one end of the cavity has a spark gap, the other end has a lead-in capaci-
tance), and to the presence of elements linking the cavity with the charge, deform-
ing the initial field. Secondary types of oscillation excitation are possible on 1
;account of the radiation of the spark itself. It can be demonstrated that, by a i
!corresponding selection of the oscillator geometry, the intensity of the ﬁmda.mentall

Tosciil_latlon can sigznificantly heighten t,hg intensity of secondary- type oscil]atlons,

1 f i
‘tbesides, the wavelengths of the secondary oscillations are at such a distance from}

' the wavelengths of the fundamental oscillation A = 2L that filtering out the funda-,

mental frequency presents no difficulty.
The osci]_‘la.tions oi‘ the resonator, beginning at the moment the spark ga.p closes

at maximum amplitude, have a damped character. Let us agree to denote the duratlon.

STAT .
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of the 1IF pulse by T, being the time in which the oscillations will be damped elt
times. Such damping takes place, as is well. kmown, in Q periods so that T = QT,
where Q is the quality factor of the charged oscillator. The quality factor of the
resonator, appearing as a prime factor and influencing the duration of the HF pulse
depends on the magnitude of the loss of oscillating energy of the resonator. The
following basic sources of loss in the cavity can be pointed out: useful expendi-
ture of energy in the load, loss along the cavity walls and loss in the spark resis-
tance, included necessarily in the circuit of the resonator current. Finally, a cer-
tain amount of energy leais from the resonator into the external space through the
capacitance lead-in. This capacitance, formed by two conductive planes (cf.5 in
Fig.l) separated by a dielectric spacer, represents a certain waveguide device, con-
nected with the resonator across the slit; a certain leakage of energy through this
system is unavoidable. It is useful to introduce the concept of Wfrequency quality
factors," defining them as the ratio of the energy stored in the cavity to the ener-
gy lost during th;§ period due to each of the enumerated sources of loss. In this
case:

2r WY
Q1= T

iy is the internal quality factor of the cavity relative to losses in the
i

walls;

‘is the external quality factor relative to the expenditure of energy on

'the load;

1)

W(l ) i
o] | is the quality factor determining the losses in the spark channel;
spark
Q.= 9r Wﬁ: is the quality factor of the capacitance lead-in.
w

The general quality factor of the charged resonator Q is defined by the rela-

tionship:

The internal quality factor of the coaxial oscillator can be determined by con-

ventional computing formulas (cf.for example Bibl.7). The external quality factor
) -

STAT
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‘can be computed if givéh—ihe mode and magnitud; of Eﬁe osciil;tor iinks ;;th“the“mm
‘load. In the given operation, an electric link with the load is used, accémplished“;
"with the aid of a sonde (9) (Fig.l), led into the oscillator radially to the loop of.
the electric field of the fundamental oscillation. ‘The energy fro&wéh; ;ondd enter;
the 50-ohm outlet plug (10). The coaxial'two-wire circuit (8) serves as n: element ‘
matching the load with the sonde, and also as a filter for the fundamental frequencyz
If d is the depth of immersion of the sonde in the cavity then, as computation

shows, the external quality factor has the form:

r,
In? — —

r,—d

The quality factors, connected with losses in the spark channel and in the ca-
pacitance lead-in, cannot be calculated in advance, but can be determined experimen-;

tally.
Computing by eq. (1) shows that the external quality factor drops rapidly with

an increase in the depth of immersion of the sonde. This leads tq a decrease in the

general quality factor, even in the case of a-small loss in the spark and capaci-

tance lead-in. If the link with the load is great so that the general quality fac-
-.tor is small, there is no sense in strivingifor an infinitesimally small value of

rloss in the resonator walls, expressed by the ratio of the cylinder radii iz = 3.6;
‘In this case, it is advantageous to increase the diameter of the central conéuctor,
—5a certain impairment of the internal quality factor with a comparatlvely small Q
gwill not lead to a noticeable change in the general Q-factor; however, the energy
}expended on the load becomes greater because of the increase in the capacitance of
the resonator, with a resultant increase in initial energy.

The problem concerning the magnitude of the link between resonator and load and

the quality factor of the resonator is especially real, if the resonator is working

Declassified in Part - Sanitized Copy Approved for Release 2013/05/22 : CIA-RDP81-01043R002000090003-3



Declassified in Part - Sanitized Copy Approved for Release 2013/05/22 : CIA-RDP81-01043R002000090003-3

!
on 2 narrow-band load. In that case, the power dissipated in the load is determined

by the value of a spectral density scanning of the resonator HF pulse at the funda-

|
mental frequency. Computation shows that an optimum coupling exists, by vhich maxi-

mum power is obtained. While increasing the depth of immersion of the sonde up to

|
the optimum, the external Q-factor drops, the HF pulse is shortened, its energy is
"plurred" along the spectrum, and the spectral density value at the fundamental fre-

quency decreases. Together with this, the power supplied to the load drops.

Fxperimental Part

The design of a resonator used for spark excitation and illustrated in Fig.2, in

general follows the diagram of Fig.l with
the difference, that here a tuning plunger
is used, which permits a continuous retun-
ing of the resonator frequency in the

g8 - 13 cm range. In the resonator, a con-
tact piston (2) is installed, whose depth
is equal to -2~ for the medium frequency

band. The sonde, with whose help the

resonator was connected to the load, is

led in through a slit cut into the resona-

tor (1) during manufacture and is mounted

to a carriage (4) able to travel within
the boundary limits. Due to the displace~
ment of the carriage, the sonde could be

a) Section through AA; b) To the
mounted in the antinode of the electric

modulator
field of the fundamental oscillation and

in the node of the field of the even harmonics. The filtering out of the fundamen-

tal oscillation from the disruptive oscillations was effectively accomplished with

STAT
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" . . -
the help of the two-wire tuning of the sonde (5). The dimensions of the resonator

are: diameter of the outer cylinder, 2rp = 3 cm; diameter of the imner rod, 2r; =-.
= 1 cm; length of the resonator, varying during retuning, within the 1imits of L =
=L & 6.5 cme The piston displacement for tuning the resonator was accomplished
vwith the aid of a micrometer screw. The dLPendence of the wavelengih'of the funda-
mental oscillation and of the lowest-frequency secondary oscillations on the length
" of the cavity is plotted in Fig.3. For competing these wavelengths,-the influence
of the capacitance lead-in, necessarily included in the resonator circuit and pro-
ducing certain changes in the characterist;c frequencies of the resonator, vas dis-
regardéd; the permissibility of such negleot is confirmed by experiment.

The dependence of the wavelength of the fundamental oscillation on the length
of the resonator and the mean power transferred by the resonator to a 50-ohm load
was tested experimentally. With the help of the change in Q-factor of the operatiﬁg
resonator, the duration of the HF pulse and the magpitude of the peak output power
were evaluated.

The wavelength of the oscillations of the resonator was meesured with the help
of a wavemeter FTK-332. The voltage from ﬁhe output of the detector of the wave-
meter, a pulse envelope for HF oscillations is fed to an amplifier with a band in
the order of 5 megacycles and an amplification equal to 100, and then to the cathode§
fvoltmeter VKS-7B. The measurements showed that the wavelength of the resonator fol-

;1ows a plotted linear curve (the experimental points are plotted on the computed

1}
i curve in Fig.3). i

The duration of the HF pulse, necesséry for evaluating the output power of the

'resonator pulse, was determined by measuring the general Q-factor of the working

,‘!resonator. For this, a signal osclllator.is used for starting the oscillating curve
. ‘ |

uof the band, by which the amplitude of the forced oscillation is measured at the in- .
r
stant when the spark gap is closed by a discharge. For measuring the forced oscll-;

- —

lations, the resonator sonde is connected with the detector, whose output is fed to!

I
i
¥
1

10 ’ STAT
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the oscillograph IO-4. The sweép of the oscillograph is triggered by the pulse after

firing the thyratron of the modulator.
The measurements in a varied circuit under load showed that, beginning with a

certain determined value for the depth of

immersion of the sonde d, = 2.5 mm, the

general Q-factor of the resonator drops

rapidly. 'The minor dependence of the gen-

eral Q-factor on the magnitude of the cir-

cuit when d < d, speaks for a low consump-

tion of energy by cthe load, compared with

parasitic losses. The circuit, when d =

= do, corresponds to an approximation of the

Fig.3
energy consumption by the load to the in-

a) Scale of the oscillator, in mm;
ternal losses in the resonator. During

b) Length of resonator L, in cm

further increase of the circuit, the gener-
al Q-factor drops rapidly together with the external Q-factor of the resonator. The
general Q-factor, measured at d = d,, was equal to 350 * 10% whenA = 10.7 cm. By
several preventions of losses in the resonator, including losses in the spark channel
by short-circuiting the spark gap, losses in the capacitance lead-in by using a pis-
ton with a shorted capacitance, and external losses by constructing a minimum link
with the load, it became possible to measure the values of the frequency Q-factors.
These measurements were made while the modulator was turned off, and the resonance
curves were plotted in the usual manner. This resulted in the following readings:
internal Q-factor of the resonator, Q; = 1200 ¥ 5%; Q-factor of the capacitance
.lead-in, Q; = 900 * 5%. The results of measuring the Q-factor of the resonator dur-—
ing a hot spark (the general quality factor Q) and during a shorted spark gap are

accurate within the measuring error. This guarantees a value above 2000 for the

Q-factor Qspark of the spark. In this way, the spark is a completely satisfactory

' _ STAT
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key, also from the point of view of its resistance.

Concerning the general Q-factor Q = 350, the HF pulse duration (t = QT) of the
order 0.1M sec corresponds to a wavelength of ) = 10 cm. Inasmch as the resonator
pulse has an exponential shape, it is essential for determining the pulse power in a
general sense, to determine the duration of the equivalent square pulse, carrying the
energy forming the pulse of the resonator. It can be shown that the duration of the’
equivalent square pulse T ,, having an amplitude equal to the initial amplitude of the

HF exponential pulse, has the form

where T = QT is the duration of the exponential pulse,
For determining the value of the peak output power, the mean power emitted by
the resonator in a 50-ohm load. The meas-

2 a)m . urements were carried out with the aid of

il | a thermistor microwattmeter IMM-1CM. At a

U
- d"7,5mm
o= S ' pulse frequency repetition of 200 cycles,

with the modulator pulses having an ampli-

tude of 3 kw, and a link with the load

(the microwattmeter) corresponding to a

o general Q-factor of Q = 350, the mean pow-

er is Ppaan = S5ewe On conversion to the

10

.equivalent square pulse, the pulse output
Figoll-

power was of the order of 1.5 w. The same'

a) Scale of the Resonator, in mm
measurements with the modulator pulses at

‘an amplitude of 5 kw gave Phulse = 5 W.
By increasing the depth of immersion 'of the sonde, the emitted power is sharp- -

|
ly increased. This is illustrated in Table 1, whose values were obtained with the

3-kw modulator pulses at a wavelength of \ = 10.7 cm and a frequency repetition of ’

12 STAT

1 Declassified in Part - Sanitized Copy Approved for Release 2013/05/22 : CIA-RDP81-01043R002000090003-3



Declassified in Part - Sanitized Copy Approved for Release 2013/05/22 : CIA-RDP81-01043R002000090003-3

—-—

200 cycles.

The dependence of the mean output power of the resonator at the generated vave-

length is plotted in Fig.) for three values of the depth of immersion of the sonde.

i
Table 1

Depth of immersion of the sonde d, in mm

General Q-factor Q

6

Duration of HF pulse, in sec™

60
35

Mean power Ppoan inpw

Pulse output power Ppulse’ in w

-

The increase in emitted power with an increase in wavelength is explained by an in-

crease in capacitance of the resonator and, as a result, an increase in the storing

of initial energy.

The actual operation was carried out in the Department of Oscillations of the
Physics Facultr at MGU under the supervision of Procfessor V.V.lMigulin, who had pro-
vosed this work program. I use this occasion to express my deep gratitude to V.V,
1iigulin.

Article received by the Editors 8 April 1955.
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THE REACTION OF SQUARE PULSES WITH RANDOM DURATION AND SEPARATION ON
A LINE DETECTOR

by
V.I.Tikhonov

A general expression is obtained of the density probability
for the voltage on a line detector load when subjected to the

effect of random pulses of square shape.,

The question of the sensitivity and accuracy of integrating devices for measur-
ing the intensity of radioactive emissions (Bibl.l and 2) and certain special radio--
technological problems (Bibl.3 and L) leaq to the following problem in the theory of
probability; The voltage u(t) (Fig.2), presenting itself as a random sequence of
square pulses of identical height h with random durations T and intervals T, reacts
on the line detector (Fig.l). Assuming as known the density probabilities w;(t)

and w,(T), it is necessary to find the density probability w(v) for the voltage. at

Fig.l

the detector output, by which, as it is si::ipulated in radio engineering for the casef
o . h i
f a "line" detector, the volt-ampere characteristic of a tube is considered linear-

1y broken, i.e.,

[lU yjor UD>0
r=ro=

0 fr UKO,
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where I is the current flowing through the tube during the reaction on it of the
voltage U. '

later in the text, we will give a practical study of the most important case,

where the random quantities T and T appear independently, and consequently the volt-

age u(t) presents a marked random process.

The differential equation correlating the output voltage u(t) with the volt-

age v(t) in the circuit RC has the form

dv v |
7 Tre=c /-2

(2)

Since all pulses have an identical height h, eq.(2) can be resolved into two

equations, valid, respectively, during the action of the pulse and during the inter-

val between pulses,

. 1
Vv=—o2vV+ —h
{urC

where

T o

The solution of the first of these equations under the initial conditions €,

tq (Fig.2) has the form

v=(:—a)e" """ fa, i (%)

while the solution of the second equation, under initial conditions n, tz, has the

form

(5)
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" {s the maximum possible value of the voltago in the circuit RC which can be attained

>{during the active period of the pulse. .
Let A denote the case when u(t) ¥ O, 'i.e., when a pulse enters the detector;
{

i -
1et B denote the opposite case, i.e., when thare is no pulse. Let us fix any in-

stant of time t. Then, with the independent quantities T and T, according to the

complete probability equation, we have

w(v) =P (A) w, (v, A) + P (B) w, (v/B), (7)

where P(A) and P(B) are the probabilities of the cases A and B, wy(v/A) and wi(v/B) |

. are the conditional functions for the distribution of the density probability of the

output voltage v on the assumption that, at the selected instant of time t, there is

or is not a pulse at the input.
For the probabilities P(A) and P(B) = 1 - P(A) we have the obvious expressions

Y
ov

f cw, () d=
i

P(A):: P - ’
1w,(-.’)d—.+ { Tw.(T)dT
V]

0
§ Tws(T)dT

P(B)== _ -
2w, (R)d=t T
[ ren@dst [T @ar @)

In this way, the problem of finding w(v) leads to calculating wy (v/A) and

!
* _wi(v/B). Tor this we use the correlations (4) and (5).

Correlation (/) can be considered an'equation between the random quantities &

! ' tand (t - tl) on the one hand, and v - ¢ on the other. Actually, let Py(&) be the
' :densn.‘cy probability for the lower: ordinate of the inflection points of the curve v(t)
(Fig.2), while Py(A) is the density probability for the random quantity 8 =t - tq, -

under the condition that the event A takes place at the instant of time t. Then,

on the basis of eq.(4), we can write
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w, (v/A) = {P la + (v—a)e**| P, (x)|_d___

.=j‘ Pyla+ (v a)e**| P, (x)e"*dx. ' (9) /
) .

This expression for wt(v/A) is obtained if, during the conversion of the vari-

ables to the order of the new variable v determined by eq. (1), the other new vari-

able x is equal to A. If x =¥, then wy (v/A) is expressed in another form:

¢ | ox—a\| A& A _
w,(fu,.'A)=$P,(x) P, (—-m -) ST dx =

a v—a
v

o

__l;_j'P,(x)PA(_i_,nx—‘?.)dx_

a(a—v) v—a I

By analogous reasoning, two expressions for wy(v/B) can be obtained

(>~

w, (v/B)= | P,(ve®) Py(y) e dy, , (11)

w, (v/B) == f Py(y) P, (-;_ in L) dy.

o

(12)

Here P2(n) is the density probability for the upper ordinate of the inflection
points of the curve v(t), and Py(A) is the density probability for the random quan-
tity A = t - tp in the state B.

Equations (9) + (12) give an expression for the function of the density proba-
bility wi(v/A) and vt (v/B) through the still unknown distribution functions Pl(E),
Pz(n), Ps(r), and Pp(A). Let us find these functions.

Py (A) is a, function of the interval distribution between -the initial pulse.and

the fixed J.nsta.nt of time t under the conditlon that, at the instant of time t,

there is a pulse. It is obvious that

P ) = T P (3w, () d=,

Declassified in Part - Sanitized Copy Approved for Release 2013/05/22 : CIA-RDP81-01043R002000090003-3



. Declassified in Part - Sanitized Copy Approved for Release 2013/05/22 : CIA-RDP81-01043R002000090003-3
. )

- where Py(A/t) is the conditional function of the density probability for the quanti-.
ty A under the condition that the duration of the pulse  is given. Iowever, for
the fixed duration of the pulse t, the quantity A is included within the limits O <

< A < 1T so that equal distribution takes place within these limits, i.e.,

Do a<<
P,(A?)=) °

0 Jor AD>=
Therefore,

PA(.\)=S—1-w,(-.)dt.

