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*ve initially, after vowels, and after v, b, & elsewhere.
When written as € in Russian, transliterate as yé& or &.

RUSSIAN AND ZINGLISH TRIGONOMETRIC FUNCTIONS

Russian English Russian English Russilan English
sin sin sh sinh arc sh sinh”y

cos cos ' ch cosh arc ch cosh_j

tg tan th tanh arc th tann_:

ctg cot cth coth arc cth coth”:

sec sec sch sech arc sch sech_j

cosec cse csch csch arc csch ¢sch

Russian English

rot curl
lg log
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Preface.
o The rapid development of radio electronics and a deep
-..~
penetration of it virtually into all areas of science and technology
i: stipulated the need for the creation of amplifiers with the
‘o
'E; functional amplitude characteristic in the broad dynamic band of a
.| change in the signal. The fields of application of functional
s X . .
o amplifiers are very diverse: radar, ground-based and space radio
7:ﬁ communication, technique of measurement, automated control systems,
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computers, etc. Without the functional amplifiers not at all
conceived the execution of the device/equipment, which simulates

living organism.

To questions of the expansion of the dynamic range of
amplifiers, in particular, to the automatic gain control (ARU) are
devoted many works. For example, in the latter/last five years to
questions of ARU only in the transistorized amplifiers are devoted
more than 200 Soviet and foreign works. However, in the majority of
the cases the use/application of ARU provides for volume compression
of output effect without taking into account the form of amplitude

characteristic only.

At present in the technical literature from the functional
amplifiers logarithmic amplifiers [7, 8] are sufficiently widely
described. However, until now, are not presented
general/common/total theory and design procedure of amplifiers with
FAKh of any type in the broad dynamic band both on the tubes and on

the transistors.

Page 6.

In this book is made the attempt to complete this gap/spacing

and to give general/common/total approach to the design of functional
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amplifiers independent of the type of amplifier instrument.

The material, published in the book, is the result of the

l10~-year work of the author and is to a considerable extent original.

Observations and wish about the book we request to direct to

address: Kiev, 4, Puskinskaya, 28, publishing house,
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\ Page 7. }g{
. Chapter 1. -
> METHODS OF OBTAINING THE FUNCTIONAL AMPLITUDE CHARACTERISTICS IN
AMPLIFIERS.
: §1. Criteria of evaluation of amplifiers with broad dynamic band. Ifﬁ
h e
- The creation of functional amplifiers with the broad dynamic S
: band (ShDD) on the input effect » ! is at present urgent problem. g}
o

&

: FOOTNOTE '. By input effect v and output effect e¢ for the electronic e
amplifiers should be understood one of three values: voltage/stress, ng
current or power in the dependence on the designation/purpose of 53“

: functional amplifier. ENDFOOTNOTE. ?
This problem even more is complicated in the case of applying as the 53?

amplifier instruments the transistors, which have a small dynamic
range on the input effect. ?h spite of that even number amplifiers
with the broad dynamic band already extensively are used, up to now

# there is no general/common/total criterion, by using which it would

be possible to consider different amplifiers with ShDD. By the
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dynamic range of the input effect of amplifier, or dynamic range of
amplifier, is understood the ratio of the maximum level of input

effect Ywam to minimum level v (Fig. 1):

dome A0 Tusm .
s (1-1)

Value vy corresponds to the level, on which the amplifier
loses its amplifier properties. Value v, is determined by the level,
on which output effect susm is sufficient for the normal work of the
device/equipment, connected at the output of amplifier. Usually vums

is determined by the inherent noise level of amplifier, i.e., Yusm = a-

Usual one- and multistage linear amplifiers will be considered.
Let us assume that linear amplifier stage has amplitude
characteristic, depicted in Fig. 1 (curve 1), and its dynamic range

is determined by expression (1-1).

Page 8.

Transmission factor of cascade/stage K.

Then for n-cascade amplifier the maximum input effect

Yuano ,

et

Euu-

the minimum input effect

Eln- ",) "o
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With K» 1 it is possible to take
) E-.. "--‘-u.

then the dynamic range of n-cascade amplifier

- Evame Vuang d
b Elu = £~ Yuuu = K-m' ("2)

i.e. K™~ once is less than the dynamic range of cascade/stage.

Let us assume that for amplifier stage, carried out on the tube,
Vaam =5 V, vg=5uV, K=10. Then according to equation (1-1) d=100 dB.
We accept a number of cascades/stages n=5. Then according to

expression (1-2) D,=20 dB.

From the given examples it is evident that it is difficult to
judge, what amplifier is better from the point of view of its dynamic
and amplifier properties. For the quant&tative estimation of the
amplifier and dynamic properties of amplifiers, assembled on this
type of amplifier instruments, it is expedient to introduce the

concept of the dynamic quality:

for the cascade/stage

02 = Kd; (1-3)

for n-cascade amplifier

Qx = K"D. (1-4)

LRI Yt U WA VI VIS Yy NPT IPRE W Y
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Fig. 1. Amplitude characteristics of linear and nonlinear amplifiers. ﬂf
Page 9.

Substituting in formulas (1-3), (1-4) values 4 and D, we obtain ;:
9 = Oy,
i.e., with the linear amplification the quality one- and multistage
amplifiers is identical. Now it is possible to claim that that linear

amplifier is better, whose dynamic quality is more. _ o

However, this confirmation it is insufficient for the functional
(nonlinear) amplifiers. Let us show this based on the example of
single-stage amplifier. Let us assume that functional amplifier stage

consists of linear amplifier stage (U) and functional unit (FE),

which can be connected in series on the diagram in Fig. 2a or Fig. =
2b. Let us consider several simplest versions of the functional 4
amplifiers:

1. Linear amplifier stage has following data: X', &', g, = K'd’
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(curve 1 in Fig. 1). The functional unit, which forms amplitude
characteristic, is connected at the output of amplifier (Fig. 2a). In
this case the effect Yuam: remained as before, since it is
determined by amplifier, it is more accurate, by amplifier instrument
(curve 3 in Fig. 1). For the functional amplifier we have:

Le.

Koy = K’; dov = d’; 9a ov = gy4dynamic range and dynamic quality was not

changed in comparison with the linear amplifier.

2. Functional unit is connected at input of amplifier (Fig. 2b).

In this case maximum value v, > vuw (curve 2 in Fig. 1).

Let us assume that vy = mvum. Then with the equality of initial

transmission factors K we have: ¢iov =mgs =mg; ov: | e go ov > s ov-

3. Amplifier has data: K" =K'/M; Yumss Yuam q;-q;(cuuo.al in Fig. 1).
Functional amplifier is assembled on the block diagram Fig. 2b. It

has following data: KerewK® =X, \l my, = mveumi 47 ov = gk ov.

-~

As can be seen from the given examples, dynamic quality of FU,
assembled on the identical amplifier instruments, depends on the
structure of construction of FU, and with the identical structure of
construction of FU its dynamic quality depends on the quality of

linear amplifier stage.

. A..'I‘
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Fig. 2. Possible versions of the construction of the schematics

functional amplifiers.

Page 10.

With the linear load the quality of amplifier stage can be replaced

with the quality of amplifier instrument.

For a comparative evaluation of dynamic qualities of FU of

identical structure it is expedient to introduce the concept of the

standardized/normalized quality

Haﬁ"
I

which does not depend on the quality of amplifier instrument (linear

cascade/stage). Then for the linear amplifier

Thus, by amplifier with the broad dynamic band should be

understood amplifiers with the standardized/normalized dynamic

for them is satisfied the condition

quality of more than one, i.e.,

H>1.

