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\ F OREWORD - /3

\_/w

This bock basically is intended for engineering and technical personnel who
maintain radar equipment in troop units. Its goal is to aid the reader to refine
physical processes in pulse devices and to master reading of radar station pulse
circuits. Understanding of phys cal processes in pulse devices and ability to
analyze, to read, any radar station pulse circuit is required for proper equipment

maintenance, effective preventive measures, and rapic cdetection and correction

of maIFUDthiii:D )

(: Certain typical pulse signal transformations always will

o¢cur in radar station
pulse circuits. In turn, these transformatfions are made witly’'the aid of a limited
number of standard elementary circuits -- “building blocks,¥ from vhich the basic
circuits in any pulse device are synthesized. The main content of this book is
devoted to study of such elementary c.rcuits and their interaction. Basic informaticn
on the role and plaze of pulse circuits in radar, on pulse signal characteristics
and parameters, on standard pulse transformations, and on pulse circuit types
intreduce this material. A series of elementary itemes, which may be useful to

_ ey . . . .
some readers as ‘hev work with this book. is found in the attachments. \\‘“'(CZZLJ‘Q

A. V. Kuznetsov wrote a portion of the material at the author's request (Chapter
111, §6; Chapter V, §4; Chapter VI, §6 and 7; Chapter VII; Chapter IN, §7).

This is not the usual textbook for a course on pulse technology (there are

Trazslator's aote: dexmulitiplication should be division.
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sufficient of these, widely recognized, available to support higher and secondary
military educational institution programs). First, only those devices that have
found wide use in extant radar equipment are examined in the book. Second, it
vili not contain information on calculation and design of pulse circuits. Main
attention has been placed on a description of the physical principles of their
operation, characteristic features and properties, adjustments, practical use
variations, and the infiuence of typical malfunctions. Several problems /4
mainly of theoretical interest have beer, onitted. Third, the book is intended
in the main for independent work on the part of the reader, wrhich reflects the
main form of instructicn for engineering and technical personnel in troop units
and a basic element of the instructional process in educational institutions,

That fact stipulated some of the book's special structural features.

Questions (problems) in the form of exercises are provided in order to vitalize
the material and to increase effectiveness in material assimilation as the reader
pronresses. Answvers to these problems require comprehension, critical analysis,
and sometimes even come development ("invention") of the material in the basic
tex:. No gquestions or problems that can be answered simply by reading the text
or :hrough mechanical working of formulas are provided in order not to create

the illusion of material assimilation.

Responding to the questions requires the reader to formulate answers, which
encourages the maximum degree of profound assimilation of the material. The
multiple-choice method of questioning is not used virtually at all in this book
because of the inherent drawbacks of this approach,

Wc recomnend that answers be provided in written farm. This teaches an
incivicual to formulate answers precisely and plays the role of "physical activity"

reinforcing the student's mental activity.

The ansuers to the questiaons, with the required explanat.ions, are provided
in Chapter X for self-correction. They are to be referred to only after the reader
has written (or honestly tried to write) his own answer. It is assumed that the
reader vill conduct himself in just this manner because, since he decided to use
this pook, he is intecested in profound assimilation of the material and understands
that his ability independently to find the correct answvers in this sense is the

best criterion.




Working with exercises is very desireable., Therefore, some supplementary
information is included in the associated explarations, generalizations are provided,
and nighlights underscored, with some problems examined from a different point
of view. Some of the exercises are designed also to prepare the reader for subsequent

material.,
PROCEDURE FOR INDEPENDENT USE OF 1HE BOOK (Appeal to the Reader)

As ycu prepare to begin work, have a notebook handy. It is useful to outline
the material to the extent you deem advisible. However, when enccuntering the
- next question (problem) in the text, formulate your answer ard, without fail, /5
vrite it down in the notebook (sketch the requisite characteristics, graphs, curves,
and circuits). If the question is difficult, go through the appropriate material

again, then again attempt to provide an ansver.

Check it against the correct response only aft: : vou have entered your ansver
in the rotebook. The answer will be found on the page indicated at the end oF
each exercise. You also will find the necessary explanation there.

PROCEDURE FQR USING THE BOCK IN AN AUDITORIUM UNDER A TEACHER'S SUPERVISION

(Recommendation for the Teacher)

Effective use of the book in an auditorium under the supervision of a teacher
and the latter's participation are possible if the following two conditions are
fulfilled: a group of workable size (20-25 students) and the availabilily Jf
sufficient copies of the baok. Individual paragraphs of the book (besides the
introduction to each chapter) or the description of some circuits can be cmitted,

. vith the requisite changes made tc the number and content of the exercises depending
on specific goals and study conuditions, Approximately 60-80 training hours are

reouired for full coverage of the book's material.

Each student must have a text and rstebook at the lessons. Chapter X, containing
the ansvers to the exercise, should be covered over in the tunks beforehand.
Introductory lectures on each topir, which are assiyned to the most-experienced
teachers and vhich can be delivered to 3 batch of stucents (class), must precede
individual work with the bock. The c~ntent and number of such lectures are deteimined
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in each invidual case, depending on the training and nature of the student contirgent
and the specifics of the educational institution. The overall task for the
introductory lectures is to prepare the students for indepeacent work with the

bork from a methodeclogical and psychological poin. of view. Some of the lectures
must be given at the conclusion of a particular class fer ilJumination of questions

not covered in the book.

As they work independently, students voluntarily outline the material in
their notebooks and can approach the teacher with anv questions (for example,
cn places they don't understand or which are not exglained in the book, in connecticn
vith associations or proposals that occur, and so on). Hovever, reaching an exercise
in the text, the student must precisely and intelligsntly write his formulated
answer (draw the requisite characteristics, graphs, cirves, circuits) and provide
them to the teacher for a critique. The teacher examines the answer and, depending
on the deqree of its correctness and completeness, provides assistance to the /6
degree to which this is necessary for a particular student (approval, basis of
the error, indication of its causes, follov-up question, brief explanmation, and
30 on).* Experience shows that it requires an average of 1 minute per question
for the teacher's critique. The student is told to contliue reading the book

only after approval is obtained for an ansver.

The teacher maintains only one record during the sessions, a record of independent
work in the group. This record comprises a list of the group vith vertical columns
corresponding to lesson numbers. Correct answers are denoted by a plus sign (+)
and incorrect, or unsubstantiated, answers denoted by a minus sign (-) (wve use
red and blue grades). Since, in the final analysis, a correct answer is required
for each problem, a "plus" must be the final notation in each square. A large
number of "minuses" in any vertical column indicates the requirement for additional
explaration of this problem. It is evident that such a system completely and
clearly reflects the situation in a group at any psrticular moment, as well as
the rate and quality of each student's wvark.

Students who complete the study of a given section ahead of time, with approval

*In some cases, the teacher may recommend that the student read the appropriate
explanation in Chapter X. Therefore, the teacher must have two or three "unexpur-
gated" copies of the book.
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ar all responses, may be released from further mandatory attendance at lectures

on this section, while those obviously falling behind must be called in for mandatary
addtional consultations. It is advisible to allow exams (quizzes) tu be taken

ahead of time,

There is no reason for students to be reluctant to present the teacher ansvers
that may turn out to be incorrect, but, on the contrary, they should be interested
in frequent contacts with the teacher for the qualified continual monitoring of
the effectivencss of their wark, Therefare, the critique the teacher provides
on answers must be constructive ard be designed only to aid the student, to appraove
and vitalize their nental activities in the desired direction.

In particular, it i necessary (and the students must be absolutely convinced
of this) that an evaluation given by a teacher on a comprehensive exam or quiz
in no way depend on the plus~minus ratio. Where required, the use of minuses
can be eliminated if the psychological barrier on the part of the students to
the grading system is not overcome. Mutual efforts on the part of the students
during the process only facilitate learning and should not be prohibited, Possible
isolated attempts of dishonest mechanical copying of a comrade's answers without
the vork being done are evident to the teacher and rapidly eliminated.

The teacher's efforts myst insure timely examination of all answvers that /7
are turned in to him, which may require intense efforts on his part during the
lessans. However, given establishment of the conditions described zbove, a favgrable
atmosphere for creative enthusiasm is established rapidly in the auditorium for
studying the material, which will result in increased effectiveness.

The approach recommended above for independent work with the book also is
applicable for studying the material in the auditorium. In this variant, the
students, working on the material, approach the teacher with questions only at
their own initiative. The teacher's activities during the lessons are eased since
he, in essence, is released from ongcing monitoring and controlling assimilation
of the material. Instead, he can give periadic (three to five per semester) graded
check quizzes on individual sections (themes). These can be automated. This
approach tu monitoring makes it possible, vith a delay eqiating to the interval
betveen quizzes, to evaluate the results of independent work by the st .dents and

to rank them accordingly.
11
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CHAPTER I /8

GENERAL INFORMATION ON PULSE SIGNALS AND DEVICES IN RADAR
§ 1. CONCEPT OF PULSE RADAR. PULSE SIGNAL PARAMETERS

The majority of radar stations (RLS) employed at present in troop units operate
in the pulse mode, i. e. emitting electromagnetic energy into space and receiving
it from an object in individual brief portions -- pulses. Here, pulses emitted
(outgoing and interrogatiun) and received from an object {echo or returmn) tum
out to be separated in time. Thanks to this, the puise radar method makes it
Foscible most simply to determine the range to an object from the delay time of
3 pulse received from an object relative to the emitted pulse, and to have a single
antenna at the RLS used alternately for transmission and reception. In addition,
the discontinuous structure of pulse signals makes it possible to use their time
selection (differentiation of pulses by the time of their formation) and, for
this reasnn, improve radar system capabilities: to divide signals in time from
dirferent objects, to code signals by time parameters, to create multichannel
lines wvith channel time division, and so on.

wWhat are radar pulse signals? Tive brief deviation of voltage or current
from the set value is referred to as an electric pulse. The term "brief" must

12




be understood in the sense that pulse duration is less than or equal to the duration
of transient proresses arising in electric circuits when they operate.*

There are two types of pulses, which are Jdistinguished by the nature of the
rhange of voltage or current during the action of the pulse -- video pulses and
radio [r-f] pulses.
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Figure [.1. VYoltage Video Pulse (a) and Radio Pulse (b). (c¢) -- porch;
(d) -« tilt; {e) -- droop.

A brief increase or decrease in constant voltage or current is called /9
a video pulse (Figure l.la). In the first case, a positive video puise results,
wvhile a pulse af negative polarity occurs in the other.

*We vill point out that processes arising when the electrical balance in a
circuit is disrupted are called transient processes.
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A packet of high-frequency harmonic oscillations is called an r-f pulse (Figure
[.1b). The frequency of these ascillaticns is called the basic frequency or

carrier frequency Fo ] -%—— y Where T0 is the period of the harmonic oscillations.
o

It is evident that it is senseless to talk about the polarity of an r-f pulse,

cbtained from pulse modulation of video pulses by a microwave oscillator. Reverse

transformation, obtaining video pulses from r-f pulses, is accomplished by /10

r-f pulse detection (separation from the envelope).

If there are no special reservations, in future ve will examine valtage video

pulses.

The parameters of a single pulse are its amplitude (maximum value) U, form
f(t), pulse duration !« , pulse rise time f, , pulse decay time ¢., , and tilt

dissipation AU, (Figure I.la).

The envelope of a real pulse has a smooth nature due to the nature of the
transient processes in electrical circuits. This complicates strict (single sign)
determination of f,, f¢. fea intervals. Therefore, values fu !y ! in practice
are measured at specific previously-agreed upon levels relative to pulse amplitude

and are referred to as active times.

As depicted in Figure I.la, active time (lu }or a pulse with amplitude U
usually is computed at level 0.5U, active pulse rise time fes usually is determined
as the time interval between the moments the envelope acquires values G.lU and
0.9U at the pulse'’s leading edge. Analogously, active pulse decay time ‘{ea is

determined at pulse decay.
Hathematically, a video pulse may be written in the form

s(t)y=Lf(L) (I.1)

vhere f(t) — time function describing the form of the pulse (f(t) € 1 since,
vhen f(t) = 1, f(t) = U -- the pulse reaches the amplitude value).

The form of real pulses usually is approximated by several simple functions

14
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Figure 1.2. Square (3), Trapezoidal (b, ¢}, Exponential (d), Casine
(e), Square-Cosine (f), and Gaussian (q) Pulses.

of f(t). Pulses of the most-characteristic forms examined in radar are depicted
in Figure 1.2.

from the energy point of view, a single pulse is characterized by its /11
energy W, and pulse power p, , understaod to mean power average for the pulse's

time of activity p . ¥,
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Figure 1.3, Periodic Square Pulse Trains (Q = 4).

Periodic pulse trains (Figure 1.3), trains of periodically-repeating r-f
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and video pulses of a given form and amplitude, are used in radar. Additionally,
the parameters of such signals are:

-- resting time between pulses f, ;

— pulse repetition period Ty=tu+fa ;

- pulse repetition rate (number of pulse per second F..=1.L H
. T.
-- pulse duty ratio Q:s—‘—: :
AN \ A
— pulse ratio "='J'='"r—.' ;
As a rule, pulse duration is much less than resting time (,<{, .

Consequently, the greater ¢, &7, and Q31 . The latter inequality expresses
the basic time ratio in pulse radar.

Mathematically, a periodic video pulse train may be written in the fomm

2(),=L/f(¢=nT,), (1.2)

where n =0, 1, 2, 3,. . . /12

Like any periodic function*, a periodic voltage video pulse train may be
presented in the form of the sum of two components, direct and alternating
a(t)y=U_+a_ . Direct component U. is the average value ot the
signal for pulse repetition period To | Alternating component 4. determines
only the form of the pulses, while the average value of the altermating component

for the period equals zero.

The direct component may be found graphically as the height of a square with
base T, whose area equals area /1. limited by the voltage curve for period 7, .

*Naturally, a real pulse signal is not a strictly periodic function. First,
all its parameters to a certain degree change over time and, second, it has a
beginning and an end, corresponding to the equipmunt cutting in and out, i. e.,
its periodicity is not infinite (for any n). Theresore, the more precisely the
gsignal is described by expression (I.2), the more stable its parameters and the
greater the number of pulse repetition periods it observes.
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Area [] conveniently is determined as the algebraic sum of the areas erclosed
by the voltage cucve for the pulse activity time ard resting time: M=,+/1, ,
therefore

P LA /P11 3
=TT T, T T

For the pulses depicted in Figure [.3a, voltage is missing during resting
times ¢/1,="} , and, considering the square form of the pulses, [l,=Ll!, . Thus,

. e St U
lomgr=lg=5. (1.3)

For those depicted in Fiqure I1.3b, which have the same form and amplitude
but are desinated with a nonzero initial level L (value of voltages during

resting times), [y=(U+U)t,, and  .al'r,
"V
Unm=5+U (1.4)

— the direct component changes by the value of the initial level (comsidering

its sign).

Mathematically, tre area enclosed by the curve of the function are expressed
by the specific integrals of this function accepted in the appropriate limits.
Therefare, for any pulse form, one may write

T, Y r,
Ua_%."u(l)_dt-%["u(ﬁ. dt+.\u(l),dl]. (1.5)
9 s

[]
It follows from the ratios presented that the direct component will depend /13
on pulse amplitude, form. polarity, repetition period, and initial level.

Comprehension of the physical processes in pulse devices in many cases is

facilitated wvhen representing pulse signals by their frequency spectra -- the
aggregate of harmonic components of different frequencies {see Attachment 1).
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Spectral representation of pulse signals will lie at the tzsis cf the frequency
method of line circuit analysis (see Attachment 7).

from the pover peint af view, a periodic pulse signal is charactarized, along
with puise power P. , also by average pover P.n -- power averaged during the pulse
repetition period., Since pulse energy equals W.,=P,, , and, from determination

P, = %— , then

T
P.=Pe 3= P Q. (1.6)

i. e., pulse nower will exceed average paver by factor Q. Ratio (I.8) is che
basic energy ratio for pulse radar.

§ 2. PULSE RADAR STATION COMPOSITION AND OPERATING PRINCIPLE

The following are pulse radar station basic elements (Figure 1.4): synchrenizer,
transmitter, receiver, transceiving antenna (A), antenna control system, antenna
suitch (AP), high-frequency energy transmission lines (LP), feeders or wave guides*,
displays, automatic range and angular coordinate target tracking systems, and

energy source.

The synchronizer sets the station's operating rhythm and insures that all
its units operste in strict time agreement. It generates short videa sync pulses
with repetition period 7u (Figure I.5a), These pulses are supplied to the
transmitter, displays, and automatic target range tracking system**,

The transmitter creates powerful outgoing r-f pulses and will comprise a
driver (sometimes omitted), modulator, and microvave oscillator. Sync pulses
teach this driver, vhere they are amplified to the level required to control the
modulator’s operation. Powerful modulating video pulses are generated in the /15

*Antenna, antenna switch, and high-frequency energy transmission lines comprise
the station’s antenna-feeder or antenna-yave guide system,

**The synchronizer aleso generates the supplemental video pulse trains required
for the operation of various RLS elements and devices connected thereto.
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Figure [.4. Pulse Radar Station Simplified Structural Qiagram. (a) --
Antenna control system; (b) — Transmitter; (c) -~ Driver; .[d) = Modulator;
(e) Microwave ascillator; (F) = Outgoing pulse; (g) — Echo pulse; (h) --
Collimating mark pulses; (i) — Receiver; (j) — Sync pulses; (k) — Scale
mark calibration pulses; (1) - Gate pulse; (m) —- Target pulse; (n) --
Synchronizer; (o) -~ Displays; (p) -- Automatic target tracking systems;

(q) -- Energy source; (r) -- Qutput (measuring) pulses; (1) --= LP; (2) --
AP; (3) — S [Mixer]; (4) =~ G [Hetrodynel; (5) -- UPCh [Intermediate
Frequency Amplifier]; (6) -- O [Detector]; (7) — VUS [Video Amplifier];

(8) — usvCh [Microwave Amplifier].

the modulator (Figure I.5b) and modulate the microwave oscillator, which generates

autgoing pulses (Figure [.5¢).

Outgoing pulse repetition period T, is provided by the synchronizer, their
pover A, , form, and duration % by the parameters of both the modulator and
the mic-ovave oscillator, and carrier frequency fo by the microwave oscillator.

Outgoing r-f pulses are fed from transmitter output along transmission lines
via the antenna [transmit-receive —- T-R] switch to the antenna and radiated by
it into space. Echo r-f pulses (Figurc 1.5d) return to the RLS during resting
times between outgoing pulses*, are recesived by this antenna, and are supplied

*ln accordance with Figure 1.5d, two echo pulses arise for each outgoing pulse
repetition period. This corresponds to a case vhere twog targets A and 8, with
different ranges T and gy are vithin the RLS coverage zone.
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Figure I.5. for Target Signal Formation and Conversion: (a) -- Sync
pulses; (b) — Modulating video pulses; (c) -- Outgoing r-f pulses:
(d) - Echo r-f pulses; (e) -~ Intermediate frequency r-f pulses; (f)
— Gate pulses; (g) -- Target pulses at receiver output.

to the receiver input via the antenna switch along the transmission lines.

The antenna is for radiation and reception of high-frequency electromagnetic
energy. RLS use directional antennas, which radiate and receive electromagnetic
energy in narrow spatial beams. This creates the capability of determining target
bearing, its angular coordinates.

The antenna control system remotely controls antenna rotation in azimuth /16
and angle of site and is a conventional system of electromechanical servos.

The T-R svitch, affected by outgoing pulses, automatically connects the antenna
to the transmitter output and disconnects it from the receiver. During the resting
time between outgoing pulses, it connects the artenna to the receiver input,
disconnecting it from the transmitter.

The receiver amplifies r-f pulses received by the antenna and converts them

to video pulses. A superhetrodyne receiver usually is used and it will comprise
an input device (VU), microwave oscillator (USVCh), hetrodyne (G), mixer (S),
intermediate frequency [IF] amplifier (UPCh), detector (D), and video amplifier
(vus).




An input device (preselector) provides the receiver's carrier frequency
selectivity. The USVCh will serve for preliminary amplification of r-f pulses
on the carrier frequency (mainly for the purpose of reducing the receiver's ..oise
factor). R-f pulses are supplied from the USVCh output to the mixer. Also supplied
to the mixer is a constant harmonic voltage generated by the hetrodyne, a low-pover
automatic harmonic oscillator. The hetrodyne's voltage frequency is /i <h .
If (varied) r-f pulses fm=fo—/, (Figure I.S5e) are separated at mixer output.
Basic r-f pulse amplification vill occur on an intermediate frequency in the UPCh,
vhich also determ.nes the receiver's overall frequency-selectivity properties.

Temporary selection of target range signals may occur in the UPCh.* Video
gate pulses (Figure [.5g), whic open the stage only long enough for the passage
of pulses froa the target seler’cd for tracking (Target B in Figure I.5), are
supplied fo- this purpcse to on» normally-closed UPCh stage. Gate pulses are
generated in the automatic range tracking system, vhere the requisite time for
their delay relative to outgoing pulses is provided autcmatically.

Amplified and gated IF r-f pulses are supplied from the UPCh output to the
detector input, where separation of the r-f pulse envelope will occur. Target
video pulses appear at the detectar cutpuyt and then are amplified additionally
in the video amplifier tc the level necessary for RLS terminal dcsices to operate

(Figure I.59g).

The displays are designed for observation of the aerial situation, target
search and selection, visual determination of its coordinates, and preparation
for automatic tracking. Displays in operating principle are pulse oscillographs
vith linear or tvo-dimensional sweeps. Time-base linear sweeps synchronized /17
by a sync pulse with the repetition frequency of the outgoing pulse are created

for range measurement.

These sweeps are obtained with the aid of sawtooth voltages or -urrents acting
upon the tube's deflection yoke. Intensifier pulses, which enable the tube eonly
during the forward motion of the sueep (the operating linear portion of the sveep's
sawtooth voltage or current) or, on the other hard, quench pulses for the retrace

#*Also based on angular coordinates in some cases.
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of the sween, which disable the tube during the retrare, are supplied to the cathode
ray tube's [CRT] control electrode (or cathode) to eliminate ambiguities in target
blip positions on the screen. Range sueep displacement, ir accorcance with the
lau of antenna rotation or the scanning (rocking) of its radiat.on pattern, will
accur for measurement of angular coordinatas. Target video pulses are fed from

» the receiver autput either to the CRT deflection yoke or to its control electrode
(cathode). In the former case, target blips are received in the form of electron
beam excursions (amplitude signal display) and, in the latter, in the form of

1 PO A UNASCAPGAT DT ] LAY 700 o AW T3t SRS .

bright marks (brightness signal display). The amplitude display is used when

linear sweeps are used, and the brightness display wvhen two-dimensjonal sveeps
T are used, Coordinates are determined either from graphic scales or (more accurately)
il from electronic scales. The latter are created with th: aid aof scale mark calibration

pulses. These pulses are generuted in the synchronizer with repetition frequency

e A Oy A A S 1ol S

Fu« corresponding to the value of the scale marks.

Automatic tracking systems are intended for automatic measurement of present
. position deta, These systems aperate as closed automatic control systems -- secrvos,
The measurement method selected for a given coordincte determines system design,

BT INeY

teasurement of range (slant range) to the target r always will be accomplished
from lag time t. of the echo pulse relative to the outgoing pulse (Figurz I.5).
This time for an RLS with a passive response, i. e., operating from pulses reflected
from the target, is linked with range by the simple ratio

r=St, (1.7)

vhere C = 3 x 108 meters per second, the velocity of radio wave propagatisn.

An electronic servo automatically measurino lag time tr is used for automatic
range tracking. The idea of this system's operation is explained in Figure I.4.
Sync pulses (l.6a) and target video pulses (I.6b) are fed to the system input.

A pair 2f strobe (tracking) pulses (Figure [.6c) one after the other, as wvell
as an output (measuring) pulse coinciding with the axis of symmetry of the /18
strobe pulse pair (Figure [.6d), are generated in the system for each repetitian

period.
22 -
1N
. — — N \\
. v N P
~ Y - BEEA R . e .
- - / - -~ B - - - T
o . AN e s . 7.
- ; . . v NG - A i
‘ -t -
R - I S ) . ¢
-~ - -—
L VRN v r———




a_t T - 1
Wy " olis] Py
(e | CTer (7200
(_‘03 tr n ! 34 ﬂ

Figure [.6. For the Automatic Range Tracking Principle: (a) -- Sync
pulses; (b) -- Target video pulses; (c) - Strobe pulses; (d) -- Output
(measuring) pulses.

The target pulse's axis of symmetry in each repetition period lags relative
to the sync pulse by u time proportional, in accordance with (I.7), to the true
range to the target,* while the strobe pulse pair's axis of symmetery lags by
time t;, proportional to the'range value measured and issued by the system. The
strobe pulse delay by time tr is supplied by the system's constant delay circuit,
which controls the moment the ;t.obe pulse generator is triggered.

The avtumatic tracking principle will comprise automatic tracking of target
pulses by the strobe pulse pairs (and by the measuring pulses as well). During
this tracking process, difference A, =t,—¢ , vhich is the automatic tracking
time error, strives towards zero, i. e., f,-¢  -- the range value supplied
by the system will strive towards true range. Target pulse tracking by strobe
pulses vill occur due to the action of the voltage of error signal uco~ At, generated
by a time discriminator, the system's sensing element. This discriminator will
comprise a two-chanmnel coincidence circuit and a difference circuit. The former
gererates tua pulse voltages, whose amplitudes are proportional to areas of coin-
cidence S1 and 52 of each strobe pulse with the taraet pulse (Figure 1.6b). Com-
parison of these voltages will occur in the latter and a voltage proportional
to ¢:fference S.—S.. 1. ¢. e., to tracking time error y ~S — <& , is generated,
while the pclarity of this voltage caorcespends tc the error sign. The difference
circuit's output voltage also is error signal voltage since it will comtiin in-
formation on the tracking magnitucde and error sign. rhis voltage also is /19
controlled by the variable delay circuit, which displaces the strobe pulses (measures

*yith a constant error equal to half the target pulse duration (Figure I.5).
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t
time tr) in the direction of error Atr reduction, i. e., immediately following

the target pulses+.

Initiation of target tracking (target lock-on) requires a certain rough strobe
pulse-target pulse coircidence, if only that voltage Yvo. appears at the discriminator
output. Under influence of this voltage, the strobe pulses vill begin to displace
in the requisite direction. This coincidence will occur either automatically
due to periodic displacement of the strobe pulses within the limits of period

Ts of the so-called search circuit or viswally with the aid of a display. In
the latter case, an electronic range mark reflecting the position of the strobe
pulses is created, along with the target blips, on the display. The pulses for
receipt of this mark are generated simultaneously with the straobe pulses in the
automatic tracking system. Controlling the constant delay circuit manually, the
electronic range mark (and, consequently, the strobe pulses) must coincide with
the target pulse in order for the automatic tracking system to lock on the target.

Figure 1.,7. FfFor Periodic Sector Scan With a Fan Beam.

Gate pulses supplied to the receiver also are generated along vith the strobe

pulses (Figure I.5f).

Automatic angular coordinate tracking can be accomplished through automatic
guidance of the antenna's geometric axis to the target. A servo (contained in
the antenna control system), which reacts to a deviatior of the antemna's axis

*The difference circuit's output voltage is detected beforehand and is integr-ted
to create the requisite tracking system dynamic properties.
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from the target bearing and automatically corrects this deviation by turning the

antenna, is used for this purpose.

Some RLS employ a periodic fan beam sector scan., Here, angular coordinate
determination is accomplished in the tipping plane by measurement of time intervals,
i. e., the identical methods used to determine range. This scanning systen for
the vertical plane is explained in Figure 1.7, where \.- -~ scan sector, 5.

-- fan beam angle in the scan plane (the beam will flatten in this plane, but

is broad in the mutually-perpendicular plane), 00' -- b.am axis (bearing of maximum
radiation and reception), OA -~ bearing ta the target. 3camning will occur /20

in accordance with the sawtooth lawv: a beam displaces vith constant rate Qe

From the lover (initial) edge of sector Jex kK tn the upper edge (farward motion
of the beam), then returns rapidly (beam retrace). Ta-get signals will arise
during the scan process only during target paint time fesn , i. e., during the
time the target is located within the boundaries of beam angle 6. Beam angle

5« and scan rate ‘. are selected so that a series (packet) of echa pulses
‘632 T, will arrive during that time from the target.
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Figure 1.8, For Angular Coordinate Measurement During Periodic
Sector Scan. (a) — Beam scan law; (b} — Target pulses at receiver
output; (c) —— Angular reference pulses.

The mechanism fgr forming the packets and cbtaining information about target
angular coordinate s is explained in Figure 1.8. The sawtooth law of beam scanniny

over time is depicted in Figure [.8a. The solid sloping lines depict the lav —

25




- e e

AU TEEIAIIN I b FOYN P ISP R 31 rd oy oo 3

.

R

oI

of angle change s« between the lover edge of sector 3« and the beam axis during
the time of its forvard motion 7T , while the parallel dotted lines with periods
show displacement of the upper and louver edges of the beam for this time. The
dotted line indicates the beam's retrace since, during retrace time 7, ,

the RLS transmitter is blanked (shut off) to avoid ambiguity in target cocrdinate
determination. Packets of target video pulses arising during time fesa

at the receiver output and, consequently, having duration r .., , are depicted
in Figure [.8b. The form of the envelope of each packet is determined by the
radiation diagram in the scanning plane, vhile the center of the packet (its
amplitude) arises exactly at the moment the beam's axis coincides with the bearing
to the target, i. e., when ®ux™%r _ Therefore, given a constant scan rate, /21
the coordinate of the target, computed from the lover edge of the ican sector,
turns out each time to be proporticnal to time interval ¢, between the moment

of initiation of the beam's forward motion and the center of the packet:

?'=Q“l'. (1.8)

Angular reference pulses (Figure 1.8c), which coincide with the beginnings
of the beam's forvard motion, will serve to fix the moments of the initiation

of the counting of intervals L

An electronic servo analogous to the automatic range tracking system and

the system automatically measuring intervals ¢/ may be used for automatic angular
coordinate tracking in this case. The strobe pulse pairs in such a system are
generated with frequency scanning and, under the influence of error signal voltage,
track the pulse packet centers.** Angular gate pulses, which are supplied to

the ceceiver and provide an additional target signal time selection based on angular
coordinate by means of opening the UPCh only during the time of passage of the

pulse packet from the selected target, may be generated simultaneously with the

strobe pulse pairs.

*Reference pulses, as wvell as those blanking the transmitter, are generated
vith frequency scanning by an additional angular synchronizer, which controls
the scan mechanism, at the station,

**Angular strobe pulse duration must be compatible with packet duration . .,
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EXERCISE I.1

a) Prove formula (I.7). Derive the formula for range determination when

using an RLS with active response.

b) To avoid range ambiguity, an echo pulse must be received before the next
outgoing pulse is radiated {see Figure 1.5). From this condition, what is the

maximum RLS range if period T.=s0n ysec?