A

Such reasoning leads to the following expression for Pp(d):

_;w,m 4T, , (16)

Let us now turn to calculating the functions P;(£) and Py(n). We notice first
o :of all that it is necessary to find only one of these, since the other function is
- idetem\i_ned from the first function by integration. ILet us discuss this connection ;
i between P1(€) and Py(n).

If in eq.(4) we substitu’;;e the duration of the pulse T for (t - t;), we obtain
the connection between the ordinate & of ‘;the lower break of the curve v(t) and the
ordinate n corresponding to the upper bre%.k of the same curve. Using the same meth-
od employed for obtaining the distribution w, (v/A) through P, (&) and Py (8), two ex-

pressions are obtained corresponding to two methods for converting the variables.

~{ These two means are obtained, obviously, from the correlations (9) and (10) if we

substitute in them wl(x) for the i‘unction‘I PA(x):

Py () = é Py la+ (n—a)e' | w, (x)e"*dx,
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P; (1) = L { P, (x) @, (—:— in —x—:-,'f-) dx.

a“l—.’l) LY n_a
"

Using eqs.(11) and (12) and eq.(5), we get

P ()= | Pyict")a () et dy,
y (3) é R iet g (y)et T dy (19)

;— ln%-) dy. ‘
‘ (20)

Any pair of equations, either the one taken from the system (17) and (18) or

P, (3) =['\)‘? S‘ I'z(}')'a'z(
£

from the system (19) and (20), can serve for determining Pq(¢) and Py(n).
Analogous correlations will be valid both in the case when successive pulses
have a fixed duration but a random height h and in the case when, in the examined

system, pulses of the harmonic voltage with a frequency f and random duration T and

intervals T are acting, if the condition
o 8

is satisfied, permitting the use of the averaging method (Bible3)s

In practice, often one particular case is used, when in the circuit of Fig.l
pulses of identical height h and fixed duration t, = const are active, arriving in-
dependent of time. In this case, the original density probability for the duration

and intervals of the pulses is given by the expressions

w, () = B (5 — ), (23)

we(T)=me™ "1 dT, (22)

n : .
where § is the delta function, m = ——l—:———— is the mean number of pulses arising
nteg

in unit time.

For the given case, eq.(17) will yield

Py(m =P, [a+ (n—-a)e].

19
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Having substituted this value in eq.(20), we get the following integral equa-

tion:

m -8 m

P (k) =mRCe™¢ dea+0v—®€ﬂy—”¢n ' (24)
4

Ve failed to find an analytical solution not only for eqs. (17) - (20), but
even for this particular equation, establishing a probability connection between the
upper N and lower & ordinates of the inflection points of the curve of the output
voltage v(t). This does not permit obtaining demonstrable analytic expressions
for wy(v/A) and wy(v/B) and, consequently, for w(v). Therefore, during the solution
of problems of the examined type, numerical methods should be used.

Therefore, the way of solving the problem of the reaction of random pulses on a
line detector is to use the above method. In spite of not succeeding in solving
this problem analytically to the end, we believed it useful to publish this article.
The fact is that the examined problem is of interest to radio physics and, at pres-
ent, such problems are involved in many instances. However, up to this time there
is no clarity with respect to the correct way of solving the problem under discus-
sion. More than that, in some papers (Bibl.h) incorrect results are cited. The er-
ror in the paper referred to is due to the fact that the voltage values in the capa-
citor C at the end of pulse K and of pulse K + 1 are considered equal, regardless of
the magnitude of the random interval T between them. Such a supposition is correct
in the case of regular pulses with steady operating conditions of the detector but
:unreliable for a random sequence of pulses. Certain critical remarks in this re-

. spect can be made even on the recently published paper by A.G.Frantsuz (Bibl.5).

Article received by the Editors 7 February 1955.
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TﬁE TRANSITORY CHARACTERISTICS OF A COMPOUND PULSE SYSTE{LUEE}UP OF
NONUNIFORM SECTIONS
by
S.M.Krize

Active Member of the Society

In this article, the transitory characteristics of a multisec-
tional line pulse system made up of nonidentical sections of arbi-
trary form with lumped constants are examined. ﬁl(e\qise a link is
established between the transitory characteristics of the most

general form and simpler particular cases.

The widespread use of spectral analysis in radio engineering methods permits 2
thorough study of the equations for the frequency characteristics of many systems.
But for calculating the agssembly processes in pulse systems it is essential to cal-
culate their transient characteristics; therefore, in many papers (Bibl.l, 2, 3» L,
and others) a connection 1is established between the frequency and transitory charac—
teristics of the system. In the general form, this connection can be \found for line
circuits, as is well known, by the methods of operational calculation or through

. Fourier integrals.

1

The majority of authors in their investigations calculate the transitory char-

acteristics for comparatively simple systemsS, made up of jdentical sections, for ex-!

{
{
|
|
TR
{ ample amplifier stages with the same pass band, etc. But often the necessity ar:.ses,
el - l
! dictated by practlcal demands, to find the transitory characterist.lcs for more com-'
plicated systems, formed of nonidentical ¢ sec‘b:\.ons with various pass bands.
We will calculate the transient function for a system consisting of N sections

wn.th varlous time constants. An N-stage video amplifier with dissimilar cascades OT

its high-frequency a.nalog, an l-stage resonance amplifier with various sep&rate—s;tep
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In the latter case, a3 S.I.

can serve as an example of such a system.
ction determines the law fo

pass bands,
r set-

Yevtyanov (Bibl.l) demonstrated, the transient fun

high-frequency voltage envelopes at the amplifier output.

ting up the
f such a system has the form

The equation for the frequency characteristics ©

Lo

R m(iw)= T‘ Yol 'l ) _(_l b . .
2t A twse)e. 4 ety ; i
' N ) n | +|m‘t,‘\ l\ (l)
Nl .

For calculating the transient function we will use the Fourier integral

+® lwt
, : d. .
ity =+ (—a—— - (2)
2r . !
lu:n(l-!-iu)'.,‘\ |
Kol \

-r

implest to pe .found, if the theorem of deductions is

The integral (2) is the s
ctions at jndividual point

used; it will bve equal to the sum of the dedu g in the con-
he first order:

sidered case — in the poles of t

- 0’1=0
__i
U)l——-;:-
@

As a result of integrating we find

t

N
) =1 — D * , '
e (1)
s fies
nex+1 .

nl

general in comparison to Ageyev's well-known

rmula obtained appears more
stems with jdentical sectionse.

The fo

1a is correct for s3
describes the process fo

ance amplifier with sin

formula. Kobzarev'!s formu
r setting up the am-

The transient characteristic ()
plitudes at the output of the high-frequency reson gle cir-
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cuits, or for getting up the instantaneous voltage value at the video aaﬁﬁfi;r' bi;.t:‘
put; in the latter case, eq. (L) is correct for the front build-up of the pulse, since
we used the equation for the frequency characteristic GHP , valid for the higher fre—
quency region.

In the particular case of a two-stage amplifier with nonidentical parameters,

eq.(L) takes the form

! ¢

- ——— —

ng(f) =14 2 2 =mue .

T — "%

where T 1 'and Tp are the time constants of the first and second stage, determining
the frequency characteristic at higher frequencies.
If each of the sections of the system has two time constants, then its i‘requen—

cy characteristic formula has the form

Lty 4 ——

{wt,

Let us find the transient function
o

— 1 e“'-‘«»
2x 1 :
lu(1-+im,+ )
jwey

-

After integration and certain transfsorma'bions , we arrive at the result

¢

U
h(t) = -sh('z:v F>.

. T
where F = l-th.
‘ n

The transient function (7) has a maximum when
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‘Arth F. (8)

A graph of the transient function n(t) is given in Fig.l, plotted according to

eq.(7).

For two-section systems, each of whose sections is described by eq.(5), we ob~

tain the following relation on the basis of Dyuamel's ?mtegral:

1
+—.‘)shF——‘———- t ChF— ],
H 27, 27,

2%,

F=Y1-42=

Equation (9) is correct, for example, for the system of a double~-differentiated

pulse, accomplished in two adjacent cas-

M%{ ‘ .© cades of the amplifier. In Fig.2 a graph

of the transient functions is presented,

plotted according to eq.(9).

Equation (/) was obtained above for

determining the transient function of the

F=0667 system, consisting of an arbitrary combi-

F-05 | nation of sections, each of which is char-

acterized by the frequency—chara.cteristic

equation of the form

my (1 w)= T4 1wty

corresponding to the cascades of the aperiodic video amplifier or of the high-

frequency tuned amplifier with single circuits. The obtained result is easily ex-

25 STAT
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m with lumped constants,

tended to the most general case of the linear electric syste
an be presented in the form of a

an equation of the frequency characteristic which ¢

ratio of two rational polynomials of the frequency:

2
- L pq(i “’)7
ﬂt(ln):: q;? = N 1 .+

] Nanthw)® Nan(i @)

ne0 n=0

o i 14

+ N"‘ +_”+__‘§ﬂ__‘_‘i__.
Dyan (o) Syanli o) : (10)

n=0 n=0

For a linear system, the transient process can be considered as the sum of the

processes, based on the separate compon-

hit,) : ents of ed.(10),
10t ;r— Fjﬁ .
oA L by by () R (B oo F p () (11
. a,fz. ‘L-ﬂ /r__::] o o (1) = by (£) + B2 (£) +p()‘ (11)
06—\ ?X\#'_{— Let us first find the jnitial compon-
) 7 N N I '
04 t———1—1 L B S ent of this sum hy(t), having used the
0 2_‘_ ‘ __‘—__"_—-_\F“U—Q: Fourier transformation
\ ‘ L' 2 3 t<\ t w lwt
0 ! 79T, - - __1__ e do
v hl (t) 21 ]. N
Fig.2 Nanti )" 12)
- n=0

i
e sum (10), entering into the subintegral expression (]2)‘,

th gegree, can be converted to'i

!

\l The first member of th

‘ 1 of the n
|

is of the nature of the polynomia

.4 on the bas
:'

. —l the form .
B 1 _ 1 ’.
AN N N ' ‘
- i Ean({ u]n ay n{(w—-_w,‘) (13)
i n=0 ) k=1

where wy are the roota of the given polynomiale

26
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The structures of eqs.(13) and (1) are completely identical; consequently, for

calculating hy(t) the earlier obtained eq. (4) can be used, being

N cI mA‘ t
hy(t)=1— Z 1 ~ .
k=1 n (1 — 1 wy). n (1 —iwgty)

n=1 Reek41

After having found the first term of the sum (11), it is not difficult to de-
termine all of its following terms if we disregard the fact that each of the subse-
quent terms of this sum differs from its predecessor by a constant coefficient and a

factor i W, Factoring i®w out of the subintegral function in eq.(12), it can be an-

alyzed by differentiation to t, so that

(G 1

B () =By~ (0] = —F - T R () (15)
» .

q-1

_ The unknown sum (11) can be expressed through its first term, while the deriva-

tives of the term according to time can be determined in the following manner:

- ) i
ho (£) = hy (2) + B, )_, -v-__l—uz ). ! (16)

Q=2

The obtained expression establishes the comection between the transient bro—
cess in a linear system with lumped constants, ‘having an arbitrary form of the fre-
quency characteristic equation, and the transient process in systems with a simpler

' form, described by egs. (1) and (13), for which the transient function can be calcu-
. lated with the help of eq. 4), The obtained results, obviously, are equally suit-
able for calculating transient instantaneous values in video networks and for de-

termining transient amplitudes in high-frequency networks, having abridged symbolic

equations of a corresponding form.

Article received by the Editors 18 February 1955.
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AN ANALYSIS OF INTERMEDIATE-FREQUENCY AMPLIFIERS IN SEMICONDUCTOR TRIODES
by
Ye.Ya.Pumper, Ye.li.Petrov

An analysis is given of certain networks with tuned amplifiers
in point—coﬁtadt, semiconductor triodes in matching conditions. The
| features of a technical account of such systems are shovm and com-

pared with a discussion of vacuun-tube amplifiers.

1., Introduction

At present, widespread use is made of semiconductor triode tubes in radio re-

ceiving equipment. Therefore, there is an interest in analyzing the operation of

the various components of such installations. In the present paper, an analysis and

a possible method are given for a technical calculation of certain resonance IF cir-

cuits in point-contact semiconductor triodes.

This problem leads to an analysis of the amplification factor for the state of

mascimum power transmission in the narrow {requency spectrum on a relatively low-
resistance output load, linked by tuned circuits to the output of the preceding cas-

cade, having a higher resistance. The analyzing method used and the corresponding

results obtained are adaptable to any other system, characterized by the indicated

: features.

In calculating systems with semicondhctor triodes, a specific difficulty alwavs

arises, namely that the input resistance Ry, of the triode depends on the character—.

_ istics of its output c1rcu1t, while the output resistance R . of the triode corre—'

spondingly depends on the characteristics of the input circuit. Disregarding these

dependences will seriously complicate the computing of Ry, and R, ¢e The problem

is simplified in the case where complete matching takes place in the examined sys-
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tem. Then R;, and R, depend only on the triode parameters and are calculated by

the well-known formulas (Bibl.3)

RnRu V /\’ zRu
”‘ =R Vl RyRy and R ut = Rer 1= R, Ry *

where Ryq, Ryjo, R23, and Roo are the resistances of the quadripole, equivalent to
the examined triode.

In the present work, Rin and Rout are assumed to be known. This is justified
by the fact that the system is considered to be in a state of éomplete, or else par;
tial quasi-complete balance, due to the low specific losses of the tuned circuits.
If the output of the next stage and the input of the preceding stage match, then the
calculation of Rin and R, ¢+ by the cited formulas is strictly valid. At partial
matching, this leads to an error which decreases with decreasing losses of the cir-
cuit. . !

In the calculation, the problem concerning the inner capacitances of the semi-
conductor triode is not considered. The amplification factor along the triode cur-
rent is considered independent of the frequency.

We will apply a thorough analysis, consequently, to triodes with point contacts,
and for frequencies lower than 1 megacycle. At the beginning of a thorough analysis,

‘ the peculiarities of technical computations are shown, and a comparison is made of
! various IF amplifier circuits networks. Tﬁe proposed methods for calculating

b intermediate-frequency amplifiers of the éame degree are applicable to any network
including a semiconductor triode, satisfygng the conditions of stability. The re-

7| sistances of the quadripole, therefore, wﬁll be determined by the circuit diagram .

of the triode (Bibl.l).

{

2. Amplifier with a Single Circuit

The IF amplifier hookup with a single circuit, in which the semiconduotor-tri-'
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ode is replaced by an active quadripole, is shown in Fig.l. In this hookup, Rin is~

the input resistance of the following triode stage. We will designate the cut-in
L
: and
L f1
mp = -—L-:-L._. We will find the conditions for obtaining the maximum amplification fac-
1

tor of the voltage for the entire stage.s* .

factor gn the end of the collector and the emitter, respectively, by my =

The fundamental equations of the quadripole give the amplification factor of

the triode for the voltage with open output terminals 2 - 2 (Bibl.3):

N
’
1

K

= U—-——'r‘ amy
UXX Ul

where Uy is the value of Uy under no-load conditions. We will split the schematic

©

in Fig.l along the lines 2 - 2 and 3 - 3 and apply successively to these sections

the theory of the equivalent generator. During a partial cut-in from the collector

a) Quadripole, replacing the semiconductor

triode

1 1
. end, equivalent to an increase in the shunting resistance by 5 times in compari-,
m

. son with a complete cut-in, the schematic in Fig.l is converted to the schematic in.
' Fig.2, with the following parameters:

2 2
mlp‘l mzpl

= r; + Rcu? + Rl'n (l)

TAL small amplitudes, they will correspond to the conditions for maximum amplifica-

tion of current and power.
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R Vor 1222
> 1 and " 1,

m

I
Y &

P‘

The second term represents the resistance introduced into the circuit by the

triode of the given cascade, and the third term is the resistance introduced into

the circuit by the input resistance of the succeeding triode. The voltage is

Uee _ um Ry

! C'.’.—'.’_-— w ClRo“Q RZ‘ ’
m, ‘/1_*_ If out

mg

El=

The amplification factor of the cascade, in voltage, will be equal to

R
U1 m,mg P. =

va

U,
eV Al

K,

The amplification curve has the form of a resonance curve.

The condition of balance in the circuit of the collector is written as follows:

m? p? , m3 p3 )
! =,.l+ 2 (3)
1 R qus R,
oo
! !
= and, correspondingly, in the circuit of the emitter
-
- .,
% miP (1)
Rout

The equations are not compatible, i.e., in a single circuit it is impossible

to attain complete matching. Ve will derive the approximate condition of complete

matching at least for the case where the resistances introduced into the circuit by

32
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the shunts Ry, and Ry,¢ are much greater than the characteristic resistance of the

. circuit.
; Then:,
2N 2 '
4 -’1]. — RO“'
i Mg B . (5)

J A The voltage amplification factor, in the presence of resonance and of matching

across the input (emitter) or output (collector) circuit, takes the forms, respec-

tively,
Koo - R/ i moce
oe 2 Ry 'V R,y } ‘mfc (6)
( rl )Reur \
or o
1 _}?'Jl V in Mo P
l A *
R = o
2 2 2
. . mm) e ' max
In the case of almost complete matching, when ——— *rj or (1)
Rout Rin

the amplification factors in the presence of balance across the input or output cir-

cuits coincide and have the form

) R, 1(_;1—_ ] VRou’ ! (8)

Rin Pe

oul’

where ¢ is the current amplification factor of the triode. .