In the determination of amplifier accepted with ShDD is not

----------------
-------

‘:1
<
A

| W SRS

PN APPSRV S SR JUNT RPN SRR SR WU S
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considered the form of amplitude characteristic (AKh), since the
expansion of dynamic range on the input effect only ensures the

amplification of all possible levels of effect without the observance

of specific ratios between the output effect and the input effect. By

form of AKh with this input dynamic range is determined dynamic range

s

on the output effect, which depending on type of FAKh can be less or

more than dynamic range on the input effect.

According to the structure multistage FU can be consecutive or

parallel types. Consecutive type functional amplifiers have high

dynamic quality and therefore more greatly they are spread.

§2. classification of functional amplifiers.

The functional amplitude characteristic of amplifier in general

form can be registered as certain function e=f(») output effect of e

from the input effect v.
Page 11. !

On the base of the achievements of contempory radio electronics in
the amplifiers it is possible to realize the broad class of
functional dependences. From a mathematical point of view the

functional dependences, which can be realized in the electronic

""" Y. . . - . . - - . -
R M B N L R S T T T
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amplifiers, are divided into three classes: algebraic, transcendental

and periodic.

By period should be understood the cycle of a change in the
output effect e with a change (increase) in the input effect » in the

dynamic range. In each period the function e=f( »v) can be described

by algebraic or transcendental function.

Physical essence of FU is most fully reflected by this parameter fj;

as slope/transconductance FAKh, or, which is the same, by the

differential transmission factor of amplifier, by the numerically =

equal to the ratio infinitesimal increment in the output effect of =
amplifier to infinitesimal increment in the input effect:
b'_a(wn -g. . | . (1.0

According to the character of coefficient b it is possible to
judge the possible methods of realization of FAKh. Therefore it is

expedient to additionally class FU on the base of differential

transmission factor. Outcome from this principle, entire variety of

FU can be divided into the following fundamental types:

1. Amplifiers with the constant differential transmission factor
over the dynamic range
bms const. . . . 18y
2. Amplifiers with variable/alternating/variable and reduced b

dumvar(}). 49
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over dynamic s-band increase in input effect v

3. Amplifiers with variable/alternating/variable and increasing
b with increase/growth »
b = var(4). : | - (4-10)
Mathematically differential transmission factor of FU over the
dynamic range can be described by algebraic or transcendental
function. In periodic FAKh one of conditions (1-8), (1-9) or (1-10)

is realized.

The first type of FU includes the amplifiers with the linear
amplitude characteristic (Lin AKh)
f(v) = Kqv, (1-11)
Page 12.

To the second type of FU can be attributed the following special

a) logarithmic amplifiers (LAKh)
f(v) = slaqy; (1-12)
b) amplifiers with the exponential amplitude characteristic

(SAKh) with B<1 (SAKh)

f(v) = av (1-13)

and so forth.

PG . PN VT PSP IS S S YeA J
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The third type of FU includes:

a) amplifiers with the exponential (exponential) amplitude

characteristic (PAKh, EAKh)

f(3) maMt OF  f(v) = ae®; (1-14)

b) amplifiers with the exponential amplitude characteristic with

B>1 (SAKH,) and so forth.

Any real FU under the sufficiently small input influence works
in the linear conditions, and then with some fully specific level of
input effect v« passes into the nonlinear operating mode. If level

s exceeds the level of its own input noises, then FU has

linearly-functional amplitude characteristic.

Some special cases of FAKh of real amplifiers are shown in Fig.
3a, and 3b a change in the differential transmission factors

different FU with a change in the input effect is shown.

Transition from the linear section of characteristic to the

nonlinear occurs monotonically or with the fracture (at angle)

..................
.............
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depending on value and character of a change in the differential
transmission factor with the work of FU in the nonlinear
mode/conditions. The most pronounced fractures (angles) must have
characteristics of the amplifier-limiters (Fig. 3a), for which must
be implemented equalities by, = const, beey = bop =0 and multilevel (two-,

three- and n-level) amplifiers with linearly stepped characteristic

(Fig. 4).

PEVEVENEY eSS ig
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Fig. 3. Characteristics of the functional amplifiers: a) amplitude;

b) differential.
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Key: (1). Lin. (2). Limit.

Page 13.
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For periodic FAKh mutual conductance periodically is changed (it L ’
grows or decreases) according to the specific law with an increase in
the input effect v. Transition from one law of change bmvar(t) to the

next b=mvar(}) or b=const can occur smoothly (case of monotone

characteristics), with the fracture it is abrupt {with the disruption

in the characteristic). In practice discontinuous FAKh more

T TP TP TR SR S SRt S T TP R T R S P - .- v S o s . . . K .
PR ot v et et LTt P AR PR, RN I ST * e .
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frequently are applied, when coefficient b, being changed according }fd
to the specific law in scme assigned range of a change in the input

effect v, after achieving determined of value [byw When dbmvar(4) OrF

buaswhen bmvar(})], abruptly it is changed, being returned to its

initial value, or some new value accepts, it is more or less than the

initial (Fig. 5).

Let us agree to call the characteristics, which are a special

case of a broader class of periodic FAKh, functional-discontinuous.
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e e il ——— o —— —

5
=
hom e e v
Fig. 4.

Fig. 4. Polygonal characteristics: a) amplitude; b) differential; 1 -

b,>>b,; 2 - b,=b,=b,; 3 - b,;<b,.

Fig. 5. Periodic (discontinuous) characteristics: a) amplitude; b)

differential; 1 - exponential; 2 - linear; 3 - logarithmic.
Page 14.

If coefficient b abruptly is changed at the values v=v,, »,,

e+, "» then we will call the relations

Dmdy, Jmdy ooy J2 = (1-15)

periods or dynamic ranges of change v, which fall for one adjustment.

For simplification in the construction/design of FU usually they

choose

dl-d'----a n—ladﬂ-d’ (’.'16)
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If the depth of the adjustment of coefficient of b

b b
p¢=-1?:4-‘. or P4=E_-'_—‘- (1-17)

the change in coefficient of b for the amplifier with the periodic

(by discontinuous FAKh) analytically it is possible to write:

with b(v) = var(t)
ba(t) ==L, _ (1-18)
A
with b(v) = var(})
ba(4) = 0 [] pu (1-19)
wheretaalg:—.-l. 2, ..., m - whole number; o - coefficient cf
standardization. In the particular case with d=10 the coefficient

a=1;

with b(v)=const coefficient b can be changed according to the

law (1-18) or (1-19), i.e., abruptly be reduced or increase.

If the coefficients of adjustment P+ are equal to each other,

Pr=py= - -p‘-pn-p,

T WA YO0 Vil W U SRV TN Sl WP Yl PSP S AL L. V. W L ST W WP P, VLY ‘4-‘-;.4

- - .
P
5 .“ k.

R
:
R
R
4
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then expressions (1-18) and (1-19) take the form
ba( 1) =23
ba(4)=0(p'.

Let us find the general/common/total expression for FAKh of real
amplifier under the assigned law of a change in coefficient of b( »)
in the dynamic range. With v<vw FU works in the linear conditions
with the initial transmissicon factor k,. In this case 6(v)= K, and

amplitude characteristic is described by the expression
f(v) = vKq. (1-20)
N R N
With v=v, FU passes into the functional operating mode.