¢) There are three targets at r, = 73, ry = 85, and ry = 100 kilometers
in the sector of coverage of an RLS with passive response. What must be the delay
time of the gate pulses (relative to the outgaing pulses) in order that only the
pulses from the second target pass to the receiver output? How is qgate pulse

duration determined ?

d) The least distance betueen two targets with identical angular coordinates
Mrew.. 3t which individual measurement to each target is still possible, is referred
to as RLS range resglution, How is value v... determined wvhen measuring range
from the display and from the automatic tracking systum (see Figure I.6)?

e) What must the repetition freguency of calibrating pulses equal to create
S-kilometer electronic scale range marks on the display?

f) Periodic sector coverage will take place (Figures I.7 and 1.8). Oetemmine
the number of pulses in a packet i€ scanning sector \..=3 , scanning frequency
F .- Hz, beam retrace time T..=10 mg, beam angle %.=2, and pulse repetition
freguency f.=2- kHz. What will target angular coordinate %. equal if interval

f, =i cec? (Page 443)

§ 3. STANDARD SIGNAL CONVERTERS IN RADAR STATION PULSE DEVICES. REVIEW OF
ELEMENTARY PULSE CIRCUITS

It follows from examination of a pulse radar station's structural diagram
that both video and r-f pulses operate in its circuits. The folloving will comprise
the r-f pulse activity sphere, vhich is referred to as the radar station's RF
section: microvave ascillator, antenna-vave guide system, and the receiver HF
stages up to the cet>-tor, inclusive. The following will comprise the video pulse
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activity sphere, which is referred to as the radar station's a.f. section:
transmitter synchronizer, driver, and modulator, receiver video amplifier, displays,
and automatic tracking systems. These RLS units are pulse devices in the sense
that they almost entirely will comprise circuits for receipt, formation, and change
of video pulse parameters and their trains.*

The fallowing are standard signal conversions in pulse devices: pulse
generation, pulse shortening (differentiation) and stretching (integration), pulse
expansion with retention of their form, pulse amplification (increasing the
amplitude), pulse inversion (changing the polarity), holding aor changing the initial
level of pulses (level of voltage during resting times), pulse clipping ("shearing"
the peak), pulse time delay, pulse frequency repetition division, formation of
sawtooth (linearly-changing) voltages or currents.

The concept of these conversions is explained in Figure [.?, in which example
diagrams depict several basic voltages in an RLS synchronizer and range display.
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Figure 1.9. Several Stvandard Signal Conversions in Pulse Devices.

+Several other RLS devices such as the receiver automatic amplification regulation
system, a.f. noise-suppression system, and so on also are pulse devices.
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Diagram a depicts a harmonic voltage generated in the synchronizer by a master
sine wvave self-excited oscillator. Diagram b depicts periodic voltage of almost
trapezoidal form obtained by upper and lower clipping of voltage a. Diagram ¢
depicts short bipolar pulses of exponential form obtained by differentiation of
voltage b; the repetition freguency of resultant pulses of one (positive, for

bl example) polarity equals the frequency of the initial harmonic voltage. "iagram
d depicts pulses obtained after repetition frequency division of the positive
pulses in diagram ¢ into a whole number once; the repetition period of these
pulses supplies station outgoing pulse repetition period 7, . Diagram e depicts
synchronizer output pulses obtained through amplification and inversion of the
d pulses, Diagram f depicts square pulses formed in a display by expansion of
the e pulses; the duration of these pulses supplies the duration of display swveep
retrace. Diagram g depicts sqo.aré pulses obtained through displacement of /23
the pulse f initial level {a change in the direct component). Diagram h depicts
sveep sawtooth voltage cbtained with the aid of the g pu'ses. Dicgram i depicts
I pulses obtained as a result of pulse f differentiation Jiagram j depicts sweep
forward motion intensifier pulses; the duration of these pulses corresponds to
the intervals between negative i and ¢ pulses., Diagram k depicts pulses delayed
by time t;_ relative to the e pulses., These pulses deterr_ne the position of the
electronic range mark. Delay time t’r corresponds tu the range tc the target and
is supplied by the operator with the aid of control vo.itage u,,~¢, (ve assume
that there is ro automatic range tracking system). Diagram 1 depicts the range

R Y o

mark pulses formed from the k pulses.

Standard signal conversions are made by elementary pulse circuits of the

o i following basic types.
< 1) Linear R-C, R-L, and R-L-C corrective networks, including:

— pulse modulator capacitance and inductive carrective networks;
~= an R-C and an R-L integrator for pulse stretching, vaoltage

pulsation filtration, and a number of other purposes;
-- 3 differentiating R-C network and R-L network far pulse shortening;
-~ transient R-C networks and pulse transformers for undistorted transmission

/24

of the pulse voltage alternating component and isclation (separation) of stages

or networks based on the direct companent;
— shock-excitation tuned circuits mainly used for shaping a series of pulses

with a stable repetiticn frequency;
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-~ artificial lines used to bring the pulse delay over time to a fixed time,
as wvell as for shaping of pulses of a strictly-determined duration.

2) Video pulse amplifiers. Pulse amplification often is accompanied by
a change in tneir polarity. In this event, amplifiers are referred to as
amplifier-inverters., [f pulse polarity is retained during amplification, the

amplifiers are referred to as repeaters.

3) Level holds (dc restorers), which insure the change and clamping of the
pulse initial level.

4) Limiters, used to restrict the magnitude of pulse voltage, either cn
one side (unilateral limiters) cr simultaneously from both sides (bilateral limiters).

5) Square-wave generators. Pulse generators can operate in both a free-running
and monostable mode. In the former, the generator independently generates a periodic
train of video pulses, all of whose parameters determined by the generator's own
circuitry. In the latter case, the generatar is controlled (enabled) by short
external pulses and generates pulses of lonq duratinn, determined either by the
parameters of the generator's own circuitry or by the intervals between two external
pulses.

6) Pulse repetition frequency dividers, which are pulse generators gererating
pulses less frequently by a whole number than the external pulses with the initial
repetition frequency supplied to them.

7) Sawtooth voltage or current generators, which, like pulse generators,
can operate either in the free-running mode or be controlled by external pulses.

The complexity of these generators' circuitry depends on the sawtooth voltage
(current) linearity requirements.

8) Pulse variable time delay circuitry. These circuits are enabled by external
pulses and are savtooth voltage generators with forward motion duration (linear
sector) regulated depending on control voltage magnitude, at the end of which /25
output (delay) pulses are generated.

In addition, a series of circuits used for simple functional pulse conversion
are used widely in pulse devices. They include:

- coincidence circuits measuring the time of coincidence (mstual overlap)
of two pulses;

-~ difference circuits comparing the amplitude of two pulses;
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-= level comparison circuits fixing the moments of equality of two voitages;

- pulse counters.
EXERCISE .2
= From the aforementioned elementary pulse circuits, compile a functional diagram

of a synchronizer and range display corresponding to the curves depicted in Figure
I.9. (Page 444)
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CHAPTER 11 /26
R-C, R-L, AND R-L-C CORRECTIVE NETWORKS
§ 1. TRANSIENT PROCESSES IN R~C AND R-L NETWORKS
1. Charge and Discharge of a Capacitor Across a Resistance

We will examine the circuit shown in Figure II1.1. We will assume that, at
moment in time t' = Q, initial voltage at the capecitor is absent (uc(U) = 0)
and switeh K will be thrown to position 1. From this moment, charging of the
capacitor will begin from constant voltage scurce E, Charge current i, will

Pass across circuit +£, switch K, capacitor C, resistance* R, <E. In accordance
vith Kirchoff's seond law, for this circuit the following condition must be met

E"‘R""‘“C- (Ilol)

Since a,mipR, 1,-C':i‘ » this condition is written in the form of differenticl

equation

EmRCZE 4, (I1.1a)

*The term "resistance” is used throughout this book. It would be more precise
to use the term "resistor" in those instances where ths discussion involves an
element of an electrical circuit, rather than a praperty.
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Figure I1.1., Capacitor Charge and Discharge Circuit Across a Resistance.
whgse solution is expression
( -4
U= E'l —p ')' (11.2)

vhere ==RC -- circuit time constant (see ratios XI.9 and XI.12).

Differentiating (I1.2), we will get the expression for the discharge current

‘j-
‘)=

d - -
l.,-c-in?g--%e = [ 7, (II.})

consequently, voltage ta resistances R equals /27

“f-

u“ai,R=Ee- R (II‘Q)
The curves for functions (I1.2), (II1.3), and (lI.4) are constructed in Figure
II 2a and are exponential curves (see Attachment 3, Figure 6).

We will explain the results obtained,

At moment t' = 0, voltage u, remains equal to zero, since voltage jumps in

3 capacitor phvsically are impossible (see Attachment 2;., But, uhen U, = 0 in
accordance vith (II.1), source voltage turns out to be applied fully to resistance

R. Therefore, at the initial moment, voltage 4, , and, consequently, current
iy as well, are maximum and correspondingly equal up(M =E, ,(0) = _/,.,75;. .

33




% (a) ¢ (&) ' ::

™
&
£

L 17 -

MO T o Sty I
e
3

.2.  Voltage and Curr?g Curves in an R-{ Network, (a) --

i Il
s "the capacitor is charging; «- As the capacitor is discharging.

Further, as current 4, flovs due to accumulation of charges on the capacitor's
plate, valtage uc¢ gradually increases., The vate of increase of this voltage

is proportional to the capacitor charge voltage magnitude at a given moment in oL
time: T
da, i i
@ =TT (11.5)
8ut, i,a% or, considering (1I.1l) /28 :’/
E—u, (11.6)

This ratio reflects the fact that, in the capacitor charge circuit, voltage
u_ turns out to be connected in opposition to scurce voltage E, i. e., it counteracts
the latter. Therefore, to increase voltage Uer current ¢, , and, consequently, ';,. N
voltage ¢, as wvell, diminish, But, dimunition of current magnitude will lead,
in accordance with (I1.5) to a decrease in the rate of voltage u, increase. This,
in accorcance with (11.6), in turn will retard the decrease in current 4, and
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voltage 4s . Thus, the increase in voltage U, and decrease in current » and

voltage «n will occur at a continually-decreasing rate.

Since voltage in the capacitor due to its charge increases ever maore slowly,
it reaches set value ur=£ only when (=ax (it is evident that the capacitor
is unable to charge itself to a greater voltage). Heve,E — uc=0, ij() =0, uaio) =0
Now, we vill assume that, up to ceriain moment in time t", capacitor C succeeded
in charging itself to voltage (' =Uc (U _,<E€ and, at that moment, switch K (Figure
11.1) will change to position 2. For (ne sake of simplicity, we will take moment
t" as the initial moment (t" = Q). At tnat moment, external voltage source E
disconnects and capacitor C plates are connected together across resistance R,
resulting in the capacitor starting to discharge across the resistance. Discharge
current i, gasses through the circuit: capacitor C "plus" plate, switch K,
resistance R, capacitor "minus” plate. In accordance vith Kirchhoff's second

law, the following condition must be met for this circuit
uc + g =0, (11.7)

. du,.
where ue=i,R i,=l=C—.

Therefore, the circuit's differential equation will be written

P
u - RC ;" =0, and its solution will be

]
o= Ugt (I1.8)
where <=R(C - circuit time constant.*
Differentiating (I1.8), ve will get for discharge current
du U, == -‘L (11.9)
l,:CT—-—-T’e 'a—lve .
+See ratics (XI.9, XI.1l1).
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Consequently, voltage at resistance R equals /29
L
ug= iR =—Lce °. (11.10)
~ The minus sign in expressions (I[.9) and (I1.10) indicates that current direction

in the circuit and, therefore, voltage “* polarity during capacitor 4ischarge,

are opposed to those created during its charge. The curves of exponential functions

(11.8), (1I1.9), and (11.10) are depicted in Figure [I.2b and can be explained

in the following manner.

At the initial moment in time (t”-O)uc-Um)uhile discharge current
and voltage ua are maximum: ,’=——L;:—": fe==—U¢ .« Due to capacitor discharge,
voltage Yo gradually decreases at a rate proportional to the current magnitude:

i,:%’-=% . But, based on (I1.7)
—e iy a——:—;—.

Therefore, a voltage u, decrease elicits a decrease in current i, and voltage
Un. decrease. 3 current /, magnitude decrease will lead to a decrease in the voltage
Yo decrease rate, which in turn retards the decrease in the current 7/, and voltage
ua magnitude. Here, at any mament in time, based on (II.7), equality um=-—uc
is fulfilled. The discharge process concludes where (m=a vhen u, = 0 (capacitor

completely discharged), therefare | (co)=0; ux(oe)=0 .

The duration of the transient processes in an R-C network, in accordance
with (XI.15), can be accepted in practice as equalling

b ok AR

(11.11)

TR R AIIPIARINS b Wty s R GT N S gt PN AP D SR & RS A RTINS 3 B 8

vhere ==RC.

EXERCISE II.1

S e L

Drav the curves of volitage Uss current i, , and voltage u« from figure
II.2a. Construct on these graphs curves «c , 1« , and «» if source voltage
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€ decreases by a factor of 2; capacitance C jincreases by factor of 2; resistance
R decreases by a factor of 2. (Page 444)

2, Charge and Discharge of an Inductance Across a Resistance

We will examine the circuit shoun in Figure [I.3, We assume that, at moment
t' = 0, current in the jnductance is ahsent i, (01 =0 and switch K will be placed
in position 1. At that moment, discharge of inductance L begins from constant
voltage source E by current i,=i, across circuit: «+£, switch K, inductance L,
resistance R, -E.

In accordance vith Kirchhoff's second law, for this circuit
E=ug+u, (11.12)

Substitutingu,=sJe u, =L _.% in this equality, we 0zc the circuit's /30

diff:rential equation in the form

al,
E==l,f(’-y-1.-3"—, (II.lza) 3
and its solution i
4
,'1
4 t I
=Ll ’)==/.fx-a 1, (I1.13) }
L4 F
A
where ’=..:3 - circuit's time constant; 2
ly = 75- -- discharge current amplitude. {
\oltage u, changes proportionally ta the current:

_') (11.14)

u,s.i,R:-E(!-e—
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Figure I1.3, Inductance Charge and Discharge Circuit Acruss a Resistance.

while voltage in the inductance equals

]
T

diy _
p=lg=£Ee " (1I.15)

The curves of exponential functions (11.13), (1I.14), and (II.15) are constructed

in Figure II.4a and can be explained in the following manner.

Using equality (I1.12) and the expressions for voltages u._=1.41"7‘- and

uy =1.R. | ge will get

i, 4 . r—..r
SwsT T T (11.16)

Since current jumps physically are impossible in an inductance (see Attachment
and the source voltage turn out to be agplied

2), at moment -, .- - )<ty o -0
Self-induction electromotive /31

completely to the inductance . «whafl
- ai
force {emf] ¢ = —u, =—Ll— , vhich at moment t' is maximum (¢ 10)=—£) *,

opposes an increase in current.

*We will recall that, in accordance with the Lenz rule, given any change in
current passing across an inductance, self-induction emf arises in it opposing

this change; this emf is balanced by voltage u =—cc .
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Figure 11.4. Curves of Current and Voltage in an R-C Network, (3) -—-
During Inductance Charge; (b) — During Inductance Discharge.

Here, current growth rate (42} = _£ 3lso is maximum. Then, due ta the
b Jtag L

current i, increase, the rate of its increase and voltage UL decrease in accordance
with (11.16). Samultaneously, the rise in voltage and the voltage up=iR
rate of decrease are sloved, In the constraint where “--x , the current increase
ceases and it reaches amplitude magnitude /. = l;— . Here, up(x0)=F ur(o0) =0

— the source voltage is balanced completely by the voltage drop in the /32
resistance.

We vill assure now that, at moment t* follawing achievement by current |,
of a certain value /;-I.(I.,<£-) » Switch K will transfer to position 2. Since
the external voltage source here is disconnected, while theR-L network is
short-circuited, discharge of the inductance begins.

We now for simplicity will accept the moment of discharge initiation as initial

moment t" = Q.

f

39




e

Loaan and . cone o

This condition myst be fulfilled during the discharge process

g+, =0, (I1.17)
rrom vhence the network's differential equation will be vritten l,R-rL%=U
7 ,

vhile its solution will be

fmted (11.18)
p=df

-- circuit time constant.

<
T
]
"
[

13

I
e~

Based on an analogous law, voltage s also will change:

“|~

u,::iPRaloRg- . (II.lg)

The voltage in the inductance equals

(11.20)

LTS

dr, -
“L=LT:=—I.,Re ,
i. e., and as follows from (11.17),ur=—un .

The curves of exponential functions (I1.18), (I1.19), and (I1.20) are presented
in Figure II1.4b and can be explained in the following manner. Self-induction
emf ¢, =—u, arising due to erergy stored in a magnetic field, opposes a decrease
in current iywi, during the discharge process. Here, since self-induction emf
changes its polarity (derivative ‘:_'.,l during a current decrease will become negative),

also changes. At initial moment i,=/y (current jumps

the sign of voltage u,
, 1. e., self-induction

are impossible in an inductance), u,=/R 3and ,, a—/R
emf, and, conseguently, cucrrent decrease rate, are maximum.
decrease in connection with gradual consumption of the stared electromagnetic

energy (with its conversion into thermal energy in resistance R) will lead to
, i. e., to a decrease in

A subsequent current

a decrease in the magnitude of voltages up=—u,
self-induction emf and current decrease rate. Under the constraint vhere
di, . .
0=t o) o =l o) ™ fplwey =V
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The duration of the transient processes in an R-L network as usual can /33

in practice be accepted in accorcdance with (XI.15) as
Laepes == 32,
sopes = 3 (11.21)

vhere <= ~/— .

FXERCISE II.2

Oraw the curves of current % and veltages ¢« and u. from Figure I1.4b.
Construct on these graphs the curves for % , 4, , and « , if resistance R
is increased by a factor of 2. Explain the results obtained. (Page 446)

3. Principles of Pulse Modulator Operation

The modulator at a pulse RLS is part of the transmitter and shapes powerful
modulating video pulses (see figure I.4)., These pulses usually are used as microwvave
oscillator plate voltage (this type of pulse modulation is referred to as plate

pulse modulation).
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Figure II.5. Pulse Modulator Structural Diagram. (a) — Driver pulses;
(b) — Limiter; (c) — Commutating device; (d) - Feed source; (e) -- Energy
integrator; (f) -- Microvave oscillator.

A simplified structural diagram of a pulse modulater is presented in Figure
II.5 and includes three basic elements: energy integrator, power limiter, and
commutating device, which controls the driver video pulses. The overall principle
of modulator operation is as follows. The commutating device disconnects the
energy integrator from the microvave oscillator during resting times between pulses.
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The oscillatar does not operate here since it lacks plate voltage (ua = 0). At

that moment, tho ~~=.3v inteqgrator is charged from the feed source acruss the
limiter., The lall.l _:zn=*=ains tne power cnnsumed from the source to the magnitude
nominal for that source. However, since charge timc, 7fiven a large nulse duty

-

ratio Q.—.%, , occupies an overwhelming portion of the pulse repetition

period, sufficient energy is stored in the integrator.

The commutating device connects the microwave oscillator to the integrator
for a time equal to pulse duration 4 . The integrator rapidly discharges to /34
the microwave oscillztor (there is no power limiter in the discharge circuit),
supplying it the energy accumulated during the resting time. This energy also
is converted by the microwave oscillator into a poverful outgoing r-f pulse.

Thus, modulator operation is based cn the transient processes of energy
integrator charge and discharge. These transient processes must flow in a manner
that meets the following conditions:

— amplitude of the modulating video pulse Ua at a given feed source voltage
Eo must be as great as possible;

— the form of the modulating videc pulses must be as close to square as
possible;

-- energy losses in the charge and discharge circuit must be minimal, i. e.,

modulator efficiency must be as high as possible.

A resistance or inductance is used as power limiter in the integrator charge
circuit, Modulator tubes usually play the role of commutating device. A high-valtage
transmitter rectifier is the feed saurce. A capacitor or inductance (choke) may
be used as the energy integrator, the modulator's basic element.*

A simplified circuit for a modulator with a capacitive energy integrator
is depicted in Figure II.6a. In this circuit, Ro -- limiting resistance, (.
-- reservoir capacitor, the commutating device is depicted in the form of switch
K with internal resistance #», 2 — internal resistance of the microwave generator

*An artificial long line also may be used as energy integrator.
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Figure IJ.6. Modulator Simplified Circuits: (a) — With capacitive
energv integrator; (b) — With inductive energy integrator.

in its operating mode (pocint a corresponds to plate, while point k to the generator's
cathade).

Switch K will be open during resting times between pulses and capacitor
will charge from the constant voltage Eo source; switch K closes duringa /35
pulse and capacitor C, vill discharge ta the microwave generator.

Modulator operation is explained by the curves in Figure I1.7., When the
modulator is connected tu the feed source, capacitor ¢, must charge completely.
Here, valtage u, increases by exponent (I11.2) from zero to valuelcuw.cvith censtant
charge circuit time <.=R.C, , while charge current drops by exponent (11.3) with
the identical time constant from maximum value /, a-""— to zero.

The capacitor will discharge to the oscillator with time constant == (R, =R C.
vhen switch K closes, Voltage Ys drops during the discharge process by exponent
(II.8) from value (' .,. with time constant - ; based on the same lav (II.9)discharge
current . drops with a jump arising at the moment the switch closes. This current's
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Figure 11.7. Curves of Currents and Voltages in a Modulator
with a Capacitive tnergy Inteqrator.

_amplitude equals ='~-.:‘ - A pulse of plate voltage u =R, with amplitude /36
U, =R, .-_.%"%'.;;_'Rra "'."-‘l;"-;' . arises vhen discharge current flows in the oscillator.
In order for this amplitude to be as great as possible, two things are required.
First, essentially full charge of the capacitor must be insured during resting
times betwveen pulses. Second, the commutating device must have low intemal

SR resistance. Consequently, the following ratios must be provided: :.<f, (here,

L

ly=

’ ~—
Urawe= =5 ) and 2,28, (here,”.» Ucusmr o

DI RPN
S qted

8y the end of the pulse, voltage in the capacitor decreases to value Ucwas ,
i. e., to magnitude AUemlcpyupe— Ucum « Accordingly, current ¢, decreases during
the pulse and plate voltage decreases to magnitude \r’ a\({'. (peak of the shaped
pulse).

A simplified circuit for a modulator with an inductive energy integrator
is depicted in Figure II.6b. In this circuit, Ro - limiting resistance, which

includes the internal resistance of the commutating device, switch K, within it,
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#, Lo -=- accumulating choke, Re . microwave oscillator internal resistance in
its operating mode. Suitch K closes during resting times between pulses and the
choke is charged from the voltage Eo source; switch K opens during the time of
the pulse, resulting in discharge of the choke to the microwave oscillator.

- A special feature of the circuit with an inductive energy integrator is the
capability of using a low-voltage feed source since, given appropriate selection
of circuit parameters, the amplitude of the plate voltage Ua pulses may exceed

source voltage E0 greatly.

sty AT

= i — —_— ,
< T I |~
L J7 “\ ~ \\
Lo | {Lrune \\ \\
\}\ ‘k}\
- \\ t

!
{
STSLES

\
No
N

1 "I’w,

fFigure 11.8. Curves of the Current and Voltage in a Modulator
with an Inductive Energy Integratar.

The curves in Figure II.8 explain the operation of the modulator. Choke
{w will be charged completely when the modulater is connected to the feed source
and switch K closes, Here, charge current =i, increases from zero to maximum
) . ™
value IL=--§1 by exponent (II.13) with charge circuit time constant = =7~ .
[

Voltage :, =—u, at the first moment is maximum and equals Eo' but then decreases

by law (II.15) with the identical time constant. Since in the charge process
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plate voltage u, is aoplied as a "minus" to the oscillator plate (point a in Figure
I1.6b), it does not operate (its internal resistance equals infinity). Therefore,
connect ion of the occillator to the choke does not exert any influence in the —_—

charge process.

The choke begins to discharge to the oscillator the moment switch K opens.
tlece, current ic begins to decrease by law (1I.18) from value /; with time constant S

> =" . Voltage u changes its polarity in connection with a change in the sign
di,
of derivative ‘E‘T and, with a jump, reaches an amplitude value that is equal /37
to —L';=L,'¢=/;R,=£°.7?'?_' « Further, voltages 4. and u. decrease in connection
—— 0

with the current (. decrease in magnitude with identical time constant v ,
Therefore, its peak decreases to magnitude AU, =3/ R, during the time of the pulse, ,
A modulator shortcoming is its low efficiency, which results from passage of large '
current i, =/, (given low J/; ) across resistance R, during the entire resting

time.
EXERCISE II1.3 i

a) Stemming from the law of energy retention, find the ratio between the

transmitter’s pulse and average power, -

b) How should the parameters of a modulator with a capacitive integrator
be selected.to reduce the decrease in pulse pevak (see Figure 11.7)? How will
this impact upon modulator efficiency and pulse energy?

c) What ratios must be established with an inductive integrator to shape

pulses vith amplitude ! ,"-£: and slight peak decrease it ? At wvhat pulse duty

ratio can these ratios be established? (Page 447) o

§ 2. BASIC R-C AND R-L NETWORK TYPES /38

1. Action of a Square Pulse on an R-C Network. Basic R-C Network Types

Figure I1.9 presents a depiction of an R-C network and the curves of voltages
4r and uq vhen affected by a square pulse with amplitude U and duration % ot
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Figure II1.9. Effect of 3 Square Pulse on an R-C Network. (d) — For.

its input. These curves are constructed for tvo values of netwvork time constant
+=RC : =,:2¢, and -, >y, are easily obtained from Figures [[.l and II.2

if one considers that the pulse porch acts at moment t' (switch K in figure II.1

will transfer to position 1), with its droop at moment #=¢'+f, (switch K will

transfer to position 2). Actually, given the effect of the pulse parch acted

upon by voltage u,,=U , capacitor C begins ta charge, which is egquivalent (in

Figure [i.1) to charge C from the constant valtage E=U gsource. Under the effect

of the pulse droop «e=0 , capacitar C hegins ta be completely charged across

the input voltage source; if you take the source resistance as being zers, then

this is equivalent (in Figure II.l) to an R-C network short circuit.

Thus, the curves in Figure I1.9 may be cbtained by coincidence of moment

t" for the curves in Figures 11.2a and I1.2b.

If you accept voltage from capacitor C u.,=~uec. a8s circuit output valtage,
then the circuit diagram is depicted in accordance with Figure 1I.lla.
with Figure [1.9b, a pulse with a stretcted exponential porch and droop is obtained
at the output of such a netuork. The duration of this pulse will be greater and
its amplitude lesser the greater the network's time constant.

Assuming in network equation (Il.la) E=us, Yc=tpur, RU=< for random input

voltage and capacitor output, ve will get

¢ Qr (11.22)

at T Beg = Uy,

a7

In accordance




Given

= T (11.23)

from equation (I1.22) follows

o ddyye
Ta o ~m

or
-
Uy = 5 | B0t (11.23a)

——output voltage is proportional to the integral fram the input voltacz. Therefore,
an R-C network with a capacitor output (Figure II.lla) is called an integrator.

Given

e g, (11.24)

from equation (II.22) follows

By, = U, (11.24a)

Condition (I1.23) is characterized by a fast, and candition (II.24) by a
slov, function usuz(f} . Consequently, the netwark integrates fast functions, high-
frequency pulse spectrum harmonics in particular, better than it does slow functions,
low-frequency pulse spectrum harmonics in particular. Integration in accordance
wvith (II.23) for given signal form u,, will ovcur more precisely the greater the
time constant - . However, as follows from (II.23a), cutput voltage magnitude
decreases as = increases. Consequentiy, t-e more precise the integration effect,
the less it is.* Therefore, an amplitude condition of approximate integration

*for this reason, an R-C integrator almost alvays is used in practice, not
for mathematical integration of input valtages, but for other purposes invalving
approximate integrating actjon of the network (see Chapter 1I, § 3.
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is
Lz, (11.25)

Considering that voltage uw.i=4c under the effect of the input signal's porch
increases gradually, the folloving approximate integration time condition /40
corresponds to ineauality (I11.25)

[t (11.2¢)

-

vhere t -~ duration of the integraticn process.

In particular, the following is a condition for approximate integration of

a pulse of Auration 1,

bz (11.26a)
This is confirmed by the curves in Figure II.9b, from which it tollows that only
vhen <=2/, will approximate integration of a square pulse occur duriny tiw

time it is active.

If valtage usur=ua with resistance R is ue:q as network output voltage,
then the netvork diagram is depicted in accordance with Figure [I.1lb. Two shortened
exponential pulses of varied polarity arise at the moment of application of the
input pulse's porch and droop given ===+ <:, at the output of such a network in
accordance with Figure II.9c. But, given ==<>¢, , there appears an almost square
pulse of identical duration /4 with 3 peak decreasing according to the exponential

lav and with an exponential "tail" of opposite polarity.

Assuming L =u,, RC=- for rancom input voltage in netwvark equation (II.la)
and consicering thattc¢=us — Unaccording to Kirchhoff's second law and, for thic

instance, 4a=muygy , ve will get

duyy e 1 cu (11.27)
il Tl
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Given

Qil gy, e 1
Lime o Ly, (11.28) y
® from equation (11.27) follous E
oo, =t "::- (I1.28a) )

] — output voltage is proportional tu the input voltage derivative. Therefoiz,

an R-C netuvork vith a resistive nutput, given a sufficiently-low < value (sea

. o g
oA below) is calied a differentiating circuit.

Given

dUqy 1
- P e (11.29)

<4 <

- m———y,

from equation (I1.27) follows

(11.29a)

Hyus = Uy,

PORDY

Condition (I1.28) characterizes a slow, vhile candition (I1.29) a fast, function
Heift, Consequently, the netuork differentiates slov functions, low-‘requency

R FN RS

e

pulse spectrum harmonics in particular, better than it does fast functions, /41

A

ChM

high-frequency pulse spectrum harmonics in particular. In accordance with (11.28),

e differentiation for the given form of signal #. will occur more precisely the
* is. Hosever, as follows from (1I.28a), the output voltage

AL TR

smaller time constant
» s magnituce decreases vith a decrease in : . Consequently, the mare precise the
differentiation effect, the smaller it is.* Therefore, the condition of approx:inate

T

et

differentistion based on the ratio of the magnitudes of voltages um and Usus

may be vritten in the form

RN

Uyuy < 1y, (11.30)

*For this reason, a differentiating R-C network is used in practice, not fur F
mathematical input voltage differentiation, but only for pulse shortening (see

Chapter II, § 4).

[Py}
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Considering that voltage us..x=vr <decays qradually under the e:fect of the
input signal's porch, the fullowing approximate differentiation timz condition

corresponds to inequalily (I11.30)
e (11.21)
vhere t -- duration of the differentiation process.

In particular, a condition of approximate differentiation of a pulse with

curation . is

-1 (II.31a)

This is confirmed by the curves in Figure II.Sc, from which it follows that
only vhen -=- <:, does approximate differentiation of a square pulse occur.

Given
[ (11.32)

equality (11.29) is accomplished and Ww:i=#s, i. e., this netvork supplies an
output pulse almost withcut distortion, which is confirmed by the curve in Figure
1. 9c for ==-;>t¢. Here, constant voltage is not transmitted across the network
thanks to presence of capacitor C. Therefore, the R-C network depicted in Figure
11.11b, when condition (I1.32) is met, is called a transient or isolating network
and is used for transmission of pulse signal altemating components from the output
of one stage to “he input of another and separation of these stages based on the

direct component.
2. Action of a Square Pulse cn an R-L Netverk., Basic R-L Netuork Types

An R-L network ano the curves of voliages «, and u. under the effect of
a square pulse vith amplitude U and duration <+ on its input are depicted in
Figure I1.10. These curves also are constructed for twvo values of network time
comstant :- - : <y, and - -'. . They are obtained easily from Figures /42
I!.3 and 11.4 if one considers that the pulse porch acts at movment t', its drogp
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e

P

- S
SR A8 Figure I1.10. Effect of a Square Pulse on an R-L Network. (c) -- For.
%ﬁ at moment (“mt'~ty, , and pulse amplitude U = E and, if one disregards input pulse
4 source resistance (given these conditions, it is sufficient cnly to match moment

t" in Figures 1l.4a and 1I.4%).

oy
(Y
N

e i ' Figure II.11l. Basic Types of the Simplest Networks: (a) — R-C
integrator; (b) -- Differentiating or transient R-C network; (¢) =
R-L integrator; (d) — Differentiating R-L network,

The network diagram is depicted in accordance with Figure II.lla if voitage
dewz=un with resistance R is used at the n-L network output voltage. The curves
of the network's output voltage (Figure 11.10b) in this instance correspond to
the curves of vaitage usue=uc for an R-U netvork (Figure II.Sb). Therefcre,
based on an analogy with the R-C network depicted in Figure II.lla, this R-L network
is an integrator, vhile the condition for approximate integration of a pulse with
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duration ¢ , just as for an R-C integrator, in accordance with (Ii.26a) (see

the curves in Figure 11.10b), is

'R 43

The netwvork diagram is depicted in accordance witn Figure [1.llc if voltage
ugus=U, with inductance L is used as R-L network ocutput voltage. The /43
curves of the network's output voltage (Figure II.lOf) in this case correspond
to the curves of voltage Ye.=u, for an R-C network (Figure 1I.9¢). Therefore,
by analogy with the R-C network depicted in Figure II.1llb, this R-L network is
a differentiating circuit, while the candition for approximate differentiation
of a pulse with duration s , just as for a differentiating R-C network, in accourdance

with (I1.31a) (see the curves in Figure II.10¢), is
‘|>1.