Q
Ve will express the voltage amplification factor by the ratio: XX - Y,
Qrork wIl

oL
- where Q. = "—f}‘ is the quality factor of the no-load condition, and Qoprk =
1 rl

is the work quality factor.

-

Wle will first consider the case of matching across the emitter circuit. From

the expression. for the work Q-factor of the circuit and from eqs.(l) and (L) we

have

33 STAT
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(9)

Substituting this expression in the condition of matching across the emitter

circuit, we find

‘Qwarls

me=/ R (_l_" ~on)- (10)

Analogouslyr, in the presence of matching across the collector circuit, we have

Rouf B (]_1)
2p Qwork’

=V S (rommwr) 2

my, ==

From egs.(6), (7), and (8) we will

determine voltage amplification factors

Koe and Kok in the presence of matching
across the emitter circuit or across the

collector circuit through the values of Y:

o 8

Ky =Ko =Kop)/ 1= 2. (13)

;l a.t Y »l Kok = Koe < KOP.

|
Tt follows from eq.(13) that the value Kop has the meaning of a limiting anpll—i

Y " %,

tv .| fication, which can be attained for the given triodes as

Matching across the emitter and acrdss the collector leads to the same a.mp]ifiT

cation at the same values of Y. The dependence of the amplification on y is shown i

)

‘ in Fig.3. The growth of Y to four or five does not lead to a significant increase

i in amplification. For the selected value of Y the-amplification does not depend on

-

| the frequency within the limits of accuracy of the inequality (1).
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i i (‘] i to the iven
Us:’mg the e.xpression for the generahzed detuning Iy appllcable (o] g1V
i j i 1enc and
case, ve will obtain an expression link:m[_', Q"C' with the mtermedlate frequ Y
) v

the pass band P:

=5, | (1)
Q.u"'" P +

From this .it follows that a decrease in f, permits scaling Qs while keepingy,
and P constant. |
al, 'u'll‘he difference betwecn calculating the amplification of a cascade with a single
. circuit in a semiconductor triode and calculating the amplification of an electron
tube consists of the following: i s I
t urve ‘ige
}) The values of Y are selected to match the ¢
L= 63
choice of an intermediate frequency is made while disregarding eq. (1)

viork W-factor;

v ,-l 1
- S a 1 S p 1 l!'lg e
er a .
g

l determined by ed. (13).

| 3. Amplifier with a Band Filter

A}
3

( ve lpOle. IA‘V Y esls b(nlce It'
L e e OI( l!(:i‘() tl l()(le .S X eDi_aCed b r an ac ol quadl

35
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Splitting the neﬁvork along the lines 2 - 2 and 3 - 3 and applying successively
the theory of the equivalent generator, we arrive at the equivalent network in Fig.5.
Having used the basic formulas of the quadripole and having

wl (:%R?ouf w? C.'::p":-n 1

" > 1and ,

m my
we obtain, the following values for ther parameters of the network in Fig.h:

(15)

where r-i and ré are the characteristic resistances of the first and second circuilts

L .
P12L = _.61_., P% = _2_2_. The value Ey is equal to

Um, Ry (16)
0 Ci8put Ru'

1=

For a network with a partial’ cut-in, the voltage amplification factor of the

a) Quadripole, replacing the semiconductor

triode

+ cascade as a whole will have the following value:

M R,
= mymy

KU= (:: R
[w2 MY+ 1y (141 Quon, ) (M + 1 Quan, )] @ CiR it '

where
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wg L L
= o Qwavls e

) T e e
n

;o

The amplification factor in the presence of resonance has a maximum with the
values my and my, corresponding to matching conditions, which can be written in the

{following manner:

1) for the emitter circuit

2) for the collector circuit

2 ;2 2
my py ) wg M2
—=rn+

R out ;- (19)

. m3 o
r2+ Rin
In the given case, complete matching is possible, which results in two condi-

tions

(20)

vthere

Ty = LQenr N Qs i B1= Quurr, K and B3 = Quuk2 ¥,
Qwo"‘l ankq

mgL wol
Qxxl = _0'__1’ Qxxz ='—?—2 s Qwov‘—‘-l =
n o

wo Ly | ol
) Q«ovkj -
ry I

lere ¥ is the coupling coefficient. C ’
o ' '
For circuits with the same parameters, we have rq = Iy = I and Qq = Q2 =

= Q- From eq.(20), it thus.follows that

Qmm 1= Qu«kz == Qwork
Bi=Ps=B } i (21)
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1».rher¢.3 B is the coupling factor.

At complete balance, not only is maximum amplification attained l.mt also the
work Q-factors become equal for contours with the same parameters.

The second matching condition for the case of identical circuits leads to an

expression connecting Y and B:

2

1—p (22)

1=

At complete matching, the choice.of B

determines the value of Y. When 2 < Y<=,

we correspondingly have O < g < 1.

From eq.(22) whose graph is given in

07 06 0w wp
. Fig.6, it follows that, at full matching,
rie- it is difficult to express B > 0.7 - 0.8
since Yy = /, already at B = 0.707 and Y = 6 at 8 = 0.82.
From the expressions for the work Q-factor the switching-in factors can be

found:

- 1
’”1=TV’RM (r—1
| (23)
ms =—P—V" Ri.(x 1)
Having substituted the expressions for the cut-in factors of eq.(23) in eq.(17)

yunder conditions of resonance and using eq.(22), we get the following expression fori

the voltage amplification at complete balance and with identicalecircuits of the

jfilter:

__.l.[._?i‘ R; 2 o)
Ky,=7 R, ROZ,B=K0PP=K0;’V1——T-. (24)

The magnitude K,p coincides with eq. (8). It has the meaning of a limiting co-

efficient for the voltage amplification at complete matching and when y — <.

38 STAT
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e

The calculation of cascades with a band filter differs from the conventional

. . s - s . + (Bibl.2
calculation of vacuum-tube amplifiers, studied specifically by V.I.Siferov (Bibl.2),

br- the following characteristics:
1) The values of the coupling factor i and the ratio of the Q-factors Y =

Qe . - : .

= XX __ are selected according to the curves in Figs.3 and 6;
Oy epele

i vrork i . .

. rmedi ~ hile di -ding eq. (L

| 2) The intermediate frequency fo is selected while disregal g eq.( V)

i i i i N -- and the given pass
3) "rom the generalized detuning, the intermediate [requency and g Pa

band are determined

f
Qwork= _Fo %

\
h) Qee = Y'%orks
5) The cut-in factors my and m, are found according to eq.(23);

i1i i £ v : i i termined in agreement
¢) The amplification factor at complete matching 1s de

"rit]l eqo (2’\.) .

J.. Band Filter with Parallel and Series Circuits

o

. > (& oL S ) p ] (0} g . ; . means ol S 351 a
\ acran £ an o 3 l [ad 1 ucces ve p

N - i : Ul jagram in Fig.8, we
) olicabtion ol the eg-ivalent generator theory, this leads to ihe diagr £e8,
: 2,9 9
wCy B~

1 out > l’

have, Ifor n
my

Comigl
ry=r, -+ : lr‘ (25)
— U‘m‘ . .__R.’l_. . 26)
Ei= o C R out Ry, (

‘

< s . ,
Such 2 cascade has as o voltage amplification factor of

R,
MB;, Eﬁ "y ' - (27)

Cll"ouf- [‘“"M’ + 4 (é; -+ Rin\] !

- N KU.—_—
[+]

o Go0o e

where
J
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. LI
Z1=r1+i('m1‘l’ 2=r2+l(wL2—-:-a).

The matching conditions for the collector circuit of the schematic in Fig.7 is

expressed in the following manner:

mj py r o wg A (28)
Rout ! ro-t Rin

An analysis demonstrates that the maximum power in the emitter circuit is ob-

tained under the condition of an optirum link:

n the general case 1is incompatible with my and the coupling

The given system i
the condition of egq.(29) coincides vith

' wg 112
factor K. When ry &L
out

?
and Tro Qinin

|
[A
—— !2
]

Y
12

a) Quadripole, Replacing the Semiconductor

Triode

. matching across the collector. In this case complete matching takes place, whose

condition is expressed by

mip __ =M (30)

Rout Rin '




-
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writh balance across the col-

e will determine the voltage amplification factor
+he congruence condition (28):

(27) during resonance and

"‘Ki?V/"‘1,—-"V/

for the condition of reson

lector circuit, using ed.

(31)

ance and from

At optimmn coupling we get from eq. (27)

eq. (29)

PSS

1
Ko—Kop V1~

1, we get “ok = Koe =
nditions which permit dete
Quork2 = “worl: Cy 7 C2»

At bal-

At Y, 71 and Yo * KoPe

hen define the general cO

e will t rmining the coup-
taking into account that Quorkl =
Iy 7 T2 I"_L'7';r2 and Qg 7 %2

ance across eq. (28) will

ling factor 8 = KQork?

the collector,

rield, as in the case of the band filter,

Qurxt — 2
Tl Qwovk l"'%' ' (33>

From eq.(33) it fodlows that B < L.

In the opposite caseé the condition of con-

gruence breaks off.
e case of optimum coupling,

ter dividing both parts of eq.(29) brw OLi

af-

Tor th

1 1820,

and verifying that Quonc = Urork2s °

g=1. (31)
(32) permits de-

£yqat optimum coupling, & according to €Q.

2

termining the value v /1 — _Y_.
1

selecting values ©

1——‘-_0

when v1 = hs Koe = 0.87 KoP n

A
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T ar

o (35)
K —— .
R%E = Vl +Tl('h —2)

g o

. ] —T————- ] ha - lc
. \ » b e 2 lph 1 T
e T
m ™ ] I T 2 ]..0
1S

1. For calculating such an amplifier:

a

Q-factors Yq;

b rmin

i ing8 = 11;
responding to eq. (33); at optimun coupling A H

Cc

N e » ’ Iessloll (. = S l) e ‘,()

ccordi v ‘ in the book by V.I.
‘ te the generali ed detunirn a i to the curve plotted 1n
' late the & 12 i W ng -

4 ’). B
siforov "Madio Receiving Systems," pell, Fig.82

l p l b
2. 1

el
3. Ye calculate Qpork = ” .
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We determine the coupling factor K = i .
. “work
From the expression for the work Q-factor we determine the cut-—in factor

n ¢ 1
= wyC,R “——)
¢ o1 out k Qwork Q.r.n

Given Yo, we determine rp from the equation

Rin

r, = .
2 — |

Starting with the equality of the work Q-factors of both circuits, we deter-

p
Tnduction of the second circuit Ip = 62 .
(Op
Capacitance of the second circuit Cp = - .
WoP2
The limiting voltage amplification of the cascade:

_ 1 Vl(oug'
Kpp=—7V 7w, %

11. The cascade voltage amplification with matching across the collector is

o

found according to eq.(31).

12. The cascade voltage mnplification' at optirum coupling is in agreement with °

~eq. (32).

2P0ork
13, Ve determine ap = ;Oll .
o

ao 3 .
1,. \ie determine the valué of the adjacent-channel selectivity:
° o
=]

A (et
e 1+PJ

lllIIIllllII-lllllIIIIIIIIIIIIIIIIIIIIIIII
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This formula for the hookup in question is justified by the fact that its am-

plification curve coincides in form with the amplification curve in the resonance

zone for the usual band filter.

5. Comparison and Mumerical Rating of the Circuits in Question

From egs.(13), (24), (31), and (32) for the amplification factor of the three
hookups in question, it follows that, at ¥ © %, they are all characterized by the
same amplification which is equal to the 1imiting value of the amplification Kop
eq.(8). Such a result is physically understandable, since the case of y =~ » leads
to reducing the characteristic losses of the circuits to a value imperceptibly small
with respect to the losses introduced into the circuits by the input and output re-
sistances of the triodes. In this case, the limiting power, which can be segregated

into the outer load from the triode output circuit, is transmitted to the triode in-

put resistance. The quantity Kop is determined exclusively by the triode parameters.

For a home-made triode with point contacts, introduced into the circuit from a

master point in the base, the following data is possible: Rpy = 6 x 10 omm; Ryq =
= 300 ohms; Ryn = 232 ohms; Rout - 15,500 ohm (Bibl.3). Then according to eq.(8),
Kop = 12.2. Fo'r the last value of vy, the amplification has aolowér value. The am-
plification values depending ony are plotted in Fig. 9. According to eqs.(.’?.l;)
and (13) an amplifier with 2 band filter with two identical circuits during complete
balance, and an amplifier with a single c‘ircuit balanced across the emitter or col-

J lector, are characterized by identical a.nlpllJ.lcat:Lon when the Q-factors of Y have a.n;
t

identical relationship. The dependence oi‘ the amplification on Y for these cases in

7 Fig.9 is depicted by curve A.

14th the same values of @y, & noo]'un with a single circuit gives greater ampli-
rication in the presence of ratching than a network with a band filter. From
egs.(10), (11), and (23) it follows that, at the same my the value of Y appears

large for a hoolup with a single circuit.

Wy
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In the case of a band filtef with parallel and series circuits (curves B and C
in TFig.9), the amplification has different values for the same values of Yq.

The curves C in Fig.9 corresnond to the case of optimum coupling and the
curves B to matching across the collector. In conformity with eq.(35) obtained
above, the case of optimum coupling leads to a slightly- larger anplification than
matching across the collector. This is connected to the fact that, at optimum coup-
ling, the coupling factor is B = 1 and, at the same time, to the fact of matchinge
across the collector R< 1. In the presence of matching across the collector in a
hookup with parallgl and series circuits, the amplification Kyp atyq =V2 becomes
equal to the amplification of systems considered above for the same values of Y.
This result follows directl; {from a_comparison of eq.(31), under the corresponding

" assumption of yq = Y2, with eas. (13) and (20.). Actually, it can be seen in T'ig.9
that the curves B intersect the curve Aatyq =Y. In this wa;, all the considered
hookups, except the last with optimun coupling, lead in the presence of matching to
the same amplification lactor [or the same values of Y. At Yy < Y2, 2 hoolaup vith a
parallel and a series circuit gives, in this way, a greater amplification than a
hookup with a simple band filter or than a hoolup with a single circuit correspond—
ing to a ~factor relationship ecqual to Yl‘ An increase in Y, leads to a rise in
amplification for a hoolaup with parallel and series circuits. An increase in Y, may
take place according to en.(32), due to an increase in the input resistance of the

_succeeding triode “4n and due to a diminuiion in the characteristic losses ré.

Lnormal values of Y1, equal to L - 6, a hoPkup vith parallel and series circuits andi

- ° i

optirmm coupling (curves C in Fig.9 at vy, = ), and Yo = 6) gives the greatest ampli-
= . .

[——"=T-You

fication.
]

\ comparison of the adjacent-channel selectivity for all hookups wnder consid-

ération, under the condition that frequency’ distortions along the edge of the band

"in 10 lxc are equal to 3 db, and at v = & leads to the following deduction (cf. the
o]

(o]

wable p 40).
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For amplifiers with band filters, the adjacent-channel selectivity is here cal-
culated according vo eq. (36). It follows from these data that, with the same ampli-
fication, a hoclup with a single circuit possesses the least selectivit;.

A hookup with a band filter and a hookup with parallel and series circuits >

Q)

= .10%
fo= 1110 16,1

7.5
68,5

fo = 4,65-108

a) Frequency, b) Amplifier with single circuit; ¢) Amplifier with a band filter.
d) Amplifier with parallel and series circuits. e) Balancing across the collector.

f) Optimum coupling

matched along the collector and having the same amplification, are characterized by
the same selectivity. A hookup with parallel and series circuits in the presence

of optimum coupling is characterized by a higher adjacent-channel selectivity.

’ Article received by Editors ¢ May 1955.
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* A

HIGU-FRENURICY BROAD-BAID TRAISFORIERS

~

by
5.G.Kalikhman

Actdive llember of the Society

°
On the basis of the well-knovm method for converting balanced
filters into unbalanced ones, practical schematics for broad-band
transformers are obtained, and the engineering formulas are de-
rived for calculating their components. Ixperimental data are
cited Trom actuall:- constructed high-frequency broad-band trans-
formers with flat frequenc;—response curves, designated for op-

eration in the 0.15 - 100 megacycle band.

1. Basic Principles

In practice, the projecting of high-frequency radio receiving equipment often
requires a matching of the resistances in the broad band of the received frequencies.
Such problems are encountered, for example, in matching the antenna feeders with the
input circuits of short-weve, ultrashort-wave, or of television receivers during the
matching of vacuum-tube band amplifiers with the main line in the multichannel col~
lective antenna (Bibl.l), etc.