Page 15.

So that the amplitude characteristic of amplifier would have the
smooth transition (without the sharp fractures), at any transition
point of it of two adjacent sections must be implemented the

following conditions:

a) the equality of the ordinates of the adjacent sections
f(v=— Av) = f (v 4 Av); (1-21)

Av=+0 A&y -
b) the equality of first-order derivatives, or the equality of
the differential transmission factors infinitesimal adjacent sections

of (v.-'-‘:v! =2 i"i‘.:‘l: | (1-22)

c) the identical signs of first-order derivatives.
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With the work of amplifier in the functional mode/conditions of

AKh it is written/recorded in the form
[=fbmdr+Ccmpm+c. (B

After finding constant of integration C, on the basis of initial
' conditions (1-21) and (1-22) when vevs, finally we obtain

i 10) = f(n) + A8 ) (1-24»

4 oy

where

8() =P —P0n) P() = By,

Expression (1-24) is general/common/total and it is useful for
finding the mathematical expression of FAKh of real amplifier
according to the assigned function of a change in the differential

transmission factor of FU.

Page 16.

§ 3. Qualitative indices of functional amplifiers. f

Fundamental qualitative indices of FU are: dynamic range of FAKh

on the input effect

dl =22, (1-25)

s

where v5 and "= - input effects, with which it begins and is finished

by FAKh of the amplifier:

............
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dynamic range of FAKh on the output effect -
(1-28) —
-4

/(V“) .R
dm =m=""'

where % and & - value of output effect respectively at the values of

input effect Ya and Vi

contraction coefficient C when b=var(}) or expansion P when
b=var(t)

slope/transconductance of FAKh or differential transmission

factor FU ’ o
L ]

slope/transconductance of FAKh in the converted coordinates °*

2—{:} : (1-28)

g ==

where A [e¢] and A [v] value of ¢ and v in the converted coordinates.

FOOTNOTE !. Let us agree to designate the dynamic range of FAKh of

multistage amplifier through D.

., Examples of transformation of coordinates will be given in

examination of concrete/specific/actual types FAKh. ENDFOOTNOTE.

In practice linear coordinates ¢ and v are converted in such a
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]

- L. . o » |

way that the condition o=const with the change v would be satisfied; R,

T

the accuracy of realization of FAKh: R

'

R

a) in the absolute divergence of objective parameter /fp(Y) from :

precise /fr(v ]

As = Af (v)) = fr(v) — 1o (v (1-29) . 1

b) according to the relative deflection :

A |

c) according to the absolute divergence of .
slope/transconductance of FAKh

Aa(v) = ar (1) — o5 ()i (1-286) S

d) according to the relative deflection of the ji?

slope/transcoﬁductance -ﬁ

3o (v,) = %%’; (1-29) -]

AN - 4

the initial transmission factor of amplifier with the work in 3

linear conditions Ku 3

2

4

A

resonance frequency f, and the passband 1 of selective
amplifiers, upper /ww and lower fuss cut-off frequencies for the
aperiodic amplifiers in linear mode/conditions;

dynamic quality factor and the standardized/normalized dynamic

quality, determined respectively by expressions (1-3)-(1-5);

e R . . -
N S R T et . PN P . . . .
R At e et mt at et et e et - . . . - -’ *
2 e g i ot o, LA W WP = 3 AT PN T W Oy S 'y - e G T S L
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stability and the recurrence of FAKh, which characterizes the

possibility of serial production of FU with the identical parameters.

Page 17.

After using formulas (1-24)-(1-29), let us find expressions and
qualitative indices for the most widely used types of FARKh. For
obtaining the generalized results let us introduce the standardized

values of the input effect x and the output effect z:

e )  -80)
z—;': -i. (1-31)

Expressions for the differential transmission factor b(w), the

usual and standardized/normalized amplitude characteristics &fz given

in Table 1.

' IR c ., P, "‘ '., .v :
P oe 0N .
SNSRI ROV

Linear amplifier.

For the linear amplifier is implemented the equality ‘f
Dyux = D. (1-32) __;

The lower level of input effect in the linear amplifier is _g

limited to internally-produced noise. Therefore in the case of FU of

voltage/stress for minimum input effect Y« they accept the

-‘:' -:.:.."...~.\. e a




N D P A R e N T S
.................... Ca Lt . .

DOC = 83138001 PAGE 24

voltage/stress of internally-produced noise, converted to the input

of amplifier, i.e.
V.-U“_.-U“ ae
The upper level of input effect ' is limited to the linear oo

section of the passage characteristic of amplifier instrument.

The dynamic range of linear amplifier can be widened due to a
decrease of initial "« and an increase in final Y« of input effects

with a simultaneous increase in final output effect sw since

condition (1-32) is satisfied. ‘:

!

s e o & T
, e I U ST
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Table 1. —
o (1) Vsue wery ! ® .
) yansn n \3) a (‘“ saitice ®AX peassacre yosautean . 'h .
'-.“‘,'v (")u-m--l(-o (mwnnuu sl (x) m'-”"
J].n.)..i“ semdy Ry cm i, ) 1=y sms l.%; .-éi g Ny
Jlo:-:’:r:::t)u '1‘_._%3 :-k.v(-lln:—-+t) smalozt l-up'_':-' ::".:—‘;:,"-.:-g
Ilo ‘.“-.L'..uu K = .-Ir.v.{l+'-m'-.-‘-,(.ucl(—'-)_|l + ;I{'u-;:‘::;-” - - ‘- é
alum. 3::;!“ K, oxp[f:- (‘:- - l)] n-lf.v.up{-:-(:—.— I)] (] -oxp'—-:—! smainsp1 -.-‘-‘-:.—”-5 o-i'ﬂ'-'-
1=2| WV |2V T 20| = 2vm-d e -V E-T
e - -
Cromassa | ,_L| &Y (“-") - u-lf.v.(u‘/‘:;—a-b-l) =AY Tt .-(“‘4)
e I e L e s i
™ %) . ;i N R
Yuu::::.-:rmn' f.' : :::: ‘- ’;’::lﬁ (z::: Q Yol Sy+be ‘ﬁ" <.‘ *>1 - : pee :
" L Ky z
Jlll.‘-.:-nl:.lll' 7-: .-'ﬁ: ﬂpq (L] lmalgamit, 30, ...
Jlo(nn) v, O Sy S PYT g ey | '“';.:—"" o ('—-—')ﬁﬂ
”n:::m —._'Ll" --( '.ﬁh ’:l,‘ -npl\—y vt

Key: (1). Parameter. (2). Amplitude characteristic. (3). Differential
transmission factor. (4). Mathematical recording of FAKh of real
amplifier. (5). complete. (6). calibrated. (7). Inverse dependence.
(8). Note. (9). Linear. (10). Logarithmic. (11). Exponential. (12).

Exponential. (13). Exponential. (14). Amplifier-limiter. (15). with.

e e e T P T S Nt T AP T [ .
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(16). linear-discontinuous. (17). logarithm-discontinuous. .g.g
=

Page 20. e

Therefore for expanding the range D of linear amplifier it is

necessary: to apply the low-noise amplifier instruments (UP); to

apply UP with the large linear section of passage characteristic; to
compensate the nonlinearity of passage characteristic of UP; to apply
the negative feedback, which linearizes passage characteristic of UP;

to repeatedly use a linear section of passage characteristic of UP.