In both cases, R-L network properties may be explained by analysis of equation
{11.12a) and are analoguus to the properties of corresponding R-C networks.

% EXERCISES II.4

x

p a) Point out the R-C integrators in Figures I1.14, I1.16, III.18, and IX.4.
%

51 b} Compute the time constant af the R-C netwark depicted in Figure II.1l1b

and determine the purpose of this network if C = 300 pf and R = 10 k(} .

1 ¢) uhy can't the R-L network depicted in Figure [I.l1ld be used as a transient
?1 network? (Page 447)

g
QJ § 3. PRACTICAL USE OF R-C INTEGRATORS

1. Obtaining a Linearly-Changing Voltage

- The only use for an R-C integrator (Figure II.lla), vhen its integrating
3 properties are used in the mathematical sense, is to obtain voltages that change
- linearly over time,

b Y
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Cre must precisely integrate constant voltage u,,=E£=const to obtain a

linearly-changing voltage:

u'.l

t
LY E
=) Eat=t (i1.33)

Actually, the output valtage of an R-C integrator changes in connection

]
with the charge of a capacitor by the law of exponents (II.Z)u“,=-uc==E(l-e '),
i. e., it is distinguished from a linearly-changing voltage (I1.33) by magnjtude

o
A7) L . . . .
=;_:’_-_'(-_'___L.._’ , vhich is an integration error and increases as time passes.

Ratio (II.26) is a condition for approximate integration: ¢a+ ; here,

based on (X1.16)

(1I.33a)

Ugx m?»—“"=

Ugna

Fiqure I1.12. Use of an R-C Integrator to Obtain Linearly-Changing
Voltage.

This is explained in Figure II.12, from which it is evident that only /44
the initial sector of the output voltage may be used as linearly-changing voltage,
vhile the linearity of this sector is better, the shorter it is compared to the

circuit's time constant. But here, the cutput voltage's maximum magnitude decreases:

Lrnu <E
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2. Stretching Pulse Porches

The form of the pulse arising at the output of am R-C integrator wvhen a square

pulse is supplied to its input is depicted in Figure 1. .3 (also see Figure 1I.9b).

—

=

L

-

tg tcn
ta

Figure II.13. Stretching an R-C Integrator's Pulse.

Capacitor C vill be charged across resistance R during the action of an input

pulse for the time of its duration f, , while complete discharge of the capacitor
across this resistance will occur after termination of the input pulse.

Therefore,
in accordance with (11.2) and (I1I1.8), the output pulse's porch is described by
expression

( -{) (11.34)
yy=U,, ' l—e 7/,
wvhile its droop is expressed
-1,
= (11.35)
ucn = ( l-le '
vhere s= RC -- circuit time constant; /45

Un input pulse amplitude;
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b'lulal-’n (1 —e- _:) (11136)

-- output pulse amplitude.

Thus, stretching of both the output pulse's porch and droop will occur.
Qutput pulse duration always exceeds that of the input pulse (fusuc>la) due to
the stretching of the former's droop. Therefore, an R-C integrator operating
in the mode described usually is called a stretching circuit.

EXERCISE II.5

a) To what are porch and droop duration, as well as complete pulse duration

at R-C integrator output, equal?

b) Draw the curves of R-C integrator output voltage when affected at its
output by a square pulse with amplitude (.. and duration ‘=4 wusec if circuit
. parameters are R = 1 k§Q, C = 1,000 pF; r = 20 k§), C = 200 pF; R = 2 k§ 2,

C = 0.006 oF. (Page 448)

v

S
- "\o —lﬁ7—>

N o

* ' Figure II.14. Variant for Using an R-C Integrator
in a Coincidence Circuit.
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A variant for using the stretching properties of an R-C integrator in a
coincidence circuit is depicted in Figure II.14. The network comprises pentode
L, wvhich, in initial state, is blanked along the first and second gridc by positive
bias u. supplied to the cathode from divider R.. Rx . Therefore, the pentode
opens far plate current only when there is simultaneous action (coincidence) of
positive pulses in the pentode's first and second grids. The amplitude of pulses
“sn and um3 must be sufficient for reliable opening of the pentode along the
corresponding grids. A negative pulse of output (plate) voltage is created in
the resistance of ancde load Ra while the pentode is open. Shart positive input
pulses ‘e with repetition period ‘.. are supplied across transient /46
circuit C3R3 to the pentode's first grid. Positive square pulses &2 , vhose
duration is r,=T, and repetition period is 7. , are supplied across isolating
capacitor C1 and integrator (stretching circuit) RZC2 to the pentode's second
grid. The job of the integrator is to separate only those pulses "swu. which coincide
vith the droop of pulses 4mz2 (pulse B in Figure II.14).

If there is no R-C integrator, then pulse sz would act upon the pentode's
second grid without distortions. Here, first, false tripping of the circuit would
be possible from A pulses cainciding with the pulse x. porch, and, second, proper
tripping of the circuit by B pulses would become unreliable. Thanks to the action
of the R-C integrator, the porch and drop of the pulse of ils output voltage =
are stretched. Stretching ("tilting") the porch of this pulse rules out the circuit
being tripped by A pulses, while stretching of the pulse's droop insures reliable

circuit tripping by a 8 pulse.
EXERCISE I1.6

Formulate the requirements for the magnitude of the time constant for integrator
-=#, , fulfillment of which is required for normal nperation of the coincidence

circuit under examination. (Page 449)

3. Obtaining a Time Delay

R-C integrators often are used to create a time delay at the moment pulse
trigger circuits or electronic relays are tripped. The following is the general
operating principle of such devices. A starting signal in the form of a pulse
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ar of a change of pulse of positive polarity with a steep porch is supplied to
the R-C integrator’s input. This network's output voltage picked off the capacitor
is suppliad to the conirul grid of starting triode H“¢=dc ., This tricde in the
jnitial state is blanked by negative bias '’ .-~F.. |, vhere L..<O— is triade
cut-aff valtage. Under the influence of the starting signal, voltage at netwvork
output (in the triode grid) begins to increase gradually and reaches cut-off voltage
F. only during the passage of a slight amount of time after the effect of the
starting signal's porch. Therefore, the moment the triode opens, i. e., tripping
of the trigger circuit, is delayed accordingly relative to the starting signal's
porch., Delay time ‘, will depend on the magnitude of the initial negative voltage
in grid {. ., cut-off voltage .., and the rate of voltage increase in the capacitor,
i. e., on the amplitude of the starting signal and the intcgrator's time constant.

Provision of sufficiently-high time delay stability requires that the valtage
in the tube's grid at the moment threshold cut-off voltage is exceeded increase
with a sufficiently-hign rate. Therefore, network parameters usually are /47
selacted so that the time delay ohtained will correspond tg the initial sector
of the exponent of the R-C integrator's output voltage.

Yxn te
g e |
C’ Lnd (8131 ¢
A, 2
[] N
LEH s
z . / \\
C} u,;. Y e
‘9 7, nn
2, [
3 \
- ]

y
4 ¢ &)
Figure I1.15. Trigger Circuit Starting Delay.

One possible trigger circuit starting celay circuit and curves of voltages
explaining the obtaining of the delay are depicted in Figure II.15. Starting
triode L in initial state is blanked by negative voltage U.. picked off divider
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RS’ Ra, R}. The magnitude of this voltage may be changed with the aid of

potentiometer Ra. A positive square-vave trigger pulse across isolating capacitor

C, is supplied to the input of integrator Rl' Cl and stretched by it. Therefore,

the moment the triode unblocks is delayed relative to the moment of action of

the trigger pulse to porch by time ¢, . A negative change of pulse of its plate
bt voltage UYs=Usm: , by which the trigger circuit also is tilted (see Chapter VI,

8 2), arises the moment the triode unblocks.

Changing the intitial negative voltage in the grid, it is possible within
slight limits if, also to change the delay time: where (" 1> |U,| £t .

RS A time delay on the order of units or fractions of microseconds is obtained by
TR using similar circuits.
Yy
”3 OEa o
’//
tg //
WL
ienonnun,. bl tif --L
yenu E.W
- (4) ’
. . ﬁ
¢ (%)
" ':-: Figure II.16. Electronic Relay Tripping Time Lag. (c) ~- Start;

(d) — Actuator circuits.

A circuit for an electronic relay with fixed time lag t,=const. 1is depicted
in Figure [1.16. The circuit is assembled on triode L and includes voltage divider

Rl’ RZ’ command relay Pl’ integrator Rl, Cl, and actuator relay Pz.

The relay Pl
contacts of this relay form divider circuit Rl' RZ' from which is picked off constant
negative voltage blanking the triode ([',.<E,. . Up until this voltage, /48
capacitor C1 is charged: C:: Le=l,., The command to start the circuit is supplied

vinding is deenergized in the intitial state. The nommally-closed
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at moment to in the form of voltage feeding relay Pl' When this relay trips",

its contacts open and the divider circuit is interrupted. Recharging of capacitor
Cl along circuit *Ea’ resistance Rl’ capacitor Cl, 'Ea (chassis ground) begins

from that moment. DOurinc the recharging process, voltag2 in the capacitor increases
from initial value U,<0. , striving towards value [,>.0 by the lav of exponents,
vhich, in accordance with (X[.10), may be written in the form

([, -9 (11.37)
"c=”,=U‘o+(Eg—Up)nl—¢ ‘,. .
where <=-r,C, -~ recharging circuit time constant,

At moment tl’ when this voltage reaches cut-off voltage, triod L opens, its
plate current will pass through the winding of relay PZ' and the latter trips,
switching the actuator circuits with its contacts. The voltage rising further
in the grid is limited at the zero level due to the tube's grid current, for which

sufficiently-large resistance : R, >+7,. is selected (see } V.3).

Lag time [,=t;—!s obtained in this manner may reach several seconds.

EXERCISE II.7

a) What limits maximum delay time in the Figure II.15 circuit? What limits

the selection of the integrator's time constant?

b) Compute the time lag obtained in the Figure II.16 circuit if /49
E, = +300V, E_ = -300 V, Rl=2MQ Ry = 20 k§Y, €)= 2 F, Ego = 8 V-

What malfunction will cause the circuit tc trip without a time lag? (Page 449)
4. Conversion of Pulse-Ouration Modulatisn to Pulse-Amplitude Modulation

In the event pulses of varied duration are supplied to the input of an R-C
integrator, pulses with an amplitude proportional to the duration of the input

“We accept that  x(m)=E. X0 =Lle  in exprassion (XI.10Q).
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pulses may be obtained at the netwvork's output:

L.nu. ~ Ly (II.;G)

T -t -
p W e
T — v t

Figure II.17. Conversion of Pulse-Duration Modulation
to Pulse-Amplitude Modulation.

This idea behind such conversion is explained in Figure II.17.

An analogous principle may be employed for selection (extraction) of pulses
by duration. To do so, R-C integrator output .ultage is supplied to the input
of the trigger circuit or pulse limiter from selow with threshold voltage ! -
(dotted line in Figure I1I1.17. Then, pulses will arise at device output only in
the event that the pulses at the R-C integrator output exceed value L“°“, i. e.,

pulse duration at network input excer s the assigned duration ¢, f,n, -

EXERCISE II.8

How must the R-C integrator time constant be selected in order to fulfill
relationship (I11.38)7 (Page 450)

5. Smoothing Filters
R-C integrators often are used as filters which smooth ctray pulsations of
constant or s'dwly-changing voltages. We will determine the frequency characterist.ics

of an R-C inteqrator in order to explain its filtering properties (see Attachment
6).

61

P

s bass




K (w)

* 1L—~\\\>
0,707 —=--~

B

AR

e

9t
e) T
¢ (-]

Figure I1.18. R-C Integrator Frequency Characteristics.

Using the method of complex amplitude, for R-C network circuitry (see Figure
1I.18a) we will get

1 5 1°, 1
14 — ——f" o —
L bur = I /= R+ 1 jul jel’

from whence, in accordance with (X1.20), the network's complex frequency char-

acteristic equals /50

K’(U) = L (wigy, = 1 - 1 — «CR -
L'es T = oCR TR TR

Hence, based on (XI.23), we will get the expression for the network's AChKh
[amplitude characteristic] and FChkh [phase characteristic] in the farm

*For separation of the real and imaginary part «.. , the numerator and the

. : ! <y ;
denominator of expression . -7% are multiplied by expression (- .C&.

complexly conjugated with the denominator.
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Y(w) = —arcyvCR = —~arctgws:, (11.39)

I\'(W) £

These characteristics are consiructed accordingly in Figure [I.18b, c and
shov that, when harmonic voltage passes across this netvork, a decrease in its
amplitude and a delay in its phase will ocrur, vhile both effects manifest themselves
the more strongly, the higher the frequency of the harmonic veltage (given

w0k (0)~0 p(») ~— ). Since low~-frequsncy hamonics (given

w—=0K(w)—~1 4iu.)—=0) will pass across the network in the best manner, it
is a low-frequency filter w<ws . The network's bandvidth 30 will fall
between frequency w=i) and upper frequency limit ws, which, in accordance with
determination of the bandwidth, will be found from condition .‘((w,)=-—'— .

b2

Using the first (I1.39) expression for the networks AChkh, we will get

from uhence

- _i. (If£.39a)

If pulses vhose spectrum lies completely outsidr the limits of its bandwidth
are active at the network's input, then these pulses will be suppressed at /51
the network's output, i. e., pulse voltage smoothing will occur. The smoothing
action of an R-C integrator is explained in Figcure II.19.

Since the frequency of the first (lovest-frequency) harmoniz of the pulse
spectrum equals pulse repetition frequency 2 =1, , then the frequency smoothing
condition is

1
Q.)w.=+ Han 3o = (11.40)

This condition must be met in all cases where R-C integrators are used as

smoothing filters.
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Figure II.19. Voltage Smoothing (Filtration) by am R-C Integrator.

v et

EXERCISE II.9

Explain from physical representations the formm of an R-C integrator's AChKh
and FChKh (Figure I1.i8). (Page 450) 5

ok ”
B .
dhhesioncioniduntis

== - 6. Influence of Parasitic Parameters
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Fiawre [[.20. Ffor Determingtion of the Influence of
Parasitic Parameters on an R-C Integrator.

We will examine the influence of input signal source internal resistance . ,

input capacitance ‘'« , and resistance ?.. of the next stage (load) on an R-C
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integrator. An equivalent circuit for the netuvork considering these parameters

is depicted in Figure 11.20a. This circuyit immediately will lead tn the Figure

I1.20b circuit, unere -2 - - o = . Resistance R' and capacitance C'

farm an integrator vith time constant - =v.. ~-=#: . Thus, source internal

resistance and the load input capacitance unly improve the network's integrating

properties. In the event cf necesesity, their influence may be considered by the

correspcnding decrease in R and C. e will redrav the circuit in Figure [I.20b

in tre form shoun in Figure I1.20c for consideration of the influence of resistance
and ve vill use the theorem concerning an equivalent oscillator relative to

points aa (see Attachment 5). Then we vill get the circuit in Figure II1.20d, /52

vhere, in accordance with (XI1.19),

R!I
ty =ty = <y (Il.41)
vhile the time constant of the resultant network equals
L= C=RC <t (11.41a)

Consequently, the influence of resistance Rummanifests itself in the decrease
of bottr network cutput voltage and its time constant. [t is evident trom ratios
abtaired that, given the assigned magnitude Rar, it is advisible tso use R'>Ru
since this cnly reduces the network's output voltage, essentially vithout increasing
the equivalent time constant, i. e., vithout :ncreasing integration p-ecisicn.

This consideration limits the maxinum value of resistance R,
§ 4. PRACTICAL USE OF DIFFEFENTIATING R-C NETWORKS

1. Pulse Shortening (Peaking)

A circuit for 2 differentiating R-C netuvork vas depicted ir.Figure II.1lb.
The main use of differentiating circuits is for shortening (peaking) pulses for
snaping shart-curation pulses for triggering, cut-off, and synchranization of
pulse generators and faor other purposes. Therefore, differentiating R-C netuorks
also are called choppers. The chopping action of an R-C network is explained /53

in Fiqgure [I.21 (see alsa the curve for voltage 4« in Figure 11.9c where
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<=7<,). Due to the action of the porch of a square input pulse (Figure II.21a),
in accordance with (I1.3), an exponential pulse of capacitor charge current vith

amplitude _:—"_—- (see Figure I1I1.21b) arises in the network, while the voltage

in the capacitor increases by the law of exponents (Figure II.2l¢). When condition
(I1.313) =-<lr, is met, the charge of the capacitor essentially ceases long

before the termination of the - wut_pulse. Here, 4,=0. ue=ly. .

lex
}
a {Us
+
oLt t
[ brax -
S N —
i (
O =7 fl/ ¢
b
Ue
e |1
N\
ot ¢
Vonix
T
} { Q5UM p
T T 1
Was Unix

Figure 11.21. R-C Chopper Action.

An exponential pulse of capacitor discharge current of opposite direction
with amplituce/, =/, ==/ = -";Aarises in the network in accordance with (II.9)

during the action of tne input pulse's droop, while the voltage in the capacitor
The netwark's output voltage is picked
Therefore, two short exponential

decays by the lav of exgonents tao zero.
of f resistance R and equalsdsur= “lLax—Uc=iR ,
voltage pulses of cpposite polarity with idsntical amplitude L":;_,=L";', -[R= Uy
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(Figure I1.21d) arise at the network's output at the moments of action of the

input pulse's porch and droop.

It should be underscored that voltage jumps corresgonding to the input pulse's
porch and droop always are transmitted completely to the network's autput (see
Attachment 2). Duration of the output pulses is determined by the netwvork's time
constant and couplad to it in the following manner. Since an exponential pulse

is described by the expression u,,,=1L_..¢

EIEY

s then, determining its active duration

fay

tat level 3l f(a<l) , ve will get gl = ==L',_'e- © , from whence /54
t=zln+. (11.62)

Using the normal method of computing the active duration of a pulse at level
050wz (see Figure 11.21d), ve will get

te.,=sln2= 7= (11.42a)

23

EXERCISE 1I.10

Redrav from Figure II.21 the curve of the output voltage of an R-C chopper
and indicate hcv this voltage =ill change if:

a) the netuvork's time constant is decreased by a factor of 2;

b) if the network's time constant is increased by a factor of 2.

¢) if the .input pulse's duration is increased by a factor of 2. (Page 451)

2. Influence of the Finite Duration of an Input Pulse's Porch
Above, we examined passage of a square pulse with vertical porches across
an R-C chopper. Now we will examine hov the finite duration of an input pulse's

porch influences the amplitude and shape of this network's output voltage.

For simplicity we will accept that the voltage in the pulse's porch increases

d . . . -
by linear lav u,=bf , vherep = _‘-"2 =L;L'--1s pulse steepness, after which it
- »
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Figure 11.22. Influence of the Finite Duration of an Input Pulse's Porch.

will become constant (Figure [1.22). We will find the lawv of change of network

output voltage given action of a linezr porch with the aid of the Duhamel integral

for the network's transient characteristic (see Attachment 8). Assuming in expression
(11.14) that t >0 E=mg({) =1, ve will get the network’'s transient characterisitic

(X1.25) in the form kf)=se ' and, in accordance with (11.26), ve get

! [i

‘ - -t’ 14 __l_

Brg= e ' dt‘aér(.l—c '). (1I.43)
)

Hence, the increase rate, i. e., steepness of the output voltage's /55

porch, equals

(1I.43a)

At the termination of the porch's action, in accordance with (1I1.43), output

voltage reaches amplitude value

{ _o _( -
Upa=trl—e T/mlit—e ') (11.44)

After thiz, capacitor charge continues, but already under the effect of constant
input voltage, in connection with which output voltage decays by the law of

exponents
1=ty

Rype.en = L
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It follows from ratio (I1I.44) that, due to the finite duration of the input

pulse's porch, output pulse amplitud: decreases in ratio

[ K i.
._Ls"'=?—; l—e /1. (11.44a)

. . - . ¢ :
This expression will strive towards 1 where {1..0 and decrease given

: ¢ - ¢
increase -2, striving towards zero where T’-.co. .

The duration of the autput pulse increases to the magnitude of the input

pulse's porch:

:,,,,zt,+3=. (11.45)

Ratios (II.43a), (II.¢)(II.49make it possible to form the fallowing conclusions.
Given any differentiating circuit finite time constant, the influence of the finite
duration of the input pulse's porch manifests itself in a decrease in the steepness
of the input pulse's porch and amplitude (in comparisan‘with the steepness of
the input pulse's porch and amplitude) and an increase in the output pulse's duration.
The steepness of the output pulse's porch and amplitude increase during an increase
in the network's time constant. However, here, output pulse duration increases

due to stretching of its droop.

EXERCISE II.11

a) DOraw the curves of a differentiating R-C network's input and output voltages

i Jiven the action on its input af changes of voltage with a vertical and sloping

linear porch of identical amplitude, ifs=fs. ==l :==05,
b) For. 'late the condition of pulse porch differentiation. (Page 451)

3. Influence of Parasitic Parameters /56

We will examine the influence on a differentiating R-C network of the internal
resistance of the input signal source (of the output resistance of the previous
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stage) R , input capacitance s , and resistance RBx of the next stage (load).

An equivalent circuit for the network taking these parameters into account is

depicted in Figure Il.23a.

s (c) (d) ¢

- ———

Figure I1.23. For Corsideration of the Influence of Parasitic
Parameters on a Differentiating R-C Network.

Strict analysis of this circuit's properties is sufficiently complex and
However, even its purely qualitative examination permits

is not part of our task.
Resistance Ru is connected in parallel

the followin3 conclusions to be drawn.
with resistance R and, therefore, only decreases the network's output resistance,

i. e., its time constant. Consequently, this resistance only-improves the network's

Resistance R;, due to the change of voltage forming in it,

- chopping action.
In addition,

decreases the network's transfer ratio, i. e., output veltage amplitude.
this resistance increases the network's time corstant, which will lead to stretching
Capacitance Ci: rules out voltage jumps

of the output pulse due to its droop.
Thus, it is

at netvork output, i. e., the output voltage's porch is stretched.
evident that the influence of parasitic parameters manifests itself in the decrease
in output pulse amplitude and additional stretching of its porch and droop. We
vill examine this problem in greater detail, having assumed that a pulse or a
change of voltage with a vertical porch is acting upon the network's input.
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The Figure [I1.23a circuit easily will lead to the Figure [1.23b circuit, /57

vhere ¢ =z -“_ﬂ'-"—/:’? . We vill assume that C>C.. | Then, it is possible

in the first aéé}oximation to disregard the influence of capacitor C for rapid
changes in output voltage during shaping of its porch, i. e., for the high-frequency
harmonics of the output voltage's spectrum, Actually, during pulse shaping time,
valtage in this capacitor increases only slightly and, therefore, has almost no
influence on output voltage. It is possible to consider from the spectral point

of viev that, for high-frequency harmonics, capacitor C is only very slight
resistance, which need not be considered. In this event, the Figure [I.23b circuit,
with the aid of the theorem on an equivalent oscillator, will lead to the Figure

. 2. _ e
I1.23c circuit, where R, = TR .L.=L..m . This circuit is an R-C integrator

and shous that the output pulse's porch is stretched in conjunction with the process
of charging parasitic capacitance (,, vith time constant +m=R,Cor. . Therefore,
porch duration will comprise f»suv=3R8,Cs.. Moreover, since U,<U., , output

voltage amplitude will decrease.

On the other hand, for -low changes in output voltage during action of the
pulse peak or change, i. e., for lov-frequency harmoi.ics of the input voltage

spectrum, it is possible to disregard the influence of capacitance Ce. since

dday «

its resistance will be great (current branching to this capacitance i,-.\‘=C -
is slight). Then, the Figure II1.23b circuit will lead to the Figure II.23d
differentiating circuit. This circuit's time constant equals waw==C(R +R') >z,

vill lead to stretching of the output pulse's droop: lepsur=3C(R:+R) . In addition,
due to the change of voltage to resistance #. , output voltage will decrease

by a factor of —P—;L . The actual shape of the output pulse is shown in Figure

I11.24 (dotted line 1 depicts the shape of the output pulse without consideration

for the influence of parasitic parameters, while dotted line 2 depicts the /58

shape of the output pulse vithout consideration for the influence of capacitance
Ty ). Usually, C> (4+3)Co  is chosen, with the output pulse's porch here

being still sufficiently short in comparison with its overall duration, which

is determined by the decay time. However, the extraordinary increase in C for

a decrease in the influence of Ca is unadvisible since, with the assigned output

pulse duration, this vould require a decrease in resistance Ri(-=R°C, . But,
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the latter would lead to a decrease in network output voltage due to the infll.;ence
of resistance R: . lloreover, given ?<R., output pulse duration still will depend

wnsufficiently on resistance R(R').

4. Voltage Divider High-frequency Compensation
=~

The voltage divider Rl' Rz circuit with transfer ratio K=£5,!,L=Te.—ﬁ_’k',"

is depicted in Figure II.25a. When pulse voltage is transmitted across this divider,
load input capacitance Cu. (of the next stage) exerts material influence. Since
this capacitance shunts the divider's output and its resistance decreases as frequency
rises, it elicits high-frequency distortions in the shape of the transmitted pulse

— stretching of its porches. Actually, using the thegrem on an equivalent oscillator

relative to points aa, wve will switch to the integrator circuit in Figure I[I.25b,

vhere R--‘-;TR'TR;T, . Thus, the shape of the output pulse's porch will be determined

by the charge of capacitor C with time constant

<, = R,C,,.

Compensating capacitance C. (Figure I1.25¢) is connected in parallel to
resistance R1 for divider compensation in the high-frequency realm. This capacitance,
shunting resistance Rl on high frequencies, imparts differentiating properties
to the network: the divider's transfer ratio increases for these frequencies
{AChKh roll-off increases in the high-frequency area).* Selection of capacitance

“» magnitude will occur based on the following considerations. The influence

of capacitances C,, and C, (—-;:'—)R,. 7‘-)-&) may be disregarded at low
Al wlu

. L. . . , R, .
frequencies and the divider's transfer ratio equals I\.—m . On the other 3
hand, one may disreqard the influence of resistances Rl and Rz

1 . Ly
o R:(T(_'F"-(-R:' T,;;<R|) at high frequencies. Here, the result is capacitive

Ce

voltage divicer £, C,, and transfer ratio s = ;=7 . /59

-

PRr PedPud

*Since the steepness of the pulse's porch at divider output increases here,
capacitance C. often is referred to as an accelerating capacitance,
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Figure [[.25. Ffor Voltage Divider Compensation.

It is evident that equality K.=K,=const {see XI.23) must be a condition

for undistorted pulse transfer, i. e.,

R, [
k;?ﬁw =L|“'(-n'

hence

CaRy= (R, (11.46)

A divider vith compensating capacitance (C, 1is called a compensating divider
when conditian (11.46) is met. Such a divider transmits, without distortion,
the shape of tte uw pulses ucting at its input. However, the shape of these pulses
Ysx carpared to that of oscillator pulses “r ic distarted due to the /60
influence of the internal resistance R. of the pulse generator. Oistorted
“e1 pulces are transfertad to the divider output already without additional

distortions when cundition (11.46)
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is met. Thus, pulse distortions are unavoidable even at the output of the compensated
divider. We will turn to the circui® shown in Fiqure I1.25d, where oscillator
internal resistance R has been considered, in order to examine this problem.

Disregarding, as usual, the influence of resistances Rl and Rz at high
frequencies, ve will get the circuit shown in Figure II.25e. Given the effect
of the pulse Y porch, capacitanceC,, in this circuit will he charged with time

constant
% =R.C,,
where
CuCauz
C' = Ce+ ann

But, if the compensating capacitance was aosent, then charging of capacitance
s would occur with time constant :=R&Cyus> (Caus>C.) | Therefare, connection
of compensating capacitance C, in this case as well will lead tao a reduction

in the output voltage's porch.

Connecticn of compensating (accelerating) capacitances is used in triggers,
phantastruns, and other pulse circuits, when there is a requirement to compensate
for the influence of parasitic capacitances connected to voltage divider output.

EXERCISE II.12

Obtain ratio (II.46) using the expression for the complex frequency char-
acteristic of the netuork depicted in Figure II.25c. {Page 452)

§ 5. TRANSIENT R-C NETWGHKS
1. Role of Transient R-C Metworks. Linear and Nonlinear Transient R-C Networks
Radar station pulse devices may comprise nany tube stages of varied purpcse

connected together in a specific sequence. S5tage connection, transfer of pulse
voltage from the output of one stage to the input of another, as a rule wvill occur
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across transient R-C retwvorks. A transient R-C network insures minimum shape
distortion, i. e., of the alternating component of the transmitted pulse voltage R
and isolation (separation) of stages by direct compcnent. Separation of stages
by the direct component is required so that the second stage's operating made

in direct current may be supplied regardless of the direct component of the first
stage's ouiput voltage. The circuit for a transient R-C network was depicted

in Figure Il.lib (it does nat differ from a differentiating R-C network) /61
while, in sccordance with (I1.32), ratio <.»f. must be met for a transient R-C

netwvork.

The processes of charging and discharging capacitor C will occur alternately
in the R-C network when pulse voltage is trznsferred across it. Capacitor charging
will occur with time constant %, =CR, , wherel." R, — resistance in the charging 3
circuit, while discharge will occur with time constant ;,=(R;. , where R,.-
resistance in the discharging circuit.

If resistances in the capacitor charging and discharging circuits equal each :’
other (R,=R,=R) and, consequently, the time constants of the charging and %
discharging circuits are equal (z,=m<p=1) , then the transient R-C network is 1
c272rred to as linear. If the resistances in the capacitor charging and discharging

circuits are not equal (R, » Ry} and, consequently, the charging and discharging k
time constants are unequal (s, = %) , then the network is referred to as nonlinear.

ﬁ___l—c’] 1;:'- Fcr 1 K—_f ir

u
Ugs t 1 Yswx U g | | I“a :
3 'IJ i el .LL -
——
a «)
F.gure 1I1.26. Linear (a) and Nonlinear (b) Transient R-C Networks. 1

The ratio of resistances R, and R, usually is determined by the properties
of the stage's input resistance R... connected to network output (Figure 11.26).