The resonance methods, well-known from the theory of radio reception, used for
solving problems of matching resistances on one frequency f,, are completely unsuit-
able in cases where the band of the transmitted frequencies 4 F becomes commensurable
with its mean frequency. Under these conditions, the pfobleﬁ is solved by the use
of band filters, based on the matching of the characteristic resistances. So that
these filters may have the proper characteristic for the transformation of resis-

tances, they should be unbalanced, ji.e., their characteristic resistances at the
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ends should be dii‘i‘erc;nt.
The construction of unbalanced (transforming) band sect'}ons is based on two
N well-known equivalences (Bibl.2):
1. The ideal transformer with a (voltage) transformation factor n, vhose pri-
T mary winding is shunted by the resistance Zo’ is equivalent to a T-shaped quadripole

(Fig.1l) whose components are determined by the equations

=01 - n)Z,

(1)
) Zh=n - 1)Z, (2)
o ° Z(T‘: == ’lZo. (3)
2. The ideal transformer with a transformation factor n, whose primary winding
is connected with the source eml across the resistance Z,, is equivalent to a Pi-
n Z‘r Z,r
X ! 3
. é: — z] o
. 0§ Qe o4
Fig.l : Fig.2
a) Ideal transformer - p a) Ideal transformer - p
shaped quadripole (Fig.2) whose components are determined by the equations
F n
Zp= n--1 Z" (l{‘)
, o Z,;;::rzZ‘,, (5)
P n: P
- ZC: “_]-’—n_- é‘. (6)
o]
he STAT
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2. Design of the Transformers
alences for converting balanced filters (proto-

'Je will use the indicated equiv
having

trpes) with equal characteristic resistances into gransforming band filters,
haracteristic resistances at the ends. Let us talte as a prototpe 2 T-

shaped link whose ch

Uy i =3 - n T o (Fig.3)-

e will consider

different ¢
aracteristic resistances are

the links of trpes IIIl,

1L, and IVg,™ presenting the great-

III,, 113, I
¢:- engineering (cf.

est interest for high-frequen

11 will split the circuit along

Tables 1, 25 3)¢

the line A - A and include the ideal transformer wvith a transformation Tactor equal
to n (Tigs.h and 5). Using the lav of lumped resistances and having replaced, on
the basis of the rirst equivalence, the system consisting of a parallel resis-—

C. -4
Jdeal Transformer-n

Tig.s Fig.6

tance XLQ and on ideal transformer bl the T-shaped quadripole (rig.1), ve will ob-
Zg, and Zg of this hookup are

ZO in :‘:IQ = (1)12.

22 = ;{I_Q’ Ay = < (the prototype III,,

!T\
The elements Z&,

tain an equivalent circuit (Fig.6)-

1 the substitution of

determined bI egs. (1) - (3) with
e will consider the particular case:
reuit (Fig.6) after sumation of its elements,

mable 1, Ho.2). In this case, the ci
leads to & T—shaped unbalanced quadripole (Fig.?), whose elements are

I—
Finaailication of filters according to T. “e. shi (3ibl.2).
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Ll []
L= T-;—(l«-rl)Lg, (7)
- 9
L“=n[n—_—l’— +(n—1) Lo}, (8)
) Gt L L,_y=nla ()
T et cren o0
. W~ -— A > ,5 - . l-l“ o 1
E',’——L——"’/: Z‘r_-___L—l-——-"(i
C — r—)(:‘
Tig.7 Fig.8 = o (11)

o
The obtained conversion of the elements of prototype 111, has a pll:rsicahmean—
ing at least when L1? O, 111 2 0, according to which the theoretically 1imiting
transformation factor is determined by the inequality

1

<n,. <1
b 4'2La (32)

Ly
14+ ——
* 2L,

The limits in the ratio of the transformation factor can be principally defined
by replacing the autotransformer circuit of the filter (Fig.?) by a transformer cir-

cuit (Fig.8): we then have

L= +1La (13)
L,
L,=n, ("2‘ -+ Lz) ) ()
o
T+ L2Ls (15)

i

any value oi‘ n. Dy an

show that Ly > 0 and Ly > 0 for

Equations: (13) and (W)
rt into transformer fllters th

not difficult to conve

e T-

analogous method, it is

4 Pi-shaped links and the h IIl3, 11T, and Tg. 1t

shaped an alf-links of types 1114,

can be shown (Bibl.3) that:

a) For links with capacitance transformations
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a)

b)

Ly Z,

'? 2[."
LAL S ;C' —RewW,

Ly G L4
o~TR—{ M}-«:

[ !
for 1+ 2 > —
(P12, ’*ch)

- —
th— LUrRA)
G‘f:. !

47 ‘;Jp I Serie SHgR
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L: G
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( for any n)

Loty G2y

/L
Ly=n (?' +Lz)

Lrr z
) -]
"7 ; s ®

[2 15
!or any n)

oo\l Gt
2C, l
Lyl G K= nk

C, o
L,”z Cl; _”_ , 2k, ;

L, Gy G L

4y Cia

!
(for n= L.)
>3

™

s
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L, )
Lz 6l
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123

el
',,Z

pe (schematic and damping characteristic); b) Schematic of the transformer band, T-shaped

Y

a) Protot

link; c) Computed values for the link elements; d) Natural frequencies of the link circuits
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?
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b) Schematic of the transformer band T-shaped

.
2

(brany n)

®e)For anyn

Ly ‘:(‘/A:’_,T/} 7
(_ior any ,/l

P I'I"I <r,/,‘
A% 1L¢

Xy
IH,(F'T; |/

link; c) Computed values for the link elements; d) latural frequencies of the link circuits

a) Prototype (schematic and damping characteristic)
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C,

'+ 9

b) For half-links, the values of nyj, coincide with the corresponding eqs. (12)
and (16) under the condition of changing 2L, to AL, and 203 to 4Cp.
The revisions of the computing formulas for more important types of links and

half-links are cited in Tables 1, 2, and 3. For controlling the computed results,

e Pa P o
i
/L_I

[

/

o:d
e g Ay,
[ )

Fig.9

a) Half-link of the prototypes; b) Links

of the prototypes; c) Half-link of the

prototype IVK; d) Link of the prototype
g

the values of the characteristic- frequencies of the individual circuits of the fil-

ter are listed there.
After substituting into the expressions for nqi.., the values 1n, L,, Gy, and Gy

determine the limiting frequencies fj and fp and the load resistance R = W, . From

~ this it is\clear that a dependence exists between njjp and theApass band of the fil-

ter. These dependences, found by us for the considered types of links and half-

links, are listed in Table 4 and in Flg.9.

Above it was mentioned that the transformer circuit of the filter, in principle,

54 ) ‘ STAT
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can be completed with any transformation i'acto\r n. llowever, in reality the attain-
able value of n is determined by the possibility of obtaining a physical result from
the computed values of the inductances, capacitances, and coupling factor K. The
magnitude of K is determined by the ratio of the inductances Ll and I, which, in
turn, can be ex?ressed by the cutoff frequency (cf Table 1 - 3).

Substituting the above expressions for Ll and I, in the formula for K, we ob-
tain ihe relationship establishing, for links and half-links, the following depend-

ence (Fig.10) between the permissible pass bands (cutoff frequencies f3 and f5) and

the given coupling factor K.

a) Transformer half-link and link of type III:

\

1

Yi=w '

=1 T+«

l—~x

]
=

Trensformer half-link and link of t;pe IV)
', Dot bk V30
\'g =, - —e - - e —
P2 7 I

) ___]-I—IC}/.? - K
Bivk=—"7—3

analvsis of the obtained dependences permits the following deductions:

1. The theoretical limiting coefficienﬁs of full transformation are determined
b;- the limiting frequencies B = iz , i.e., b the pass band of the filter.

2. The link of any t;pe filte% permits a significantly larger transformation of
the resistances than a half-link.

3. The filter IVy has the greatest efficiency for converting impedances. The
gain in the transformation factor, guaranteed by a filtg? of this trpe in comparison
with filters of other types, is characterized by thé curves in Fig.9.

L« During an uninterrupted increase of the pass band, the transforming charac-

teristics of all the filters are gradually flattened. llere it should be mentioned

/

Declassified in Part - Sanitized Copy Approved for Release 2013/05/22 : CIA-RDP81-01043R002000090003-3



Declassified in Part - Sanitized Copy Approved for Release 2013/05/22 : CIA-RDP81-01043R02000090003-3

i ' —wire feeder
that the transformer developed by v.D.Kuznetsov for changing from a four-v

i i the above-
to a coaxial cable (Bibl./;) can be considered as a particular solution of th

Table /-

an .1

™ i
m 7 (3—1)?

o -

- %ol
- s o £
a) Form of the link; b) n(k) is the limiting transformation factor in the i‘ll,i;eg o)

()

i imiti | ati tor in tHe filters of types
type IVgs c) Nqyp 18 the limiting transformation factor ‘ ‘

i i ici r of the filter of
I11,, 1II,, III3, and IIT,; d) n{k) is the relative efficiency o

type IVy; e) Complete link:o fo) Half-link

explained general problem of the designing transformer filters (in Table 2 this

STAT
56
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transformer is listed as Hoe3).

3. Certain Teatures in the Desifming of Transformer Filters in the 0.15 - 100 liega-
¢--cle Band, and Txperimental Data

As demonstrated above, transformers whose protot;pes are links of type IV,
possess mazimun efficiencyr, so that types of transformers with a magnetic coupling
(Tables 1 and 2, lios.2 - }) in principle permit any desired transformation of the re-

o
o
sistances on any band.

In practice, however, as & result of the imperfect magnetic coupling between
the coils, the actual pass band has a critical value. Therefore, an experimental de-
termination of the coupling factor should precede the designing of transformers for

L
o piven case.

It is possible to 1ist the following coupling factors reached in practice. In
long-wave and inediun-iave bands (0.15 - 1.6 me), high coupling factors (90 - 983)
are obtained b using iron cores with an initial magnetic permeability of ¥ = 300
to 500 gauss/oersted. In the short-wave band (6 - 20 mec), the use of carbon or iron

3 I3 3 . 3 - 3 3 3
cores with ¥, < 4,00 gauss/oe and of [ine-wire windings guarantees obtaining coupling
factors of the order of 75 - 805 In the ulirashort-vave band (1& - 100 mc), the
lirdting coupling factors Lave a magnitude of the order of 50C..

nowing e actual rarmitude of the counling facyor, the permissible pass band

o b () . ° 1) H P,

. . (5
(7ig.10) can be determined from eq.(17) - (20). If the restriction as to pgss band

8
e P .
is less severe, filters with capacitance transformations should be used. In this

case, using ®he curve in Tig.9, the nagnitude of the transformation coei‘i‘ic;ent of

one link n [or the given pass bant B = ;'2 can be obtained. After this, it is not
1

AL Ticult to deterrine the number of links necessar; for obtaining the desired co-

officient of transformation. ‘Je may remarl: that a £ilter with capacitance transfor-

mation, despite a greater number of elements, is simpler in design. Therefore, in

cases where economic considerations can be ignored, its use is more desirable.

Intense interest is exhibited in the use of transformer filters in the input

57 ' STAT
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circuits or in

case the critical value of the tr

e [
a
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Fig.1ll

a) Long-wave and medium-wave band;

b) Short-wave band

10§ db -.5db

A=yttt b

|
1
|
e e . e '
W56 G M ey W

Fig‘lz - uo:o.,.a

a) Ultrashort-wave transformer,

75 - 25 ohms (n = 3)

casting transformer.
= },00 gauss/oe for op

pband transformer filter
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the terminal stages of vacuum-

ansformation of the resistances,

termined by

The diagram includes a ferrite tr

eration on long and medium-wave b

(1) (denoted by No.

tube amplifiers and receivers. In this

as a rule, is de-

either the input or output ca-

8
pacitance. Je will discuss certain prac-

tical considerations for choosing the cut-

off frequencies and of the Q-factor of the

filter coils.

The irregularity of the transformer

frequency characteristic in the limiting

pass bands is determined by the values

chosen for the cutoff frequencies £y and fo

oxperience shows that irregulari-

s+l db

and f2.

ties in the frequency characteristic

and *3 db are guaranteed at values of the

cutoff frequencies £y and fo exceeding the

pass band 1limiting frequencies by * 203

and *10;, réspectively. Ab Q-factors of

the coils of Q ? 50 and at a pass band

AT
of > 0.15 with damping, caused by ac-

1o

tive losses in the transformer sections,

it can be disregarded.

To confirm the possibility of using

the obtained relationships we will cite
some experimental data. TFigure 1la gives

the schematic of an all-wave radio broad
ansformer (2) withpg = .

ands (O. l) - 1.6 mc) and a

7 in Table 1) for the short-wave band

STAT
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(6 - 15 mc). In the long and medium-wave band, the ferrite transformer differs lit-
tle from the ideal transformer (coupling i‘act‘,ox' K = 98, assigned capacitance of the
coils 3 - hkp £). Thanks to this, the replacenent of a complicated transformer cir-
cuii by a simple ferrite transformer is permissible. As can be seen from the curves
of Tig.1llb, the irregularity of the frequency characteristics in a given band does
not exceed ¥0.6 db. The analogous frequenc;’ characteristics, obtained for
ulsrashort-wave transformers (75 - 25 olms, n = 3) are cited in rig.12.
.ot citing the characteristics, we point out that, with the help of analogous
(o]
transforming filters in the input stage of each channel, amplifications ywere obtained
(]
equal to 1, db on an S-mepacysle bangl. In all cases, the practical frequency charac-
+eristics obtained werc of the plane type.

. -]
)., Conclusion

“

. ' ©

On the basis of tue cited theoretical and experimental moterial, vhe following

o »
@ v .. ¥ . S, .
deductigns can be made. THe wanainlered method of designing band filters overcomnes,
S g
S o

L]
to a significant degree, the shortcormings caused br the Ei.mperfections of high-

frequency circuits (significant inductance diffusion in a,he inductivel; connected
~ 9

Q
circuivs, distributed capacitances of the coils, 1ndupto§.1ce of the wiring, and pres-
. 0, . .
ence o.s other parasitic elements in the high-frequency” circuits), and pernits the

(]

construction of ' trhnsformers on a given pass band of frequencies, which have pa-
<

rameters similar +o those of ideal transformers.

Apticle received by the ditors 19 Iles- 195!
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CAICULATION OF Al ICHNIC VOLTAGE STABILIZZR
b:-
G.S.Velsler

L i

ictive llember of the Societ]

The calculation of a stabilizer is presented in which the following

\
factors are inter-related: integral stabilization factor of the hookup;
firing voltage of the stabilivolt, its rated enrrent; input voltage,
and the eificienc;” of the stabilizer. The value of the possible masdirum

and minirum integral stabilization factors for each of the stabilivolts

is established.

1

In designing an ionic stabilizer (Fig.1l), the following denotations are

used:

Uon is the rated voltage at the load resistance; *e, ~f are the deviations of

the voltage U? from U2n in 33 Ion is the rated load current; +c, -d are the devia-

tions of the current 12 fron IZn in 7; +o, -b are the deviations of the voltage Ul

at the input f{rom the rated vwltage Uy in ;1 is the efficiency of tﬁéﬂg}abilizing

]
device (often not given); K, is the jntegral stabilization factor for the input volt-

age, defined as

K :____‘ﬂ“ ] .
e

“ I
DBesides this, the parameters of the stebilivolt are given: U, is the firing
roltage: Ic min perm.> Tc max ore the minimmum and mescimum permissible currents

through the stabilivolt; Ri is the internal (dynamié) resistance, taken as constant

in the stabilization.band.
As a result of this calculation it is necessary to determine: the rated value

and the value of the additional resistance T, which would

ol the inbut voltage Ugp

%

61
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" guarantee the firing of the stabilivolt at minimum input voltage Uin 1- b ) and
100
), which would permit obtaining the wanted

also at minimum load resistance R(1 -
100
integral stabilization factor K, with the given efficiency n, while preventing an

output beyond the permissible current limits through the stabilivolt.

The published calculations of jonic stabilizers (Bibl.l, 2, 3, and l.) cannot be

considered acceptable, since in these papers (Bibl.l, 2, and L) the defined quanti-

. ties are not correlated with the voltage

for firing the stabilivolt, while in other

—

J
i 1 papers (Bibl.l and 4) changes in the loado
U L are not considered, and in some papers
L l (Bibl.3 and /) the permissible oscilla-
tions of the output voltage are not taken
Fig.1l

into a&count.
Below, a method for calculating a voltage stabilizer, free of the indicated
- shortcomings is described, correlating stabilizer integfél stabilization factor and
its efficiency, and excluding the recalculations required by other methods of com-
puting.
2. From the condition for obtaining the firing of the stabilivolt at mininum

input voltage and load resistance, we have

O
e Usn '( /1. (1)

I3a (1 + m)

Let the deviation of the input voltageAlh_from the rated value produce a devi-
ation of the output voltage AU2 from the rated value, and during this time the cur-
rent through the stabilivolt changes its value by AIC from the rated value.