The logarithmic amplifier

During the logarithmic operation of signal with the Naperian
base e the differential amplifier gain is changed according to the

law
l. [f.

b.(v)-§-7-— (1-33)

and amplitude characteristic according to equation (1~19) is

described by the expression

me=f(va) + AP (V) =
A -‘K.vl,((ln&' +1). (1-34)

PR - .
s . T L T
Sencencmacdiiiy dd g Ny l"L..r.'A;AA ko

In this case the standardized/normalized characteristic
s=lnz41. (1-35)

If we along the axis of abscissas plot values v (or x) on the

logarithmic scale, and along the axis of ordinates - value e (or z)

;
!
'.
»
»
)

-

.'_-_'- S i ST . e, Tt . . L X N ) .
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on the graphic scale, then the curves, described by expressions
(1-34) and (1-35), will be depicted in the form of straight lines
(segment AB in Fig. 6). Let us agree to call this converted scale lst
type semilogarithmic scale. Logarithmic amplitude characteristic on
the semilogarithmic scale has constant slope/transconductance o. If
we straight/direct AV continue to the side of smaller
voltages/stresses, then it will intersect the axis of abscissas at
point v,. v, physically corresponds to the input effect, under which
at the output of ideal logarithmic amplifier output effect is equal
to zero. It is easy to find value v,, if the right side of expression

(1-34) is made equal to zero:

v

=1t (4-36)

PRI Y SRS R R A S SR I VU T VAL PR T W U
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L
-]
.
R
. '4
1
Fig. 6. The logarithmic characteristics of real amplifier on 1lst type s
semilogarithmic scale: 1, 3, 5 - precise; 2, 3, 4 - real; 1 - N<e _;J
e
(a>1); 3 - N=e (a=1); 5 - N>e (a<l). ]
Page 21. .

Slope/transconductance o of the logarithmic characteristic,

degicted on semilogarithmic scale,

Als) As by =~y
In the case of FU voltage after substitution
¢
o= Vs o[2]. (1-38)

Key: <. V/neper,
A
Slope/transconductance ¢ can be calculated also in volts to decibels

(v/dB]. There is a following dependence between the values of

slope/transconductance, expressed in different units,

-. [(."] '[ ..('—.:)

) B ¥ (1-39) )
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- L_‘J_-.'_-;'..','

Key: (1). [v/dB]. (2). [V/neper].

.i The logarithmic amplitude characteristic of amplifier is ideally

3%
- precise, if in entire dynamic range D condition o=const is satisfied.
3

From the given analysis it is evident that in the case of

] L N T S S
aaamte Radalatooe ata b sk o 0

logarithmic operation according to the law of natural logarithm with

foundation N=e=2.72 the slope/transconductance of LAKh on the

semilogarithmic scale is numerically equal to output effect s, with f%%
which it begins with LAKh. Consequently, changing value fﬂ_it is

. possible to vary slope/transconductance of LAKh. Since is implemented

* the equality

.'-K.).-Q,. .

then at given values 9, and K, LAKh of amplifier must begin at the

completely specific value of the input effect
[ ]
Yy ™=
u x;.
and vice versa, at given values % and vs the amplifier gain with the

work in the linear conditions must be the completely specific value

K.-‘:-o

The characteristics of logarithmic amplifier in the
.semilogarithmic scale for three values of slope/transconductance o at
constant value vy and the different values of factor of amplification
XK. are given in Fig. 7a; at the constant value of coefficient K; and

different values 's - in Fig. 7b.
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Page 22.

From the graphs it is evident that in all cases the linear section of
characteristic smoothly passes into the logarithmic. Dynamic range in
the output effect

Diwa=loD+1; (140)

contraction coefficient of the signal having taken the logarithm of
c,ai_":_‘-l_n.g-n. (141) |

From expressions (1-40) and (1-41) we see that for the given
value of dynamic range on the input effect D values Lﬁg“ and C, for
the characteristics with the different value of
slope/transconductance and foundation e are constant values. This is
a deficiency/lack in the characteristic, since in many instances it
is necessary at the given value of D to have different values Dy,.
The characteristic, with which input signal in the amplifier takes
the logarithm of with any logarithm to the base N, possesses this

property.

.« e . .
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Fig. 7. Logarithmic characteristics of amplifier at the different
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L
e e N et e

R PR

values of the slope/transconductance: a) 'g=ooms ky=van D) kg =const; vy = var. -
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Page 23.

Mathematically this characteristic can be registered as follows:

T T
. D i L_" AR
< . |‘l P ¥ 1) 1] € i .

t=¢toyln==e(alaz+1), (142)
n

where éy-ﬂu. - slope/transconductance of LAKh with any foundation N;

a=1l/ln N - conversion factor from foundation e of natural logarithm

to any foundation.

With N=e coefficient a=1.

Let us agree this characteristic to call, the generalized

logarithmic amplitude characteristic, also, near the designations of

the parameters of amplifier to place index N.
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E

Standardized/normalized generalized LAKh
z-alnz+1. - 7 (143)
Dynamic range in output effect'D,v..'lx and the contraction

coefficient of signal

Dumx=alnD+1  (144)
| Cw=EDEl (1-45)

Thus, changing the value of the logarithm to the base N of
characteristic, it is possible to change value of D and C. With
increase in N (decrease a) Dw is reduced, and ‘Cv increases. This is
clearly illustrated by Fig. 6, on which are depicted three

characteristics: with N<e (1), N=2 (2) and N>e (3).

It is necessary to note that witR® = Nse(awi) the
characteristic has a fracture at the point of the joint (Fig. 6,

point A) of linear and logarithmic sections (curves 1 and 5 in Fig.

6). This is explained by the fact that with N#e at the point of joint

condition (1-22) is not satisfied. Theoretically this characteristic

e s S

can be constructed. In practice characteristic with the sharp
fracture in the real amplifier cannot be obtained, since the real
nonlinear elements/cells can only smoothly change amplification

factor. As a result this of nonlinear characteristic originates the

PR S APV O Y R VY VT PEE P VR P PR G WY, VRS IS PR G R R |
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law, different from the logarithmic, but the ensuring smooth
transition from the linear to the logarithmic (transition sections AD

on curved 2 and AC in curved &, Fig. 6).

In the presence of transition section working section of LAKh is
shortened and is shifted/sheared into the region of large input
effects. The extent of transition section can be different and is
determined by the properties of the nonlinear elements/cells, used in
the amplifier. With this type of nonlinear elements/cells the extent

of transition section is more at the larger value of N.

Page 24.

This must be had in mind during the development of logarithmic
amplifiers and applied such nonlinear elements/cells, with which it
is possible to obtain the smallest transition section of
characteristic. It is obvious that the sharpest fracture in the
amplitude characteristic can be obtained, applying nonlinear
elements/cells with the large slope/transconductance of the initial
section of volt-ampere characteristic (with small voltages/stresses

on the nonlinear element/cell).