If resistance R., is not changed as the network operates, then R, =R, = RR_"’;
t

and the netvork is linear (Figure II1.25a). )
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[f resistance Rux for charging currvnt has one value (Ra.;), while that for
discharging current has another (R.;ﬁ , then R, =R, and the network is nonlinear
(Figure 11.26b). For example, if R..s">HR (switch K vill be open), while

Ru2«<R (suitch K will be closed), then

RII, \R —~—
= Ro=z i~ R~ R
while
Ra oR (11.47)
R’ = u.p’? R :'R""'

EXERCISE [I.13

a) Point out transient R-C networks in Fiqures 1I1.18, III.29, VI.5, and
vIi.l0.

b) Orav the curves of the current and voltage in the capacitor and of the
uutput voltage of a transient R-C network given the effect on its input of a change

in pulse (step) of constant voltage with amplitude Ug- (Page 453)
2. Passage of a Single Pulse Across a Transient R-C Network

We will assume that a single square pulse is active at the impul of a linear
transient R-C network, The curves of voltages uc and Usui=ux for this example
vere examined in Figure I1.9 (example t=<+>t) ) and are repeated separately
in Figure I1.27. At the initial moment in time (t = 0), dar=Us, uc=0 and 4smux=C

we =, ¢ the input pulse's porch vill be reproduced completesly at the network's

output. Further, vhile the pulse (u;=U,,=const) is active, capacitor C charging
will occur and voltage ue¢ gradially increases:u(___U“(l —e ‘L) . Since
Usug™Har — He.  in accordance with Kirchhoff's second law, then voltage u.uz here
decreases by the same lav of exponents and, at the end of the pulse (where (=t ),

l.
vill comprise Usuzwan*Uss — U yane » vhETE Ucue ™ (_z"(/ - T) — maximum voltage

to which the capacitor was charged. When =3»¢, , capacitor C is charged /63
slightly for time tn . Thetefore' Ur wane *’;Lln and Lyt wmn T guiwane =L, .
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Figure 11.27. Passage of a Single Pulse Arross a Linear
Transient R-C Network. (a) -- C Charge; (b) -- C Discharge.

At moment (=!, , the pulse's droop is reproduced co- 1letely at the network's
qutput, output voltage with a jump decreases to value —Ucume + Actually,
when u, =0, 2c=Ucuen , We will get dsusr=—Ucwane . Further, complete discharge
of the capacitor with jdentical time constant = will occur. Ouring the discharge
process, dsuz=—uc (where (>t u,, =C) and voltage u.; , remaining negative,
decays to zero by the law

l—l.

U ys = =~ L'C wexc®

Thus, a single pulse is transmitted across a linear transient R-C network
with, in principle, unavoidable distortions, which shov up in the exponential
decay of the output pulse's peak to magnitude AU,uz=Uc e and appearance after
its termination of an exponential "tail" of negative polarity output voltage with
amplitude —Ucwane . Quantitatively, these distortions are evaluated by the factor

m am ll'l'l. veKC — L'ﬂ\n L 1L . 1 - _”_'gu'_
Cows. usee Cour. wane (11.48)
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Since #,,, = U, wc® ' as capacitor C charges, then U,., .= Lsue winc®

and - ;

4y~
]
—
")

mel—e s (11.48a)
E

hence it is evident that magnitude m will be less, i. e., the closer the input

pulse’s shape is to beinqg square, the greater the network's time constant = .

Actually, when = increases, the charge will occur moce slculy., Therefore, during - Y

. . =
time & , the capacitor succeeds in charging itself to the lesser value Ucwae ;_i
resulting in the decay of the pulse's peak, as well as the negative spike amplitude, 3

decrease as well. However, here, if the network is lirear, the output voltage's

tail elongates in the area t>! , since capacitor C charging also slous.

If one supplies assumed value Mia and requires that pulse distortions not
exceed the assumed values (m < m,,) , then, after taking the logs of (I1.48a),
ve will get

D
N (11.49)

This formula makes it possible to compute the requisite magnitude of the
transient netwvork's tim<: constant frcm known duration of the input pulse and assigned

value M. Ffor examp’e, ifm_w,-,o,l (U.u;_ wen =0.9 Unu. nu.-c)t then '.> 103 g o

We will examine how the ratio of resistances R, and g, influences /64 5

the shape of the pulse at network output. =

Ouring charging, the capacitor acquires quantity of electricity

'l

g, = \'l-d(

-t

» where |, —- charging current, vhile, upon termination of the output

R

pulse, given a complete charge, the capacitar must lose the identical quantity
of electricity
o= _“ i’dlsq,,
(]
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where , -- discharging current.

Figure 11.28. Rati. of Areas Constrained by Curve uiu:
(8) == For a linear R-C retwork; (b} -- For a nonlinear R-C netwcrk.

But, according to Uhm's lav

vhere uzs, and a, -- pasitive and negative output voltages arising during the

ot

charge and discharge of capacitor C, respectively. Therefore,

1 dt.

V-
TT u_‘_l d =’R7\ U1

o,

The integral on the left side of this equality graphically equals the /65
positive area ;/- Llimited by the output voltage curve for the time the pulse is
active, vhile the integral on the right side eguals the negative area [I- limitz~
by the output voltage curve after input pulse termination. Therefore, the latter

expression may be written

- n- R ,
ﬂ;=’?__ or 77-_-=7i‘- (11.50)

79

—— e riwa

hgs




"y

P P

vows e

[t follous from this that if a transient R-C network is lineariR,~=R,) ,
then the positive and negative areas limited by the output voltaje curve must
be equal, i. e., I-=/T~ (Figure I1.28a). If it is nonlinear (R, =£X,) , then
the equality of the areas is disrupted. For example, if R,>»R, , then

1= 1= (Figure 11.28b). In this event, capacitor C rapidly discharges after
termination of the input pulse due to the slight R, magnitude, which alsg will
lead to a reduction of the duration of the voltages negative "tail."

Upx

0 T :

Figure [1.29. For Exercise I1.14,

EXERCISE II.14

a) Oray curves of voltages v, and “wws. if a pulse vith positive initial level

t>v  [Figure 11.29) is active at the input of a linear transient netwvork.

b) Drav the shape of the cutput voltage of a transient R-C network acted

upon by sguare puise with U=9, if £ IR, | dut = =L DI (Page 453)

5. Passage of a Pulse Train Across a Transient R-C Network. Direct Component
Loss. Dynamic Bias

We will examine init:ally pacsage of a pulse train across a linear transient
P-C netuork. e v1ll assume tnat 3 periodic train of square pulses is active
at the Input of such a netuerl., deginning at moment t = O (Figure [[.30a). Let
mandatcrcy corditien (11,32 *.2¢,. be met in this netuork, but the resting time
betueen culses be insufficient for complete capacitor discharge ({3<3- . Then,
capacitor C, wnsufficiently charged during a reqular pulse, dees not succesd in
dischar;ing completely during the resting time, Therefore, during passage of

a certain numper of the first pulses in the train, positive voltage increment
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Figure II.30. Passage of a Pulse Train Across a
Linear Transient R-C Network.

in the capacitor for the time each pulse Alc, will exceed in magnitude the negative

increment of this voltage for the resting time following the pulse AMley : /66

A > 3Uc.I. (11.51)
As a3 result, 3o depicted in Figure I1.30b, at the beginning of each subsequent
pulse, excess voltage U/(,>0, vill exist in the capacitor. Vhen inequality (II.51)
is met as a result c¢f the accumulation of charges in the capacitor, this voitage
qradually vill increase from pulse to pulse (with a rise in the number of period
N), i. e, L¥FSLUY . Simultanecusly, voltage in the capacitor will increase

at termination of each succesive pulse (L¥2'>LE,) .

Since the charge of the capacitor during the time the pulse is active will
, while its discharge during resting
, then based on (XI1.10), voltage increments

occur uncer the effect of voltage U'),,—1'.,
time will occur from initial veltage (',
Alcyand Aley, respactively, equal
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Ve, = Lé‘. - L'CV. = (U" -— U‘:'.) (l - T);

" 11.52
( . ( )

W=l =Ly ==C81—e"7)

Since LY, and L& rise as time passes, then positive increments e
gradually decrease, vhile negative increments AUry increase in magnitude. As
a result, the rise in residual voltage (', gradually slows down. After a certain
amount of time t=t, , dynamic equilibrium is established in the capacitor:
the amount of ele ~*=~":ity accumulated in it during the time of charge ‘. and the
amount of “=~tricity lost during the time of discharge ts, will become equal
=, . The following equality begins to exisc from this moment

Aea=ic!s (11.52a)
while the residual voltage achieves the set value
Uea=8c.
The lau of change for the network's output voltage is depicted in Figure

11.3Cc. Based on Kirchhoff's second lav, u,us= mu,—tc - As is evident from
the curve, due .o the increase in residual voltage in the capacitor Ucs, the initial

*for simplicity, the moment of the beginning of the charge (initiation of the
pulse) is accepted as the initisl moment of time t = O in the first (11.52)
exprassion, while the beginning of discharge (end of the pulse) is accepted in
the second expression.
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level of output pulses [,u, (dotted curve) displaces "downwards"lwu:==—U¢, and,

vhen t33¢,, it becomes equal to

Ly =—3L0 (I1.52b)
We will find the set valie Usue , stemming from the ratio of areas g+ and f-
in Figure I1.30c. Ratio .II.5Q) must be met in the set mode and is
{Ry=Ry) M=/I-. for a linez= network. Disregarding the distorted shapes of

the pulses, in accordance w.th "icire I11.30¢, in range t>t, wve will get
n+=.':uu—|,c_'_"-un te ﬂ'=[(;’“,[t. (11.53)
or, comparirg these areas and considering expression (I.3)

(___',"=*-5L'¢=*L',,-;T=—LT=—U'"= (11.54)

Thus, when a periodic train of pulses acts upon a linear transient R-C network
in the set mode, itc capacitor discharges to the value of the input signal's direct
component, while the initial level of the output signal disglaces to the magnitude

of the alternating component with an opposite sign. Here,

=U,, T L"-l =y - T L'u- - L'n: =u . L-"“._. =4y ( 11.54a)

”'ll

— only the alternating component will be reproduced at network output and, /68

consequently, a loss or the input signal's direct compunent will occur.
We now vill mave to a nonlinear transient R-C network (R, =R,). .

Disregarding, as usual, pulse shape distortions at network input and using
equality (II1.53), we wiil find that, in the set mode based on (11.50), the folluwving

condition must be met (i —10,..]) 1 R,

{Courifa Ry
. , . WR, .
(;"‘=—?‘LC=-LH?’;:,—’QI="Ln';T‘—,"__'~ (II.55)

hence

_ *For sinplicity in the first expression (II.52) we use the moment of charge
initiation (pulse initiation) as the initial moament of time t = 0, and in th2
secornd expression - the discharce initiation (pulse end).
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Figure I1.31. Passage of a Pulse Train Across a Nonlinear
Transient R-C Network Where R, %R, .

It follows from this expression that, depending on the magnitude of ratio

L
R, the ouptput voltage's initial level may change (consequently, as opposed

to a linear network, it will not depend on the direct component of input voltage
ZOPS

Actually, if, for example, R, >R, , then _g;); . Consequently,

|

f1* 2> M- and, in accordance with (II.53), q.“-O. . The curves aof voltages

Ues. 4c and usue for this case are depicted in Figure I1.31. Here, capacitor
C, sligntly charged during the time of pulse ‘. , then rapidly discharges /69
during resting times as a result of the low magnitude of resistance Ry . Therefare,
at the beginning of the action of each successive pulse, there is no residual
voltage in the capacitor (Figure [I1.31b). Since dyus=ue —ic, , then each pulse
at network output begins from the zero level (Figure I1I1.31c). In other words,
vhen R, »R, , the output voltage's minimum value is fixed at the zero level

Usus=0. Since U,,=0 also (see Figure I1.31a), then output voltage essentizlly
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daes naot differ from input voltage and their direct components are equal
{Usuz==Ls=) . We will recall that the direct component at the output of a

linear netuark aluays equalled zero, regardless of the value Us= .

figure [1.32. Passage of a Pulse Train Across a Nonlinear
Transient R-C Network Where &,«R, .

1f, on the other hand, R, << R, , then % < | .. Consequently,

s« n- and, in accordance with (I11.55) Uwm—Us . Voltage curves
correspending to this event are depicted in Figure I[.32. Here, as a result of
the low magnitude of resistance R, , capacitor C rapidily is charged during the
action of the pulses to their amplitude value U,; , vhile it discharges slightly
during rest times. Here, the direct component of the output voltage, in accoruance
with formula (1.4}, is negative and equals

U,,,_:-%‘--i-_’.,,-%'!--b',.<0.
In this event, the maximum value of the output voltage is fixed at the /70
zero level Usur=0. .
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It is evident that, selecting the resistance R, and R, ratio, it is bossible
to change the output voltage's initial level and direct component within the

LUwe  range.

It should be underscored that, for a nonlinear network as well, the input
valtage's direct component as usual will not pass across an isolating capacitor.
The direct component of output voltage Lwus= is created independently of Uss=
by virtue of the netvorks nonlinear properties.

So, a loss of the input voltage's direct component and bias in the initial
level of output voltage will occur generally due to the influence of isolating
capacitaor C during transmission of a pulse train across a transient R-C circuit.

The sign and magnitude of this bias, in accordance with formula (11.55), will
depend both on netuork properties (resistances R, and R, ) and on the input voltage
parameters (pulse polarity, amplitude, and duty ratio).

Voltage from a transient R-C network output usually is supplied to the tube
stage input. The initial mode of this stage is determined by the initijal position
of the tube's oper?ting point in its characteristic and is created by bias voltage
to the tube‘s control grid. Additional bias of the output voltage's initial level

to magnitude —3l , stipulated by the influence of the transient R-C network,

changes the position of the operating point and is referred to as dynamic bias
or operating point creep. Usually, the latter is undesireable and is eliminated
by using so-called level holds connected to the transient R-C network output (see
Chapter IV). In some cases, on the other hand, dynamic bias is used specially

in pulse circuit., to replace external negative bias source £, , for example.

EXERCISE II.15

a) How dues a change in initial level, i. e., in the direct component of

the input voltage (displacement of the s curve along the "vertical"), influence

the autput voltage of a linear and a nonlinear R-C network?

b) Cutting off a tube during resting times between pulses requires supplying
negative bias £,<Es , vhere £, - tube negative cut-off voltage, to its control
grid. What input pulse and transient R-C network parameters vill make it possible
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to insure tube cut-off due to dymamic bias? Examine the cases of a linear and

a nonlinear R-C network separately. {Page 454)

§ 6. SHOCK EXCITATION CIRCUIT

] ——
{
‘L “r “n
c=f Ru
r

Figure [1.33. Parallel Shock Excitation Circuit.

A tuned circuit excited by a change of current or veltage often is used during
pulse shaping. This type of circuit is called a shock excitation circuit. A
diagram of a circuit excited by a change of current I is presented in Figure II.33,
This circuit will ccmprise inductance L and capacitance C connected to tuo /71
parallel branches (such a circuit is called parallel); r designates the resistance
of an inductor; R designates a resistance shunting the circuit and it may comprise
curren* generator internal resistance, load resistance, cr resistance specially
connected to create an aperiodic mode (see below). Current and voltage oscillations,
stipulated by the periodic exchange of ener3y betwveen Lne inductance and the
resistance, arise in the circuit when it is excited. The frequency of the
oscillations 1s determined only by the circuit's ‘parameters and, therefore, is
dist:inguished by high stability. Oue to presence of resistances r and R, a portion
of the energy retained in the circuit's reactive elements, is converted to heat
during exchange. Therefore, the amplituce of the excited oscillations unavoidably
decreases over time and. in the final analysis, the oscillations cease (such
oscillations are referred to as damped oscillaticns). Energy losses and,
consequently, oscillation cdamping, are great.~, the greater the resistanze r and

the less the resistance R.
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In accordance with Kirchhoff's first and second lavs, after the action of

the change of current, for the circuit ve may wvrite

: . di
. R . . AQu o 13 e
I=ILTICTIR=IL+C7+T‘. u=L—=r

fod Substituting value {. from the first equation in the secund and considering
that usually A =>r , after simple conversions we will get the circuit's differential
equation:
% + 2:%‘"- + wiu=wllr,t
here » = -tz
vhere =7’
Ry

2= :.-_I_"_ - damping factor.

Considering the initial condition (at the moment the action of the /72
change takes place t=0, t;=0 4 =U 1p=0 ic =/ ) and assuming q<., , ve vill
get the solution of the differential equation in the form

M =—lt.' e”" sin (wt —¢) + /R, (11.56)
e
vhere Rr
Ry= R+r'
“‘:=’-'";'—1’ — frequency of the free oscillations in the circuit;
° -~ initial phase shift.

A curve of the damped oscillations in the circuit, constructed in accordance
vith (I1.56}, i3 depicted in Figure [I.34.

For determination of the polarity of the first kalf-cycle of voltage in the
circuit, one should cons:der tlat, since current jumps are impossible in the branch
vith the inductance, then, at the initial moment, current I=ic , Therefore,

*Sinre the cifcuit contains two reactive elements (capacitance and inductance),
a differential equation of tie second order results.
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Figure II.34. Damped Voltage Oscillations in the Circuit.

the polarity of the first half-cycle coincides with the polarity of the voltage
at the capacitor as it is charged by current [.

If s<€w, (slight damping), then wc=wy . Therefore, the amplitude of
the voltage in the capacitor equals

. [ |
IJC=U=:I~T"_—-=/P.

vhere . =_] 'E — characteristic resistance of the circuit.
t,

The oscillation mode of a shock excitation circuit may be used for shaping
short calibrated pulses occurring with stable period Tu=Te¢ ., Oscillating voltage
arising in the circuit is amplified for this purpose, subjected to bilateral limiting,
and differentiated. One possible use of the circuit in blocking oscillator circuitry

also is described in Chapter VII.

The circuit will convert to an aperiocic mode when condition >w is /73
met (great damping) due to large energy losses in the resistances: only one “splash"
of voltage, whose polarity is identical to that of the first half-cycle in the

oscillating mode, will arise in it.

The circuit is shunted specially by slight resistance R to create the aperiodic
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made. Here, one may disregard the influence of inherent losses in the circuit
, : . wiL o
(in resistance r) and consider that 3T . . Then condition a>we may be
vritten in the form .
wal,
—u.‘>h=
oin l Ic '
~

y—
hence R<—,',-] L

T

Therefore, a condition of critical dampina in the circuit, during which the
oscillating process already does not arise, is

LIS P 11.57

If there is no shunt resistance (R=o' , then 3-=--,,’Z (damping is determined
only by losses in resistance r). In this event, resistance r needs to be increased
to obtain the aperiodic mode. From equality smw , i. €., ﬁ.=ﬁ , ve will

get the conditicn of critical damping in the form

r=2} L. (11.58)

3
t
Figure I1.35. Aper:odic Voltage "Splash" in the Circuit.
3
In a case where 3 2> @ [strongly-aperiodic mode), the solution of the circuit's
differential equation is written in the fomm

;

;e d " 9

L - (11.59) .

ule“e T ™ i
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i. e., it is the cdifference of two expoments, the time constants of which, due

to the fact that R is slight, usually is linked with inequality -;—>RC . The
curve of the aperiodic vol*tage in the circuit (Figure [I.35) is constructed in

accordance with (I1[.59). The duration of the voltage splash received is determined

by time constant iw and approximately equals ; =13-L . Consequently, vhen R

increases, duration decreases.

The aperiodic mode may be used for further shaping of the square pulse /74

obtained from the '"splash.,"

Shock excitation of the circuit may be accomplisned not only during a positive
change of current, but alss during a spasmodic decrease in current from magnitude

1 to zero. Here, the processes in the circuit in principle do not differ from

=3

]
§

ax" g
. . . . [ v ¢ 1) f
those examined, since the current changing in accordance with law/ =;u "i'" (2 _
‘a7 }?*"
may be represented by the sum of direct current 1 and negative change 1
| ©aZlt 15 | qperefore, the shape of the voltage in the circuit vill '
(=, _; PN erefore, the shape o e voltage 1 e circuit wvi
differ from that presented 1n Figure II1.34 only in polarity and in the absence
of a constant drop i1n voltage [ R, where ¢>0 (the last member in expression
11.56;. -
]
5,9
FJ— 9
Lo
. i
‘)_f@ i"'soax
Ugg— : ' )
L
-+
/@) ‘
Figure [1.36, Methods of Shock Excitation Circuit Connect:on. "
A
3
4
91
:.1
4
P PEigh 4




Typical diagrams for connection of the circuit to a triode plate and cathoge

circuit are shoun in Figure I1.36. In both diagrams, the triode is operating

in the switched mode and will serve for creation of changes in current exciting

the circuit. Negative square pulses blocking the triode are supplied to the triode
grid for this purpose. Damping oscillations in the circuit are excited tuice,
acuring the action of the input pulse's porch (blocking the triode} with a negstive
change af plate current and during the action of its droop (opening the tricce)

by a positive change of plate current. Hove.er, in the second diagram vi- the
circuit connected to the cathod2 circuit, when the triode opens, the circu..
effectively is shunted by the slight output resistance of the stage with cathode

load -yﬂ.;==-§}*. Here, the mode in the circuit turns out to ageriodic, i. e.,
damping oscillations arise only during the action of porch . I[n addition,
increased amplitude of the negative input pulse is required in this circuit /75
since, during the action of a negative half-cycle of voltage in the loop, the
cathode potential cecreases and the danger of the triode opening arises. Thus,

the amplitude uf the negative input pulse must satisfy condition
Co>lau="Ep’s (11.60)
where L', — amplitude of the first negative half-cycle uuwux .

EXERCISE [I.16

Drav the curves of voltage = and wuwws foo the circuits depicted in Figure
11.35, assuming that oscillations in the circuit arising during the action of
porch -« are damped completely by the ::me pulse action terminates (during time

N (Page 453

3 7. PULSE TRA“SIGRVER

A pulce transformer {IT) i3 for transformatiocn of pulse voltages and 1s used
mainly for the follouirg purposes:

— changing pulse amplitucde co polaritv;

*See formula (Ili.7i}.
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-- agreement of resistances (for example, of a load vith a feecer's
characteristic impedanc2);

-- couplings betueen stages or circuits vith their isclation by the direct
component .,

- An IT viil comprise a primary (input) and seconcary {output} uvinding placed

on a common ferromagnetic core. In several instances, an [T may comprise tvo

to three secondary vindings vhere there is a requirement for several output voltages.

M
TN
Ll, ‘l

Figure [I,37. Pulse Transformer Circuit.

[

A pulse trancformer circuit 1is depicted in Vigure [1.37 and does not differ
from the circuit of a standard transformer that transforms commercial frequency /76
alternating voltages. in princinle, the processes in a pulse ind a3 stancard
transformer alsc 2o not differ and are descr:bed by knoun equations:

=l oM e - M (11.61)

FI 'l

yhere, in accordance vith figure [[.37, L1 -= jinductance, vhile 1 - current
of the primacy vinding; L, -- 1ncuctance, vwhile 1, -~ culflent of the seconcary

vinding: M — nytual inductance; . (= =P, .

The ma:n sgecific zequitw—ent levied cn an (T s -~.~imal disteortions in the

r

snape of the transmittod culses. Consicering the :coctral composit:ian of pulse
[

svstems, this means tnat an [T =ust be troackanc.
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Figure 11,38, Simplified IT Equivalent Circuit.

The transformer's core primarily must not be saturated in order to reduce
these distortions.* Magnetization flux @, , permeating both windings, and leakage
flux D¢, and @y , each of which coupled with only one of the vindings, arise
in the core as the [T operates. Therefore, an equivalent [T circuit may take
the form cepicted in Figure I11.38, vhere L, — magnetization inductance;

Ly, and Loz — primary and secondary winding leakage induction, &a and

Ce2 -- primary and secondary winding parasitic (inter-turn) capacitances.**
It follows from examination of this circuit’s frequency properties that magnetization
inductance stipulates pulse shape low-frequency distortions, i. e., reduction
of its peak. These distortions are less, the greater the inductance L., i. €.,
the greater the flux ®¢ , and, consequently, the core's magnetic permeability,
Leakage inductances stipulate the pulse shape's high-frequency distortions, /77
i. e., stretching of its porches, and must be as slight as possible. Therefore,

one will strive for a coupling coefficient close to 1 in an IT:

M (I1.62)

K=l—r'—:=il

l’ Lx‘l

High=-frequency distortions also are created due to influence of parasitic
capacitances (, and Cn , vhich shunt the IT input and output. Moreover, parasitic
capacitances, along vith vinding inductances, form oscillating circuits, which
receive shock excitation from the input pulse's porch and droop. As a result,

*This also provides the basis for conditional assignment of IT to the class

of linear circuits,
*+Resistances of active loss:s in each of the win<ings and in the core and

an inter-winding capacitance are not c-nsidered in the circuit for simplicity.
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Figure I1.39. IT Output Pulse Shape.

parasitic damping oscillations arise as the porch and droop act upon the IT output.

The normal shape of an IT output pulse is depicted in figure I[[.39.

The (I1.61) equations for the Figure II.38 circuit may be written

o, ., di ad “di, .
Uy, = Wx%!*l-ol‘d_,‘“i Uyyy = Wo—pt + Lo~ (11.63)

vhere W, and ', - number of primary and secondary winding turns.

Hence, it follows that, if there are no leakage inductances (Lp=Lpa=0

then

.4 (11.63a)
gy, ™= _i} Uy, =2 Uy,

wvhere g z'_,,}/_Ll -~ transformation ratio.

The pover the transformer requires from the source equals . =y, ,» while
the power in the load equals p,mu,,,i;. . [f one disregards losses of energy in

the [T, then pi=po

1 3
nal‘:“ =T,— (11.64)

It is convenient to use IT equivalent circuits in which the parameters of
the secandary network are converted to the primary (or, vice versa, the parameters
of the primary netuork to the second). In the first instance, if you do not
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Figure I1.40. Simplified Equivalent IT Circuit Wher Parameters of the
Seconcary Netwurk are Conver*ed to those of the First Network.

consider leakage inductance and parasitic capacitances, an equivalent IT circuit
like the one depicted in Figure 11.40 may be used, where [L,=Ll, -- macnetization
inductance: . -- magnetization current creating flux @« ; R, . u, =-- load

resistance, secondary network current, and secondary netwcrk voltage :oduced /73
to the primary network, respectively. The values of the reduced magnitudes will

be found from the following considerations.

{f there is no load resistance R, (IT rumning at no load), then ;=0 and
all the current of the primary winding would create magnetization flux bymin, o
when resistance R, is present, current i, creates a degaussing field, vhose action
is equivalent to a decrease in magnetization current passing across inductance

L}
Ll' to slight magnitude 12:

(I1.65)

i-=3i1-‘i;.
This decreased magnetization current also creates magnetic flux inducing
reduced output voltage:
M= L Gx. (11.66)
t

Based on (I1.64}, looking upon current 12 as current arising in the primary

winding as a result of the passage of current i2 in the secondary winding, we

vill get
= ni.. (11.67)
Since current ;2 appears due ta the influence of the load, then, in the
equivalent circuit, it flows across reduced losd resistance Pq.
96
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Further, in accordance with Figure [[,40, we get R;==l?l:= w, + But, since

eyt
1 .

vhile f’;—:"—=R,,. , then

gy, =

R, = L — Zx (11.68)

Finally,

Moty (11.69)

1T structure must provide minimal leakage inductance and parasitic capacaitance
values, a maximum magnetization inductance value, and slight losses of enecqgy
1n windings and the core (to eddy currents) even for Lhe high-frequency components
of the pulse spectrum. For this purpose, IT windings have an insignificant number
of turns placed one atop the other, while the [T core is wound with fine ribbon

steel with a high permeability value and has a relatively-large cross-section

while being short. High-quality pot-type magnetic cores are widely used. /79
The steep porches of the currents passing through the IT windings induce high-voltage

: Ji,
pulse voltages in its windings {"L==l»Tﬁ‘; . This generates the requirement for

better IT winding insulation. Nonetheless, the most characteristic IT shortcoming

is the insulation's electrical breakdoun.

Ugy ; Ysux

(a)

{ Figure 11.41. Damping Diode Connection Circuit and Action.

IT vindings sometimes are shunted by resistances, wvhich damp parasitic
vscilla. ing circuits and convert them to the aperiodic mode, in arder to
[ eliminate output voltage oscillations {Figure [I.39). However, here, 11 accordance

vith Figure [I.35, output pulse droop is stretched. In some cases, the first
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positive half-wave of oscillation folloving the pulse trailing edge is especially
undesireable. This half-wvave can act upon the next stage just as the basic pulse

does (for example, causing a repeat false triggering of the starting circuit).
Suppression of this half-wave usually is provided by a special damping diode connected
as shown in Figure Il.4la. This diode is opened only by the action of negative

output voltage, Therefore, vhile the pulse is active, it remains blocked, i. e.,

it exerts no influence on pulse shape and, in particular, does not stretch its
trailing edge. The diode opens due to the action of the first negative half-vave.
Here, since the conducting diode's internal resistance is slight, damping

significantly greater than critical will be introduced into the circuit and further

oscillations cease (Figure II1.41lb).

EXERCISE II.17

Explain why, in spite of the presence of inductivities of windings L1 and

LZ' rapid (almost instantaneous) changes in currents il and 12 are possible 1n

an IT vhen there is a change of pulse porch and droop. (Page 456)
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CHAPTER 111 /80
PULSE AMPLIFIERS

§ 1. GENERAL INFORMATION ON PULSE AMPLIFIERS

(L) Nemomesr (d) (£)
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(a) (‘)

1

Figure III.1. Amplifier as a Two-Port (a) and Basic Amplifier Structure (b);
(c) -- Feed source; (d) -- Amplifier; (e) -~ Source; (f) - Load.

Pulse amplifiers are used in the receiver video amplifier and in other radar
station pulse devices when there is a requirement to increase video pulse amplitude
vithout shape distortion. In addition, pulse amplifiers organically are included
in such other pulse circuits as certain limiters, pulse generators, sawtooth
generators, equation conpcrison circuits, and so forth., Amplifiers are assembled
from electron tubes or transistors. In the most common form, an amplifier can
b: a twvo-port having two input and two output terminals with an external supply
3.~ rce connected to them (Figure 'Il.la). Amplivier input and output, as a rule,
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have one common point connected to the circuit's chassis ("grounded"). Control

of supply source energy will occur under the influence of a low-power input signal,
which thereby creates the output signal. Electron tubes or transistors here play
the role of control eiements -- valves, requlating the flow of source energy over
time based on the law of input signal change. Thus, from a power point of view,
signal amplification is stipulated by source energy consumption.

Voltages and currents in an amplifier generally also have direct and /31
alternating components. Direct components determine the mode when input voltage
equals zero. Alternating components determine the amplifier's "a-c" operating
mode. This very mode characterizes the passage of pulse tignals across the amplifier.
Therefare, for analyis of pulse amplifier operation, we will use their structural
and equivalent circuits only for alternating components. The element determining
the amplifier's "a-c" operation are not depicted in these circuits, all d-c sources

being rcplaced by a short circuit, in particular.

An amplifier structural diagram is presented in Figure III.1lb, in which the
input signal source is represented by emf generator ¢ with internal resistance
? . loaded to amplifier input resistance R, , while the amplifier itself from
the output - in the form o emf generator ¢y with internal cutput resistance
R..«. loaded to load resistance R, %

Amplifier input resistance R,, is understood to mean its internal resistance
measured from the input terminals, while output resistance R,..is understood to
mean its internal resistance measured from the output terminals, i. e., resistance

wvhich the external load "encounters."

Figure 1II.1b amplifier input and output circuits conditionally are depicted
as isolated. Coupling between them is reflected by ratio

e;c = K."ln

vhere K* -- amplifier voltage gain without considering the effect of load resistance.

+“Any of the emf generators may be represented also in the form of a current
generator (see Attachment 4); here, other amplifier structural diagrams result.
In addition, generally speaking, all resistances in Figure III.lb may be complex.
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Amplifiers are categorized as voltage, current, and power, depending on the

ratio of the parameters in their input and output circuits.