’ Then,

aU. o
AU, = Alc+—-—‘)r+AU,.
( R . (2)

62 S STAT
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AU3=AICR“

then, substituting eq.(3) in ea. (2), we get

R R
AUH=A404-ﬁ;--ﬁqn

] B s « 1, we get
Taking Nj < i and Iy « 1, we §

AU‘=A/‘.r. (23)

eq. (2a) will rield

| yr. (2v)

Ul" 1 € max Cmin

deviation of the output voltage stabiliza-

Prom eq.(3), we get for the limiting

tion band

Uy, =, I, )R, (3a)

100 - max min
™

e (let;e]]lﬂ.]le .[IO]:I e .

input voltage, as follows:

Y1a (5)

n=
‘ - and substituting the value r from eq. (1)

Considering ea.(1l) to be an equali

i stabilivolt
ndition ruaranteeing the firing of the stabili

in eq.(h), we get from the co

‘ . ° 6)

by KaFil |
)= U

63
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¥

o
muatlon (& ’

u. . from eq.(5).

+o determine r from €q. (1) and Uyp
[V}

Zhn G- 1 C6=3C
W Comlms ka5t

v a0z U3

Fig.3

Tig.2

1
1 1 J
3. mll

. . to
stabilivolt at rated operation 1S equal

(7)

U?HI'R — ‘ __Il.—___

T = Uin (Lon t Icn) n Ion+1en

tabilivolt at rated operation or, considering
where I is the current across the sta
" cn

that
roo__ . Uga(n = 1) ' (8)
Ku = —'TR}— o (Jyn + Ica) nR

egs.(7) and (8) will yieldnp in the form

_Ku .<.._F_fL__./h. ’ (9)

From eq.(9), using eq.(6), we get

Ut / b . le_l_ / (1 + c )]
- Rj——- l:_.,. [-————-L;" \] — 'T(‘)(‘)") - }\u _Z}'.‘n i \ 100 (10)
; * R ¢ .
’] = U...,, b _ i / (l + ——_)
" (1_ 100 ) FKag, o 100

STAT
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o

In eq.(10), N, depends at least on the given magnitudes and on the stabilizer

parameters.

£n is determined at the end of the calculation, then ea.(9) is a simple and
suitable formula for this circuit. lowever, for evaluating the stabilizer, it is of
interest to determine n, at the beginning of the calculation when n has not ;et been
found. In this case, it follows that eq.(10) should be used.

vor a direct evaluation of Thé°magnitude of N, the relations set upn n(I‘-ZuIQn)
are derived for b = 10, 20, and 300; ¢ = 10 for the stabilivolts CG-1F, CG-3C, and
oe-LC (Fig.2)¥, G-2C (Fig.3), and $G-58 (Figeh).

Prom eq.(6) it is clear that firing is at least possible when the following
condition is satisfied:

_g"l'_ (1 d )
U, 100

K2, < (K, /2,) max T R l . ) . (11)
Uan ( + 100)
Gue to the fact that while plotting r\n(liulg), the value n, was not determined for
all values of KylIon, not satis{ing the

(A inequality (11), since these regimes have
3K

no meaninge.

2 b ] ; fhe values of (KyIop)pax result in

=t
certain types of stabilivolts at ¢ = 10p,

as given in Table 1. The parameters of the

008 012 Kal,, stabilivolt are listed in Table 2.

Prom the curves of n(K,Ion) plotted

Tie./ B
- in Figs.2, 3, and l, for b = 105> and c.=

="10;, it follows that np cannot be greater

#5ince, in the worl:ing band of currents (5 - 30 ma) of the stabilivolt, the magni-

s
tude 1 for C0-1P, CG-3C, and CG-AC is roughly the same, general curves can be
U2n
constructed for these.
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than 22ﬁ for the stabilivolts CG-1P, €G-3C, CC-4C, and CG-5B, and not greater than

15 for the stabilivolt CG-2C. The magnitudes of Np and KuIZn are strictly corre-
1ated and the maximum efficiency of the circuit corresponds ton = 2 - 3; a further
growth in the magnitude of KyIon leads to such a sharp increase in n and a drop in N,

that this leads-to the necessity of a high input voltage, which is not economical.

Table 1

a) b=5% | b=10,

€G-1P,CG-3C, CG-4C 0,66 0,62 0,59
CG-2C 0,25 0,24 0,23
CG-5B 0,134 0,125 0,12

a) Type of stabilivolt

Table 2

&)

min perm
ma
U
Ri max
min lim

c

K, .

o) J 83

30 160
30 180
40 170
30 120
41 100
30 160
10 800

31
24
25
30
36
3l
6.2

CG-1P 150 180
CG-2C 75 105

C-3C 105 127

CG-4C 150 180
CG-5B 150 180

©

co-cocs

—_—CO XL e »D

OCLnTaIOW
Len
—

Len g v
wenaen

-

-

llote: The parameters of the stabilivolts have a large spread, so that,

before starting the calculation, it is preferable to check the magni-

tudes of Unp, U3, and Ry.
a) Type of stabilivolt

Mo We will determine the rated, minimum, and maximum currents .across the stabil-

ivolt.

The input voltage Uy, and the ballast resistance were determined from the con-

ditions guaranteeing the proposed integral stabilization factor and firing of the

66 B STAT
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stabilivolt under more difficult circumstances. There still remains the requirement
A3

that the rated current I, across the stabilivolt guarantee its rated regime with the -

earlier found Iln and r. For this, it is necessary that

(lu+lh)r=uln——uin' (12)

Taking into account eqs.(4) and (5), we get from eq. (12)

—n=DUm _
Ten n KR Tan: (13)

From eq.(13) it is clear that the rated current I, across the stabilivolt de-

pends on K, and Iy, and it is necessary to calculate it for each concrete case.*
\

Taking into account eq.(2a), we get

U..b I
G T A (Lsa)
min w0 100

[ ]

U..a d

=lc~+ 100 +134m‘ . ' (1}+b)

From egs.(13) and (:a), taking into account egs. () and (5), ve get

/ —ﬁ"—-(l—-_f__-_#)_['.@:_{__i_)_ (15a)

Cmin KK 100 n 100,

From egs.(13) and (14b), taking into account eqs. (L) and (5), we get

__UBH R a 1 (lsb)
T KuRy (1+TO—U-_ n )_I"‘(l— mo)'

Faturally, we must satisfy the conditions

' /" min >le min peem? - (168.)

“Tonsequently, it is impossible to take I, as equal to half the sum of the. maxdmum
¢ . ®
and minirmm permissible currents across the stabilivolt (Bib.2) or to set the cur-

rent T en equal to any other arbitrary magnitude, without having determined its val-

ues (Bibl.1l).
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/
€max < e perm *

Taking into account egs.(16a) and (6), we get from eq. (152)

Taking into account egs.(16b) and (4), we get from eq.(15b)

o[- (- w)] (17b)

c+d
Ri l_l"mnpcrm—l”’( 100 )]

From eas.(172) and (17b) we determine the limiting (though in practice unattain-

able) integral stabilization factors of “he stabilivolt in hoolup:

Uan
U’“(" UJ)

K"m-lx 2 lim = Ri-1 ! (18)

Cmin perm

b-0

U
™~ U?n (l - 9“)
. = ~ K ______UL_.
T~ } =7 - 19)

min l'm ‘,
! Cmax perm

e

~o
\'
a—+0
.

b0,
Lz = 0.

=

Table 2 contains the values of the

limiting integral stabilization factors

for certain t;mes of stabilivolts. The

Fig.5
vossible values of Ky depend on Ipp, and.

. s .
a, b, ¢ and d should lie betieen Lumax°1.‘ and Ku.'n 1in®
co &0
For orientation in the selection of a permissible value for K, the plotted

values in rig.5 Iy, (), line 1, and Ky (bIs,), at a = 53, ¢ = d = 1073, lines L

]

68
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o

and 5, are common for CG-1P, CCG-3C, and CC LC in the working band o: he currents

- 30 ma. Line (1) denotes Kupns2 for an- currents; line (2) is the I‘Cum 2 for

= 20 me. (from the condition muaranteeing siring); line (3) is the Y 1 for

50 ma; Line (%) is the Kypsy for Ip, = 50 ma; and line (5) is the Ky s, for

20 ma. The region of possible L 2t Ion = 50 ra, is deleted.

If for finding iy - according to ea.(17a) it is possible to use Tig.5 Tor any’
values of Ingy 25 C) and, d, then the values of }:“r.lin’ determined from Tiz.5, are

correct a5 least for the quan tities Inp, &, C» and 4, indicated on the graph. In
pthier cases, iygsn 1° determined fron eq.(l?b).

5, The propesed iy should be smaller than 1‘,1 o5 obtained from eq.(172); in ad-
dition, the propose~ IyIny, should be smaller than (uu_‘)n)na_:', dcuer'm.neﬂ fron
ea.(11). Taturall: the I, with the proposed Iy, should at +he same time sabtisf;
both ineaualities (1.1) and (17a). For the sare values of Iop, Kuma::l fron eq.(11)
will be the limit; for others, it 1ill be T,u“ fron eq.(172).

Tn Fig.5, (b)) is plotted for Inn = 2C ma (]ine 2) ané for Inn = 50 ra(line 3).

. ~ . — N e : rs - £
mus it follows fror Fig.5, for Ton = 20 ma, thad I, will be defined by !‘unz-‘:ng fron

eq.(l’,’a), i.e., line 1, while for Inp = 50 ma, the value of Ky ill be defined b~

!'11"‘2.:"‘1 fror: en. (11), i.e., line 3. The permissible ragnitudes of I should lie in

the region bordered b Fupg and b:- the smallest values of Fygpase
nased on the above statenents, the colculation of a stabilizer should begin by

£

shecling whether it conforns to the inequalit;” (11). Then, the value Kumxl’ for
twe given Ipn, is obtain ned from eq.(11). Using eq.(172), find Ky .. - Tor an esti-
tal-e the sraller of these two Iiurtr.
o

Tf Ty > Kugaee Of the fact that firing is not gug.rc-nteed (11) or because of the

; % Te.s .
fact that Tesy < *Cmin lim

(17a), then it is impossible to design the wmted

stabilizer. .
°

, e s s - . .
If Ky < Yupin (Igp@{ > Temax 1im)s then it is possible to construct the stabi

lizer, if the proposed ragnitude of Ky is obtained, considering for this that K,

69
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At constant values for a and b, this leads to a decrease in the values

3%
.

= Yopin”

of e, f and Icm.:"

with this specification, Ky can be approached to 2 definite mognitude n, and the

A J

calculation can be completed.

The suggested method frees the designer from recalculations, which are frequent-

due to incompleteness of one of the in-

1y necessary at the end of the calculation,

equalities, (16a) or (16b ),

6. Approximate calculation of a stabilizer.

Given Uop = 150 B, I2n = 20 ma, & = 56, b =155, c =d= 105, e = £ = 15, from

this:

+b
K, = Z+/ =10 and K, /5, =0,2.

— e
¥his is correlated with the increase in n, Uin, and the decrease in Yn (cf.Figs.2,

3, 1), with which it must be reconciled, or else it is impossible to complete the

iy projected as signment.

#If Ky, ma_:{..is...detennjned from eq.(17a), and not from eq.(11), then Iop .. can be
found from eqs.(l7a) and (17b), by which stabilization is still possible. In this

regime, Iij_n = Icmin 1im and Icme.x = Iepax 1im and the full band currents of the
stabilizer are used.

Having equated the right-hand sides of eqs.(17a) and (170), we get

a + y”i . ..L.
: i w Ty, w
Cmin perm | &! (20)

Us

rare state is determined by the intersection of the

In Fig.5, this extremely

line Kupin for I2npmax and line 1l.

De ified i - iti V
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Tt is necessary to determine: Uj,, T, I Ic....» Iens nne

A

Cmin’? max

Calculation Sequence

Select the stabilivolt CG-4C (cf.Table 2).

o
o

he i ity (11) is
From eq.(11) we have (KyIpp)max = 0+595 0.59 > 0.2 and the inequality (11)
@
satisfied.
‘hen Ip, = 20 ma from KuI2nm:: = 0.59, we get Kuml = 29.5.

[
From eq.(l?a) , we have Kupas? = 26.5.

- i it (172) is satisfied.
e then take Kypay = R6.53 26.5 > 10 so that the inequalit; (172)

{ = : .3 so that inequality (11b) is not
From eq.(17b), we have Ky . = 12.3; 10 < 12.3 so gha ineq

satisfied; consequently, it is necessary to raise I'E’n to I-Eumin'
‘e then take Ky = 12.3, and by this obtain Kylon = 0.2:6 < 0.59.
T'rom eq.(6), we have n = 2.38.

From eq.(13), I, = 2% ma.

ea.(152), Te s I ma; 1l ma > 5 ma.
Casnhry @

eq. (15b), Tepax = 30 ma; 30 ma = 30 ma.
eq. (5), Uyn = 357 velts. o
eq.(:), r = 1680 ohms.

eq.(9), ny = 0.19.
CORRECTION
i = T re have AUo = 3.0/ volts.
Fron ea.(3) for Ic .. = 11 m2 and Ic . = 30 ma, ve 2
Then, e + £ = 2.02%: 25 had been given.

Article received bd the Tditors 7 January 1955.

BIBLIOGTAPHY
i 7 Stabili sith Glow Discharge Tubes.
1. l'agel?,k.B. - Jalculation of a Voltage Stabilizer with

i, r ika Svyazi Fo.1l (1949)
Vestnik Svvazi, lssue Ol Tekhnika Svyazi No.ll (

Declassified in Part - Sanitized Copy Approved for Release 2013/05/22 : CIA-RDP81-01043R002000090003-3



Declassified in Part - Sanitized Copy Approved for Release 2013/05/22 : CIA-RDP81-01043R002000090003-3

2. Efrussi,M. - Gas Voltage Stabilizers. "Radio" No.6 (1951)
3. Golldreer,I.G. - Voltage Stabilizers. DEI (1952)

l.. Bonch-Bruyevich,A.M. - The Use of Electron Tubes in Experimental Physics.

GITTL (195h)

Declassified in Part - Sanitized Copy Approved for Release 2013/05/22 : CIA-RDP81-01043R002000090003-3



Declassified in
Part - Sanitiz
ed Copy Approved for Release 2013/05/22 : CIA-RDP81-01
: - -01043R002000090003
.. -3

A 1TETUOD FOR TCREASING TIE ACCURACY OF FIEQUEICY ANALYZERS VITH Al
ELECTRON-BEAN INDICATOR

by

11.F.Vollerner

Active lember of the Society

\
In the article a schematic 18 examined for raising the accuracy

of a f{requenc!/ analyzer with an electron-beam indicator, possessing
a higher degree of accuracy as & result of excluding the error of

+he frequency scale.

In modern radio engineering, & vide raonge of different frequency analyzers
exists in addition to various t;pes of spectrometers, panoramic recelvers, and
cathode-ra;” curve tracers, permitting observation on & screen of the spectrunm, char—-

acteristics, etce being studied.
The basic elements of such devices are & frequency—modulating (119) generator -
-roltape source with constant amplitude and a frequency varying vAithin a given inter-

val - and an electron-bean tube functioning as an indicator. On the tube screen the

studied characteristics, frequency spectrums, etc. are observed. Block diagrams of

such devices are Very well-knovm (Fig.1)-
The accurac” of frequency metering in devices carried out according to such a

block diagram, is primarily determined by the sta%ility of the modulating character-

istic of the FH generator =y (u).

We will consider this guestion in more detail. The deviation of the beam along

the X-a3C.S, proportional to the instantaneous value of the voltage (current) at the

amplifier outlet of the channel x, 18 used for determining the instantaneous fre-

_quenci’e Trom the deviation of the beam along the y-axis, the level of the frequency

components of the examined voltage can be determined; or else the transmission fac-

73
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tor at the given frequency of the examined quadripole.

The input voltage of the amplifier channel x, determining the deviation of the

Fig.l

a) Sawtooth-voltage generator; b) FM generator; c) Investigated object

beam along the x—axis (and consequently also the frequency metering) and appearing

at the same time as the modulating voltage of the FM generator, is connected at least

s = indirectd; *thr@u-g-}e:nt-heum@daaeﬁsnia@ms.ha@aaﬁezmmﬂéu%mi’t‘%ﬁiﬁfw1m‘:ztrité.neoﬁ§:““ “

frequency. If, for some reason, the modulation characteristic of the FM generator

changes, significant errors arise during frequency metering in accordance with the

aao LS -

e g

pre—charted scale. This is the main shortcoming of frequency analyzers constructed

h=—>—]

Fig.2
. L]

. ' ‘a) Sawtooth-voltage generator; b) FM generator; ¢) Ixamined object;

d) Frequency discriminator
. ®

according to a block diagram such as that shown in Fig.l, especially when the tubes

. . . . . * et
in the frequency modulation circuit vary, since the modulation characteristic of
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the M generator in this case depends mainly on ‘the form of the tube characteristic,
which changes significantly during operation and varies with changes in the state of

the power supply.