If at the disposal of designer is a logarithmic amplifier with

the specific parameters, which do not satisfy technical

W G P TN P T TR T R o W I G P D T
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specifications, then some parameters can be changed, if to
include/connect at input and output of logarithmic amplifier linear
devices/equipment with the transmission factor of more than one

(amplifiers) or less than one (attenuators). Upon the start of linear

PP SY R N

i

|. S e
St R
BT P PPN

device/equipment at the output of logarithmic device/equipment with

the transmission factor K', the slope/transconductance of LAKh with

the retention/preservation/maintaining of dynamic range on output
if effect Du,x. is changed.In this case the slope/transconductance of
iﬁ LAKh and output effects ¢ and e« of total amplifier circuit are

E: equal to

d =k, qmKjey o= K],

h! Working section of LAKh it is possible to move over the range of

input effect without a change in values D, D,, and ¢, including

.i before the logarithmic amplifier linear device/equipment with the
X transmission factor K" ,. In this case the changed parameters of LAKh
9

of the total amplifier circuit

¥,

b d . - ‘nm
P 'l"'R;li'u"T‘;;.

fﬂ Amplifier with the exponential amplitude characteristic (PAKh and

EAKh).

Expressions for the exponential amplitude characteristic and its

parameters are given in Table 1. Let us consider one of them:

' .
v
3N
b
r..
I._"
b
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o= Kau [t + o (PO, (1-46) |
B
If we on the axis of abscissas plot graphic scale, and on the —.

- A

axis of ordinates - logarithmic, then dependence (1-46) when v>vg

will be depicted in the form of straight line (Fig. 8).
Page 25.
Let us agree this coordinate system to call 2nd type

linear-logarithmic, and scale by 2nd type linear-logarithmic, or

semilogarithmic scale.

. [ v 'y [ | .
Bk har aate s sk N et et e ol i

Dependences (1.46) for different values of M and B are given in
Fig. 8, from which it is evident that with M>e (curve 2) and M<e

(curve 4) between the the linear OA and by the nonlinear sections

i ) -
PN ‘ . .
A

e . 4 . e
T S % PR SN S S

(CC' and DD') are transition nonlinear sections AC and AD with the

:
‘
ek

law, different from the exponential. Nonlinear sections with the

linear ones are smoothly joined by these sections. The same is ::j
observed with M=e and _p—-,-:-. or f< ;‘= Transition sections shorten

the extent of the working'section of exponential characteristic. i

-

Of this deficiency/lack is deprived exponential dependence with .:

M=e and $;;§ (curve 3 in Fig. 8) - - ;i
::E.:. exp (:-.+1)_—. (;47) . ‘ -TJ

- ]
- ' ]
)
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If segment AB of dependence (1-47) is continued into the region

of smaller input effects, then with »=0 it will intersect the axis of

ordinates at point c-cgai:-. Slope/transconductance of EAKh,

depicted in the converted coordinates,

ln D, . i
Ope = —2 (148)

with v=U L LT

Thus, with foundation e slope/transconductance of EAKh can be

changed, varying the value of input effect v, at which it begins.

P - . .
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Fig. 8. The exponential characteristics of real amplifier in scale
2nd type semilogarithmic: 1 - M=e; a>l; 2 - M>e, .,;%; 3 - M=e,

=i, a=1l; 4 - M<e, #+i. 5 - M=e, a<l.
u -

Since e« =Kun, it is possible to consider two cases a change in

the slope/transconductance o:

¢x = const. For increase e it is necessary to reduce value ,, and
to simultaneously increase the transmission factor of amplifier K,

with the work in the linear conditions.

. Kq =const.” For increase ¢, it is also necessary to reduce v. In

L 3

this case ¢. is reduced

This deficiency/lack does not have EAKh with any lcgarithm to

the base N, described by the following expression:

R R Y P T Y e e - e e et - e e e el - B P P
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lac.ﬂxp(sri), 4 49)
where o )

1 laN
awa-:;‘T'-=T'
] When va ’AUu. " T -
. - InNy um]
F ow ,,_‘_'[, (1-50)
g The characteristics, described by expression (1-49), with N#e

have a fracture at the point of joint A of linear and nonlinear
sections (curves 1 and 5 in Fig. 8). It is natural that real EAKh
will have ceréain transition section and differ somewhat from the
calculated ones. However, selecting the appropriate nonlinear
elements/cells, it is possible to considerably shorten transition
section and objective parameter to drive on sufficiently closely to

calculated EAKh.

Amplifiers with EAKh, described by expression (1-49), most

extensively are used, since in them it is possible to obtain the

g different value of slope/transconductance of EAKh at given values

K« v« and D. This fact, in turn, facilitates in practice the
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necessary mating of amplifiers with LAKh and EAKh for obtaining the
required parameters of electronic device as a whole (receivers RLS,

which orient systems).
Page 27.
Amplifiers with the exponential amplitude characteristic.

Ideal exponential amplitude characteristic is described by the

expression .3
za/(z)aa:’aa.z". (1-51)

L
—

which with a=1, g>.0 and x>0 is represented as the graphs, given in
Fig. 9a. If we switch over to logarithmic coordinates n=1g z, t=1g x,

we will obtain the dependence

a=p. - (182)

To the basis of expression (1-52) and Fig. 9b it is possible to
introduce the following concept of the slope/transconductance of

SAKh, depicted in the lpgarlthmlc system of coordlnates

— lgz,,—lgx B lgD
%a €. lgl'—lg: I'D -p (1-53)

—

Expressions for the differential coefficient AKh are given in

Table 1.
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.. L

With B<1 one should speak about the contraction coefficient of o

the reinforced signal C, while with B>1 - about the coefficient of fffﬁ

R

expansion P. S

Yo

N

Amplifier-limiter. '

—_—

The amplitude characteristic of ideal amplifier-limiter (UO) is ;f}

depicted in Fig. 1 and it is mathematically described as follows: 'jﬁ

w OPR Y < vo; —

‘ e=/0)= {Kn’o apu v > v,, (154) o ’
Key: (1). with. o)
) o]
. * .
¢ where v, - input effect, under which the limitation begins. f
h ]
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a3 bl f

Fig. 9. Power characteristics at the different values of index B: a)

graphic scale; b) logarithmic scale.
Page 28.

The differential transmission factor of ideal amplifier-limiter
must be equal to amplification factor with the work of amplifier in

the mode/conditions of limitation, i.e.,

y -
b _K.aconstlgp Y < Vo

;Yo 0 == const opl v > v,. (1-33)

Key: (1). with.

In real UO differential transmission factor b, with the work of
U0 in the mode/conditions of limitation differs from zero and can be

the value of positive and necative.

In this case amplitude characteristic of UO takes the form,

S W R

e

P

R AT Voo
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. Co . ,
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shown by prime in Fig. 1, and is described by the expression

K-V "] < V H
{ Kl’o + bo (v — v) 39?‘ > ::. (1-56)

Key: (1). with.

Expressions for the standardized/normalized amplitude

characteristic of real UO are given in ZFable 1.

Dynamic range of UO on the output effect

150

-

%o "' 0 bo(Do—1)
Ry

) Do_ma ...o -

where Do%gszn- - dynamic range of limitation on the input effect.

If according to the technical specifications are assigned
D., K'"and Do suxs then differential coefficient with the work of UO

in the mode/condltxons of limitation must not exceed the value

' £,D )
'+ 80 < b wam = 5= (1-58)
In the real amplitude characteristic of UO between the linear
section and the section of limitation is a nonlinear section of the
smooth transition (section AB in Fig. 1), which moves aside the
threshold of limitation to the side of large input effects ,, and

reduces the dynamic range of limitation on input effect p,.