If this condition is satisfied
Re>R. R, >R, (111.1)

then inout and output current are insignificant (the output signal source ani
the amplifier itself operate virtually in a no-load mode), while input and output

voltages are maximum:

. Rax - R,
u,, =i Ru=e R By = Or M=l =L (111.1a)

In this event, the amplifier's determinant property is voltage amplifical.ion
and its basic parameter is voltage gain, understood to mean the ratio of the autput

voltage increment to the input voltage increment that caused it: /82
'\”'ul

The (III.1) ratios are satisfied usually for electron tube amplifiers, wh:ch

also will fall in the categury of voltage amplifiers.

if this condition is satisfied

R,,€R: R, LR, (1I1.3)

then input and u_ tput voltage are insignificant (input signal source and the am>lifier
itself operate virtually in a short-circuit moJe), while input and output voltaze

are maximum:

; [4 é 4 a
, - L o 4 . ¢ 'e (’c II . 3 )
[ 13 ﬁ‘n A - T,. M ‘nu - — - o —m— ( I

In this event, the amplifier's determinant property is current amplification

and its basic parameter is current gain

v -V-." - .
I\aaj'—'-. (1:1.4)
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Ratio (III1.3) usually is satisfied for ‘ransistor amplifiers, which therefore

fall in the current amplifier category.

If conditions whereby the generator agrees with load (see Attachment 4) are
met for the source of the input voltage and of the amplifier itself

Ru=R: R,=R,, (111.5)

then input signal power consumed at ampli:ier input and output signal pover supplied

to load are maximum and the amplifier is a power amplifier.

In practice, amplifier division into three categories will be less strict.
For exomple, the term current amplifier is given to a voltage amplifier based
on operating conditions at input with a cusrrent output /¢, =~ F. H,-<H, .0
The term power amplifier is applied to a voltage amplifier based on operating
condit ions at input with power output (RS> R, Ruw. =R« , and so forth. One
also should keep in mind that power amplification of a signal must cccur in any
amplifier, even when agreement conditions (I1Il1.2) are not satisfied.

Pulse amplifier special features are linked with the requirement to obtain
minimum Aistortion of amplified pulse shapes. Electron tube and transistor amplifiers
have nonlinear volt-ampere characteristics. The amplifier operating mode is selected
so that essentially only the linear sectors of these characteristics are used
when an input sianal is active in order to decrease nonlinear distortions. This
also provides a basis for representing the amplifier by equivalent circuits /83

Jjustified for linear devices.

Amplifier bandwidth must be as lérge as possible (see Attachment 7) to decrease
lirear (frequency) distortions. Therefore, resistances are used @s the pulse
amplifier ioad and, morecver, special frequency compensation meascres are used
to compensate for the influence of stray and coupling capacitances.
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§ 2. ELECTRON-IUBE AMPLIFIER OPERATING PRINCIPLE

1. Electron-Tube Static Characteristics and Parameters

Tube device output voltages are picked off load resistances connected to
the tube's platc current network. Tube characteristics and parameters, not
considering the influence of load resistances, i. e., describing the properties

of the tubes themselves, are referred to as static.

Figure 1I1.2. Diode (a), Its Actual (b), and
Idealized (c) Plate Characteristics.,

A diode, having only two electrodes -- a cathode and an anode (figure I11.2a)
-- is the simplest electron tube. The properties of a diode as a nonlinear recistance
are riescrited completely hy the diode's static plate characteristic (Figure II1.2b),
by the relationship of its plate current to plate voltage:

ia='_a(u,,)_ (111-6)
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In this characteristic, E, -~ diode cut-off voltage, !’ -- saturation
voltage, / ~ saturation current. When 4 >0 (plate potential exceeds cathode
potential), a plate accelerating electrical fiela exists in the diode, under the
influence of which electrons emitted by ihe cathode displace to the ancde. 1In
area 0-Zu,<l’. (area of spatial charge existence) relationship (III.4) essentially
is limear. uhen , - , slight initia} current / (an the order of tenths of /84
a milliampere) exists in the diode since several of the fastest electrons emitte
by the cathode are supplied to the plate and there is no accelerating field.
Therefore, complete cessation of plate current (diode cut-off) will occur given
a certain negative plate voltage u,=£,, which, for the majority of diodes, is
-0.25 to -0.75 V. In the range £, <ux,<0 , the plate characteristic is nonlirear,
vhich is stipulated by the random distribution of initial electron speeds. In
practice, the nonlinearity of the diode's plate characteristic and values £
and /; are disregarded and the idealized plate characteristic (Figure I[Il.2¢c)

is used.

Thus, the diode's main property is its unilateral conductivity. A diode
has no amplification properties due to the absence of a grid. Therefore, diodes
are used for nonlinear conversions of pulse signals not linked with their
amplification in such devices as detectors, level holds, and amplitude limiters.

We will examine a diode's basic parameters.

The ratio of the plate cucrent increment to the plate voltage increment it

caused is called the diode's transconductance:

A, [ na
S=g _-.—]. (111.7)

Graphically, transconductance is determined to be the tangent of the slope
of the characteristic at a given point to the X-axis (S=tga) (see Figure III.2b),

Tre diode's internal resistance to alternating current is the ratjo of the
plate voltage increment to the plate current increment it caused:

(111.8)

du
Rg::-zg.z,-%-[oxL
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Values S and . are constant for the characteristic's linear sector, 5 decreases

in the lowver and upper nonlinear sectors, while 7,6 increases,

A diode's internal resistance to direct current is the ratio of plate voltage

to plate current:

(I11.9)

A diode's internal resistances to alternating and direct current generally
do not equal each other. Thus, for point 1 in the linear sector R, =ery>, but

Vi e . .
R. =7.——‘7~,3, since P>« , then Re<R, . Values AR, ana Rse coincide

) for the ciode's idealized characteristic.

The less a conducting diode's internal resistance (forvard resistance) and
the greater a blocked dicde's internal resistance (back resistance), tne /85
i mo-e arely are its electrical valve-like actions expressed. The intermal resistance
| of most diodes used in pulse technology to alternating current for the linear
sector of the characteristic will range from 100-~1,000 ohms, vhile the back

resistance will be hundreds of megohms.

WL = Ur” X
150 200 154 ugley W TOEETL A I476 80 ugly

£ (4 e ()

¢ N 1w

Figure II1.2. Triode (a), Its Plate (b), and Its
Transfer and Grid Characteristics (c,.
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A diode's stray interelectron capacitance (., (in Figure I11.2a it
conditionally is connected by the dotted line outside the tubes bulb) may have

significance as diodes operate in pulse circuits. This capacitiance is referred

to as a transfer capacitance and usually comprises about 5 pf.

The simplest amplifier tube is a triode, which has three electrodes -- anode,

cathode, and control grid (Figure IIl.3a).

Triode piate current is a function of two variables -~ plate and grid

voltages:

i‘='?(ugo u‘)' (III 10

Therefore, a trinde's basic properties are described by relationships of

tvo forms:

p=2(u,) vhere ¢/ .= const; (1I11.11)

Relationships (III1.11) for various fixed values Y/, are referred to as /86
static plate characteristics (Figure III.3b), while relationships (1I1.12) for
various fixed values ([, are referred to as static transfer characteristics (Figure

111.3c).

Negative voltage E,. in transfer characteristics where current i, ceases

is referred to as cut-off volta;e or triode cut-off. Cut-off voltage for higher
U, values increases in magnitude (transfer characteristics displace "to the left")
since a greater grid brake field is required tc neutralize the plate accelerating
field. Plate and transfer characteristics in aifferent coordinate systems reflect
the identical (III.10) relationship. Therefore, they are coupled organically:
transfer characteristics may be plotted from the family of plate characteristics
and, on the other hand, plate characteristics may be plotted from the family of
transfer characteristics (see dotted-line plots in Figure 111.3b, c).

Given ;>0 , grid current iy passing from the grid to the cathode arises
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in the triode, along with plate current, due to electrons which are intercepted

by the control grid. Relationship

i, =3(4,) where L', = const (111.13)
are referred to as grid characteristics (grid current characteristics). They

are plotted on the same curve with the transfer characteristics (Figure III.3c)

and demonstrate that the conducting properties of the triode's grid--cathode path
are analogous to the diode, for which the triode's grid plays the role of plate.

We will examine a triode's basic static parameters.

Transconductance of a triode static transfer characteristic (abbreviated
simply as transconductance) is the term used for the ratio of the plate current
increment to the voltage in the grid that caused it, given constant plate voltage:

Sig , .
5=—,'; (-ca's] where U, = const. (I11.14)

Transconductance characterizes the efficiency of the grid's control activity
and demonstrates by how many milliampeses triode plate current changes when grid
voltage changes 1 volt. Value S equals the tangent of the triode transfer char-
acteristic slope for a given value Uy at a given point to the X-axis (see triangle
6e¢ in Figure III.3c, where S=tgv ), $=2+5 mA/V in the linear sector of

the characteristics for the majority of triodes.

Triode gain A is the term describing the ratic of the increments of plate
and grid voltages, each of which that, acting independently, would cause an identical

change in plate current:

du, where i, = const, (III.15)

s
The concept of this parameter may be explained in the following manner. /87
Since the grid will be closer to the cathode than the anode, a change in voltage
u, affects plate current magnitude greater by a factor of m than such a change
in voltage u, . In other words, obtaining a given change in plate current requires
that the plat2 voltage increment be greater by a factor of s than the grid valtage
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increment. Value ¢ may be determined both from the family oV plate and from

the family of transfer characteristics. Thus, for example, examining triangle
Aee in Figure II11.3b, we see that a change in plate current by magnitude

\, = requires either that, given U,=0 , plate voltage be changed by magnitude
My mpem?5 V, O, given u,=200 V, changing grid voltage by magnitude Al.=4 V.
Examining triangle g0’ in Figure 11I.3c, we see that obtaining an identical
change in plate current \i,=¢6'=¢¢ requires either, given [/, -200 V, changing
grid voltage by magnitude ju,=¢'6'=4 V, or, given u,=0 , changing plate voltage

by magnitude Al.=73 V, In both instances, we vill get u= %:La-_j’
4

=19 .
It is possible also to determine gain from approximate formula

gty (111.16)
v E"

vhere £, ~-- triode cut-off voltage corresponding to given value U, .

Values M for triodes usually comprise several tens of unities.

The ratio of the increment of plate voltage to the plate current increment
it caused, given constant grid voltage, is referred to as a triode's internal

resistance to alternating current R, :
R.=-3-_"".-:- (o] where U, = const. (111.17)

The physical concept of this parameter is identical to that for a diode.
value R, wvill be found from the triode's plate characteristic for given value

U, {see, for example, triangle 6ce in Figure III.3b, where R.=-§—7f’—=¢'z= ).
The magnitude of resistance R, for triodes usually comprises unities or tens

of kilohms.

A triode's internal resistance to alternating current R.. s, as for a diode,

the ratio of plate voltage to plate current:

g (111.18)
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Value R, is determined from the triode's plate characteristic and may be

changed within broad limits, both during a change in plate voltage (as a /88
result of the nonlinearity of the characteristics) and especially during a change

in grid voltage.
Using expressions (1I1.14), (I111.17), and (III.15), we will get

SR, = (II1.19)

Ratio (III.19) is referred to as the triode's basic or internal equation.

There are three interelectrode capacitances in a triode, conditionally depicted

in Figure III.3a inside the tube's bulb. Grid--cathode capacitance C(,, is called
cutput capacitance, and plate--

input capacitance, plate--cathode capacitance C,,
Interelectrode

grid capacitance Co¢ is called triode transfer capacitance.
capacitance values in triodes usually comprise unities of picofarads.

EXERCISE Il11.1
a) Prove ratio (I11.16).

b) Determine and compare triode resistances to alternating and direct current

as points @, 4, ¢ in Figure III.3b.

c) Explain the relative position of the grid current characteristics for

various values t, in Figure IIl.3c. (Page 456)

A triode shortcoming is significant (2--15 pf) transfer capacitance C,,.
wvhich stipulates the stray capacitive coupling between input and output circuits
for the high-frequency components of the pulse spectrum.

A five-electrode amplifier tube, a pentode, which, along vith cont-ol grid
9y nas screen grid 9, and suppressor grid 95 (Figure I11.4), to a significant
deqree is free from this shortcoming. Screen grid 9, functions as an electrostatic
screen between the plate and control grid 9;- Grid 9, "grouynds itself" for the
alternating component across bypass capacitor Cra. to eliminate the capacitive
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Figure III.4. Pentode.

coupling between these electrodes, while constant positive voltage UaUa=05U.,)
is supplied to grid 9, to create an accelerating field betwveen it and the cathode.
Since (', >0 , some electrons displacing tc the anode must be intercepted by

..

the screen grid and current ‘.. arises in it.

Suppressor grid 95 usually is connected to the cathode. Therefore, an
accelerating field directed at grid 95 exists in the plate--grid 93 path, even
given slight plate voltage «.>n . This field constrains the onset of the dynatron
effect -- secandary electrons dislodged from the plate dropping onto grid 9, =~
and returns them to the plate.

- =18
lq U!z const U,
s aig
v .
\ )
\ \\ /i‘qz U’!;-a_a_[.
=-/e
U { e 75
\‘ —t.--l-_—-k ..........
0 U.,’,Ua".,(/{;'b Ya

Figure III.5. Pentode Static Plate Characteristics.

The family of the pentode's static plate characteristics =z, /89
where (/,;=.oust and of various fixed values L. is depicted in Figure III.5.
Ratics :,;= =3zu,) given identical conditions are depi>ted by the dotted line.
Each plate characteristic has a sloping nonlinear sector in area u,<l.u and
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an almost horizontal linear sector in area 4,>{,, , where [ . -- plate voitage
critical value corresponding to the boundary between these sectors. This piate
characteristic form is explained as follovs. Since P T then a strong
brake field Jirected at grid 95 forms in the path between grids 95 and 9,-

This field is weakened by plate accelerating field, vhich penetrates partially
across the grid 93 turns. Given slight plate voltages u,<l,. , 8 brake field,
which delays electrons flying across grid 9, vith insufficiently-high speeds,
prevails in the aforementioned path and returns them tu this grid. Here, current
st increases due to the decrease in current i , Therefoure, this pentode operating
mode is referred to as the return mode. In this mode, due to the increase in
voitage ': because of the growing action of the plate's field, fewer and fever
electrons vhich flev to grid 9, are returned in its field between grids 95 and
9g» vhile remaining electrons drop onto the plate. Therefoure, current ia increases
due to the current i« decrease. Given sufficiently-large plate voltages

. ~Uawo s the brake field between grids 95 and 9, is compensated for by plate
acvelerating field to the extent that already all electrons that migrated to grid
9, drop cnto the plate. Here, current i, is created only because cf the elsctrons
en route to plate directly intercepted by grid 9,- This pentcde operating mode
is referred to as the intercept node. In this mode, the number of electrons
intercepted by grid 9, is determined (for given value {’21) mainly by voltage

U.x and virtually will not depend on voltage u, since plate accelerating field
essentially operates only beyond grid 9, and thanks to the presence of grid 95
in veakened form, Therefore, currents ia and ig2 in area u4.>Ul, virtually will
not depend on voltage u,.: iy=const: ;> const., For the majority of pentodes,

v, vy ¥ J0-60 V.

Basic pentode parameters are determined by the identical ratios (II1.14-<1I1.19)
as vere those for a triode. Howvever, since the presence of a screen (as well
as a suppressor) grid weakens the influence of the pentode's plate voltage on
plate current magnitude, pentode internal resistance to alternating current /90
is great and usually will fall in the R,=0l-1 M (2 ranne, Pentodentransccn-
ductance may reach 10 mA/V and more due to screen grid accelerating field. The
increase in Pi and S values, 1n accordance with (II1.19), will lead to an increase
in pentocde gain A to several thousand unities. In addition, thanks to the screening
action of qrid 9, (and 95 as well), the pentode's transfer capacitance C.¢: decreases

to thousandths of pF.
111

Raston L SR

P




-

Pentode operation in plate characteristic horizontal sectors usually is insured
since it is in these very sectors that pentode internal resistance to alternating

current is constant and great: R,=%= =ctgas . In addition, the very weak

relationship of plate current to plate voltage in this area stipulated wide use
of pentodes as current-stabilizing one-ports (see Chapter IX, § 3).

Since all currents in a pentode are created due to cathode emission current,
then pentode full cathode current generally (where 4,>0, ugu>0, ugy>0) equals
=iy +ip+ g (in € d,y). (111.20)
Current /i magnitude and, consequently, that of all its components, will
depend materijally on control grid voltage (the relative position of the charac-
teristics for various Ust values in Figure III.S explains this). Given
Ly <Eq , the pentode is blocked at the control grid (cathode current) and

all currents in it cease.*

Given fixed voltage U, >Em , current iy=~const , while the ratioc between
its components ia and igZ will depend on the suppressor grid's potential. Therefore,
in several circuits, suppressor grid 9 is disconnected from the cathode and is
used as a second control grid, supplying negative signal ug_., to it.

The controlling influence of grid 93 is explained in Figure III.6, /9N

vhere relationship i,=9(u,) and iy=g(u,,) curves, where Ua = const for two

fixed U_, values, are presented.

gl
These relationships are explained in the followving manner: where u,=0

and U,>U., (intercept mode), i, 1, . In area ua>0 , current i_ increases
slightly since its increase wherve j,=const is possible only due to the igz decrease,
vhich is small. When voltage ug3 decreases, the braking action of the field between
grids 93 and 9, increases, resulting in an increase in current igZ’ vhile current

ia decreases (the pentode transfers to the return mode). Given a slight
sufficiently-high negative voltage u;;=E;,s value, the braking field between grids

*0nly current ‘o and fhei,+i, cease when £,<l, <V .
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u
~ 1 0 9,
£90, L0,
Figure II1.6., Ratio of Currents Ia and I92 to Voltege UgB
(Transitron Effect in a Pentode). (a) -- Where.

95 and 9, intensifies to such an extent that not a single electron can overcome
it and reach the plate. Here, current igz vill become maximum ;=i , while
plate current disappears. Voltage £, is referred to as pentode suppressor grid
(plate current) cut-off voltage. A further reduction in voltage u_, already will
not lead to a change in current igZ since cathode current essentially will not

depend on the grid 93 potential.

Redistribution of pentode cathode current between plate and screen grid due
to the voltage change in the suppressor grid is referred to as the transitron
effect. Presence of the characteristics' falling sector i;;=¢ (u,y) makes it possible
to use the transitron effect in a pentode to obtain spasmodic transitions in certain

savtooth generator circuits (see Chapter IX, § 5).

EXERCISE III.2

a) Under what conditions may screen grid current in a pentode equal zero?

b} Nenative voltage u93 is supplied to a suppressor grid when the latter
i3 used as a control grid. How does that inpact upon elimination of the

dynatron effect?

c¢) Explain the relative position of the characteristics in Figure III.6

for various fixed values of U .. (Page 457)

gl
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2. Fundamental Ratios in an Electron-Tube Amplifier

Figure III.7., Generalized Basic Circuit for a Triode Amplifier
wvith Plate and Cathode Loads.

A generalized basic triode amplifier circuit is depicted in Figure III.7.
The alternating compaient of input voltage HYsa. influences the contrsl grid, eliciting
a change in tube control voltage 4m and current ia' An increase in voltage u,,
means a change in voltage un and current ia as vell, vhile a decrease in voltage
u,y, Means a decrease in voltage um and current ia' Thus, plate current always
changes in phase with the stage's input voltage. Plate voltage Ea source,
plate load resistance Ra’ and cathode load R.. are connected to the plate current
circuit. Stage output voltages u and u, are picked off these resistances.*

Output voltage via plate output differs from source Ea voltage in the magnitude

of the voltage drop across resistance Ra:
dg=E,—tp, =Ey— iR (II1.21)

while this voltage's alternating component equals

(I11.213)

u,_=—§ R,

Therefore, if current ia increases, then voltage uy decreases. On the other hand,

*Resistances Ra and R. are tube load resistances. They should not be confused

with amplifier external load resistance Ra (see Figure III.1b). Therefore,
in future they are designated R, (see Figure III.8).

114




if current ia decreases, then voltage u, increases. Ttws, stage plate voltsge
alvays changes out of phase with plate current and, conseguently, vith input voltage.

Output voltage via the cathode output equals the voltage drop at resistance

R;:

4 = LR, (111.22)

i. e., it charges always in phase vith plate current and, consequently, with input

voltage.

Since the control grid is connected across the input voltage source to :he
lov end of resistance Rx, voltage uax turns out to be applied out of phase to
the tube grid--cathode path, i. e., acts backwards on circui* input. Actually,
in accordance vith Kirchhoff's second law, for the input network circuit we have

(I11.23)

U, . =tn + u, o™ Boa=8, — 2,

i. e,, the tube's contiol voltage um decreases by magnitude v . Consequently,
thanks to connection of resistance Ri , the stage turns out be be enveloped by
negative voltage feedback, Negative feedback action may be explained in the following

manner,

A rise in voltage #4s will lead to a rise in voltage H4ea, which elicits
a rise in current ia and voltage #“ , But, the increase in catrode potential
relative to the circuit chassis is equivalent to a decrease in grid potential
relative to the cathode, i. e., voltage u,n , and, therefore, retards an /33
increase in current j.a and voltage u4x , On the other hand, given a voltage
4s1 decrease, a voltage ¥ decrease will occur, vhich is equivalent to an increase
1n voltage u, and retards the decrease in current ia and voltage . It is
possible symbolically to write the action of the negative feedback, given an .ncrease

or decrease in voltage u,, by magnitude=Ju,, in the form

T My = - ZM G~ Z3y -~ = Ay - T T, - 23, - (I111.24)
2 2 i > :

¥
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Figure II1.8. Equivalent Circuits of an Amplifier
with Plate and Cathode Loads.

Considering determinat:ion of static gain A« (III.15), the tube on the plate
circuit side may be represented in the form of emf generator e _=pug -~ With
internal resistance to alternating current Ri (II11.17). Since both load resistances
R_and R. are connected in series with resistance Ri to the plate current circuit,
wve vwill get the equivalent amplifier cir-Jit (based on the alternating component)

depicted in Figure [Il.8a.

In accordance with this circuit

Pligr~ .25
l‘_am' (III )

Substituting based on (111.23) 4, =#,_— {,_R, into this expression and
solving the resultant equation for current e~ , ve will get

{ = Pl (111.26)
=T R ¥R+ +p R

If stage output voltage is picked off plate load resistance (4,y,.. =&, _
-—‘.-R.) , then, based on (III.26), the equivalent amplifier circuit may
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be depicted in accordance with Figure III.8b, where
Ru=R + (1 +u)R, (111.27)

--amplifier internal resistance to alternating current. Therefore, plate output

stage (I11.2) gain equals

Yz~ o ‘a-R‘ wlR,
Kaa Uygm au.‘- = - Upem =—R41R¢+(‘T:UR.'* (111-28)
vhile its output resistance (resistance the output terminals) /96
pluxa= R.R , _ R,IR, + il + 4} Ryl (111.29)

Rar Ry — Fa+ RI=T+uiRe’

If output voltage is picked off cathode load resistance u,, . =u, =1, R, ,
then, having divided the numerator and denominator of expression (I1I11.26) by
1+ M, vewill get
.

T (111.30)
oy N .

7 a + Ra
e
and the amplifier's equivalent circuit may be represented in accordance with III.8c,
wvhere
R,=22Re (1I1.31)
+8
-- amplifier internal resistance to alternating current. Therefore, cathode

output stage (I11.2) gain equals

° fra (111.32)
bdad |
MR AR+ U tuila’

*The "-" sign in this expr2ssion reflects the phase opposition of grid and
plate voltage changes.
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while its output resistance

_ _ReRe Ke R + Ry ‘-
Rnuh—' Ry = Ry TR, + R+ 1l + ») Ra® \111.33)

Analysis of raiios (II1.28), (111.29), (I11.32), and (I11.33) allow the following
conclusions to be made:

-~ in magnitude, gain Ka may be significantly greater than unity, . e.,

(A1, if R, » R, w1 , however alvays A, < »;

— in principle, gain K. may not be greater than unity A -°! and close
to unity if R.»&8, a2 1 ;

— inequality R.,. >P,... always is satisfied for output resistances;
consequently, voltage from the piate output shoul- be supplied to a high-resistarce
load, vhile that from the cathode output is supplis. 1 a lov-resistance load.

Cathode output stage properties result from negative feedback action. Actually,
ve vill vrite ratio (I11I.23) for voltage increments in the form

, Y ‘/ - Au - — &
Nty = ity = g = 3y, | ;u,',)-**"u“ K. (I11.34)

Tuwe control voltzge increment iy is the reason for appearance of the /95
output signal -- increment dis, Increments dusy, dug, duyhave the identical sign

so increment Jlu. arises only if 4, <Jla, ., i. e., K,~<1 .

In addition, vhen internal load resistance R. (see Figure III.1b) is connected
to resistance R, , voltage decrease “ is compensated for by negative feedback
action by a current ia increase. Consequently, output voltage % will depend
slightly on resistance R, , vhich alsoc explains the slight amount of output

resistance Rausa .

We will note also that any current ia stray changes (for instance, due to
source voltage Ea oscillations, tube parameter changes over time, tube replacements,
and so on) are compensated for, in accordance with (II[.24), due to negative feedback
action. Therefore, often a~ amplifier has only a plate output, while resistance R,
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is connected only for stabilization of the d-c stage’s opera*ing mode.* However,

presence of resistance R, , in accordance with (11i.28), alwvays will lead to

a decrease in gain Ka'

Analyzing tube operation in an amplifier involves use of th2 transconductance
of its dynamic transfer characteristic S, ratios of plate current inc-ement ¢
-ioe control voltage increrent Mo it caused 3, , given presence of load
resistances. Using expressions (I11.25) and (II1.19), we will get

3, w - L
So = =R <Ry R S ALY <S. (I11.35)

AM"
where S —- transconductance of the static transfer characteristic (II1[.14).

The general expressions obtained abcve for gains, output resistances, and
tube dyna—ic characteristic transconductance make it possible, as particular cases,
to determirie the parameters of two basic pulse amplifier types -- amplifiers with
a plate load only (R«=0) and amplifiers with a cathode load on.y (Ra = 0).

Figure II1.9. Amplifier with Plate and Cathode Loads Without Feedback.

In several practical circuits, in two-stage pulse generators in particular,
amplifier input voltage from plate and cathode loads is supplied, not between
grid and chassis as shown in Figure [II.7, but between grid and cathode according

*And also for expansjon of the stage's dynamic range and decrease in pulse
linear distortions (see belcw).
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to the Figure III.9 circuit. In this case, as is easy to demonstrate, plate

and cathode output gains, respectively, obtained equal /96
o FRa .
'(“'—m' (111.36)

(I11.37)

Figure 111.10. Amplifier with Grounded Grid.

We will get the (III.10) circuit if the input voltage grid terminal in the
Figure 111.9 circuit is connected to the chassis and Ry=o is accepted, This
is referred to as grounded-grid circuit or, more precisely, a common-grid circuit,
since the grid terminal is common for input and output voltages. We will encounter
such a circuit vhen we analyze the operation of a two-stage pulse generatgor.

Therefnre, ve will examine its basic properties briefly.

Since the source of voltage s in such a circuit is connectzd to the cathode
network, tube full plate current vill pass across it and its output resistance
must be slight. Therefore, a cathode follower (see below) is used usually as
the voltage 4sr source. 0One may disregard negative voltage feedback action, given

the slicht source output resistance.

Voltage s changes the potential af the cathode, given fixed grid potential,
vhich is equivalent to a change in voltage between grid and cathode. Voltage ugq
decreases vhen cathode potential increases and vice versa. Therefore,

4, =—u,  and the tube may be representcd by emf generaior &, =ud, =—au, .

ce-
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for consideration of the tube's controlling action., However, plate current in
this circuit changes, not only due to a change in voltage in the grid, but /97
also directly due to a change in cathode potential, even if the grid had been
connected briefly with the cathode. From this point of view, the plate current
circuit is a voltage divider comprising series-connected resistances Ra and R,

to vhich emf é€:=—4u,,_ jis applied. Therefore, far the plate current alternating

component, ve will get

b= e = Ll (111.38)

¢

and grounded-grid stag> gain equals

Yoy~ ig Ra e - 1R,
2 =—— =% =r (111.39)

"~ g~

.
Ky =

Stage input resistance is determined as:

_ e Uyyo Ri + R,
Runw= iz =t _ Rthy (111.40)

i. e., slightiy, while output resistance is determined from formula (III.29),
vhere R. should be understood to mean voltage 4 source internal (output)

resistance.

EXERCISE III.3

a) Paint out the polarity of the pulses at the outputs of the circuits depicted
in Figures 111.7, III.9, and [11.10 when they are supplied a positive input pulse,
At which inputs of these circuits and for which laad resistance values may the
pulse amplitude exceed that of the input pulse?

b) Prove ratios (III.36) and (III.37), (Page 457)
§ 3. PLATE-LOAD ELECTRON-TUBE AMPLIFIERS
1. Amplifier Operating Principle

Plate-load amplifiers provide the greatest voltage gain and are the most-videly
distributed pulse amplifiers. Basic (simplest) circuits for such triode (a} and
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Figure I1II.11. Basic Plate-lLoad Amplifier Circuits.

pentode (b) amplifiers are depicted in Figure III.1l. Load resistance Ra is connected
to the tube's plate network in both circuits. Input voltage is supplied to the
control grid across transfer network CuR;. , which passes only the alternating
component of this voltage. Negative bias voltage Eg also is applied to the grid.
Therefore, the voltage between the control grid and cathode equals

Up=u,=u, +E (E,<V). (111.41)

Bias voltage E_ determines the tube's "d-c" operating mode. Its magnitude

is selected so that, given the action of voltage 4~ , tube operation will occur
in the linear sectors in the negative area of the plate c-aracteristics uu<0 /98
vhen control grid current i =0 (see Figure III.3c). Current (s is undesireable
since the stage's input resistance decreases, power expended in the tube input
netvork increases, and, in addition, it will lead to onset of additional nonlinear
distortions of voltage ue (relative to voltage ues )%, However, even when

ua<9 , several electrons "settle" in the control grid, charging it negatively
and constraining plate current. Resistance R_, which is referred tc as leakage
resistance (R,=0.1+2 M (?) is connected to the circuit to "drain off" these
electrons.

e —

*These distortions arise due to voltage drop in resistance R. of the previous
stage as the alternating component of current ig1 flows acruss it.
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In accordance with (111.21), stage output voltage equals H%a=&,— 1R,

"‘ ta
A ]
A e I3g
gk ]
9 ug rz|.7455e
Eﬂ a - o -
U pum——
5 qv
[}
4
0

Figure I11.12. For Explanation of Plate-Load Amplifier Operation.

The amplifier pentode circuit has additional elements forming the screen
grid fecd network: voltage divider Rl' Rz, wvith the aid of which vcltage ng
is supplied, and bypass capacitor Cs;, across which the current igz alternating
component is closed. Amplifier operation is explained in Figure I11.12, where
voltage 4,. =",  for clarity is accepted as being in the form of bipolar triangular
pulses and voltage u 1 coupling vith current ia is depicted by the dynamic transfer
characteristic (see below). In this characteristic, Ego -- tube cut-off voltage,
/sy — maximum possible (considering the influence of the load) plate current,

referred to as dynamic saturation current.

In the initial mode where u, =0 , u,=mE,=const and i,=/,c . Current /99
lao is referred to as initial, or quiescent, current, while puint A in the char-
acteristic, corresponding toc the Eg and Iao values, is called the operating point.