.-,?he block diagwam.in Fig.2, which uses connection in series, is free of the in-

di%a{.ed‘ shortcomings (Bibl.3). In this hookup, the error of the frequency scale,

caused by a change in the shipe of the modulating characteristic w = ¥(u), is prac-
tically excluded. The voltage for the deviation along the x-axis, i.e., the frequen-
cr scale, is taken from the output of the frequency discriminator, so that the
coupling between the instantaneous voltage frequency, created by the Fl{ generator,
(]
and ‘the instantaneous groltage (current) in‘lhe channel x is of the direct type; this
coupling is determined by the frequency discriminator charactaristic ug =¥ ().
'-qmm?m@ﬁ“ﬂﬁﬁﬁﬁﬁﬁﬁﬁﬁgafﬁ€E§Tﬁﬁ@mﬁfm%ﬁ@“?ﬁé?ﬁ%f%?f?ﬁﬁ?ﬁﬁﬁ%ﬁéxT?%ﬁﬁEﬁE?Eﬁf§ETfmﬁﬁE%UTEﬁﬁFéﬁEEﬁﬂﬁﬁﬁ""-
reasonable performance does not depend on the form of the electron tube characteris-
tics, the stability of the discriminator can be significantlyr higher than°§he sta-
bilityr of the modulation characteristic of the Fl{ generator. °
The suggested schematic is also interesting in.fhat, with the proper choice of
the discriminator characteristic, a stable frequency scale of the analyzer with the
necessar- degree of accuracy for example, can be obtained, such as an evenly divided
(linear) scale, close o the logarithmic scale, etc.
“hen designing frequenc;” anal;zers in accordance with the block diagram of
it is not necessar— to make strict requirements as to the f&m of the modu-
. characteristic of the I generator; it is correct within the limits in wixch,
the change in form (slope) of the modulating characteristic, the rate of
change ;f the freq;encr, influencing the resolution and other parameters of the an-
alrzer, is not observed to var;” (Bibl.1l and 2). The value of this block diagrem
lies also;hq the possibilit;- of changing_{he frequency scale of the device, without
additional errors, by~ proper selection of the separate sections of the scale for a

N _ _4. .o
deteiled analysis, by ‘a change in the mean frequency of the FM generavor, or by a

!

STAT
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of the amplification in ‘the chan-

decrease in the frequency deviation and an increase

nel of the frequency axis (correspondingly shortening, if necessary, the analyzing

cted parameters of the spectrometer,

without additional errors, changing f{rom automatic scanning to manual scanning

e leading to the TM generator with a

time). At correctly sele this block diagram per'-

mits,
by replacing the sawtooth voltag constant volt-
age, whose magnitude varies during adjustment of the analyzer to manual scanning
- (for example, by the potentiometer).

quency analyzers according to the block diagram in Fig.2, broad-

In designing fre
f ,ewhére Af is the pass band and f is

band frequency discriminators (with a large

the mean frequency) must be used.

Broad-band discriminators can be completed in the same manner as a network with

e em s ROy SO e el p suite seedsbasesdiseniminator ) (Bibl, ke)s, For

5

obtaining a broad-band frequency discriminator its circuit must have a low resistance

result of this, the transmission

As 2

and thus also a low equivalent resistance.

factor of the discrimin iminator drops sharply, and to obtain significant voltages at its
o

output relatively powerful tubes, with a large current, st be used. One can rough-

ongly coupled circuits, at

1;- double the output voltage of the discriminator with str

given Q-factors of the circuits and the current of the tubes, by connecting the

first circuit of the discriminator in the cathode of the tube. This arrangement (a
circuit with a grounded p]ate) climinates the necessity of a special shunting resis—

tance, lowering the Q-factor of the first circuit to the required magnitude.

[
Article received b the Editors 7 Jul; 1955
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THE EFFECT OF CAPACITANCE OF A SPACE CHAR&E AID NOHLINEARITY OF A TUBE
CHAR\CTERISTIC OW TEE FREQUERICY OF A SELTF-OSCILIATOR
by
G.T.Shitikov

ictive Mermber of the Society

The causes of the effect of power—-supply voltages on the
frequency of a self-oscillator in wide frequency spacing are
examined. It is demonstrated that the capacitance, produced

[ ]

b;r the space charge of a tub.e, is the main destabilizing fac-—

B e T SR RS P G DI EST TR TR SE -
3 T S S T G RIS wd:.%ﬂ?&g&bm.._~m
[

e OIS s
=Y NI rI IR ST UL ML O N TR SN AT AT TN 0L
Rt =T ~

\lars are showm of decreasing the destabilizing effect of
the power—-supp];\r voltages for optimum coupling of the tube
with the circuit. Vathematical formulas are given and ex-
perimental meterial is cited, which agree closely with the

computed data.

1. Basic Principles

‘The dependence of the frequency of the self-oscillator on its operating state
is one of the most important destabilizing factors which determine the magnitude of
its instability as a whole. The problem of the causes of this dependence of the
oscillator frequency on its operating state has been repeatedly examined in the
technical literature (Bibl.1l, 2, 3, L). However, such studies consisted in compari-
sor?s of schematics with complete coupling of the tube to the circuit mainly con-
cerned the destabilizing effect of higher harmonics, caused by the nonlinearity of

The tube characteristic.
[ ]

As for the destabilizing influence of the capacitance produced by the space
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charge of the tube (dymamic capacitance), th%s problem is not quantitatively inves-
tigated in the technical literature; there is merely an indication of the presence
of such an influence.

Our task is a quantitative evaluation of all destabilizing factors connected
with the operation of the self-oscillator at optimum tube coupling with the circuit
("optimum link" is what we call the minimum coupling for obtaining stable self-
oscillations). The problem of decreasing the coupling of a tube with a circuit is
of great significanceyoinasmnch as the partial (optimum) coupling of a tube with a
circuit basically permits a decrease in the destabilizing effect of the oscillator

ACADE

tube as a whole, as 5?%5513§H@d‘prevf“**dfhiﬁihl,i&é)*.

JoCvataewtan
e W e SR N T ST T T
ST I ST T
e e,

T ST

The' upper frequency 1imit, which will be investigated here, are frequeﬁéf??*ﬁ?}cn::
the order of tens of megacycles. One can consider that up to these frequencies the
effect produced‘by the electron transit time of the tube, is negligible. The depen-—
dence of the frequency of the oscillator on its operating state when the transit
time of the electrons between the electrodes of the tube 1is commensurable with the
period of oscillation, demands special investigation.

. . Come « o
Since ve are primarily concerned with finding ways of increasing the freqpenc?

stabilit of the self-oscillator rather than with determining the amount of frequen-
cy instabilit§ of unstable self-oscillators, the general prerequigjte for the ini-

tial operating conditions of the oscillator is its operation in the left-hand segment

gfﬁ—gﬁg—¥555r (Bibl.é), published in the magazine nIEST" No.12 for 1940, I made the
deduction "...the stability of an oscillator during changes in the tube parameters
and its operating‘conditions does not depend on the sL,/C ratio of the oscillatory. cir-
cuitt. Clapp, in his historic survey "Freqpency—Stable L,C Oscillators", published
in PIRE (August 195L) writes: nyackar (1949), Gouriet (1950), and Tdson (1953) es-
tablished that, while working in & linear s}tate, the stability does not depend on

[

the ratio of L to ¢, In this way, we have an ‘almost complete coincidence in deduc-
-4 o -

tions; however, My deductions viere made 9 to 1l years earlier.
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nts one of the most important de-

of the ﬁube characteristic. This practicaILy preve
rs - the influence of gri

such an operating state o

d currents.

stabilizing facto
f the oscillator encoun—

The practical realization of

lties.

ters no serious difficu
[

jllation Frequency of an Oscillator

¢ Capacitance on the Osc

- 5. Effect of Dymami

ring the effect of d;mamic capacitance on the frequency of an oscilla-
ry to know the magnitude o

the tube. Research shows t

- For stud]
£ this capacitance and its

tor, it is primarily necessa
correlation with other characteristics of hat this capac-
and for each given tube, is determined just like any

type of tube
nature of its dependence O

itance, for each
= . e JOthET parameter of the tube. As far as the n the opefat—
"’v’“"’=“¥ﬁ367=é%4mms&gg;gggllazscembles the transconductance

state of the tube, is conce

this is due to the tr

YRR oz
ansconductance of the charact

ing

of the characteristic;
which,‘in turn, 1s closely related to the presence of a space charge.
’ n Figs.l, 2 and 3 are plotted the interdependence of the transconductance of

‘3"1 G G
J | e 121hL 2P29L
B AE — Loyt o glee Ui _
e gl Y -ocU‘,’Ux“ﬂ// ‘
' ws—F
0 1 254 0 1 2 5.4

Tig.3

Fig.l Fig.2

d the dymamic capacitance with various voltages on the first

including the equivalent triode.
their slope is essen-

the characteristic an
As is seen from

certain modern pentodes,

grid for
nces are close to linear;

however,

the graphns, +these depende
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tiallyr different for various plate voltages, b which the transconductance of the
slope increases On 1owering the plate voltage. This means that, on lowering the
volitage, the gransconductance of the characteristic decreases faster than the nagni-
+ude of the drmamic capacitance.

r1sth a change in the filament voltage (Fig.h) within the 1imits permissible for
normel operation of the tube, the slope of the characteristics of the interdepen-
dence of the drmenic capacitance and the transconductance changes lesso, and then to
the opposite side, i.e., with 2 1owering of the f£ilament voltage, the magnitude of
the dmanic capacitance declines nore rapidlyr. o

[ J

Under actual operating conditions of the tube gene;ator (vorling with plate-

current cutoff) the alternating voltage on the grid significzmtl:; overlaps the lin- d

ear part of the tube characteristic, SO that this voltage reacts on the nonlinear

capacitive reactance of ‘the tube. If the grid voltage 1is considered simusoidal (it

CIN I IO

SN TR UG O ORGSO « . . . . .
+ill be showm below that in- pl“infﬁ"f%’:{’ﬁ%&‘;‘:"' adions it 1S alwe;'s close ©O sinusoidal),
BCTEITT IIENTIURIS SN, Qe STPAGTIINP AT D~ OSSRy g - - e S
s ©

then the current, flowing across the nonlinear capacitive reactance, can be expanded
into a Fourier series and, after sep.arating the first harmonic of this current, the
mean magnitude of the drmamic capacitonce can be determined for the period. T?is
capacitance (designated below as active d;mamic capacita.nce) will be connected by &
given transmission factor to the fundamental capacitance ofedhe oscillator circuit,
since ever;” other interelectrode capacitance of the tube is comnected to it. The

* ®onl;- difference is that, in practice, the statistical interelectrode capacitances do
not depend on the magnitude ol the power-supply voltages, while the active'_value of

.

the d;mamic capacitance does.

tere the main point of the nechanism of the power suppl;” voltage influence on
[ 4

the freanency” of the oscilletor is due to the d;mamic capacitance of the tube.

-1e will next discuss this problem quan’sitatively. 1jc will assume at Tirst that
LJ
(]

the drmamic capacivance increases c}uring a change in the grid voltage in jumps rather

tran continuousl, imediatel” sttaining its mascmun value. The justification for

8l .
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such an assumption is that the entire exristing system of calculating tube generators
according to the broken-line characteristics is based on this, considering that the
a ] )
transconductance of the characteristic is either equal to zero or has a completel;
determined constant value. Then, based on +the dependence between the current and

iti 2d, we gebt
the voltage under 2 capacitive lo 4, g

i (1)
j=-—-0C,U, sinel,
Q.v»;l

4.
i y i itance of the tube
where Oy 18 the d;mamic capacit

(in the beginning it is assumed thet it has a

1 g volbage is equal to
constant value when the grid voltage 15 €4

t i that it is
or greater than the cutoff voltage ana tnav

. . | o
equal to zero when the grid voltage 1S equal ©
- -

<
1 i £ v 3 denotes the
or less than the cutolf voltage; Uel .

- o . e

] L]
vl - T o e T B
[ | Py CTTSTTTD.
an Py = W = e

Y 1 CCe
amplitude value of the grid voliag .
i i i citi —
during which the capa
i .~ © that half of the period
17 we designate by

en b 1S ‘. ] otrL .,lg t 1€ t e moX ! . - . on € r ( ) eq
- - ’ & - H 1R 50 JEs} e Of tl 1

to

l, T I 1S Ou v 9‘ ,O l e nag e ()I | i e currenc 1 1l 1 ¢ 't 1'l"en (llt = OOO'
( O ) 1- N gr)- Ulld 1 L Jar] n-ll be hlohes i1l 7
a va 8 E}

rrom eqs.(1) and (2) we find

i,,.,.\’lnml (3)
| = ——.
sin 9

i ~i we find the amplitude of the first harmonic
AfLer an expansion into series, L
sinwtdt = e (H--sin | cos8)

nsin®H °
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we conclusively get the magnitude of the ca-

alter corresponding substitutions,

or,
. . Y . )
pacitive susceptance for the £irst harmonic of the curvent:
: 1
i A -sin A cesf e
g e G (5)
Uex 3 \
n 0y, where a4 18 tpe reduction ractor which,
of the maxd-

The maenitude
@ - sin @ coS 0

1 knovn {rom she theor; of grancritters, is equal to the ratio
the mean gransconduct-

as is wel
ance of the characteristic cor the period to U

. bre nsconduct
ance.
‘ sompleting the substitution, we gev
i
\ f_wCu
00 'Ob scarosae O 4Dan o 80 OISy —_— - T
o o e == a:—_:zwmmﬁ?mmy o - m@mg—'—»“?om «s’.aa‘t-?-mp:—::w DOV [PONRP Y _ ST ]
an be presented

o
In this WY the magnitude of the agtive qnamic capacitance €

®
as
- [ ]
C
Cla=—""- '
ay (6)
. s
2 at a lineaX dependence between the transconductance

tien () shows ghat,
istic and the di—

Tauat
of the claracter
o o

nardic capacitance, the active val-
ne of the d;mnamic capacitance has
the sane devendence on its mAsCimun
value as the mean transconduct:mce.

these deductions are made

A ltho‘kl g‘.'\
ion of

' on the basis of an examinatl

idealized che.x‘acteristics of the

transconductanae and the A;naric

'.'“ig.’j .
cavacitance, nonetheless the; are

completel: correct for tre actual characteristics of the tube.
the explanation, Fig.5 gives the chare.cteristics of the

As an illustration of

c o o
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JR—

flowing through the dynamic capacitance with its actual (solid line) and

current i,,
jdealized (broken line) characteristic, in the case of operation of the generator
with a cutoff of ©® = 90° (according to the idealized characteristic). In the same

graph, the plate current i, of the tube for the idealized and the actual characteris-

tics is plotted.

L ]
If the dependence between S and Cy 1is not linear, there will not be a complete

jdentity of the coefficients @ for the dynamic

capacitance and the transconductance of the char-

acteristic. llowever, for the majority of modern

e S S R Gl ST e prncyeT e te 5o ARl CAR N

disregarded. TFor example, for the dependence

Tig.b
plotted in Fig.3 (an unfavorable case), the dis-

crepancy of a3 for Cq and S does not exceed 10%.

tle will next discuss a study of actual schematics of tube generators with self-
excitation. For any circuit of a triode generator (generalized schematic shown in
Tig.6) during its steady state, there should exist equality between the negative re-

sistance of the tube and the positive resistance of the circuit in the plate-cathode

section

¢7)

where S is the transconductance of the tube characteristic; Ri is the internal resis-
tance of the tube; ¢ is the ratio of the voltage between the cathode and the anode

to the voltage of the grid-cathode, i.e.,

Uax '

= o . (8

U ( )
Z/lw (zllr -+ Z,,,-),

Z = .
® Zet Zuct Zax (9)

>0

when the generated frequency is close to the frequency of the oscillatory cir-

8L STAT
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‘cuit, we cen write
[ ::'Ra':p?m R" (lO)

where g is the complete resistance of the oscillatory” circuit during resonance,

U.ye

j'l‘ , where Uy is the voltage in the entire circuit.

Co ¢
e will designate

Cak T
a8 B

-_— U{H‘

o (11)

p

\

vhere Uy, is the voltage between the grid and plate of the tube.

“Je will denote b p the coupling factor of ‘the tube with the circuit. Then, on

- TINAETID A Aoy eaa e

the basis of eqs.(7), (8, (LUJ572 rhaiseendobaldagLinto agcount that Uac = Ugk *
: + Ugyes W€ get
) p = __(_'_i‘_i)_’_'"__
o(s— ,—;—) Re (12)

3ince, during resonance, e have .
= &

Ry= -, (13)

where N is the -factor of the circuit and C, is the total capacidance qf the oscil-

latory circuit, then

p._,__: (1 +35)ejwCa ' (:L,{-)
[+
s \S - [—QT) Q
Tquation (1,) characterizes the dependence of the coupling factor p ol the tube
with the circuit on the parameters of the circuit, the tube, and its operating state.
Dased on this expression, it is possible to calculate the magnitude inserted into
the capacitance circuit from any interelectrode capacitance and the extent of its

effect on the generator frequency. The magnitude of the insertion into the circuit

of ihe capacitance from the interelectrode grid-cathode capacitance is determined,

g5
. STAT
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with sufficient accuracy, by the expression

o A Coy = '(]_'f;_‘t““g); Cex: (15)
Furthermore, using the simple correlation e
8f _ _ ACe (16)
f 2Co

(vhere f is the fundamental frequency and Af is the change in frequency) and using

eqs.(ll;) and (15), the magnitude of the frequency correction for the interelectrode

e mneeenecApACI tANCE Coy can be obtained:

e

SRS

.=—_____'_._——-. ~ kl.{—‘)-». _

tiowever, in the given case we are interested in +th® effect of the dynamic capac-
itance of the tube on the genera-

tor frequency.® It was established

>
: _— — = 1 above that the dependence of the
7”7 I e
\= \1s
o s = = T active value of this capacitance
>
- 5) S on the operating conditions is de-

termined by eq.(6), under the con-

Fig.7
dition that a sinusoidal voltage
is supplied to the grid of the tube. We will now examine to what degree this condi-
tion is satisfied in actuai networks of tube generators having partial coupling of
the tub‘e with the circuit. For the analysis, we will take the two most characteris-
® [ ]
tic schematics of the triode generator - the hookup with capacitive coupling and the
hookup with inductive coupling shovn respectively in Figs.7a and 7b. In these hook-

ups, the dynamic capacitances are indicated by the circular broken lines. Applying

eq.(1) for the fundamental frequency and higher harmonics to the grid circuit of

86
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these lhoolups, and using cqs.(14), (15) and (16), we find: for the hoolup with ca-
1

o

pacitive coupling

1= 00 ne 0O / '
Ua Cd__ _&"_= — ﬂcd "‘"". (18)
..UN—=— -E’—a‘ n_gli (1 +0)Co0i o Iin
for the hookup with inductive coupling .
- -
Un — p(‘d 2 Ln n‘ (1821)
Uen (l+°)Co°l pe?