.l ’
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During the development of UO it is necessary to attempt to
decrease the extent of transient section and to satisfy the condition

1

‘
- = al
b = 0. y

Page 29. fi
B

Amplifiers with periodic (discontinuous) FAKh. 3
o

On the basis of expressions (1-16) and (1-17) it is possible to ;fq

do the conclusion that for obtaining the analytical expression for ._il
any discontinuous FAKh and its parameters it is necessary in the -

expressions, which describe FAKh and their parameters, value » and x ;Lfi

to divide into product fiph where i=a 1lg x=1, 2, ..., m. g;ﬁ

With the gap count FU (adjustments of amplifier) m working
section of FU is used m+l times (Fig. 5). In this case the dynamic
ranges Pr FAKh on the input effect and the output effect are

respectively equal to

C Dad™imd,
or Tos e s :
, Da=(m+1)201gd; ° " (1-59)
:D.n-d-:, . ‘ (1-50) '
‘ where d and dwe - dynamic ranges on input effect and output effect,

!
! that fall for one adjustment of amplifier (between two disruptions of

TN WS DR N N PR WAL Y SRR WK YA S U Sl S W LU UL N SO S I U SR
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characteristic). L
Contraction coefficient of the reinforced signal ]
e
- 1

D d :
C--‘b"-'-%‘-.‘ ) (1-61.) _

For linear-discontinuous characteristic dyy=d. Then —;Q
o L -4
Cang = d™™, o (1-82) 1

Expressions for the linear and logarithm-discontinuous

T

characteristics are given in'I%ble 1. Expressions for the remaining 5

characteristics—can be obtained by method indicated above.

B0 I

DRSS, SAAPAAEE)

To realize FAKh in the broad dynamic band of a change-of the :

input effect is possible only in the case of multistage amplifiers.. _%

i There is a large number of circuit solutions of the realization of 7;
; FAKh, which can be joined into the following three methods (Fable 2): E
; a change of the transmission factor; the addition of output effects; ;
: the repeated use of a functional unit (element/cell). i

) Latter/last method also can be realized on the base of the first

b
b two methods.
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Table 2.
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Within the framework, encircled by solid line, the solutions for

the aperiodic and selective pulse amplifiers are shown.

The solutions, suitable only for the selective amplifiers, they

are shown within the dash framework.
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Key: (1). Methods of obtaining FAKh of electronic amplifiers in the

broad dynamic band. (2). Method of changing transmission factor. (3).
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Method of repeated use of functional unit. (4). Method of adding
output effects. (5). Change in mode/conditions of work of amplifier
instrument. (6). Change in equivalent load. (7). Change in —
transmission factor in input and output circuits. (8). Series
connection of amplifier stages. (9). Parallel connection of amplifier
stages. (10). on direct current. (11). on alternating current. (12).
Use by nonlinear of elements/cells. (13). Diagrams with detection.
(14). Diagrams without detection. (15). Change in current of emitter,

collector/receptacle, base. (16). Change in voltage/stress of grid

(cont. screen pentode), collector/receptacle, emitter-base. (17).

active. (18). reactive/jet. (19). with separate detectors. (20). A 3?5

cathode, anodic, emitter, collector. (21)..grid, base. (22). under i:;
effect of voltage of‘signal. (23). under effect of controlling ,;é
voltage/stress. (24). in circuit 0SS. (25). in load circuit. (26). in 23
input circuit. (27). without untying cascades/stages. (28). with i:?
untying cascades/stages. (29). Use of nonlinearity of characteristics ;ii
of amplifier instrument. (30). Change in negative feedback (00S). Eg?
(31). Controlled and unguided attenuators. (32). with delay line. ;;i
(33). without delay line. (34). by grid base. (35). by anodic -f@
collector. (36). on voltage/stress. (37). on current. (38). Change in ]
positive feedback. (39). stepped. (40). with attenuator. (41). ;Lﬂ

smooth. (42). by cathode emitter. (43). diode (TD varicap). (44).

combined. (45). parallel. (46). consecutive. (47). with repeate;s.

[
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Page 32.
§4. Method of changing the transmission factor.

Functional amplifier in the general case is nonlinear amplifier
with the variable amplification factor. Therefore FAKh in the
electronic amplifier it is possible to obtain by an automatic change
of its amplification factor with the increase of input effect. The
possible circuit solutions of the automatic gain control (ARU) are

enumerated in Zable 2.

It is necessary to note that FAKh in the broad dynamic band

80-100 dB in one nonlinear cascade/stage in practice is impossible to
obtain. However, it is possible to obtain it in the amplifier, which
consists of n nonlinear cascades/stages (Fig. 10). In this case the
transmission factors in the nonlinear cascades/stages must be changed

according to the completely specific laws.

kod i Lok andhoa

Work [104] examines a special case of obtaining FAKh and it is
shown that it is possible to obtain approximately/exemplarily LARKh of
B n- cascade amplifier in ShDD, if each of the cascades/stages has the
amplitude characteristic, which consists of two linear sections,
described by equations (1-56), in which coefficient &=, |

B General/common/total AKh of amplifier consists of the individual
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sections, whose ends/leads lie/rest on the logarithmic curve.
However, the isolated points of objective parameter considerably

differ from logarithmic curve. For an increase in the accuracy of

—_—
P
A

LAKh it is necessary to reduce the factors of amplification of
cascades/stages and to increase a number of cascades/stages, which

economically and is structurally/constructurally disadvantageous.

Consequently, for obtaining precise FAKh amplifier stages of
multistage FU must be nonlinear with the completely specific

amplitude characteristics, whose character is determined by the mode

of operation of-cascades/stages. Are possible the following modes of

operation of the nonlinear cascades/stages: the strictly successive

work of nonlinear cascades/stages in the functional modes/conditions;
the simultaneous work of two or several cascades/stages (pairs, sets
of three, etc.) in nonlinear, but nonfunctional modes/conditions

(combined method of obtaining FAKh). fi;

The mode of operation of cascades/stages is determined by

character of FAKh and diagram of gain control.
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Fig. 10. Block diagram of n-cascade FU with the nonlinear

cascades/stages.
Page 33.
Analysis of the successive work of nonlinear cascades/stages.

Let us consider the work of nonlinear cascades/stages on the
block diagram ot n-cascade amplifier (Fig. 10) and let us determine
the requirements, by which we must satisfy nonlinear cascades/stages
for obtaining precise FAKh in ShDD. Since these requirements do not
depend on the method of adjustment and form of the load of
cascade/stage (aperiodic or selective load), analysis can be carried
out, not taking into account the concrete/specific/actual circuit
solution.

We accept the following designations:

F(E) - FARh of n-cascade amplifier, which must be realized;

_/Rn)- amplitude ~haracteristic of the i nonlinear cascade/stage;

Fad
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E and v~ effect respectively at the input of amplifier and i

nonlinear cascade/stage;

E, 4 - output effects of amplifier and i cascade/stage. ij

i

-

The amplitude characteristic of amplifier, on one hand, o
according to expression (1-24), can be registered so: L
.9 = F(E) = F(EJ) + 0D (E); (1-63) -

' ’ ' e

on the other hand as the characteristic, formed/shaped with n by the =
series-connected nonlinear cascades/stages, ;;
F(E) =t (1-64) =

where e — » ;ﬁ;
Yn = famy (Va)i ;

Vet = i (Ya—e)i ) i

wen (1-65)

vi = f1(M)i 1

v, = E, ) e

or in the convoluted form

. g l.f . . ’l .l
. PA R
Bdee ab s imacts

CPE) = faUnilfs oo AAEN. (168)

Amplitude characteristic of each cascade/stage according to f;}

expression (1-19) - o L
‘ :' F1(v) == 1y (vu) + B¢y (v)- (1-67) | -

alaltalateal et aiua imlada® almt ot e A a A e ta matas Vs e e
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Nonlinear cascades/stages can be identical and different.