Plate current U, =&,—/,R, initial level corresponds to current lao'

A negative pulse of current ja and a positive pulse of voltage u arise during
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the action of a negative input pulse; the opposite occurs when the input pulse

is positive. There are no pulse shape distourtions at amplifier output because

all operating values of voltage ugl will fall vithin the linear sector of the
characteristic A'A" and, therefore, plate current changes in propertion to input
voltage changes, UOperating point A wvas selected in the center of the characteristic’'s
linear sector (input voitage changes symmetrically to both sides) by means of

bias voltage E_ selection for this purpose, while input pulse amplitude is
sufficiently small. Nonlinear distortions would result if the operating point

is chosen incorrectly or if the input pulses in the stage have extraordinary

amplitude,

EXERCISE I11.4

a) Reproduce the curves depicted in Figure II1.12, having left the dynamic
transfer characteristir and bias wultage E_ unchanged and having increased input
pulse amplitude by a factor of 2. What will maximum and minimum amplifier plate

voitage values equal in this event?

b) How should voltage Eg change in order to insure amplification, /100
without nonlinear distortions, only of the positive or only of the negative pulses

of maximum amplitude?

c) How can you obtain only the alternating c~mponent of plate voltage
4o = =l Re at the stage output? (Page 458)

2. Dynamic Characteristics

Static plate (III.11) and transfer (III.12) characteristics reflect the
properties of a tube itzelf. However, in the dynamic mode, given presence of
plate load resistance Ra’ in accordance with (11I.21), plate voltage itself is
a function of plate current us=E,— iR, due to the voltage drop across this
resistance, Therefore, operation of a tube in an amplifier is determined by
dynamic plate and transfer characteristics, which, along with tube properties,
also reflect the influence of the load.

The characteristic, simultanecusly considering relationships (III.11) and
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(I11.21) for given values Ea and Ra’ is referred to as the dynamic or plate load
characteristic:

=2, (4,) =¢(Es— 1,R,) vhere £, ==const, R, = const (II1.42)
This characteristic vill be plotted fram the family of static plate char-

acteristics and is the combinaticn of the points of thejr~ intersection on the

relationship (111.21) curve. It is convenient to present (II1.21) in the following
form to find the latter

=R, T s (111.43)

T /5
yA 3 gl Omaro
Uy i) -2Vl Ugte)
0 80 200 .m 410-6-6-4*23»2&446
. b——%—-l.—‘*a—- L_Kyﬂl

)

153. -

Tl le) Ege-6-5-4-3-24 OW 12 ‘)

Figure 111.13. Dynamic Characteristics of a Triode (a, b) and
Pentode (c, d) Plate-Load Amplifier.

Ratio (II1.43) is the load line equation. The plot of a triode dynmamic plate
characteristic is depicted in Figure [I1I.13a. Load line AB intercepts, a: the

coordinate axes, portions equalling, on the basis of (I111.43), OA=£,
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. E,
(given i,=0, u,=E4 , and 05-—53: (vhere %4=0, ‘c-'ﬁf’ )). This line's slope

to the X-axis equals

amarctg gy =arcig 4, (111.44)

i. e., vill depend only on the magnitude of resistance Ra'

Point A corresponds to tube cut-off. Given an increase in grid ug voltage,
current ia increases only to value ’s. y at which time plate voltage is minimal
Ug=Ususs « Values ’s., and Usermn are determined by extreme upper point 9
of load line intersection with static plate characteristics (for even greater
voltages U . these characteristics flow along with the load line and intersect
it at the same point 9 ). The tube's operating mode in which plate current is
maxinum and plate voltage is minimal is referred to as dynamic tube saturation /101

while current /5, 1s referred to as dynamic saturation current.

Dynamic saturation will occur because, given a decrease (due to an increase
in current ia) of plate voltage to value U, ., plate accelerating field will
become so weak that a further increase in voltage Ug vill lead only tu redistribution
of tube cathode current among electrodes: an ever-greater share of electrons
is intercepted by grid (current 1_ increases); plate current remains essentially

constant and equals tha /s, value.

Since values ia and Uy corresponding to portion 54 , physically are unreal,
the dynamic plate characteristic is the combination of the points lying in portion
A4d . This characteristic makes it possible, fur given values Ea and Ra' to determine
the magnitude of current ia and voltages u, and Upa = iaRa for any voltage Ug.
Thus, for example, in accordamce with Figure III.13a, point @€ corresponds in
the dynamic characteristic to voltage Ug = 0. Projecting this point tc the /102
X-axis, we will get values Ua and URa and, projecting it to the Y-axis, value

Ia.

The characteristic, simultaneously considering relationships (III.12) and
(III.21), is referred tu as the dynamic transfer characteristic:

iq =0y (ugu,) vhere £, = const, R, = const, (I11.45)
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This characteristic will be plotted from the family of static transfer
characteristics considering relationship (III.21). Its plot for a triode is explained
in Figure I[I1.13b. \hen the tube is closed (v <<£,) , current ia = 0 and, in
accordance vith (I11.21), u, = Ea' Therefore, the initial point of static charac-

I

teristic (I111.45) coincides with the initial pocint of the static characteristic

for u, = Ea {point A'). This point also determines tube real cut-off voltage

EgC' An increase in voltage u_ results in onset of and increase in plate current.
However, in accordance with (III.21), plate voltage simultaneously decreases.
Therefcre, for each large current ia value, the point of the dynamic characteristic
will fall already in another (located "to the right") static characteristic for

i PO AP AR O S 5

f a lower u  value satisfying ratio (III.21) (points a’. &.4.d"). Thus, dynamic

2 characteristic (II11.45) always intersects the family of static characteristics

% (I11.12) and, therefore, has lesser transconductance. The transconductance of

3 the dynamic characteristic's linear sector is determined fiom expression (II1.35)

2 if =0 js placed in the latter:

E : R, .
Se=qt=wTm =SE+R, (111.46)

By virtue of the increase in voltage ug, plate current increases only to
value /s, , which corresponds to the static characteristic for #,={..m (point
2@ ). Here, the tube transfers to the dynamic saturation mode, which is reflected

R i I 25 2 U I A PN

by the dynamic characteristic's horizontal sector. Just as was the case fer the
static characteristics, dynamic plate and transfer characteristics organically

are coupled together. Therefore, it is simpler tc plot the dynamic transfer
characteristic from the dynamic plate characteristic, without using the family

of static transfer characteristics. To accomplish this, it is sufficient to determine
i, and U_ values corresponding to each point A, 0. 4. ¢ & ¢ 1n Figure III.13a and

to transfer these poznts to the coordinate system [1 y U ] Then, ve will get

points A’ #. ¢'. d. l’ in Figure III.13b through which the dynamc transfer char-

3
¥
$
i
{
i
%
h

acteristic will pass.

A pentode's dynamic plate characteristic is depicted in Figure I1II.13c, while
its dynmamic transfer characteristic (these characterist.cs assume ng = const)
is plotted from it in Figure III.13d using the aforementioned method. The basic
difference betweers the dynamic characteristics of a pentode and a triode /103
are that, for the former, dynamic saturation occurs at lower (usually still given

Crd SRR B Y
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negative) values u_.. This is explained by the influence of the screen grid's
field facilitating redistribution of cathode current between it and the plate

at lov plate v ltages.

Dynamic saturation of a tube in an amplifier arises during the acticn of
positive pulses of extraordinarily-high amplitude. In this event, the idea of
amplifier overload is brought up. A result of an overload is the onset of pulse
nonlinear distorticns (see Exercise 111.4). On the other hand, in some circuits,
special use is made of dymamic saturation, such as in limiters with upper plate
current cut-off (see Chapter V, § 3).

EXERCISE III.5

a) What are dynamic plate and transfer characteristics like when Ra s 0?

b) Redraw the pentade dynamic characteristics from Figure 1I1.13¢c, d and
point out how they will change if resistance Ra is increased by a factor of 2.

(Page 459)
3. Amplifier Equivalent Circuits and Parameters
Assuming that Rv=~0 in (III1.25), ve will get
PRl 2
KRR (1i1.47)

figure 111.14., Plate-lLoad Amplifier Equivalent Circuits.

The equivalent amplifier circuit based on the alternating component presented
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in Figure [I1.14a, vhere the tube is represented in the furm of emf generator
wo,  with internal resistance Ri loaded across resistance Ra’ corresponds tc this

expression.

Using raties (Iil.2la), (lII.47), and (II1.19), for the plate voltage

alternating component we will get

’ . , R.R, . R,R,
— —— —d = = Su ——
4,. = ‘J-R‘ = R, 8, K, r K, S I~ R, -k (I111.48)

Another equivalent amplifier circuit presented in Figure I1I.14b, where the
tube is represented in the form of current generator ¢ ==\h:_ operating <scross
resistances Ra and Ri connected in parallel, corresponds tc this expression.

The Figure IIl.140 circuit also may be obtained directly througn conversion of

the Figure 1I..14a circuit based on ratio (XI.17).

Assuming that R.=0 in expressions (1I11.28) and (III.29), for a plate-load

amplifier wve will get

I(==-—753§%;-; :
.+ Ra (II11.49)
R = 2. (I11.50)
Using expressions (II1.46) and (111.50), also fur gain we will get /104
Ke—SR  or Ke— SR (111.51)

All these ratios may also be obtained directly from examination of the equivalent

circuits in Figure III1.14.

Relationship (II1.49) is explained by curve !K{:-a(-’:—') in Figure III.15.

It follows from this curve that gain increases with an increase in resistance

Ra vithin the constraint (wvhere Re—% ) to tube static gain a . Houever,

an increase in resistance Ra will lead to a rise in the wvoltage drop acrecss it,
not only due tu the alternating, but alsa because of the direct, compocnent of
the plate current, i. e,, tu a decrease in the direct component of plate voitage
Ua' As a result, given too high Ra values, the tube's operating point falls in
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Figure [I1.15. For 5Selection of Plate Load Resistance.

the area of dynamic saturation, vhich brings with it a drop in amplification due
to a decrease in the transconductance of the dynamic transfer characteristic (in
its upper "bend") and onset of nonlinesr distortions even of weak signals (see
Exercise II1.4). Reestablishment of the stage's normal operation in this event
requires an extraordinary increase in source voltage Ea. Moreover, as will be
demonstrated, resistance Ra must be decreased for a reduction in output pulse
rise and decay time. Therefore, as a rule, in pulse amplifiers (especially for

pentodes) the following inequality is satisfied

R, <R,
(I111.52)
Here, in accordance with (II1.50) and (111.51) /105
anel
Ruws =R, # i Ki=SR, <" (111.53)

Amplifier input resistance equals the equivalent resistance between the tube's

grid and cathode

R,r
Ry =R,y =5 (111.54)

»
R‘ -+ ".

*Unly for a triode, if the main requirement levied on the amplifier is obtaining
maximum gain; R,w(3-5R, ; here, Ke@7i+08)p o
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vhere Rg -- leakage resistance

rev =- control grid--cathode path resistance.

If the amplifier, as usual, operates without grid currents (¢, 17 , then

>R,  and
Rqur (III.Saa)

Given the presence of control grid current («,1>0)

Ru=rp (111.54b)
Amplifier input capacitance C. determines the capacitive componert of the

input current arising due to the presence of interelectrode capacitances Ca

and Cag' For capacitance C.. location, we will assume that input voltage changes

by a harmonic lav and we will switch to the method of complex amplitudes.

Figure I11.16. Ffor Amplifier Input Capacitance Determination.

If one disregards the influence of reactive elements in the plate network,
then it is possible to represent the amplifier circuit from the alternating component
considering capacitances C,y and Ca in accordance vith Figure I11.16, It follous
from this circuit that the amplifier's capacitive input current equals

ln=lu+ 1
Since voltage U,, is applied to capacitance C, and voltagel,,- U, to capacitance
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C then

ag’ |
],. =/WC‘,U“Z 1., =/WC,,‘ (U — L’a)

and the amplifier's inout conductivity equals

Jo [Cn + Cut(l - %L ]=/w (Cor + Cag (1 = K] =

=jo[Cor+ Cog (1 +1K1)] = /3Co,

. {a U,
where h=-71:==-— T, = complex gain. Consequently, the amplifier's /106

desired input capacitence equals

Coa=Cp+ C,p (1 +1K]). (111.55)

Thus, vhere K '3>1 , value C,, significantly may exceed the sum of capacitances
Cq and Ca and reach -undreds of picofarads. This is explained physically by

the fact that voltage =xceeding input voltage by a factor of 1+ K turns out
t U= U=l = KUpy= Uy (1 + K) . This will

to be applied to capacitance cag'
lead to an increase in current Iag’ vhich is equivalent to an increase in capacitance

Cag by a factor of 1-- A .
Amplifier output capacitance is determined by interelect ode capacitance

Can: Cnu"ccl- .

Actually, an amplifier's input and output capacitances also include a circuit
Taking this capacitance

capacitance C, , vhich usually comprises several picofarads.

into account

C.‘=C.‘.'C‘.~r(:“(l~f-iK ) C.ux=CH+C¢r (T11.56)

Analyeis of linear pulse distortions will take place with the aid of the
equivalent amplifier circuit based on the alternating component depicted in figure

111.17a, analogous tc :he Figure I11.14a equivalent circuit, but it additjonally

e - v
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Figure 111.17. For Anmalysis of Linear Pulse Distortions
at Plate-Load Amplifier Input.

considers the influence of output capacitance Ceu: connected to the plate of isolating

capacitor Cp , input capacitance C.x of the next stage, and its input resistance

R.|.

One may disregard the influence of capacitor C, in the area of the pulse
1
spectrum's high frequencies since its resistance 1:: is close to zero. Therefore,

the equivalent amplifier circuit will leac to the circuit depicted in Figure I1II.17b,
vhere Ca=Cu+ Cau; — total stray capacitance. it is cvident from that circuit
that, due to the infliuence of capacitance (g, wvhich shunts amplifier output,

its AChKb acquires a "roll-off" in the high-frequency area.* Pulse shape high-
frequency distortions, which manifest themselves in the stretching of their porch
and droop, arise due to this since the rate of output voltage change is constrained

’ by the rate of capacitance €. charge (discharge). If R >R, R,>R, ,

then one may disregard the infiuence of resistances Ri and Rs1 and consider that
the capacitance C, charge (discharge) time constant equals w==~CeRa , hence
pulse rise (decay) time at amplifier output will equal

Ly sy = ICoRo (111.57)
The advisibility of decreasing resistance Rd in pulse amplifiers, in accordance

wvith (I11.52), also follows from this,

*Amplifier ACKh form is similar tu that depicted in Figure 9 (page 529).
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On the other hand, one may disregard the influence of rescistances Cux /107

and ¢, in the lov-frequency area since their resistances are high:

T{TT 2R, L._‘JD’Rn . Therefore, the amplifier equivalent circuit will

lead to the circuit in Figure III.17c. It follows from this that, due to the
influence of 1solating capac.tor €, , amplifier AChKh acquires a "roll-off" in

the low-frequency area. As a result, low-frequency distortions arise, which manifest
themselves in the droop of the oulse. The magnitude of this droop is determined

from formula (II.48a) for transiasnt network C,.R.. .

) . T o
In the medium-frequency area, .‘hen capacitive reactance —c 1is sufficiently
e

slight, while capacitive reactances 'fé" and ! are sufficiently great, one

a ol e
may disregarc the influence of all capzcitances in the Figure III.17a circuit,
Also disregarding in this circuit the influence of resistance R (where

Ru: > R, ), wve will return to the fFigure III.l4a cirecuit, whence it
follows that ratios (II1.49) and {(III,51) determine the stage's gain at medium

frequencies.
EXERCISE [I1.6

a) Which tube, triode or pentode, should be used in an amplifier to obtain:
-- greatest gain;
- minimum linear pulse distortions?

b) WuWhat will amplifier output voltage and gain equal if:

-- as a result of the "combustion" of resistance Ra, its magnitude increases
to infinity (R,ex, ;

— resistance Pa shorts out due to a short circuit in assembly (R.=0) ?

c¢) Multistage pulse amplifiers comprising several plate-load amplifying
stages connected in series across transient R-C netuorks are used to obtain great
pulse amplification, What will be the polarity of the pulses at the output of

a three-stace amplifier if pulses of negative polarity are supplied to its input?
(Page 460)
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4. Amplifier fundamental Circuit Arrangement /108

A standard schematic diagram of a pentode plate-load amplifier is presented
in Figure 111.18.

Figure 111.18. Pentode Plate-Load Amplifier Schematic Diagram,

In this circuit, R -- leakage resistance, Ra -- plate load resistance,
Kyy — input resistance of the next stage, C,, and (; -- interstage capscitors,
R1 -- damping resistance, while Csa -- bypass capacitor in the screen grid's feed
netwvork, C\R, -- self-bias cell, CyRe - plate decoupling filter, La -~ compensat ini

inductance.

The screen grid supply netvork presented here differs from the Figure I1I.11lb
circuit in that resistance R2 is absent. Here, constant voltage across grid 9,
is determired only by scurce Ea voltage and the voltage drop across resistance
R, due to passage across it of the direct component of current igZ:

1
U'33E0—1‘2R| (III-S&)

(curcent igZ alternating component, as usual, is closed across capacitar Cs, ).
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€ 'f-bias cell C.R.will create direct negative grid bias Eg' Bias is obtained
due to the flow of the plate current's direct component (as well as of current

igz) across resistance ?, and equals

E,==Ui=—=(,+1)R, (1I1.59)

The alternating component of currents ia and igz close across capaciter
. , for which its capacitance must be sufficiently great, This is not the sole
method of obtaining bias. In many circuits, it is obtained with the aid of a
voltage divider fed from an external source (self-bias). Use of dynmamic bias
obtained across capacitor (., of the input transient R-C network when input pulses
pass across it also is possible (see Chapter II, § 5). In this case, negative
bias may be obtained only given positive input pulse polarity.

Plate decoupling filter C,R,will smooth plate supply voltage pulsations. /109
Oscillations of this voltage will occur both due to fluctuations in the output
voltage of the supply source rectifier, and due to the influence of the operation
of the stage itself on the rectifier. The latter reason may lead to an undesireable

mutual influence of several stages across a common plate supply source.

Decoupling the stage from the supply source will occur in the following manner.
When the stage operates in the pulse mode, its pilate current in the pulse may
reach a sicnificant magnitude (on the order of ampere unities), resulting in a
drop in rectifier output voltage if special measures are not taien.

Resistance R, selected is much greater than the stage's internal resistance,
corresponding to a "bump" of piate current R, >R, , in order to constrain the
current consumed from the rectifier. Capacitor Cq plays the role of an autonomous
plate supply source: when the tube is blanked (ia =z 0), it charges across resistance
R, tu voitage Ea' vhile, during the time of a pulse, it discharges across plate
load resistance Ra and the tube (i,=ic) . The capacitor discharge time constant
must be sufficiently great so that, during pulse time . , voltage in it will
decrease slightly. On the other hand, during resting time ¢ , the capacitor
essentially must be completely recharged to initial voltage Ea.
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All these requirements will be met if
T = Co (R, + RISt 1= CoRy < 2. (111.60)

Filter parameter selection also will occur on the basis of these ratios.
Usually, when considering the filter, the permissable degree of plate voltage

pulsation in percents is "'g“' 100%, vhere AU,=E,—~U,um — is the magritude

of the plate voltage reduction during the time of the pulse (resulting from capacitor
C, discharge). This makes it poussible to specify the first (I11.60) inequality

for capacitance (, selection.

It is evident that networks R Cs,, R.Cyand R,C, are smoothing R-C low-frequency
filters (see Chapter II, § 3). Therefure, their parameters unconditionally must
satisfy ratio ( 11.40). The purpose of inductance La vill be examined below.

EXERCISE III.7

a) What will be the consequences of the failure of capacitor -, in the self-bias

cell?
b) what type bias, autonomous, self, or dynamic, may insure tube cut-off?

c¢) Determine the requisite capacitance of the plate filter's capacitor c.

if, given t=! psec, plate voltage pulsation magnitude -%é— must not exceed

5% and the stage's internal resistance during pulse action equals Rio =5 kQ ’
R, =5 k§L. /110

d) Compute the parameters of plate filter ¢, and p, if =1 usec,
r s USEc, Ea = 150 V, plate current peak value in a pulse Ia = 0.75 A,

wvhile plate voltage pulsation magnitude %&1 must not exceed 5%.* (Page 460)

*The conditions in this problem correspond to the operating mode of a triode
blocking oscillator (see Chapter V1I1).
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5. Frequency Compensation Elements

Simple High-Frequency Parallel Compensation Circuit. An equivalent amplifier
circuit in the high-frequency area was depicted in Figure III.17b. As a result
of the influence of stray capacitance (, , which shunts the amplifier output,
its AChKh in this area has a "bump", which will lead to stretching of the output
pulse porch and drogp. Compensating inductance La (see Figure 11{.18) is connected
in series with resistance Ra to the tube plate network for AChKh compensation
in the high-frequency area. Given the presence of this inductance, representing
the tube as a current generator in accordance with Figure III.14b and disregarding
the influence of resistances Ri and R, (R >»R, R.>R, , we vill get the
equivalent amplifier circuit depicted in Figure III.19a.

tavtan
Lg=0
PYV Y

(o) (d) éé’)

Figure II1.19. For High-frequency Compensation with
Inductance L,(Ri» Ry .

Inductance L, is connected in parallel with capacitance £, . Therefore,
such compensation also is referred to as parallel. The action of inductance La
is explained simply from the frequency point of view. Capacitive reactance

_—‘l: decreases with an increase in frequency. But, here, inductive reactance
ol 8lso increases. Consequently, given a decrease in the resistance of one
parallel branch, the resistance of the other parallel branch increases. As a
result, the equivalent resistance of the branches between circuit output terminal

remains approximately constant.

Aralysis of the transient processes in the circuit provides an anmalogous /111
result. Actually, given the action of current drop I, inductance La retards the
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rise in current in its branch, i. e., it increases the current of the czpacitive

branch with Cg (=l ~ic) | Since capacitance (. is charged by greater current,

dug ¢ diu [ . .
the rate of output voltage growth Tf‘=7;5=7_- increases, Here, the initial

rate of pulse porch growth remains identical to that without inductance La since,

in the first moment in any case, all current will pass across capacitance

Co le0) =1 »

Rise time is reduced when inductance La increases since a greater (close
to the initial) value of charging current (, is maintained longer. However, it
should be taken into account that inductance La’ resistance R;, and capacitance
., form a parallel oscillatory circuit. An oscillatory process arises in this
circuit given an extraordinarily-large l.a value, resulting in stray oscillations
] being applied to the output pulse (see Chapter II, § 6). Its aperiodic mode must
B be insured to avoid a shock excitation circuit. Therefare, inductance La usually

b is selected from circuit critical damping condition (1I.58):

Ripw=21} T~y hence

Lyyp =025R2C, (I1I.61)

1 An example of pulse porch at amplifier output, given square pulse action
on the input at moment t = 0 for various La values, is depicted in Figure IiI.19b.

i Low-F requency Compensation Using a Plate Filter. An amplifier equivalent

circuit in the low-frequency area was depicted in Figure IIl.17c. As a result

] of the influence of interstage capacitor Cp, , the amplifier AChKh has a "bump"

in this area, which will lead to a reduction in pulse tilt based on the law of
exponents (see Figure II1,27). This reduction may be eliminated if one insures

an increase, based on the same law, in plate potential (point A in Figure IIl.l7¢c),
| 3 i. e., of the voltage at transient network input. The idea of low-frequency

compensation also concludes here in this case.

Compensation will occur wvith the aid of plate filter Ry C4 , which is connected
to the circuit just as is plate decoupling and and which does not differ externally

at all from it (see Figure II11.18).
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Figure III.20., For Low~Frequency Compensation with a Plate Filter.

Given presence of a filter, representing the tube as a current generator

in accorcance with Figure [11.14b and disregarding the influence of resistance

R, 'R, =» K,), ve will get the amplifier equivalent circuit depicted in Figure
111.20a., We will use this circuit to explain the filter's action.

Capacitance C, represents zero resistance for the pulse porch (current i
jump at moment t = 0). Therefore, point ¢ potential remains equal to zero, vhile
plate potential (point A) increases with a jump to identical magnitude Al
that would occur also without the filter. The charge of capacitor C, with /112
time constant <»=R,Cs will occur following this. During the charging process,
the potential of point ¢ , and, consequently, of point A as well, increases by

the lav of exponents.

We will assume that the filter is absent and ve will consider that transient

netwvork output voltage diminishes as linear law (< =R,,C;>¢,). Then, at the
end of the pulse, this voltage will decrease by magnitude 40", = U“:_' , vhere

U,, — pulse amplitude at transient network input (in the amplifier plate network).

Point A potential vould rise by magnitude iU, =1R, ”‘?“Rt during the
time of the full charge of capacitor C, if the filter is present. Therefore,
’ L

expression du, = SU, ’l - T’,)describes the law of growth of this potential

from initial jump 3. ,
Ve will assume that condition «y=C, Ry >»t, is met, i. e., point A potential
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during the time the pulse is active increases also as linear lav

. : . {
.\u,:.‘.l —"—LD!-.—,———
v e ~ EXY

Then, at the end of the pulse, this voltage rises by magnitude

A . t.
=1, s .

AN

Equating values y! . and \' , (in accordance with Figure 111.20b), we will

get the condition for precise compensation in the form

(I11.62)

= or (R, =C,R,

from whence the requisite value of filter C, cagacitance is determined. The magnitude

of filter resistance ~: is selected from condition % ¥, ., . However,
an extraordinary increase of this resistance is undesireable since, just like
an increase in resistance Ra’ it will lead to a decrease in plate voltage across

the tube and requires an increase in source voltage Ea' Usually, Re<<(3+3R,

§ 4. CATHODE-LOAD ELECTRON-TUBE AMPLIFIERS (CATHODE FOLLOWERS)

1. Cathode Follower Operating Principle

A cathode follower has high input resistance and slight input capacitance,
slight output resistance, gain close to unity (less than unity), and follows input
pulse polarity. Linear and nonlinear distortions of pulses transmitted across
a cathode follover are insigrificant, while the amplitude of the transmitted pulses
may be coincident with supply source voltage Ea' Moreover, a cathode follower
circuit is distinguished by its simplicity and stable operation. All this stipulated
wvide use of cathode followers in RLS pulse devices as impedance-matching stages
and in many other instances when high input and low output circuit resistance

are required,

A basic triode cathode follower circuit is depicted in Figure [11.21. All

specified cathode follower properties are explained by the action of negative
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Figure III.21. Cathode Follower Basic Circuit.

voltage feedback arising thanks to conne-tion of cathode-load resistance R. (see
Chapter III, § 3). In accordance with (II1.23), for a cathode follower we have

The feedback in a cathode followver acts not only by means of the alternating
component, but also by means of the direct component., Actually, if #, =0, then
plate quiescent current Iao vill pass across the tube creating constant voltage
drop (',,=/,.R, » applied with a "minus" to the control grid, across resistance

R. . This voltage acts as negative bias voltage

U= — Ugg=— IR, (111.63)

In accordance with Kirchhoff's second law, we have Ei=us+uws for the
input (plate) network or, considering (I1I.22)

B =E, — iR (111.64)

In accordance with (II11.23), (II1.63), and (111.64), the curves of the /114
voltages in a cathode follower given the acticn of bipolar triangular pulses at
its input are depicted in Figure I11.22, The selected amplitude of these pulses
is sufficiently lov and the position of the operating point such that voltage
4ea changes in the area O0>un >E;., i. e., essentially, there are no nonlinear

distortions.
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Figure II!.22, Curves of Voltages in a Cathode Follower.

EXERCISE III.8

v have (relative to the chassis)?

a)

b)
voltage

What polarity may voltage

An increase in resistance R, will lead to a rise in the magnituce of
. Is tube cut-off possible here?

P S o SOV N vhen HeqmN

c) How does shunting resistance R. with capacitor C. influence circuit

ooeration? {Page 461)

2. Graphical Analysis of Cathode Follower Operation

Processes in a cathode follower may be explained clearly using a graphical
approach. The influence of load impedance R on cathode follower plate voltage ug
is determined by ratio (IIl.64), which is similar tc ratio (III1.21) for a /115
plate-load amplifier. Therefore, cathode follover dynmamic characteristics are
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plotted just as are those of a plate-load amplifier (see Chapter III, § 3) given
replacement in load line equation (1I11.43) of resistance R, by & .

Assuming in (II1.35) that Ra = 0, for the transconductance of the cathode
follower's dynamic transfer characteristic we will get

S = ¢ : - ;
Swa =S T T (I11.65)

Usx mare

Figure II1.23. Graphical Explanation of Cathode Follower Processes.

This characteristic is plotted in Figure I1I1.23 {curve 7 ) and reflects
relationship ,=ogsluc, wa) « But, due to negative feecback action, voltage un

itself in a cathode follower is a function of current ia:
Upp=u,  —iRy , In order to plot this function in the same diagram, ve

will 1epresent it in the form
LTS Yot

la=—p— — Ry (I11.€3)

Ratio (II1.66) for given instantaneous vaiue u,, is the equation of the line
referred to as the feedback line. In accordance with (111.66), the coupling line
intersects on the X-axis (where ia = 0) portion un =t~ and slopes to this

axis by angle

1
2 arctg - (I11.67)

144

e — - = A v .
. RS v

. : WOPN .. A




The feedback line for another value u,, displaces accordingly along the /116
horizontal, and the angle of slope remains fixed, The family of feedback lines
for various voltage u. values, which is accepted as the parameter, given magnitude
R.=cot~t , is depicted in Figure III.23 by lines 0, 1, 2, 3. The point at which
the dynamic characteristic intersects the feedback line for a given value
determines voltage u.. and current ia in the circuit (points AO’ Al, AZ’ A3).
S0, for u,=us: s feedack line 1 iniersects the dynamic characteristic at point
Al with coordi. 1tr3  uga, i o Other points of the lines physically have no concept.
Operating p<in: AL lying on the feedback line for u,=0 (line 0) determines
stage d-c operating mode. This is referred to as the bias line. Jnitial bias
U..n and quiescent current Ia determine operating point position., The feedback
line displaces to the right for positive u«,, values and to the left for negative
values relative to i.ias line 0. ULine 2 is plotted for value u,,=U.; wane, ¥heTE
point Az tuqa=0) reflects circuit state. Further increase in voltage u,, will
shift the reflected point to area wuan>0 , i. e., wvill lead to appearance of
current i_ and resulting decrease in state input resistance, as vell as to onset

of nonlinear distortions due to a dynamic characteristic upper benc,

Line 3 is plotted for value u,,=U,s wm vhere point )\3 (g =Ugn wun) reflects
circuit state. Further decrease in voltage u,, will lead to onset of nonlinear
distortions due to a dynamic characteristic lower bend, while, where .,,<l; »
to tube blanking. Therefore, value [/,, e cCoOnstrains positive pulse maximum
amplitude, while value U,,..s CoOnstrains negative pulse maximum amplitude at
stage output. Comparing in Figure II1.23 the magnitude of values U, wue and
Uss wm + Y€ see that this circuit is more amenable to positive pulse transfer.

The graphical construction presented makes it possible to use given resistance

R, magnitude to determine stage operating point and dynamic range (values (', ...
and (. .4 ) Or, vice versa, to select resistance ¥. magnitude for the desired
aperating point position., However, one must consider that a change in 2. magnitude
means a change not only in feedback line slope, but, in accordance with (III.65),

a change in dynamic characteristic transccn-uctance as wvell.

EXERC:SE III.9

a) How and how much does the dynamic range (maximum input voltage change)
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differ for stages with only a plat2 and with only a cathode load, given the identical
degree of nonlinear distortions? For which stage will nonlinear distortions be

less, given identical voltage ... change constraints?

b) Complile plots “hat are analogous to those in Figure II1.23, but /117
for a higher resistance ~ magnitude. How vill an increase in resistance p, impact

upon stage operation? What constrains the maximum amplitude of this resistance?
(Page 461)

3. Cathode Fosiover Parameters

Assuming in (III.32. and (III.33) that R, = 0, for cathode follover gain

and output resistance we will get

ul:

Ka=zmrom (111.68)
R,
Rlu!,ln = R, .o “R; (III.69)

Since 2 >1, for tr.odes and especially for pentodes, considering (III.19),
these formulas may bo wr.tten in approximate form

A= 2R V. p o HBy 11
‘n~;f4-rﬂ}\‘.—l- ] ) “"“"R,{‘pk,— Sl-_l__ (111070)
SR, SHe
Given SR, >1 , ve uill get even simpler expressions
K=l Rupwa=- (I111.71

It follows from the resultant ratios that cathode follower gain K..<1 also
is closer to unity (more precisely ta value T%%T j, the greater tube transconduct-
ance S and resistance R, . However, resistance R. increase will lead to quiescent
current Iao decrease and bring stage operating point close to a dynamic transfer
characteristic lower bend (see Exercise I1I.9). Therefore, derending on stage
operating conditions, reuistance ?® on the order of several hundred chms, unities,
or even tens of kilohms .3 selected. Here, for example, even given a relatively-low
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transconductance value S~ 3 Ma/V (6N1P, 6NSP, 6HTC) triodes) and lov resistance

K(j, in accordance vith (II1.70), we will get A  .v°" ,

Cathode follower output resistance R and, given an increase in

transconductance S and resistance .’ , also approaches ratio (more precisely,

magnitude - . )., Since, for most tubes, transconductance S equals several

mA/\, output resistance comprises only several hundred ohms.