’ id circui th i urrent
where U, is the voltage in ‘the grid circuit from the n%? harmonic of t.he c

i i ' c ics
flowing ‘through the nonlinear (dynamic) capacitance: n 1s the number of the harmonl

e L P

In is the current of the

P

s
AU Trorsre e kemlsathe_gurrent of the first hamonlc, 02 i

the general capacitance of the grid-cathode section of the tube.

Tt is not difficult to see thal, at normal operation of the generatc?r, and at a
sufficientl- high 3-factor of the circuit, the left-hand side of eqs.(18) and (318&1)

(1]
does not exceed 1. Such a mumerical order can be obtained in anr other hookup of
(1]

a triode generator with partial coupling of the tube to the circuit.

T™his proves the reliabilii—- of the macnitude of the active d-namic capacitance
determined fror eq.(6). Then, substituting in eq.(17) the value of Cy,, from ea. (6)
for Cq, ve get

"\/-=..___ﬂ__—. (19)
' J

cQ(s --;ﬂ

Eauation (19) is used for determining the frequencr correction due to the dymam-
N ic capacitance; ;t is deduced on thé basis of the general theory of triode genera-
tors and is therefore applicable to any form of hoolup with partial coupling of the
tube to the circuit and with operating conditions of the generator close to normal.
Using Zq. (19), knowing the values of the quantities entering into this formula,

1ied
and having determined the dependence S, Cq, and R; of the given tube on the app

a7 STAT
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Cp amsre exmp

voltages (according to statistical characteristics), one can easily calculate the |

change in the generator frequency during a change in the power-supply voltages.

Tnasmuch as, during a decrease in the plaﬁe voltage, the transconductance of the

characteristic decreases faster than the dynamic capacitence, while this decrease is

slover during a drop in the filament voltage, then [in agreement with eq.(19)] a low-
while a lower-
[ 4

[ J

ering of the plate voltage will lead to a lowering of the frequency,

ing of the filament voltage will result in an increase in frequency.

3. Influence of the ligher llarmonics on the Generator Frequency, at Optimum Coupling

of the Tube with the Circuit
e

For the generalized hookup of a tapped-coil oscillator (Fig.6), based on the

present, the following expression is valid

condition that balance of the phases 1s

(5ibl.7, 8):

et ™ T TS

Z.-(z:x4 Zﬂ:)__(__z_‘L___*. .l_) =
Z“K—*_ 2u[+ZaK le+ZUf (o

—_ . Z n _g_a_-_'_v_(_zrxn -+ ;j'L"_)_ 1 Zewn + ”:T ) (_/l.._y'

Zmn’f‘ ern -+ Z.un an‘n+zarn (20)

where Iy is the component of the first harmonic of the plate current;
>

! .
Tan is the component of the a1 harmonic of the plate current;

is the amplification factor of the tube;

Zalss Sclis —ac ore the impedances of the corresponding sections of the hookup

for the fundamental frequency;

Cakns -ckns -sacn are the same for the nbh harmonic.

The discussion below 1s applicable to actual circuits of generators. e will

pa;- special attention to the tapped-capacitor network, which offers the vpossibility

of obtaining the best indexes for frequenc;” stabilit: and for simplicit;” in struc-

tural solutions. In its rost general outline, this schematic is showm in Fig.8; as

indicated below, eyerr” other networl: of a tol ped—-capacitor oscillator (Colpitts

S0

a8 STAT
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is a special case of this schematic. The necessit;r of inserting the ca-

pacitance Cj into the circuit is due to the fact that, at sufficiently small values

of the capacitances C, and 03, the capacitance Cy,

_L (i.e., the plate-grid capacitance of the tube)
N

mo;r greatly affect the final results. ‘e will

assume that the active resistance of the circuit

b is concentrated in the inductance (that it does

T

not have a noticeable limit, since the Q2-factor
Fig.08 ¢ ¢
o modern capacitors is man;- times larger than

the O-factor of the inductance coils. Then, after certain transformations of

ea.(20), we get for the imaginar; pairt:

e OO

AL AL TNCE IS TN U W V) a1 Gl L

i

2 2
x+rl Xgx n=2 ( x5 + rn)

o T Xon X XM(’_";\’ 1)
Ial 1

vhere I, is the active resistance of the entire circuit for the

fundamental frequency;

is the same for the corresponding number of the har-

monic;

are the reactances of the corresponding chain circuits

for the fundamental frequency;

4.
Xalms Xacns iclm are the same for the n®t harmonic;

Xo = Xgle + Xac * Xck is the reactance impedance of the entire circuit for

the fundamental frequency;

. 4-} .
S = o - - " 1
Zon = Xakn * Xacn * Xckn 1s the same for the n*“ harmonic.

Before continuing with the transformations of eq.(21), we will designate

o =u0, + A, (22)

g9

#—_—'—
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where w is the working angular velocl

tr; W, is the resonant angular velocity of the

circuit.

Since the magnitude Aw is small in comparison tow, it is not difficult to find

u,2=‘.,§(1+3‘;—’-), N (23)

(V]

e will further designate

G,
C
m= (25)
[ ] ®

where Cgpe is the total capacitance of the link, comprised of 01,02,03 , and C,{_.

Ve will assume the following limiting condition:

- e, CRncETen GO (AT hy - ..L_. N - —ERQACT - ATITAD JGINTO-AD A ‘.’:“2 /-
Caskcy o e G- -ETER GROETGI
N S -~ 6_ \ s ]

i e

Q

i,e., we stipulate that the ratio of the total capacitance of the divisor to the en-

tire circuit capacitvance must not be less than the determined magnitude (nonobserv-

ance of this condition leads to a sharp increase in the frequency correction of the

generator and to instability of its operation).

'le will further take into account that, for & fractional frequenc;” change due

Af
&
£ Q

for the higher harmonics, e

is valid, from which it follows

to a nonlinear correction, the inequality
that Xo « rac and that, have Xgp > Tnos since the system
for the higher harmonics is located far from resonance (excluding special points,
where the capacitance Cp together with the circuit inductance Lj will be in reso-

nance on the frequency of one of the higher harmonics). Then, after several calcu-

1ations and transformations of eq. (21), we get finally

neX

(H+4al+o) 3L
L\’ ll%“+j +

-T-:—_.- —_—
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(n?—\y(\ —p) +n2mp Y vp‘n?(\—m)—-l.\{-
+p\n‘(l—mp--l] va(la ) (nt—) !

- —_ T l

QQ‘\l +m(l—p)t a(l-{-a)lp'n\l—*_: :—l

A
sousaw-0) 7 ()

.
|

- . - o lle fl e~
u &) ( ) 0Ll ers vile 0')’00""461111116 - 24 (e R
J(! ! i ~ [o) l cu Ia 3 t t

-

(27)

-

Fal
: i ~ bl neralized nebiork o
L. intlu of tle higher lLarmonlcs for itlie gene ze
auenc: Jdue to tae influence oo T ; 8

. .o (R} i 1 PRCIN N fad d
. W - PR & - o v v I Cupc-b.. Vies b4

ef QANOCAT I 0S¢ V] A

aor l 1 € 'l o e L e 3 ) ances A 0

- "—'--‘L( anv.l 1—"“ A Ve . . 4 LeCoe s in Cuoii i3 R0 \ce Ult'}l
s P ‘ “
O . [ ol

Then, equating the term a in eq. (27) to
a1), the quentit; 2 will be sn2ll. Then,

CTR - - WoL - .. a U - . - se A o .
enc (¢10) ec c1lon (e} tl e Sct TAC - - <oy e )
[¢] er - - e tlC 1 1 LeC

"o 1N (V—pp+ntmp \ b Tan \*

w1 =N A= IR e (em)—t |
E{l-{— + pln"(l—m)——l] . )
Af —_ ne=? . — : ] (Zk)

oQim[ 1 + m{l — p)l{ Txs

v..as G . Ulliso Joe (U.. SClLL 3P AR PR m >¢ resn ndd v leo oy )
o l'\e'ﬁ assune b"! mn d 1@ SC [inral an 1Y A ()b corre hale) " fe) 'th:ﬁ case

so that the Irecuenc?” correstion will be
\ ‘ 2
"> l—m4mple | Ian
1 (s — 1 ( p
2 ‘Pl-‘; o - p nl — 1 Ial

I

Af o n=2"
f

p+1 .o
?Q‘t2——p)[———l4°*1] .

0.
rie,0c); then the [requen-
\ 111 consider the case iien 1, p=1(Fig. c); ther
pEher we will consider T2 ~
Turther

¢ ete e

}
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¢ correction is

ntm 1 _141 L]
m(l—m) —1 ] (a2 (1 - m) = ”n'— l ( I,,.)

.

R TEA R o

Lastl;-, for the usual tapped-capacitor network, (Fig.9d), i.e., when a = o,

p=1, m=1, we have

z G S
w4+ y (31)

‘ZQ"T—I-_—;—l

LTSS -~
SemeTerRs = - = - oo =

ST s

Equations (27) - (31) permit computing the [requency correction due to higher

harmonics for an;- hookup of a tapped-capacitor oscillator. It is not difficult to

prove that the frequency corrections can be actually separa ated not only according to

magnitude but also according to sign, for various networks as well as for the sane

network at various values entering into it.

Tt must be remarked that, due to the presence of the interelectrode capacitance

e ofethe tube and the self-capacitance of the coil, the inductance of the schematics

in Fig.%a, b, g does not exist in the pure form. The error in calculating the fre-

quenc;” correction due to the higher harmonics, produced by disregarding these capaci-

tances can be quite significant, especially at high frequencies (21lmost up to a

change in sign of the correction). Therefore, the frequencl correction for the

usual tapped-capacitor network [eq.(31)] well-knovm in the theory (Bibl.3, 1), is

not applicable in oractice for short and méter waves; for these wavelengths eq. (30
PP J¢ g s €4

must be used.

1’e will next examine the network of a tapped-coil oscillator with partial coup-

Based on eq.(20) and anplying such meth-
[ ]

capacitor networks, we find the -

ling of the tube to the circuit (Fig.10).

. .®
ods as used for deducing the expressions for tapped-

92 STAT
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U

(32

In deriving eq.(32), Je consider that, for the fundamental frequenc:” and the

nearest higher harmonics (the second and third harmonics), the capacitive reactance
of the interelectrode capacitances (in Tig.10

these are shown &8 broken 1ines) are actuall”

larger than the inductive reactance of the sec-

tions of the i nducLance  COMIEE LOu samallel to

them. ..ith a2 gufficientl;r high Q-factor of the

circuit, this 1imiting is not essential.

Fig.10
Trom eq.(32) it can be seen that, in the

given case, the frecuenc!” correction is actuall;- the same as for a tapped-coil net-

wrork with total coupling of the tube to the circuit. In contrast to the frequency

correction due to d;mamic capacitance, the frequency’ correction due te higher har-

rmonics has the sane sien with a one-sign change of the plave and filament voltages,

-
since the transconductance of the characteristic (and conseauently the coefficients

of the harmonics) decreases with a decrease in the plate voltage as well as vith a

decrease in the £ilament voltage. . l

Lo Jariation in the Cenerator TFrequenc.’,
Tesistaice of the Tube

due to the Shunting Action of.the Tnternal /

: -

e of the tube introduces the addi-

The shuntving action of the internal resistanc

Yook

ac’ak . . . .

_~ac @t into the osc1llatory'c1rcu1t.
a4

£ional reactance %5 = ~ After substituting,
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in this expression, the quantities % , Tac» and %) it takes the following form, for

the schematic given in Fig.8:

]

Al _ __pelldal-+ol 33
/ 4“fQ”‘Co(l+°)Ri“t' (33)

For a tapped-coil nefyerk (Fig.10) we will have
[ _J
.

SR S 3 (34)
$riQ Gl + o) Risi

2L
f

Tt is not difficult to see that the frequency correction (33) can change during

change in the operating condition of the generator only because of the value Ryaj.

1le will transform this value

Ra= o (35)

The amplification factor B of the tube 1is expressed, as 1s well knowm, by a ra-

tio of the interelectrode grid-cathode capacitance to the plate-cathode capacitance.

Undoubtedly, we should include the static as well as the dynamic capacitance in the

interelectrode grid-cathode capacitance. Then, during operation of a tube with a

cutoff we get the following value for M

C
Cex + 4
a
1]. —_— ——————

COK

Taking into account the values for by eq.(33) takes the form

_A_/_’_= I’“Cnxs[1+ﬂ(|+0)| ' (37)
f 1= ]QmCo(l +6)(2iCex + Ca)

Equation (37) permits computing the magnitude of the frequency change during a

change in the povier—supply voltage, due to the shunting action of the plate resist-

ance. For this it is necessary’ to lmow the change in the magnitude of Cy, a3 and S,

which. as we have seen, is necessary also for calculating other frequency correc-
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tions.

\
- The peculiar feature of the given frequency correction is that its absolute

magnitude does not depend directl;” on the frequencye. Therefore, it will have a more
relative valuation at comparatively low frequencies.
. Besides the above frequency corrections, there is room for a frequency correc-
tion due to the currents of the higher harmonics, formed in the grid circuit on ac;
. cghnt of the nonlinearity of the dymamic capacitance. These'currents create an ad-
%}tional shift in the phase of the grid voltage. The magnitude of this correction
‘ changes comparatively s+tle with a change in frequency; in the overall sum of fre-

quency corrections, its relative magnitude is not great, so that it can be disre-

garded in the discussion.

vy ey
P mra rerasSre

5. Comvarative wyaluation of the Obtained Results

- From the above excplanation, it follows that the mechanism of the effect of a
Ld

change in the power suppl;” voltages is characterized by 2 series of frequency correc-

o

. tions, determined by eq.(19) for the frequencr correction due to the dymamic capaci-

tance of the tube, b eqs.(27) - (32) for the frequenc;” correction due to the non-

linearit;- of the tube characteristic, and b eq.(37) for the frequency correction
o

due o the shunting action of the internal resistance of the oscillating tube.

m

Taking inte account that all these corrections are individuall; and in total
su'ficiently small it is vossible to assume that they act independentl;” of each
b by (Y

-~

other. Thersliore & computation of the change in frequency of the generator, for
each factor, can be made semaratel;” and Jeter combined.

Considering ‘the diversitr of the factors in®luencing the change in freaenc,

s difficult <o Aetermine in a general form the relative nagnitude of each of

jod

it

these corrections in different zones of the band and for various values of the quan-
tities entering then. Actuallyr, it is possible to state only one: the relative

magnitude of the frequenc!” correction, due to d;namic capacitance, increases with an

STAT
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increase in the operating frequency.

However, the problem can be greatly simplified (nonetheless evaluating by this
the whole pattern), if the calculations of the changes in the generator frequency
during changes in the power-supply voltages are carried out for the most character;
istic cases in practice and in a wide interval of operating frequencies.

We will assume as the limit of variation in the working frequencies, the range
from 0.2 x 105 cycles to 60 X 106 cvcles. Ve will take into account that, for the
frequency O.L X 106 cps, the Q-factor of the oscillating circuit of the generator is
equal to Q = 125 and the full circuit capacitance Co = 300K f, *ve will further
taEf iqto account that the Q-factor of the circuit changes monotonously in propor-
tion to the root of the fourth power of the frequency, while the circuit capacitance
is inversely proportional to the square root of the frequency. The circuit coils

are of the single-layer tvpe, without a core, and their_ inductance is determined by ...

the given frequency and the capacitance of the circuit. We will consider that the
special (distributed) capacitance of the circuit coil changes according to a law op-
posite to the change of its J)-factor. As the oscillating tube we will use a tube of
the type 12Zhll, working equall;” well in all given intervals of the operating fre-

quencies.

Inasmuch as we are not interested in the freaquency corrections themselves but
only in their change with a deviation in the power-supply voltages from the rating
for the given relative magnitud;, the magnitude of the change in these voltages must
be known. In operation, the latter constitutes 10 - 20%. Ve will take it as equal
to 2073.