Page 34.
{
éi Successive operation of identical nonlinear cascodes. In this
_case the equalities
K.'=K.‘.- e -:K."_‘EK.,I’K.; (1'08)
Yy == Vuy W 82 Vg ma Y, vy (1-6)
dmdysa ... =md,  =d,emd; (1-70)

Ml (%) = Oy (vy) = - = AP, (v,) = AD (&), (1-1)

¢

are implomented where d =;—- - dynamic range of the functional
- i

section of the i cascade/stage.

Under some input influence;b:&E;; all cascades/stages work in

the linear conditions and effect at the output of the amplifier

| F(B) = fa(ve) = Kivy = KE, 1-12)
where K;=;KT ~ transmission factor of n-cascade amplifier with the

work in the linear conditions.

Let us assume that when E = £, the effect at the input of the n
cascade/stage is equal to Ya=van and latter/last n cascade/stage
entered the functional mode/conditions. Since all previous

cascades/stages work in the linear conditions,

R R I S - L e Tt et et P R N T " vt - e AT - -
s dbnsndin s dumulivmdemdnliatud PSRN NOIY TP Wl S0 S, S . "t AP Wl T SN0 | P'-LA,._A'L‘_“_A‘.‘_AL.&,_‘.__A"_;‘,n‘,f,-",;'_.n‘_-'A-.x-_\A?—'-'-'-'1
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and - : : (1-13) 3
F(Ey) = I[n(ve) = K,E,. (1-74) ,-1

' ' - I

1

}

With change v, from },to v;=th which corresponds to change E
from &,;-g; to E,=E,d, lattar/last cascade/stage works in the -
functional mode/conditions in the amplitude characteristic of j
amplifier it is formed/shaped with this cascade/stage, i.e.,

B = fa(v2) = fo () + A (v2) = F(E,) + AD (). (175
EI<E<Elvl<VI<Vl 'l<vn<vu_El<E<Eg( )

since they are implemented equality (1-71) and (1-74). -
: -

Thus, at the output of amplifier is reproduced the assigned

functional dependence. Since all previous cascades/stages work in the :Qg

linear conditions, they introduce no distortions into F(E). . 1

Page 35.

When v,=v, which corresponds E,, latter/last cascade/stage
leaves from the functional mode/conditions. So that the

general/common/total characteristic F(E) would not be distorted,

next-to-last (n-1) stage at this moment must enter the functional

mode/conditions, whose input effect

M)
'I-l - r:

W R O ST S S Y-S T S SUN PR T
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must be equally to v This is implemented under the condition iﬁ;i
Ky=ad. (1-76) 0t
In this case

' F(E3) = [ (%) = fn(va) + Ofn (vs) = F (Ey) + AD (E,). o
' .
5 With change v..:. from v, to w»w which corresponds to change E from ;xj
a E, to &,=£&4d" next-to-last cascade/stage works in the functional ;;ﬁ
E mode/conditions and ]
4 frms Ont)] = fu U (90) + BBy (5n)] 4
. F(E) = fa(va) = [allnei ()] = [al/nes (U =i Vn) = '
[: o fo(te) + Op(ta—Yu) = falva) + OnlPney (Yn—1)r (1-77) -%
- | | =
A where b,—~ differential transmission factor of latter/last 5]
‘ o

! cascade/stage after its output from the functional operating mode. B
3 1
N ]

? Precise FAKh when E, £E< & 1is described by the expression

F(E) == [, (ve) + AP (E). (1-78)
E.< ESE, E.Q EQE,

Equating expressions (1-77) and (1-78), we obtain the following
condition of the realization of precise FAKh with the work in

functional mode/conditions of (n-1) cascade/stage:

AP (E) = by APn_; (Yaui)-
E|< E< El V-<V‘_‘<V;

BRI I e P - . .- . . . N
............... R P e R S T . e
. P ST A VNP S P IE  WR L Or a PR S R W Y I BT S ST S T e WA
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Whence

A (B)

b' = Awn—l "u—t) )

(1-79)

Since, according to expression (1-71) Ag._;(va_y) = AP (E),

b (va) = 1, (1-80)
V> vy,

i.e. the differential transmission factor of latter/last
cascade/stage after output from the functional operating mode must be

equal to one.
Page 36.

Let us agree to call this mode of operation of cascade/stage
quasi-linear, since the running transmission factor K=-%4=ﬁ? in the
implementation of many types of FAKh is changed and approaches one

when v v,

Amplitude characteristic of cascade/stage with the work in the

quasi-linear mode/conditions can be written thus:

£0) = f o)+ OB (o) + D (1 — vad = £ () + BB () w57 _:li
(1-81)

Thus, the amplitude characteristic of nonlinear cascade/stage
with the successive work must consist of three sections: linear,

functional and quasi-linear (Fig. 1l1).
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- F(£3) = fn(vx) + 286 (va) = F (Ey) + 286 (va), ]

: o
since are implemented equalities (1-71) and (1-74). i

]

iy

Analogously it is possible to show that in the case of identical Sj

nonlinear cascades/stages the effect at the output of amplifier is *}é

equal to¢ ';i

}1

w4

when £, = E.d* -

F(E) = F (Ex) + 30¢ (vu);

when £, = Ed*t :3

F(En) = F(Ey) + (n—1) AP (v ]

when E,,, =E4d", when the first cascade/stage leaves from the

Ak,

functional mode/conditions,

F(Enyr) = F(E) + nAP (v) = F(Eu) + 8D (Epyy),  (1-82)
i.e. at the output of amplifier always is reproduced the assigned

functional dependence (Fig. 12).

Thus, for obtaining precise FAKh of n-cascade amplifier with the

strictly next work of identical cascades/stages each of the

cascades/stages must satisfy the following requirements:

ol
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a) the amplitude characteristic of cascade/stage must consist of w1
three sections: linear, functional and quasi-linear; e
4

4

b) the dynamic range of FAKh of cascade/stage in the input ]
effect must be equal to the initial transmission factor of .

cascade/stage (condition 1-76);

c) the differential transmission factor of nonlinear ;i
cascade/stage with the work in the quasi-linear mode/conditions must

be equal to one.

Page 37.

Greatest extent of the quasi-linear section of characteristic in
latter/last cascade/stage. In the case of n of cascades/stages
maximum effect at the output of latter/last cascade/stage toward the

end of FAKh is determined by expression (1-82). In this case the

maximum input effect, which still must be transmitted to the output

with the differential coefficient of b=1,

Ynuews ™ fary (Inein) = far; () + (B —1) 8 (va). (1-83)

Dynamic range of FAKh of n-cascade amplifier in the case of the

R ~' .. . T -t A . -t R "- "- “__"~ \~.~». hl . t. - . .
T R R N T N N T A N P W U T A A P U
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identical cascades/stages

By 5T k=K, (1-84) o

b=EmEH o S

. -h*

Analyzing expressions for the differential transmission factor ..
b(v), given in Table 1, it is possible to do the following

conclus;ons:v : o

1) with the successive work of the series-connected nonlinear fih

cascades/stages it is possible to realize only FAKh with b=var(}); ;ii

R
PRl .