Figure III.Z4. For Determination of Follower Input Capacitance.

Cathode follover input resistance, given absence of grid currents, /118

in accordance with (I11.54) equals ®an R, We vill use the method of complex
amplitudes to find the cathode follever's input capacitance and we will turn to
its circuit for alternating components presented in Figure [11.24. In accordance

with this cilrcuit, input capacitive current /,.is stipulated by tie presence of

interelectrode capacitances {, and Cag and equals

Since voltage U=l — L. is applied to capacitance C,. and voltage (', to

capucitance Cag’ then

i~

7 = /"-C,. 'u - L'. N ,u‘ = ./‘"C,;l 'u
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and stage input conductance equals

oA e = G0 -
Yoo == Cor =/ [Ly” - ,,"}+C,,‘ =

= fw[C il =K + C] =/C,,

then input capacitance equals

c =C,i' - K,)~-C,=C, (111.72)

AP §11

since ! -#...-1 , Comparing the resultant expression with (1I1.55) we see
that cathode rnllower input capacitance is less by a factor of tens than that

for a plate-load amplifier due to negative feedback action,

High=-frequency pulse distortions stipulated by the influence of circuit input
and output capacitances are unavoidable at cathode follower output, just as was
the case for a plate-locd amplifier, Since follower capacitance < is slight,

. shown by the dotted line in Figure III.2l1 is of main significance.
- -C, 5 vhere C.a - tube plate--cathade

capacitance .
This capacitcnce equals + -7, =1L,
capacitance*, (,, =~ capacitance between cathode and filament, . -- circuit /119

capacitance, and C(, -~ load capacitance.

"E}; .LU-L-
? T

Figure 111.25., For Calculation of Follover
Qutput Capacitance Influence.

Accepting on the basis of (II1.71) that K.;=I1, H,_Un=% , ve vill assume
the cathode follower's equivalent circuit for high frequencies in accordance with
Figure I11.25. It is evident from that figure that the time constant far the

*Capacitance ¢, for the alternating component is connected in parallel across
resistance #. {and, therefore, is included in c,,. as a component) since the tube
plate for the alterating component is connected to "ground" across a capacitor

bypassing the supply source.
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follover output network equals

Tan = oy P wn (111.73)

and is slight due to the insignificance of resistance R,. ., . Therefore, steep
pulse porches are transmitted with insignificant distortions across the cathode
follover. Thus, when . .«=40 pF, Ry =230 ohms, we will get =u:=0.0l usec, vhile
pulse rise (decay) time at output will comprise ?, ., =3zu:=003usec. However,

that will be the case only given sufficiently-low pulse amplitude. It is pessible
that grid current may appear or the tube cut off and, as a result, there may be
additional stretching of the porches if there are great amplitudes and steep pulse
porches caused by capacitance (,,, , vhich retards a change in cathode potential.
This is explained by the curves in Figure 111.26 using transmission of a positve

square pulse as the example.

Uex

a ey Ly te

1%

a, L‘“ j \

U,,'
¢ ¢

sy
|

Figure [II,26. Transmission of a Pulse of Great Amplitude.

‘e will examine these curves, having ratio », =uw,_ —". in mind. At moment
tl’ cathode potential does not change tu»=('s.) and the pulse porch turns out to
be applied vholly to the grid-~cathode sector due to the presence of capacitance
Therefore, voltage .. with a jump increases by magnitude (... If

, then grid voltage will become positive and grid current ig appears.

Cnuq L4

el >
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Further, because of capacitance C. . charge, voltage «. increases while voltage
7,Kdrops according to the same law., Until moment tyy until w0, the /120
charge of capacitance r,.., will aoccur with currents ia and ig, vhile, later, only
by current ia' Here, during interval tz--tl, porch steepness decreases for two
reasons: first, due to the increase of resistance ~,...,, and, second, due to
the decrease in pulse amplitude affecting the grid stipulated by the voltage drop
across the pulse source input resistance (of the previous stage) as current ig

flowus across it. Then milking of capacitance .., vill occur with time constant

Tebiv @

At moment t3, cathode ;otential does not change (usv=Usuae =L+ =Luna) and,
therefore, voltage «.. with a jump drops by the magnitude of pulse droop L'ax.
If Ujwn=—Usuane < £, here, then the tube is cut off, But, given a blanked
tube, the feedback circuit turns out to be disrupted, Therefore, in interval
ta-t3, until ... lt,. , capacitance (,,, discharge will occur across resistance
R, with time constant <. =C, K. >>5,. (K> K)o Then milking of capacitance
Csuy will occur with time constant < . Thus, the output pulse's droop is stretched

to a significantly-greater degree than its porch is.

We will note in conclusion that use of a pentode rather than a triode in
a cathode follower, due to the large value of transconductance S at the identical
Ry value, provides great gain and less output resistance, while, due to lesser
capacitance (,, , it is possible to improve the shape of the output pulses.

EXERCISE II1.10

a) Drav a cathode follower equivalent circuit in which the tube is represented

in the form of a current generator.

b) In accordance with Figure III.26, at moment ta, a decrease will occur
in the time constant of capacitance ¢... discharge in connection with unblanking

of the tube. Why is there no break at that moment in the u, and u curves?
(Page 462)
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4, Cathode Follower Circuit Variants

Figure II1.27. Cathode Follower Circuit Variants.

Several practical cathode follower circuit variants are depicted in Figure
I11.27. These circuits differ from the basic circuit (III.21) by the presence

of and the methods of supplying additional bias voltage, which make it possible

to change the positicn of the stage's operating point. In the Figure II1.27a

circuit, positive bias voltage Eg from resistance R2 of divider Rl’ Rz is

suwplied to grid., Capacitor T, bypasses resistance R2 by means of the alternating
component. Bias voltage (.0 shifts the operating point based on the dynamic
transfer characteristic "upwards," wvhich makes it paossible to increase the maximum
amplitude of positive-polarity input pulses without decreasing resistance R, ,

i. e., stage gain,

Negative bias voltage is introduced into the cathode netwark in Figure II1.27b,

wvhich is equivalent to supplying positive bias to grid. Therefore, this circuit
operates just like the previous one., However, voltage £,<0 decreases the output

voltage direct component, which will become equal to U a=Ula~E, i+ L, »
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Self-bias network R. L. is used in the Figure IIl1.27c circuit. Negative grid
bias is obtained due to the voltage drop only across resistance R. equalling

L"., ==Ly =—1,Ru

The voltage drop due tc passage of the plate current's direct component across
resistance K., does not impact upon the position of the operating point thanks
to capacitor (;, isolating the grid from the chassis ("ground") where the direct
component is concemed. When input voltage is active, the cutput voltage
alternating component, stipulating negative feedback action and gain magnitude,
arises only across resistance R... Usually, Ru>R. . Here, the position of
the operating point is determined by resistance R., and can be selected in the
middle of the dynamic characteristic linear sector, while stage gain and dynamic
range are determined only by resistance R : and can be made sufficiently large.
The Figure III.27d circuit operates analogously. Here, the position of the operating
point is provided also by resistance X, but, since it is not isclated by a capacitor,
the alternating component of feedback voltage (and of output voltage), given the
action of the input signal, is picked off from the sum of resistances Ru+Riz .

EXERCISE III.1ll

Explain graphically hov to determine the position of the operating point

and dynamic range for the circuits presented in Figure III.27. Write the expressions

for the gain of these circuits. (Page 463)

. v T T
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figure 111.28, Cathode-Load Stage as a
Current-Stabilizing One-Port.
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A cathode-load stage assembled like a cathode follower circuit often is ,'122
used to stabilize current ia passing across it. Here, it should be looked upon
as a current-stabilizing "TT" one-port, whose circuitry is depicted in Figure
1I1.282. In this instance, the stage, in essence, is not a cathode follover (the
input voltage in it is not supplied, while the output voltage is not picked off),
but given voltage u, changes, current ia stabilization is insured due to negative
feedback action identical to that in a cathode follower (II1.24)., Actually, if,
for example, voltage u, is decreased, then current ia must also decrease but here,
voltage ua drops and, consequently, grid voltage u,=—u, increases. But,

this constrains a decrease in current ia.

We will represent the tube in the form of emf generator pum with internal
resistance Ri for quantitative evaluation of the stage's current-stabilizing action,
Then we will get the equivalent circuit of a one-port for the increments of current
and valtages depicted in Figure II1.28b. In accordance with this circuit, considering

that, given «, =0 , M= ds,=—ALR, , ve vill get

Uy = 2y lig = udi Re Ay,

) — - 2
M= e = TR TR, wan A, VAP RS-

The latter expression makes it possible to represent the one-port by the

Figure iI1.28c equ... ent circuit, where
3
Rn=Jt=R++aR (111.74)
-- one-port internal resistance to alternating current.

Thus, negative feedback increases stage internal resistance to alternating /123

current by magnitude ~R, . This explains the stage's current-stabilizing action.
§ 5. PHASE INVERTER, DIFFERENCE CIRCUIT

If load impendances equal to each other ~,=R =R, are placed in an amplifier
vith plate and cathode loads (Figure II1.7), then, based on (I1I11.28) and (I1I.32),

ve vill get

Ko =Ke=-g—FT31-o7
ok ' (111.75)




-- stage gains at plate and cathode outputs arc identical in magnitude and less
than unity. Since, in this instance, stage output voltages v, ard 4. are equal

in magnitude but opposite in phase, such an amplifier is referred to as a phase
inverter,

When a pulse of given polarity is supplied to phase inverter input, a pulse
of different polarity, but of identical amplitude, will appear at its outputs:
Ususe=Ususr + Assuming in (II1.75) that . » 1 , we will get

. 1 . :
;l\",,5==l\.==l 7~ » from vhence it follows that, given gg =i
t 3Ry

(I11.75a)

Figure III.29, Difference Circuit.

We will examine cne characteristic use of phase inverters using the difference
circuit depicted in simplified form in Figure II1.29. This circuit makes it possible
to obtain woltage proportional to the half-iifference of two input voltages:

L'nua K "‘:‘—s_—" _ Loy . ( I11 .76)

-

and is used wvidely as a conoarator in automc“ic tracking system discriminators
(see Chapter I, § 2).
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The circuit will comprise two identical triode phase inverters Ll and L2

wvith equal plate and cathade lnads:

Ru=Ru=R, =Ry R,=R,: R,=R, (111.76a)

The first stage has a plate and the secand a cathode output, while voltage
divider 2 R, R;is connected between these outputs. Input pulse voltages --
both of negative polarity with amplitudes U,,, and U,;; , are supplied to the
triode grids across coupling capacitors Ly and Cp; . Output pulse voltage with
amplitude ([,,.is picked of f the contact arm of poutentiometer R, across coupling
capacitor (;, . The contact arm is set beforehand in a position whereby, given
voitage equality u,, =um2 independent of their magnitude, tnere would be no /124
output signal &.ax=0 ., Pocssible differences in stage parameters are compensated
for in this manner, i. e., balancing of the circuit will occur. Leakage resistances
Rgl and R , are connected only to a portion of stage loads R, and R, in order
to decrease the magnitude of triode initial negative grid bias. This insures
amplification of negative input pulses in the linear sectors of the triodes' dynamic
transfer characteristics (see Figure III.27d and Exercise III.11).

EXERCISE 111.12

Compile an equivalent circuit for a difference circuit, representing both
iy sy o . USing thiS CirCUit'

stages in the form of emt generators e eususa and
(Page 464)

prove ratio (II11,76).
§ 6. TRANSISTOR AMPLIFIERS
1, Transistor Amplifier General Characteristics

At the present time, amplifiers assembled on transistars are used widely
for amplification of pulse signals and harmonic oscillations. Transistors replace
electron tubes in thece amplifiers. However, no complete analogy exists between
electron-tube circuits and transistor circuits since the latter have several special

features.

Thus, for example, input current in the entire range of frequencies ex: -ts
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in a transistor. Input current in electron fubes is stipulated by the presence

of interelectrode capacitances and appears only at relatively-high frequencies. /125
Presence of input current in transistors will lead to losses in input signal power.
Moreover, the magnitude of triode amplifier input resistance has a lower value

than that in tube amplifiers. This requires that special measures be taken fur

amplifier stace agreement,

Couplings exist in transistors between input and output in the entire range
of frequencies, while, in tubes, stray feedback across plate--grid capacitance
begins to mainfest itself only at relatively-high frequencies, Consequently,
if ve replaced a tube wvith a one-port in the video frequency area, then a transistor

during analysis will have to be replaced by a two-port.

The dependency of transistor characteristics and parameters on temperature
is an important transistor distinguishing feature. The determinant turns out
to be collector junction temperature, which, in low-pover transistors, essentially
will depend on environmental temperature and, in powerful transistors operating
in terminal stages, will depend on power dissipated in the junction as well as
on heat abstraction conditions in it. At present, industrially-produced germanium
transistors can operate in a temperature range of -60 to +100° C, vhile silicon
transistors operate in the -60 to +200° C range.

Figure II1[.30. Transistor Connection in an Amplifier Circuit:
(a) — Con .n-base circuit; (b) -- Common-emitter circuit;
(c) = Common-callector circuit.

A transistor may be connected to an amplifier circuit in three different
vays, depending on which electrode is common for the input and output netvork.
Thus, there are three types of circuits (Figure III.30):

-= common-base (0B) circuit;

156

t—




-- common-emitter (OE) circuit;
-— common-collector (OK) circuit,

In a common-base circuit, emitter current is input current, while collector
current is output current. Current gain in a common-base transistor circuit is
determined as

]
3y iU, = connt (111.77)

X =

and always is less than unity.

The magnitude of current g~in (X , determined as the ratio of the increments /126
of collector current and emitter current, essentially does not differ from the
magnitude determined by the ratio of the direct components of currents, i. e.,

1=-IL'- .
» (U, = comt (III.78)
A magnitude of voltage gain in a common-base circuit significantly greater
than unity may be obtained. In actuality, a change in emitter current will occur
under the influence of alternating volta = ux
BTN
l/,:—k:"l.
vhere R, = ainpu* resistance of the circuit for alternating current, This resistance
is slight since forward bias voltage £, is applied to the emitter junction.

A change in emitter current vwill lead to 3 change in collector current, resulting

in a change occurring in voltage across resistance R,
Ay = AR,

Voltage gain may be determined as

ST MR, Re_ (111.79)
Ke= 00 = TR, =R
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it is possible co obtain magnitude R, >R, , considering that x=x 4 y if
ratio KN, ,>1 is provided,

It is not difficult to demonstrate that pover gain also will occur in an
UB circuit. Power gain K, can be computed approximately using formula

—P.‘_AIKAL'N'~ R
K’_—F:-——.\-mz!:‘—-\, ’,.—R:‘;' (III.SO)

Thus, stage voltage and power gain in a transistor approximately equal the
ratio of load resistance to input network resistance. It is for this very reason
that semiconductor triodes got the name transistor, i. e., transformers of

resistance.*

Base current /s is input current and collector current /, is output current
wvhen a transistor is connected as a common-emitter circuit. Hence, current gain
for this circuit may be determined as

3 Al
P = Ty lo, = conr (111.81)
Considering that Aa=(M,— M) <)/, , magn.tude I>1 . /127

It is easy to establish the coupling between current gains in a commoun-base

and in a common-emitter circuit.

Actually:

3= ll‘ 2= A—/."-- i
) 3Ty Ly = ot LYARUS = const’

vhile y/ =13/, — A/, , hence

Ay
PO VR A T (111.82)

37, =l 3o =1

=

*The vord "transistor" sters from the English words "transformer of resistance.”
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Base current is the input current and emitter current is the output current

in a common-collector transistor circuit. Hence, current gain

., i
x5 Uy o

Considering that current ratio 3. =3/s+1A/, is fixed for any type of transistor

connection, ve get
==t =t (111.83)
2. Equivalent Transistor Circuits

Three basic methods are used ..t the present time to study transistor amplifiers:
the linear two-port, the physical equivalent circuit method, and the graphical
method. The latter two found greatest use in engineering practice.

The equivalent circuit method is used maost uften for computation of amplifiers
operating a small signal, i. e,, vhen the structure and parameters of the equivalent
circuit remain fixed and are independent of signal level. Here, an equivalent
circuit is an electrical model in which physical processes occurring in a transistor

are reflected.

The graphical method is founded on use of transistor input and output static
characteristics. The beauty of this method is its clarity and the ability to
use it for a small and for a large signal. However, use of static chuiacteristics
is restricted to the d-c mode and the low-frequency area, Therefore, the graphical
method is used in practice mainly for selection of operating point and analysis
of key transistor properties, Such amplifier indicators as current gain Ki’ voltage
gain Ku, wput resistance R,., and output resistanceR,..are considered using

equivalent circuits.

One of the clearest equivalent circuits obtained on the basis of physical
representations of transistor operation is a T-circuit (Figure I1I11.31). The
parameters of this circuit are transistor internal rcsistances. A current ar
voltage generator connected to the input netwark reflects transistor amplification

properties,
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Figure II1.31. Equivalent Circuit for « Transistor in a Common-Base Circuit:
(a) —= With equivalert voltage gererator; (b) -- With a current generator.

Tuo T-shaped equivalent circuit variants for a common-base transistor circuit
are presented in Figure [I[.31: with voltage generator r.i, (Figure I1I.31a)
and vith current generator a, {Figure II1.31b). This circuit‘s parameters are:

r: -- forward-bias eritter junction resistance;

r« == reversed-bias collector junction resistance;

7y — base layer resistance;
r, — equivalent gen:rator resistance;

m

({ - current gain for a common-base circuit.

Magnitudes of interral resistances in modern transistors will fall in the
ranges:

Fs «= several dozen ohms;

'+ == from scveral tundred kilohms to unities of megabms;

r == several hundrid ohms.

Magnitude (X is det :rmined by transistor materials and production technology.
In industrially~produced transistors, (X =z 0.95 —=— 0.995.

Equivalent gererator resistance T sometimes is eliminated from a circuit,

] replacing resistance ar. equal to it., Actually, equating the voltages of cor-
responding sectors a6 :n Figure [II.3la and III.31b equivalent circuits, we get

k 'n'l"‘ru‘:;\“n I R
hence
Fn=1r,
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In the circuit examined, transistor amplification properties are ccnsidered /129
by introduction of equivalent generator :.- , analogous to generator .., in the

t:be equivalent circuit.

The polarity of this generator's voltage considers the circumstance that

collector current must coincide in phase with emitter current ,, (current

on

agirection is indicated in Figure III.31 by arrows).

d.l"(‘ -y
o._{::}..i..q:::.{fE}.g&
- -t
L rSIma)
" u;
I -

a 4 (1¢)

Figure [I1.32. Equivalent Circuit for a Transistor
in a Common-Emitter Circuit,

An equivalent circuit for a transistor in a common-emitter circuit is depicted
in Figure III.32. The Figure IlI.32a circuit usually is converted so that the
en.f generator 13 reflected by input current, base current i« in this instance.

We will examine the sector of the collector network betveen points a and b .

One may write rfor this sector

Ay 2= A fy = 370, (111.84)

Considering that : =—{, - <« in a transistor, we will revrite expression

(I11.84 in the following form:

u.o_:j.r‘—(‘lr‘—l.,”‘:’.(l — 3, = A (III 85)

The Figure [I1[.32a equivalant circuit may be converted to the form shown

in Figure I[I1.22b based on “he resultant expression. As follows from formula

(II1.85), the polarity of equivalent generator i~ '« is opposite of that of generator

This speaks to the fact that collector current and base current are opposite.

i, ®
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Figure II1.33. Equivalent Circuit for a Transistor
in a Common-Collector Circuit.

An equivalent circuit for a transitor in a common-collector circuit is depicted
in Figure III1.33, Here, in the Figure IIl.33b circuit, just as in the previous

case, the equivalent genrator's emf is expressed as input current i

The equivalent circuits examined may be used only at lov frequencies, where
transistor reactivity need not be considered. tloreover, modulation of the width
of the base due to a change in collector voltage is not considered in these circuits.

Reactive elements in a transistor necd to be considered wvhen frequencies increase.

Junction capacitances primarily are among such elements.

Enitter and collector jurctions are areas with a space charge and, from /130

this point of view, may be characterized by charge capacitarnces C, and (C, ,

respect.ively. Charge capacitance magnitudes are determined by pn junction geometric

direns.ons and the properties of the material from which they are manufactured,

and also will depend on external voltage applied to the junction. A change in

externzl voltage vill lead to a change in the width of the spatial charge area:
the area of the space charge expands with an increase in reverse valtage and the

charye capacitance decreases; shrinkage of the space charges will occur with an

increase in forsard voltage and capacitance increases, Since the emitter junction

cdisplaces in a forward direction, while the collector junction does so in a reversed

direct:on, emitter junction charge capacitance (, turns out to be much grecter

than collector junction capacitance C, . Emitter junction capacitances comprise

magnitudes on the order of hundreds of picofarads, while collector junction

capacitances comprise magnitudes from unity to several tens of picofarads., Hovever,
one may disregard emitter junction capacitance influence since it is shunted by

On the other hand, colliector capacitance plays a
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significant role since it 1s connected in parallel to resistance -, of great

magnitude. For example, given a 5 pF collector Junction capacitance and resistance
r\f?, the capacitive and active components of collector resistance vill

be approximately equal at a frequency of 30 kHz. Consequently, collectar capacitanc:

exerts material influence on amplifier frequency characteristics.
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Figure III.34. Cecllector Current Transient Characteristic.

Diffusion processes in transistors exert significant influence on amplifier
frequency properties. A phenomenon similar to the finite rate of electron transit
in an electron tube is observed at high frequencies. A drop in gain C{ will cccur
vith a rise in frequency., Diffused motion of carriers near the base is the mzin
cause of the decrease in gain. They will move randomly, with varied thermal /131
rates and along varied trajectories. This will lead to the fact that, given emitter
current jump-in by magnitude /. (Figure I1I1.34a), there will be no correspcnding
collector current jump=-in, Collector current pulse porch (or change) will turn
out to be stretched (Figure III.34b). If the duration of the curfent's input
pulse coincides with collector current-rise time, then the transient process vill

not succed in terminating and the amplitude of output current / will turn out

to be less than cet value /. =a/ .

Collector current pulse amplitude vill drop vhen input pulse cduration decreases,
An analogous picture will be observed given the action of a periodic pulse or
sine signal. Thus, the variety of the average rate of carrviers diffusing near
the base will lead to a decrease in collector current amplitude with a rise in
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signal frequency. Fixed emitter current amplitude is equivalent to a drop in

the factor CI magnitude.

Along with the transistor phenomenon noted, a lag exists in collector current
change relative to emitter current change. Lag time will depend on carrier mobility
and base thickness. The period of oscillations and diffusion time will become
coincident vith a rise in signal frequency and the phase shift between the input
and output signal will grow. It is evident that transistors made of the same
material but having a thinner base will provide less lag and less dispersion of

carrier rates, i. e., they will be of a higher frequency.

On the basis of what has been said, it is possible to consider that gain
(X in a common-base circuit, determined as the ratio of collector current to
emitter current, will depend on frequency and may be characterized by modulus

iCI] and phace ﬁFZ'

One may use the collector current transient characteristic (Figure III.34b)
for approximate evaluation of frequency dependence of ({ , which, vithout
considering lag, may be approximated with satisfactory precision by exponent /132

T
=<
.

:,u)al.ll—e

Here, <, —- time constant characterizing the rate of collector current build-up

and depending on the mobility of nonbasic carriers near the base and on the latter's

thickness.

Considering that =12t , one may consider the collector current value
ir the set mode as equalling /[,=a/, (CZo -- current gain value at low frequency).
Conseqguently,

o

i gl
Lin=1I3"t—e .

Since current /, after connection retains a constant value, then current

gain is a function of time

'1’, (III.Bé)
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This form of gain (X transient characteristic is analogous tu that of an

R-C integrator (see expression 1I.2). Therefore, based on an analogy with the

!

frequency dependence of R-C netwvork gain /AW/m)==T:777ﬁr} y current gain

frequency Zependence may be written as

’(/“'>=Tﬁ::;- (111.87)
In this event
z(w)=———__—.1__‘-—.__..——
Vs (et
(111.88)

T, = arC i e,

The frequency at which modulus X decreases by a factor of }'7 relative
to its low-frequency value is referred to as current gain threshold frequency

| 1
w=-m =27 (111.89)

3 b

Threshold frequency ¢ will fall within limits ranging from tens of kilohertz

to hundreds of megabertz, depending on transistor type. It should be noted that

the utility of the (I111.88) formulas is restricted to frequencies . . | .

a{jwilq

Figure III1.35., Equivalent Circuit for a Transistor in a
Common-Base Circuit Consicering Capacitances.

An equivalent circuit for a transistor in a common-base circuit, considering
Jjunction capacitances and frequency dependence of gain z: s is depicted in

Figure II[.35,
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Current gain in a common-emitter circuit (see expression 111.82) equals /133

T

je) = g (I11.90)

Substituting value atju) from (II1.87) in the above expression, after simple

conversions ve vill get

:=(;.u»=_§—_7. (I11.91)

. . ]
vnere 5 = q U R gttt e

Hence, the gain threshold frequency in a common-emitter circuit

fo= o =f (1 — 1. (111.92)

ort

Consequently, f,=>»f. , i. e,, 8 common-base circuit is more broadband than

a common-emitter circuit is.

Thus, a transistor gain drop in the high-frequency 2tea mainly will depend
on a change in gain and on the magnitude of collector capacitance (,. The first
or second factor, or both simultaneously, may play the main role, depending on

i circuit parameters and tranmsistor type.
3. Detemmination of Transistor Amplifier Basic Indicators

We will examine the operation of transistor amplifiers in the linear ampli-
fication mode given slight signals. In this case, the operating point is selected
in that area of the volt-ampere characteristics where they may be considered linear.
In this event, transistor equivalent circuits may be used to determine basic amplifier
= indicators: current and voltage gain and input and output resistance. le will
consider that transistor parameters are purely active, i. e., the transistor is
operating in the lov-frequency area. Influence of the reactive elements of external
netvorks and of the transistor itself will be examined specifically using pulse

video amplifier circuits as our example,

§ Common-Base Circuit. This circuit is analagous to an amplifier with a common
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Figure 111.,36. Common-Base Amplifier:
(a) — Simplified circuit; (b) -- Equivalent circuit.

grid. A simplified amplifier circuit is depicted in Figure IlI.36a, while /134
its equivalent circuit for alternating components is shown in Figure III.36b.

In this circuit, source £« is the amplifier supply source, while source .. is
emitter junction forvard bias and, thus, determines operating point. Opposite
supply polarity must be used when npn transistors are used. Resistance g,
connected to the collector network is the amplifier's load.
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Figure II1.37. For Cetermination of a Transistor's Common
Operating Pcint in an 08 Circuit.

One can explain operating point selection using the family of 0B circuit

collector characteristics and load line (Figure II1.37). It is evident from Figure

II11.36a that the load line egquation, just as was the case in tube amplifiers,
may be written in the form

4, = E, — {,R..
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Providing vith the aid of scurce £.y initial current value , ., . , we get
operating point A at load line intersection with the corresponding collector current
characteristic. Here, current /., almost equal to the emitter current magnitude,
flous across the collector netwvork. Collector current creates voltage drap
Us,= 1R across resistance R, . Consequently, in the initial mode, constant currents
flow across the transistor networks, while constant voltage U, exists in the collector
(Figure II1.38).

60/'\
a o0 1 < ’/_t

Figure III.38. Voltage Curves in a Conmon-Base Transistor Amplifier.

Let sinusoidal voltage ¢ =('.sinw be supplied from moment tl to the /135
amplifier input. The height of the potential barrier of the emitter pn-junction
vill change due to the action of the input signal, which will elicit a corresponding
change in emitter current and collector current.

Given positive input signal half-yaves, emitter current vill increase, while
it will decrease given negative half-waves. Consequently, emitter and collector

current alternating components with amplitudes /.. and /,, appear in the transistor.
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Since an increase in collector voltage corresponds to an increase in collector
current, the output voltage isolated from the direct component by capacitor C
vill be in phase vith the input voltage (Figure IIl.38e).

We will not consider the influences of coupling capacitor C and external
load p, when determining basic amplifier indicators, assuming that capacitive
reactance \, is very slight, while resistance Ry is considerably greater than
resistance R, . In this event, a Kirchhoff equation for the input and output
netvork may be written from tie Figure [I[.36b equivalent circuit in the fcllowing

forms

Ny = (r, =T ), + ri
D= ry - 3r )1, —(r, —ra =R, (111.93)
Circuit input resistance may be determined as

R, =2~ (111.94)

et
In our case, emitter current /4, is input current,

Solving the second system (II1.93) equation for current ;. , we will get

rso-ar,

== TR (111.95)
Then, eliminating current i from the system's first equation, ve /136
wvill get
-" ) — 74 -~ 1y
fa= A=) TR L (111.96)
Hence, 1nput resistance
L A Tdls
Ru=i=rnonmhsn=ma (111.97)

We wil) compile the output network circuit for determination of output
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resistance magnitude, hav .ng expressed current :, by input network parameters.
In accordance with the Figure II1.36b circuit, wve have

- ~ . e -
Ugy =t = i\, vy YRR ola

Hence

€r — rele

T n R (111.98)

Having substituted the current , value (II1.98) into the second {(III.93)

system equation and making simple conversions, we will get

b g (R e — e e ) T =0 (111.99)
Introdicing designations
e a=¢ Rr’:’,'"_“ ~ and Re=rlv+rs—=rs :"‘_"r"t =
expression (I11.99) may be revritten in the following form:
e s = — (1,R 4+ 1,Ky). (1I11.100)

The minus sign speaks to the fact that, given inpu: signal positive polarity,
output current ,. will have a direction opposite to that we accepted for the
equivalent circuit. It is possible, in accordance with the resultant formula,
to represent the amplifier's output network in the form of the Figure I111.39

equivalent circuit. [n that circuit, resistance R *1s transistor output

resistance
</ ¢ =" -~ r r _-__: .-
(1I1.101)
Current gain & .~ 2=t may be found directly from the second system (II11.93)
equation
. S (I11.102)
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Figure III.39. Equivalent
diagram of output network
of amplifier
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An important qualitative amplifier indicator is voltage gain, the
of valtage “swe to signal source emf ¢

.

ratio /137

e HMewy
K=t

- (II1.103)

Considering that u,,,=—w R« , While ¢ =(r,—r, — R,)1, =1y, , ONe may vrite

..
) - =L Ry

/\, - —-l‘p‘ = iy
- Iy 7y v ry+ Re) 1 Falg

1,
¥4 -rf;\+Rf)*'l.';
0 i

Hence, considering that A, = Xx

(see expression [11.102), finally we get

. Kyetra T ar
/\"o_(Rr‘f”a g Ty T Ry —rpir, sary, (III.loa)

It is evident from the resultant expression that gain K, will depend on signal
source intemal resistance R, .