Let us make calculations applicable to two cases - to a hoolup with a capaci-
tive coupling (Fig.8) in the most general form, when m = 0.2 and to the same network
but with the a capacitance Ck’ decreased to the possible limit (m = 1), i.e., at

self-capacitance of the inductance coil. As for the capacitance (), it is in both

cases taken equal to the interelectrode capacitance of the tube Cac (counting the

STAT
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capacitance between the leads and the capacitance of the tube socket), since the ar-
tificial inerease of this capacitance can in no way be justified.

Tn Figs.ll and 12 the results of ‘the above calculations are plotted in the form
of a graph. Here a denotes the curves for the frequency change due to the influence
of the higher harmonics, r those due to the shunting action of the plate resistance,
¢ those due to the d:mamic capacitance and S is the total change in frequency. In

both cases, the generator was examined under two operating conditions -

d =0.5 and d=20

From the analysis of the obtained results it follows that

1. Both networks are of equal value in an evaluation of the frequency change

®se0se 9 0
[

due to the d;mamic cepacitance of the tube; at the same time, the;” are basically dif-

ferent in an evaluation of the destabilizing influence of the higher harmonics. The

intluence o1 me“‘ilfrerei'emde«eapaeﬁﬂnms_ansl the self-capacitance of the induc-

tance coil (Ch and Ck) in the second case is so significant that it cannot be ig-
nored vithout committing & serious error, especially at the higher frequencies.
2, At a properly selected schematic, the frequency change due to the influence

of the drmamic capasitance is dominant in the entire band of the short and meter

;aveSe.

6. laterial for Fxperimental Research

To check experimentally the above cases, 2 working circuit, based on the basic
diagram'in Tig.6, was selected. At a proper selection of the quantities entering
into it, this hookup can be converted into the schematic shown in Fig.9.

The eesearch vas carried out on the tube 12ZhlL, including the equivalent tri-
ode. In order to decrease measuring errors as mch as possible, the plate voitage

4id not vary br 205, but by 81,c (from 60 to 110 v), vhich corresponded to a varia-
2.3 ma 3.13 ma -
to .

‘B

tion in the transconductance of the tube characteristic S from

98
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' The maximum dynamic capacitance of the tube Cq - l.2puf (at Ucl = 0) was practicéi;

1 constant for various values of the plate §roltage. At a variation in the quanti-.
ties entering eqs.(19), (27) - (31), and (37) the capacitances of the network were

changed in a corresponding manner. The interelectrode capacitances of the tube a.nd“

the self-capacitance of the inductance coil, were used as the lower limit of the
values for the capacitances Co, C3, G, and Cy; here likewise eq. (26) was valid.
The inductance coil was in all cases of the single-layer, cylindrical (except in the
specified cases) type, in a red copper shield.

The calculated and measured values of the frequency change for the self-

oscillator are presented in Tables 1, 2, and 3.

Table 1

Fundamental frequenc; { = 26,2 X 105 cps; inductance of the circuit L = 1.05 X

X 10‘6 henr+; Q~factor of the circuit Q = 200 (measured values)

0,107} 0,183 0,141] 0,23 [ 0,294 0,133

0,375 : 0,33 | 0,337 ( 0. 0,417

0,98 98- [ 098 | 0,53

0,14 B8 0,109

!
As({“ﬂ 0.16 | 0, 0,121
L

A‘\ flh cps . 275

AN f,, cps 50 3 22

A4 f,, cps 1730

A4 f,, cps 3430

AA f,. eps 3320

A fe— aaf,

L\L\ f. -0/0 +'3»3

a) Temarks; b) Calculated; c) Calculated according to eq. (27); d) Calculated

according to eq.(37); e) Calculated according to eq.(19); ) Measured.
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The Tables indicate that the discrepancy between the calculated and measured
values of the frequency change of the self-oscillator lies vithin the limits of the '
accuracy of the measurements, taking into account the diversity of the factors in-

fluencing this change.

In order to determine the possibility of using inductance coils with a carbonyl

Table 2

IV RIS S L

L= 12.7-10’6 cps

4,95.10%| 4,99.10° 4,98.10¢

g |0 120 | 124
0485 | 0473
0267 | 029

1065 | 2

AUR (AR

JEESRSRES—Y B)

Ay (&'-)‘ 011 011
lll' |‘__

A8 fg, cps 32

aa ,t| cps

Al ,tt cps B oteyg 2)

; A .= AQ /1 Al fg +
ad /., . X Is +.§Af, a

AA l‘, r.Ps i)

'_\A/.r"‘d-\/( o/,
aaf, ' °

29

-

nemarks; b) Calculated; ¢) Calculated according to eq.(27); d) Calculated

according to eq.(37); e) Calculated according to eq.(19); £) I{e.asured

"iron core for the experiment, whose results are presented in Table 3, 2 sing;l.e—layer
coil was replaced by an inductance coil with & carbonyl iron core. A closed (pot-
shaped) core of a diameter of 22 rm vas selected; the inductance of the coil in this
core and its Q-factor were roughly; the sane as the inductance and the Q—i‘ac.tor of

. . . s
the single-lajer coil. The frequenc; in this case changed a few tens of times more

100 STAT
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than in a single-lar-er inductance coil. This could have been merely due to the non-

+ae

linearity of the magnetic permeability of the core.

‘ Consequentl:, when using carbon;l iron cores in contour coils, the instabili-

[
ties of the generator freguenc; are of a much higher order, incompatible with the

Table 3

g o we
vt ! i L -260-107% ¢ps
i. eps 0T 0756-100 | 010518 a)
‘ \
Q 160 160 106

0,97 0.9

0,18 AR

0,343

T T

037

o

A}:( /l:ll ..'.

!
. —_—— e — foo— — .. - S
'

Yo

. Q3 [ eps © 0,03 0,3 (O 1 [ B )

A f,, eps 0,22 0,45 0.70 d)

- —————-- = - . — —

3 =- 04 o AN e+

r

i {)

oo
=

AN/, eps ; 3

a) Terseds; b)eCalculated; c¢) Calculated according to eq. (27); 4) Calculated

according to eq.(37); e) Calculated according to eq.(19); f)lieasured |

-

concept of a high-stability oscillator. The given theor; is naturally not extended

. °
to this case. *

7. General Conclusions

The influence of power-supply voltages on the frequency of an oscillator is de-

termined basically by three unstabilizing factors: the active value of the dymamic

101 STAT
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in a single-layer inductance coil. This could have been merely due to the non-

than

linearity of the magnetic permeability of the core.

Consequentl;, when using carbon;l iron cores in contour coils, the instebili-

are of a much higher order, incompatible with the

ties of

the generator frequencl

Table 3
L 260-107° cps
i, cps 0,77 10 0,756-108 } 0,105- 118 \ a)
\ — —— -
S P e e
Q 160 160 106
S _ _ | :
m 097 0.9 0,343
e - - . -
» 0.18 .01
—_— - - — —t
s 0,37 1.06 0,53
o 01 0,002 | 00T
R - — ' ! C—— .- .
ax [ fon 0,15 043 ' 03 b)
— -1 J ! - - - -
- AN [ eps 0,03 0,3 vL36 c)
. , — e —
AN f,. eps 0,22 0,45 0.70 d)
~ TR - :
AAf.. cps 15 1.6 S W E R 2)
e ; | '____ - —
AN/, cps 9 28 I 6,50 A3 ““A’g i A fe+
——— - - - I . ——
AN, eps . ) ‘ 3 G H
4 ! ‘ {]

a) Demarks; b) Calculated; c) Calculated according to eqa. (27); 4) Calculated

according to eaq. (37); e) Calculated according to ec. (19); f)tleasured

. , s et o .
concept of & high-stability oscillator. The given theor:” 1s naturall; not extended

to this case.

7. General Conclusions

illator is de-
The influence of pov rer-supply voltages on the frequency of an oscillator is d

L e . 1 3 r o+ -_-ﬂ._.lc
termined basicall; by three unstabilizing factors: the acuive value® of the eST AT
: . . ’

101
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the internal resistance of the gen-

the higher harmonics;

capacitance of the tube;

erator.
For short and especiall;” for meter waves, the rnain factor determining the veri-
’ ation in the generator frequency due to pox-.rer—suppl;; voltages, is the change in the

value of the d;mamic capacitance of the tube.

requency due to the drmamic ¢

active
The variation in T apacitance is characterized by
: its independence (at optimun coupling of the tube yith the circuit) from the form of
the network and from the characteristic of the circuit (L/C ratio); at a given fre-

determined only by s of the tube and

this variation is the basic parameter

quency,
and Q), and likewise by the relat

the circuit (5, Cqs ionship between the grid and

plate coupling o .
- The mettteiial presented in the present article proves the feasibility of design-
ery small frequency variations during & change

ontinuous-band oscillators with v
s (up to 1 X 10-6) and permits 2 calculation of this vari-

s er—
- S eI | s

ing ¢

- YR theTpower cupply-vollage

——aaa A
e maren o

ation with a sufficient degree of accuracy.

Article received by the Editors 20 July 1955
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CALCULATION OF THE AMPLITUDE CHARACTERISTICS OF LIMITERS
by

Ya.Z.Tsypkin
Active Member of the Society

L] [
The amplitude characteristic of a limiter is expressed
indirectly by the dynamic characteristic of the tube, which
simplifies calculations and establishes a link between the

properties of these characteristics.

The amplitude of the output voltage of a limiter, consisting of a tube and a

filter and passing the first harmonic (Fig.l), as is well known (Bibl.l), is equal
to

¢

. ' ‘ Um out =B/1, (1)

where B 1s a constant, determined by the network of the filter;

Iy is the amplitude of the first harmonic of the plate current of the tube.
Thi% amplitude depends on the fixed bias Egm and the amplitude of the input e

.
voltage Up in @nd is determined according to the dynamic characteristic of the tube

i=F(e), (2)
on the basis of the well-known formula:

2 g
/x=--;j F(Esm=+Upicosg)cospd . 3)

- o ® v é’a
B &e

i For an analysis of I;, a previous report (Bib1.12 derives an approxijn\ation of
the dynamic characteristic by straight-line segmenting and integration by sections,

analogous to the method used in the simplest czse in courses on the theory a\Td com-

. . STAT
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vstens (Bibl.2).

putation of transmitting s
(Bibl.3) for determining the higher

A similar method was used in another paper

as well as the first harmonics of the plate

. R L —. ' current.
l{n-’n‘smwt a) b) Equt !
E:: : For determining I in agreement with
this method, it is necessary to compute
Fig.l
the angle of cutoff Oy along the points of
a) Tube; b) Filter
discontinuity of the segment of the
[-J

\
straight line Ex, the bias Egm
according to th

and the amplitude of the oscillating component Up in3

to determine the value, e formla or tabular functions

1 R T
- Q)= -— H, - .~-sinZH ‘
‘(COS "‘) -n{ K 2 Kl m 1,203, 0o

¢ s1ope_of. the_segment; of the approximation

miltiply these Tiifctioms by~ the—change—2

straight line and add the obtained products.
All these operations mst be repeated for each value of Upin » which makes a
calculation of I3 quite cumbersome. To clarify the influence of Egp or of the form

e characteristic on the amplitude c the calculation

of the dynamic tub haracteristic,

must be repeated.
®

L)
it is possib.f.l.e to express I3, with sufficient accuracy for prac-

Nonetheless,
dynamic characteristic of the tube F and by this not

1ish a definite 1ink between Ia. and
r for establishing a

tice, indirectly through the

only simplify the calculation, but also estab

This possibility was used by the autho

both Up out and F(e).
as it is called in the

ction between the mean transconductance'’ or,

close conne
theory of automatic control, the complex amplification factor, and the characteris-

tic of the nonlinear element (Biblek).
[ ]

e variable cos @ = e Then, after elementary calcula-

We will substitute th
alue of I3 in eq. (1),

(Bibl.4) and substitution of the Vv we can put the expres-

tions

105
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sion of the amplitude characteristic of the limiter in the form

U (%)

For computing this expression the quadratic equations of V.A.Steklov, can be

used:

-;—5' [0y Lp 1 () (-

(5)

1 £(y) L[ i +f(=D R (L) +
L ]ﬁdy—(—;[——————-—. + 1)+~ 5)

+1(5 L) 41O |+ R

If we eliminate the remaining terms Rg and Ry, we will find the approximate

expressfons of the integral in the wanted form. Obviously, the expression obtained

from eq.(6) in the usual case will be more accurate than that obtained from eq.(5).

Putting, in egs.(5) and (6)%,

f()’)— F(E,. +Upu V",

*Fﬁrther, it is assumed that F(e) corresponds to a continuous curve.
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we get, after substituting them in eq.(4) and eliminating the remaining terms, the

approximate expressions for the amplitude characteristic of the limiter in the form

.~

Um out 2%' [F (Esm—}' Um !'n\ a F(ljsm Um v'n) -+

+F(Am+—;-u,,,.,,) F (Em- —_1,—11,,,;,)] (7)

and, with greater accuracy,

Um out = % (.‘IT- [F (Esm+ Um fn) F (ESM U'" i") +

+ F(Esm'i- —.1,‘: Um :'n) F (Esm '1, U "")-] - ‘ )
- T i : (8
+ Y P (E Y Upi) FlEm Uil

|
\

The presented formulas indirectly connect the amplitude characteristic of the
limiter Up out with the dynamic characteristic of the tube i = F(e). Equation (7)
is relatively simple. In cases where its accuracy is not sufficient, on.e can use
eq.(8)* which, disregarding the factor ._l_., differs from eq.(8) by the last two

2
terms:

o

; g o 3
Q‘F(Eam’i'lﬁf Umfn) —éip ([;m —L{Z_U”‘ "")'

If the dynamic characteristic of the tube is given analytically, then by sub-
stituting its expression in eqs.(7) or (8), we find the approximate analytical ex-
pression for the amplitude characteristic of the limiter. | |

If, as usually happens, the dynamic characteristic of the tube 1s given graphi-
cally (Fig.2a), it is possible to find the amplitude characteristic of the ]j..miter
by a simple plotting of the graph. JFor this, using the dynamic characteristic

? -

f .
th 'th . o - . 1t f _b]

five ordinates”" (Bibl.5).

STAT
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serting the ordinates of these curves (Fig.2b), we get F(e) + F(_E;e). Displacing
2 N

the origin of the coordinates by the amount Eg (to the right at Egy > O and to the

left at Eqp < 0), we find F(Egy + e) + F(Egp * _.1__e), (curve 1 in Fig.2b). The
2 L 4

curve F(Eg, - e) + F(Egp - .__]'_.e) is obtained by the mirror image of the curve ob-
2

tained earlier relative to the ordinates (curve 2 in Fig.2b). Since it is assumed

‘Z’Un sut
|

Fig.2

'tha.t Up 4n =©> 0, it is su‘:c'rlc'i’eﬁt"‘t:o“ et—a—mirror-imageof.the sectionoa of = |
curve 2, lying to the left of the ordinates (the mirror section is indicated by the
solid line). The difference between curves 1 and 2 at Uy j5 = e >0 (curve 3 in
Fig.2b), in agreement with eq.(7), is equal to __3._Um oute Changing the scale along

the ordinates ._?_ times, we get a graph for the la?’.mpfl_‘i.‘l:ude characteristic of the lim-
iter. If, for ;.ny reason, extreme accuracy in computing the amplitude characteris-

tic of the limiter is necessary, then eq.(8) can be used.

In that case, the scale of curve 3 in Fig.2b changes along the ordinates _.B_.
6

times and the curve
3 - 4 VS o ¥
V| F (Bt B0 = 8 (Eum - V)]
is added to it, which is constructed in the same way as that obtained above.

Article received by the Editors 26 August 1955
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NIXT BOOKS

Ya.S.Itskhokiy. HNonlinear Radio Engineering. Published by "Soviet Radio'.

Moscow, 1955, 508 pp. Price: 18r. 50k.

The book is devoEFd to a study of the most important general properties of non-
linear elements, circuits and basic nonlinear conversions. The principal problems
of self-excitation of self-qscillators (RC tube, klystron, T tube, and magnetron)
are explained. The reaction of the external effiqiency on a nonlinear oscillating
system (regeneration and holding of self-oscillation frequencies) is examined. About
500 problems w:;.th a.nswers. are given in.the text; some of these with the solutions.
Particular attention is given in the book to a through study of the essence of the

physical processes in the basic nonlinear systems.

The book is designed for students of radiotechnological colleges and for radio

engineers.

S.I.Bychkov. Magnetron Transmitters. Edited by S.A.Drobov. Voenizdat, Moscow,
1955, 216 pp. Price: 5r. 85k.

The principle of action and the classification of magnetron oscillators, the
fundamentals of multiresonance magnetrons, the construction, electric characteris-
tics and modulation of magnetron oscillators, a high-~frequency assembly, and control
of the operation of a magnetron transmitter are examined.

K.P.Yegorov and G.P.Tikhanov. Construction of Equipment for Long-Distance
Links. Gosenergoizdat, lloscow-Leningrad, 1955, 423 pp. Price: 1lir.

Basic data on the design of components and units of equipment for a long-distances

distance link is explained as well as the construction of the apparatus as a whole.

The book was compiled for engineers, but can also be used by technicians and stu-

dents of advanced courses in the corresponding polytechnic institutes.

Dzh.K.Sausvort. Principles and Application of WJaveguide Transmission. Pub-
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