EXERCISE III.13

Hov is the relationship of wvoltage gain to signal source resistance

k. physically explained? (Page 465)

The following inequalities usually are satisfied in transistor amplifiers:

B rB G Pl — 1) >R

Thus, for example, r =07 MQ, ra=20" Ohms, r,=20 ohms, and a

=0.55 for
a P15 transistor.

Therefore, discarding the small terms in expressions (I1I1.97), (II1.101),

(111.102), and (1I1.104), we will get simplified formulas suitable for practical
calculations:

Ry ar, ~r,il—2%
(111.105)

H'—’,"o:

= (I11.1086)

-3t

Rnnl. s = r\'
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A= s (111.107)
SRR (111.108)

It is evident from analysis of the resultant formulas that a common-base
transistor amplifier possesses very slight input and large output resistances.
Circuit voltage gain is much greater than unity ta _:- !y , while current gain
is less than unity (K.<l) , Signal amplification in the circuit will /138

occur without a change in its phase.

Tne requirement for comparators in multistage amplifiers is a serious shortcoming
of common-base circuits, Hovever, the capability to obtain high gain at

relatively-slight load resistances insures a decrease in frequency distortions,

Figure II1.40., Common-Emitter Amplifier:
(a) -~ Simplified circuit; (b) -- Equivalent circuit.

Common-Emitter Circuit. A circuit for a common-emitter stage and its equivalant

circuit for alternating components is depicted in Figure I1I1.40. In its properties,
this circuit is analogous to a common-cathode amplifier circuit.

Source [, in this circuit is used to supply the transistor and to impart /139
initi:.1 bias. The cutput signal is picked off resistance #, and is transmitted

across isoiating circuit ¥, to the next stage.
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figure I1I.41. lor Determination of an OE Transistor Operating Point.

The amplifier's initial mode is determined by magnitudes R, Ru. E, . Ot
circuit collector characteristics with load line plotted are depicted in Figure
I11.41. Operating paini. pasition is determined by the intersection of this line
vith the static charact:ristic corresponding to bias current /... . The magnitude

of this current may be Jetermined as

E
,e.-'n=7(‘;‘;

cince resistance R, majnitude usually is selected as much greater than resistance

passing across the emit:er--base sector.

Emitter junction potential barrier height changes when alternating sine voltage
is supplied ta input, which elicits a change in base and collector current, A
positive half-vave of iiput voltage (Figure III.42a) decreases base current (Figure
111.42b) and, consquently, collector current as vell (Figure III.42c). Therefore,
negative collector veltage increases (Figure [11.42d) and output voltage turns

out to be cpposite in pnase to input voltage.

Just as was the case for the common-base circuit, we will disregard the

infiuence of coupling capacitors Cl and C and the shunting actiecn of rosistances
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Figure [11.42. Common-Emitter Transistor Amplifier Voltage Curves,

~- and 2 wvhen determining basic indicators, assuming that conditions

A .+ are satisfied.

The .ystam of Kirchhoff's equations for this case vill be vritten as:

U, — 17 -7 rt
’ . . (111.109)
We vill uue these equat:ions to find zll stage parameters, similar to /140
shat vas dere for the common-base amplifier.
The reader 13 tasked incependently to find all common-emicter circuit indicaturs.

Irnput resistance

. e
,?" . _:."7'.‘_ =r, =, 7——'7",-_:_7':—:7: \III.llO\
174
-~ e —ry -
—— Ty o - J!




© e o ata

Output resistance
O =l =), S = I1.141)
e =l =3 = e (III.141)
Current gain
Ko= T =Tm==m=n (1I1.112)
Voltage gain
o e Ky ty— e
! A"__-—F_Q_‘ e, =N Ry =, e i = =1y r,— (III'll})
Considering inegqualities , (] —1):» R, and r (1—2)2>r, , vhich essentially
alvays are satisfied, and keeping in mind that -’==T£7 , the above formulas are
s1mplified considerably:
R o=re+ 175 (I11.114)
Ropy=r BBt on (111.115)
- Ty mre = Xt
i ANe=3 (111.116)
H N,=<— fr
“y r,=- K. - BRI § ,
{ ’ ' (111,117)

The cevultant mathermat:cal ratios demenstrate that, given a ccrron-emitter
braraistor cirzurt, input resistance turns out to be grester and output resistance
leos ttan 10 the common-base circuit. Srall rec:stance cometimes 1s cennected
0 the emitter netucrk ta increase input resistance. *Hovever, stage gain decreaces
scmeyhat bere,

TEnrice iliLla
Hov doon one exclain the fact that the magnituce of the :nput resistance

0 a cerren-cmitter circuat is greater than that in a ccrvon-baose circuit?  dhy

—
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does connection of a re2sistance to the emitter network increase input resistance

magn:tude? (Page 465)

Current gain i1n a ccmmon-emitter circuit is signifiranmtly greater than unity,
vhile voltage gain is approximately equal to that in a common-base circuit. Signal
pover amplification in this circuit is much greater than in a common-base /14l
circuit, thanks to the high factor A value, Inversion of the amplified signal
vill occur in the circuit. The common-emitter circuit examined has found very

wide use in lou-frequency and video amplfiers.

Figure III.43%, Common-Collector amplifier:
(a) == Simplified circuit: (b) -- Equivalent circuit.

Common~C3llector Circuit (Emitter Follover), A schematic diagram of a

comman-collectcr stage and its equivalent circuit for the alternating compecnent
are depicted in Figure IID.43a3, b, In its properties, this circuit is anaiogous

to a cathode followver and usually is referred ta as an emitter follower.

The amolifier's initial made is determined by magrnitucdes of resistances
R. R.and scurce voltage £, . The cperating ooint's pasition, just as vas the
case examined ibove, may be determined rfram the family of static output chatac-
teristics ard load line. The load characteristic's equation ;. -"t&x 1 may be acbtained
from the exgression £.=/2.+u. , considering that , -/ . Given factor (X
sufficrantly close to unity, the load characteristic's appTtoximate equation has

the form

Eo LR =i (Ii1.118
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Since the voltage drop in the base-emitter sector is slight, then bias current

¢, may be deterrined from expression

Considering /,=(3-1i,/, (see II1.83), ve have

E!
/,.“=m (111.119)
Potential barrier height in this circuit will rise vhen positive voltage
1s supplied to input, base and emitter current decrease, vhile emitter /142
voltage increases (it will become less negative). Thus, the phase of the amplified

signal in an emitter follover circuit does not change.

A system of Kirchhoff equations for the Figure [II.43b equivalent circuit

input and output netuvork may be written in the following form:

”"=(’,"")i°‘r,‘(l—lli‘, \|‘

T A PIT S T AT | (111.120)
We will find all the stage's parameters from these equations,
Input resistance
LS I ,Q‘+,",__. . _
I Ce T (111.121)
Qutput resistance
| Ruwurx = 1o+ Pl o, (111.122)
Current gain
= = - : (111.123)
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Voltage gain

. KL P"t
RN = = . (I11.124)

er Re =ra =10 Ry +7,) + 1 (e +7g) (1 =2}

If the inequalities normally found in transisteor circuits are satisfied,

">’6+Rr; ’u(l —1)>R'; R.>’..

then the resultant ratios have a simpler form:

Ruu=PRun= 25 =R+ 1); (111.125)
Revin =Ryus. =7, = (R +r) (1 =2k (111.126)
Ku=Kn=3+L (111.127)

- 22D f (1I1.128)

l\,,.=/\m:p.¢‘p5-/°“|-—a;=|.'.~ LR, = Fer

Thus, input recistance is great in an emitter follower circuit, while output
resistarce is slight, Current amplification is approximately the same as that
in a common-emitter circuit, voltage amplification is '~as than unity, and output

voltage is in phase vith input voltage.

Tne enumerated properties are in full accord with those of a cathode /143

follover and, therefore, this circuit found very wide use as buffer and output

stages.

figure IIl.44. Composite Transistor.
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The necessity often arises in transistor technology to match pulse generators
vith a very-high resistance output (on the order of hundreds of kilohms and even
unities of megohms) with a low-resistance load. In this event, special requirements
are levied on the transistor from the maximum C{ (or /3 ) point of view. Composite
transistors, as shown in figure 111.44, often are used to obtain gain ¢ approximating
unity. If transistor Tl and T2 current gain equals x 1 and X 29 respectively,
then the entire circuit's current gain 1. equals

(I11.129)

7, =7 - 1 — 1,2,
EXERCISE [II.15
Prove ratio (II1.129) using figure III.44, (Page 465)

if X 1 and Cz'Z are close to unity, then current gain /3 has a value on
the order of hundreds and even thousands of unities in a common-emitter transistor
circuit. Having a resistance R, magnitude on the order of unities of kilohms,

input resistance magnitudes on the order of tens of megohms are possible.

EXERCISE [I1.1l6

What wvill emitter foliover input resistance equal if two composite transistors
vith gains a=#=09 and resistance R.-ll<(?are used in the follower? (Page 465)

4. Pulse Video Amplifier Circuits

Cemmon-emitter and common-collector circuits bhave faound greatest use in
transistor pulse video amplifiers. The commor.base circuit is used comparatively
re.oly since it has lov input resistance (on the crder of tens of ohms) and requires

special matching stages.

The common-emitter stage depinted in Figure I11.40a may be used to amplify
video pulses. If the amplitude of the amplfied pulses is slight and the operating
point does not depart linear sectors of the transistor volt-ampere characteristic,

then amplification of the pulse signals does noc differ from the amplification /144
of harmonic oscillations examined above. Representation of the pulse in the form
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of the sum of harmonic oscillations may be used to determine the distortions of
the pulse shapes if the transistor frequency characteristics are known. Along
with transistor reactive parameters influencing mainly high-frequency distortions,
reactive elements cf oexternal netwarks, such as interstage capacitors, matching

transformers, self-bias netvorks, and the like, play a substantial role.

We will examine video amplifier frequency properties using the Figure 111.40a

circuit as our example since this type circuit has had videst distribution.

An equivalent circuit for a common- 1itter stage, considering the influence
of collector 1C) and emitter ((,) junction capacitaices by means of their direct
connect.on to the equivalent circuit can be used for analysis of video amplifier
frequency properties. In addition, one also must consider the frequency dependence

of gain zi/wi Or 3ijw) .

Hovever, junction capacitances play a decisive role vhen using high-frequency

transistors vith a large frequency limit naoritude (for example, P403 transistors

with frequency ' =13 MHz),

Figure [I1I1.45. Common-Emitter Video Amplifier Equivalent Circuit,

An OE amplifier equivalent circuit considering junction resistances is depicted
:n Figure [I11,45. The converted capacitance of collector junction €, formally
may be determined from the equiialent circuit (I1I.40b) by replacement of collector

junction resistance r.i—21 by complex inpedarce

:.=_‘____;'.——'-'-»'l—-l‘. {111.130)

determined by parallel connection of resistance r« and capacitance ¢, (see Figure
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II1.35). Having divided and myltiplied the second term in the (I11.130) /145

denominator by magnitude (i --3) , one may write
. _ rel =1 = rol=—m
C s a—y TG (111.131)
vhere
Co= 2= =Co 3+ 1).
Tt (111.132)

It is convenient to analyze circuit frequency properties for the middle-,

lov-, and high-frequency areas,

The capacitances of interstage capacitors ¢, and C, as well as transistor
nigh-f requency properties, are not considered in the medjum-frequency area. Selected

resistance <, magnitude is considerably greater than stage input resistance.
Therefore, it need not be considered during analysis. Ratios (I1I1.110), (IIIl.111),
(II1.112), and (II1.113) may be used to compute basic amplifier indicatars. Houever,
one must consider chat load resistance ®. shunts recistance R, . The subsequent
amplifying stage, whoce input resistance is relatively small, usually is amplifier
load. Therefore, a magnitude determined by parallel connection of resistances

P. and R, should be substituted in raties (III.110) and (III.113) or (III.117)

in place of R, :

Ri=3o4 (1I1.133)

If the subsequent stage is assembled into an identical circuit, then load
resistance #,=R,,, and may be determined from formula (II1.110) or (III.li4).

Presence of coupling capacitor C in the low-frequercy area decreases the

current across the load and, consequently, stipulates frequency characteristic
roll-cff in this area, i. e., distortion of amplified pulse tilt. Capacitor
¢. , whose presence decreases input current, affects the ampiifier characteristic

in an identical marner. Conditions C:E>£% #Cy:; - need to be satisfied for

undistorted transmission of pulse tilt. Since input resistance magnitudes in

transistor amplifiers are slight, then coupling capaciter capacitance value often
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reaches several microfarads, and sometimes even tens of micrafarads. This capacitance
does naot increase transistnr amplifier weight and overall dimensions since supply

vaoltage does not exceed several tens of velts and, therefore, small components

may be used.

The influence of coupling capacitors, vhose resistance is insignificant,

may be disregarded in the high-frequency area. We will consider only collector
junction capacitance C. It should be stated that emitter junction capacitance /146
Ci

15 that capacitance (, , shunting junction resistance at high frequencies, wvill

also impacts upon amplifier frequency properties, The fact of the matter

lead to input signal redistribution, An increase in frequency means an increase
in the share of the signal impinging on base distributed resistance . and the
useful share of signal across the emitter junction decreases. As a result,
amplification falls off., One strives to decrease iLne magnitude of resistance

in high-frequency transistors for this reason.

But, since the impact of collector junction resistance (o begins to manifest

itself at louver frequencies, capacitance ¢, then usually is not considered.

The circuit’s complex gain in the high-frequency area may be determined by
substituticn of complex magnitude =, from (111.130) in expression (I11.113) to
replace resistance s and magnitude R, (II11.133) to replace resistance 2, .
fefore doing so, we will simplify expression {111.113), considering that inequality
rol —3) a»>r, aluays 1s justified:

"

K= ' (111.134)

r,+(r,+t?,:(—?-'—4l-—:)
R

Following the appropriate substitutions in formula (III.134}; wve get

i cR; -
A—“,(Iu)s n.;':‘,("./.‘cn"’“;l '}
l,olrg-rl\r.{————;—;\l—ﬂ’ —
o2, (111.135)
ry + ":Iflp—"af' + {rg+ Re) {L—=a) + "R. 2 T—P:) £

Collectur load resistance in pulse amplifiers usually is minimal. Therefare,
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inequality re(l —32) >R, is satisfied. In this case, expression (III.135) may
be simplified and, considering (III.117), rewritten in the followirg form:
A, e) = s T 76 = K (1= Ry (rg + Re) Cyysw
yt et Rudl=9) (111.136)

_ Kn
. 1
1+ Jot,,

uhere
t;.=————_-C"‘R‘:+’°) K.
(I11.137)
Hence, the gain mcaulus is /147
. K.‘I
l\“!-«'l R (III-[}B)
e,
Thus, time constant =, determines uppe: frequency limit w”=::L-, and,
censequently, amplified pulse rise time, "
We will simplify expression (I11.137) somevhat:
S _Care=ro Cok wre
Tee = - K= Fy = e N = rai— it
< Dl s (I11.135)

rol—

[t 1s cvident from this that =» must be decreased by decreasing resistance
» and transistors vith a slight derivative (,r, valiue used in order to expand
tre bandwidth in the high-frequency area, i, e., to reduce the porches. Ve will
note that derivative C,r« is a very important transistor high-frequency parameter
and, along vith other parameters, will cccur in reference books. Significant
decrease in resistance R, cannot be used to expand banduidth since a fall-off

of stage amplification occurs here.,

Stage amplification properties to a strurg degree will depend on the magnitude
of threchold frequency /, uhen low-frequency transistors are used, We vill assume

that load resistance & i3 small and, therefore, the :nfluence of capacitance C(,,

183

mmmSSSeS————,e— | (]

e R R AN i e
w




may bte disregarded. Then, the amplifier frequency characteristic in the high~
frequency area may be determined from expression (III1.117) by substitution of

complex value zijw) from (I11.87):

1a
PR A— ¥
s (J) l"l"" * K.n
A ) = " p = ” - . )
“ fat Ry s beia {111.140)
vhere
. ..
‘k-‘_r.,.‘R,-r.,ul-—::)'
o ry~ irq = R
s T Ter =Ry wrg il =’ (111.141)

Since inequality ry+R:) »r, always is satisfied, then

A S (111.142)

It 15 evident from this that, given slight load resistances, the upper /148
frequerncy limit vill depend only on transistor type and completely determires

amplif.ed pulse rice time,

Transient processes determining rise time flow during the period of 4--5

time constants. Pulse rise time is accepted as computed betueen levels 0,1--0.9

of the output voitage {(or current) amplitude value. Here, rise time equals

(I11.143;

FXERCISE 111.17

There 1s a requirement to select a transistor to amplify a pulse of duration

fe="w ysec vith permissible rise time fg <VlU. :

P14 - f’a= 1.0 MHz; O = 0.93;
P15 - )(CI = 2.0 MHz; (X = 0.95;
P168 - £ ~y= 1.0MHz; (X = 0.98
X = 0.9. (Page ¢65)

P103 -- Fog= 1.0 MHZ;

)
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Figure I11.46, Video Amplifier with Negative Current Feedback:
(a) — Operating circuit; (b) -- Reduced circuit.

It vas pointed out above that a common-emitter circuit has a lcwer frequency

limit value cumpared to a common-base circuit and, consequentiy, the ampiified

pulse does not have a good a porcth shape. However, thiv eircuit shortcoming may

be eliminated by using a compensating R-C netwaork R.C, connected as depicted in

Figure I[II.46a,

If only one resistance P, is connected to the transistor emitter network,

then this vill lead to manifestation of negative current feedback and, thus, to

an increase in input resistance and a decrease in stage gain. Connection of caracitor

10 parallel to resistance R, will lead to a decreasc in the degree of feedback

with a rise in frequency. Input resistance will decrease vith an increase /149

10 wput pulse porch steepness and vill increase the influx of carriers near the

Consequently, influx to the collector will increase as vell. This vill
is designated

base.
iead to a reduction in pulse rise time. In frequency language, this

an increase in gain at high frequencies and frequoncy characteristic equalization,

2

A

Appropriate selection of magnitude makes it pcssible to decrease pulse
cise time te a valve close tu that of the rise time in a common-base circuit,
However, a cecrease 1n stage gain in the low- and medium=-frequency area will cccur

and v1ll lead to a requirement for more stages to obtain assigned signal amplitude

at qutput,

\Nenetheless, the video amplifier circuit vith emitter resistance AR, (Figure
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[11.46a) will find vider use than will the Figure III.40a circuit since it has

better initial mode temperature stability.

Un

Figure I[I.47. Change in Operating Point Position
Given Increased Temperature: (a) -- Where,

We will examine this question in somewvhat more detail. Bias in the Figure
I11.40a circuit is fixed since /, “'=:£f . Collector characteristics displace
to the area of nigher collector current values vhen temperature increases (Figure
[11.47). Here, bias current [/, , remains constant and the cperating poirt (point
A} snifts along the load line and may reach the critical mode line (05,, where

a trunsistor loses amplification properties.
EXERCISE [11.18 /150

Vw3 k ;? y Ra=lrd Kk (}, and £.e -1 VY in the Figure IIl.40a amplifier
circuit, Us:ing collector characteristics (see Attachment 9), determine:
a) maxirmum positive output pulse amplitude at normal temperature;

b) pulse amplitude change vhen temperature changes. (Page 465)

Temperature stability in the Figure [II.4€a video amplifier circuit i3 achieved
by a change 1n bias current with a change in temperature, Ve will use the theorem

of the equivalent gererator to convert the Figure IIl.46a input netvork in ovder
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to demonstrate this. Ecuivalent circuit parameters (Figure 111.46b) are:

Ex .
Ew=mrrry Re
R = _Fafu (i11.144)
8 Ko+ Ray -

Considering that usually R ,~r, and R =, , bias current may be determined

frem formula

£..—1IR,
o, = =32 (II1.145)

A

Collector current, ind, consequently, emitter current /, , increases vher
the temperature increases. The voltage drop across resistance R, vill rise, thanks
to which base current /s .« decreases, by means of which operating point stabilization

15 achieved,

In other vords, presence of resistance R, creates negative d-c feedbac',

vhich stabilizes the ini.ial mnde.

4

Figure [Il.38. Temperaturt- ompensated Amplifier Circuit:
ta) -- With uiode; (b) -- Wity effective thermal resistance.

Temperature cosipensation through use of nonlicear resistances such as thermistors
and semicenductor giocdes onnected :n the return {inverse) direction are used
videly to stabilize transistor operating point, A tomperature-compensated video
amplifier circuit 15 depicted :n Figure [I1.43, In the first irctance, /151

1 diode and, in the seconi, a thermistor is used a3 ncnlinear resistance. The
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principle of compensation means that bias in the base network changes when the
environmental temperature changes. Thus, for example, collector current must
increase, given an increase in temperature and given fixed bias. However, diode

I0 back current increases wvhen the temperature rises (Figure [I1.48z) and bias
voltage decreases, Therefore, collector network current essentially remains
unchanged. High results may be cobtained in transistor mode temperature stacilization

1f identical transistor and compensating element thermal inertness is insured.

.

Figure 111.49. Emitter Follover Circuit.

Common-Cn:tter “toge {E=itter Folloues) A stancard circuit for a common-

callector cstage, referred to as an "emitter follover," is depicted in figure [11.49.
As pointed cut above, an emitter follcwer is cnaracterized by high input and low
output resistance , making it possible to use it successfully as a decoupling

and matching stage and as a pover amplifier. High amplification stability and

extrome circuit simplicity may be adced to the list of acvantages.

An emitter fcllover's transfer constant, determined in &ccorcance with (1I1,128),
13 close to unity, even given relatively-lacge load resistance R, values, The
~agniiude of resistance 2. in em:itter follsvers intended “or pulse transfer usually
dges not exceed writies of kilohms, (n this event, the stage's wgper freauency
Limat uill not srgend on Junclion capac.iacnwes and Lo Zecegnined ensentielly by

transistor arpirfication frequency limit,.*

We will substitute the complex value of 7agn 2 o frem (111.91) 1n the

*This assumption 1s justified when using lov-frequency transistors (type
P21, P33, Ps2, and strers, for exzmple;.

216,
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emitter follower transfer constant (I11.128) formula to Jetermine stage upper
frequency limit:

I\'u(j“‘l = 31/ Ry = s
I p Ry + (R ) 3Ry = iR+ ro) (1= o2
= 4R, . 1 — A
2Ry + \Re + 74} ‘s [y 1 Re + 74) Ve oty ’ (111.1¢8)
TR, - Ry + rs) ——
vhere /152

(111.147)

Output pulse rise time computed at amplitude value levels 0.,1--0.9 equals

—~— ) Ve R.
=N R (111.148)

ry =22 —Rewra
’ '.:’QR|?R[°'1

If signal source intemal resistance is slight, then rise time 143=227,
cbtained is almost identical to that in a common-base circuit.

Rise time when high-frequency transistors are used is determined not by
transistor frequency limit, but by base network time constant (R.+rs)C, formed
by signal source resistance R, , base yesistance rs , and transistor collector

resistance C, .

Ir conclusion, ve will note one other special feature of an emitter follover
operating a capactive load (capacitance C. is denoted by the cotted line in Figure
II1.49). An oscillating mode of output voltage determination is possible in this
case. B. N, Fayzulayev examined this problem in detail in [18), so we will dvell

only on the physical aspect of this phenomenon.

The capacitance shunts load resistance R, during pulse porch transfer,
given a capacitive lnad, resulting in an additional charge being introduced to
the transistor base. Emitter follower output curren. comprises resistive and
capacitive components., Capacitive current must cease by the end of the transmitted
porch, wvhile the base charge must be determined only by the load’s resistive
component. However, the base charge is unable to change instantanecusly. Thcrefore,
current exceeding the established value will flow across the transistor. Capacitance
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C. continues to be charged as & result. Voltage with an opposite sign /153
will be applied tu th> emitter-base junction when voltage at output exceeds the
set,value and base current will change direction. Dispersal of excessive charge
and decrease in current across the transistor occur as a result. Voltage at output

takes on the set value following several over-oscillations.

Figure III1.50. Capacitance ~; Connection for Oscillation Damping.

Damping capacitor 7, of slight capacitance is connected at emitter follower
input in those cases when the oscillatory mode is undesireable (Figure I[II.50).
This decreases transistor input current magnitude, thereby constraining the onset
of an excess base charge. However, this has a deleterious effect on pulse porch

steepness,
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CHAPTER IV /156

CLAM® CIRCUITS

§ 1. CLAMP CIRCUIT PURPOSE, CLASSIFICATION, AND OPERATING PRINCIPLE

It was demonstrated in Chapter II, § 5 that, when a pulse train flows acrouss
a transient R-C network, its output voltage initial level changes due to influence
of coupling capacitor C. In accordance with (II.54), it changes in a linear R-C
network by the input voltage d-c component magnitude (a d-c cnxnonent loss occurs).
In accordance with (II1.55), it changes in a nonlinear R-C netwark by a magnitude

depending on pulse U,, amplitude and ratios {4. and g! . It is evident that
" ]

this level change will depend also on pulse shape and polarity.

If transient R-C network output voltage reaches electron-tube circuit input,
the change in initial voltage level will elicit tube operating point "drift"
(displacement) in its transfer characteristic. Operating point drift may impact
significantly on processes in the circuit and, in some instances, completely disrupt

its operation.

If dynamic bias caused by transient network influenc. is fixed, then it would
be simple to compensate for it by means of additional fixed opposite polarity
bias supplied to circuit input from an external source. But, as we saw, dynamic
bias will depend on parameters of the pulses supplied to transient R-C network
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input. These parameters may be changed as pulse circuits operate, first of all,
specially. For example, forvard sveep sawtooth voltage and intensifier pulse

duration change with a jump during a staged scale change in the range display;
sawtooth sweep voltage amplitude and polarity change periodically during a type
P-display; and so forth. Secondly, random pulse parameter changes always occur

due to unavoidable instability in circuit operation, influence of parasitic parameters
and interference, and so forth. Sometimes, just by virtue of its nature, pulse
voltage is characterized by a random structure (for example, ridar receiver signal

at output).

Consequently, the intitial level of voltage at transient R-C network //155
output always is subjected to changes and, therefore, the method of dynawic bias
compensation by means of a fixed bias source is not applicable. Therefore, special
devices providing a fixed and predetermined initial output voltage level, given
any pulse parameter changes at network input ard at any moment in time, are connected
at transient R-C network output. These devices are called clamps. Thus, clamps
are tasked to stabilize the initial mode of circuits connected to transient R-C

network output.

Since it is possible to clamp either output voltage lover level Yoo or
its upper level Uuux , vhile, in each instance, this level may equal zero, be
positive, or be negative, then six standard clamp circuits exist:

-- zero lower clamp ({uz=0) ;

-- positive lower clamp (Lhus>0);

-- negative lover clamp (Uuu,<0) ;

-- zero upper clamp ({,,,=0) ;

-- positive upper clamp (U, >0 3

-- negative upper clamp (U,..<0) «

These circuits' output voltages, given the influence of positive pulses at
transient network input, are depicted in Figure IV.l.

If, as a result of clamp operation, output voltage initial level turns /156
out to equal input voltage initial level (y.u=Ll's oOr [, =(,, » then the clamp
is referred to as a level restorer. In particular, vhen U(iu={'y=" or

Cousm (=0, the clamp is referred to as a zero level restorer or zero restorer,
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Figure IV.1l, Clamp Output Voltages: (a) -~ Zero lover clamp; (b) --
Pasitive lower clamp; (c) ~-- Negative lcwer clamp; (d) -- Zero upper clamp;
(e) -- Positive upper clamp; (f) -- Negative upper clamp.

Since vhere there is equality of identical initial levels fixed voltage
components teurand Uss 2’30 turn out be equal (Louzm=Usgm) y then a level restorer
often is referred to al:o a8 a fixed component restorer.

8ilateral synchron- .3 clamp circuits, used if input voltage poiarity may
be changed during the op.rating process, are a special type.

Clamr action 1s based on use of nonlinear R-C network properties, The diode
clamp circuit, a structural diagram of which is depicted in Figure IV.2, is used
most widely, The clamp comprises diode D and fixed bias source E. In principle,
the diode is a required clamp nonlinear element and is connected in parallel to
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Figure IV.2, Clamp Circuit Structural Diagram.

transient network ocutput resistance R. Thanks to unilateral conductivity, the

latter converts it basically into a nonlinear clamp.

Actually, current may pass across the diode in one directior calv (from plate
to cathade), while diode internal resistance R, is slight in the condu~ting state.
Therefore, depending on diode connection method, it will shunt resistance R either
during the charging process or during the discharging process, here decreasing
total netwvork resistance to magnitude

RR
7o, SR=ER (1v.1)

As a result, resistances in the capacitor charging network R, and discharging
network R, will become radically different: either R,=Ry &R, =R or, vice

versa, Rp=R,<€R, =R , Here, the valtage u, maximum or minimum value is clamoed

at the zero level (see Figure I1.30 and I1.31).

The second clamp circuit element -~ fixed bias source £ -- is connected in
/157

series with parallel-connected resistance R and the diode so that voltage

at clamp output equals

ulnl-uﬂ’E‘ (IV-Z)

This bias determines the required (differing from zero) initial level value

and, consequently, output voltage d-c component. Bias voltage E does not affect

diode operaiion and input voltage a-c component passage.
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Thus, with the help ot the diode, the upper or low=r (depending on diode
connection method) initial voltage level «, is clamped at zero, while bias E
increases or decreases {depending on E polarity) the output voltage initial level
to the requisite magnitude. Here, the clamped output vcltage initial level will

not depend on input voltage parameters and is determined by the clamp circuit
itself.

In particular cases (giver. zero level clamping), bias £ may be absent.

§ 2. ZERO LOWER CLAMPS

[ . ——
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Fiqure IV.3. Zerr Lower Clamp Circuit.

A zero lowver clamp circuit is depicted in Figure IV.3. We will examine its
operation as positive pulses with initial level Uwm=0 are supplied to input.
The curves of circuit voltages for this instance are depicted in Figure IV.4.

Capacitor C is charged during pulse action when u=Us . Since here voltage
Mex®™Uex = 4,20 and is applied with a "plus" to diode cathode and with a "minus"
to dioce plate, the dicde is blanked and charging current i, will pass across
resistance R,=R . Charging network time constant equals +,=CR , vhile

wnequality (I11.32) <+, 31, must be satisfied in arder to have minimum a-c component
distortion.

Capacitor C discharges during resting times when wea=0 . The diode opens
since here voltage u,,.w—u.<0 and is applied with a “plus" to plat: and a "minus"
to cathode. Therefore, in accordance with (IV.1), R,=R, and discharging current
ip, mainly passes across the diode, Discharging network time constant %w=CR, |,
Consequently, a significantly nonlinear network was che result when R >R, and
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Figure IV.4. \Voltage Curves for a Zero Lover Clamp
Given a Change in Irput Pulse Amplitude and Duration from Uum=0 .

.»7,, In accordance with Figure II.31, voltages in such a network change
1=>10-),

Here, if *<<’ | then capacitor C essentially succeeds in discharging /159
completely during resting times., Therefore, at the end of the resting time
Upuy=0 , i, e., the output voltage lower injitial level is clamped at zero:
Ulu:-o .

Since the input voltage lover initial le.el in the examined instance also
equals zero, the clamp circuit operates in the zero lower clamp restorer mode,

i. e., as a d-c component restorer: Uwia=Us=0 liiia=Usa |

It is important to note that, if only << f... , then, as depicted in Figure
IV.4, clamping nccurs also when 1input signal parameters change (Lar, tn ta)

We nowv vill assume that negative pulses are supplied to circuit input
{uss < 0). Voltage curves for this instance are depicted in Figure IV.5.
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Figure IV.5, Voltage .urves for a Zero Lowe: lamp
During Negative Pulse Action When 1,,=0 .

Now, on the other hand, during pulse action wvhere W4 =—{,,, rapacitor C
charges across a diode with slight time constant <« =CR;<¢, . Therefore