[ lll ‘:'
& f' v

T e ter
’.l

-1
PN

2) with the successive work of identical nonliinear

o

L]
P
oy

cascades/stages it is possible to realize in the multistage amplifier

only of LAKh with the foundation of logarithmic operation N=e(a=1).

ST
L !
b e 34

"

bt ol L.A_A"‘_‘.'ﬁ-mb. .

B el o .'.'-'_‘-L--~-'-~‘-A;.LL
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Fig. 11. Fig. 12.

Fig. 11. Characteristics of nonlinear cascade/stage: 1 - e=f(v»),

z=f(x); 2 - R=y(»); 3 - b=0(v).

Fig. 12. Functional amplitude characteristic (LAKh) of multistage

amplifier on semilogarithmic scale.

Page 38.

If signal takes the logarithm of with the logarithm to the base
N, dififerent from e, then the differential transmission factor of
cascade/stage at the end of the range of LAKh when v=vw=vy=K,, as
can be seen from ¥able 1, is equal to coefficient b"’"'"ﬁ:Tv and
condition (1-80) virtually cannot be satisfied with the high
accuracy, as a result of which general/common/total LAKh of n-cascade
amplifier is distorted. For satisfaction of condition (1-80) it is

necessary that the characteristic of cascade/stage at the point of
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transition from the logarithmic section to the quasi-linear would
have sharp fracture, what in practice cannot be carried out. In the
objective parameter there will always be the smooth transition
section, whose extent is greater, the more the foundation N differs
from foundation e. But any divergence of the real amplitude

characteristic of nonlinear cascade/stage distorts LAKh of amplifier.

With a#l according to (1-24) we have

F(E)= F(Ey) + aA®,(E) = F(E,) + A®y (E). (1-85)

If latter/last cascade/stage is supplied in the mode/conditions
of logarithmic operation with foundation N(a#l), and all previous
cascades/stages - into the mode/conditions of logarithmic operation

with the Naperian base e, we will have:

/n ('n) = f(vy) + ¢A¢u. «(va)s
VKV, Yy
1) = [ (vu) + B, « (v)). (1-86)
For the realization of dependence (1-85) according to expression
(1-79) the differential coefficient of the transmission of

latter/last cascade/stage with the work in the quasi-linear

mode/conditions it must be equal to
GA‘D-(E) (1_87,

Sl v ey o

Afn—y, o (v) = AP (E).
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Then function F(E,) when E,
F(E) = fn(vu) + (i = 1) a8, (vw) = F (Ex) + (1 — 1) A (vu). (1-88)
Ei = Endi—l
i.e., at the output of amplifier is reproduced the assigned

dependence.

The ‘standardized/normalized characteristics of nonlinear
cascade/stage at the different values of coefficient of a (unbroken

curves) are shown in Fig. 13.
Page 39.

Thus, for obtaining precise LAKﬁ of n-cascade amplifier with any
foundation of logarithmic operation N it is necessary latter/last
nonlinear cascade/stage to supply in the mode/conditions of
logarithmic operation with the logarithm to the base N, and all
remaining cascades/stages - into the mode/conditions of logarithmic

operation with the Naperian base e.

Expressions for the amplitude characteristics and increment

Ag (Ey) in the nonlinear cascade/stage with the work in the

quasi-linear mode/conditions are given in Table 3. Using these
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expressions, and also formula (1-25), (1-27) and (1-85), we find the
values of the dynamic range of n-cas-ade amplifier through the input

effect and the contraction coefficient

F(&
Duus = g = alad + 1=
"
=nalnd+1; (1-89)

dll
C = m . (1‘90)

The successive work of nonidentical nonlinear stages is caused

by the fact that for some types of FU two conditions b(vw) =1 and

. Ky=d. are not satisfied simultaneously. Thus, for instance, for the
. amplifiers with power characteristic c-a{* condition b(v)=1 is

' satisfied when d> K.

é

5 For fulfilling the successive work of different nonlinear

cascades/stages with different values Ky Or va but identical
functional dependence Ag(x) it is necessary that are fulfilled

condition (1-80) and equality

fim1 (mt=t) = Yuets (1-91)

or (1-91a)

Yaim t Knimt = Yudye
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Fig. 13. Standardized/normalized amplitude characteristics of

nonlinear cascade/stage on the semilogarithmic scale.

L

Page 40. '“;5'
_:': ,:s]

p

On the basis of these conditions and with the fulfillment of

equality (1-71), it is possible to carry out a successive work of two

types of the different cascades/stages:

1. All nonlinear cascades/stages have identical initial

transmission factor with the work in the linear conditions and

different dynamic ranges of the functional section of the

characteristic
Ku-K.za---—K“=----K.,.-Kg. (1-92)

Then

Y dq
'u—l-ma‘uf‘.- 3

e s

L.

R

........... .~ .
y . . . PEEI
AR TP T NI -_-L‘L_l-\-x -t : LR g

LU USTY -SSR LG S




| SRREE - RN 9 XYANOEAR - § AR

r,

DOC = 83138002 PAGE 64

...............

i.e. nonlinear cascades/stages must be distinguished by the level of

initial input effect v, on which it begins

cascade/stage.

with FAKh of

2. Nonlinear cascades/stages have identical values v, and

different values 4,

Vgy =S Yyl = o - Yy mm e - Yy, 3® Vy,

Then K.g_1=wﬂk‘=dh
’0. ‘.

i.e. the initial transmission factor of the

with the work in the linear conditions must

(1-93)

(1-84)

previous cascade/stage

be equal to the Jdynamic

range of FAKh of the subsequent cascade/stage.




Key: (1). Characteristic. (2). Complete recording. (3).

Standardized/normalized characteristic.

Page 41.

For n-cascade amplifier initial transmission factor and dynamic

range is respectively equal to

K, = [_1 K (1-95)
D Jj dy. (1-96)

The particular example to the realization of precise FAKh with

the successive work of nonlinear cascades/stages can be realization

of SAKh with B<1. As can be seen from §able 1, equality b(wv)=1 1is
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implemented under standardized/normalized input influence aw equal to

dynamic range of SAKh of cascade/stage, i.e.

Ly = d - KF . (1-97)

On the basis of expressions (1-19), (1-31), (1-81) and (1-97) it
is easy to obtain expression for the quasi-linear section of the
characteristic of nonlinear cascade/stage and increment Ag (Ex. which
are given in ¥able 3. '

Let us determine the parameters of n-cascade FU with the.power
characteristic at satisfaction of conditions (1-92) and (1-93).

<

Condition (1-92) is satisfied. If the initial transmission
factor of latter/last i cascade/stage and the input effect, under
which it begins with its FAKh, is respectively equal to K« and vau
then input effect = va-t (i-1) cascade/stage, with which it begins

with its FAKh, according to (1-93) and (1-97),

L
Yae! = Y4 %‘; - "nK:" . (1-88)

For (i-m) cascade/stage

Vgtmm = V.KEE-l . (i-%)

The dynamic range of FAKh of cascade/stage on input effect is

determined by expression (1-97), and on the output effect
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pus = 3y = nKT= —n 4+ 1. (1-100)

Page 42.

Initial transmission factor and the dynamic range of FaX of
i-cascade amplifier

in
D=d=Ki=1; (1-102)
Duws=nyD—n+1. (1-103)

Condition (1-93) is satisfied. In this case the initial

transmission factor of the i cascade/stage is equal to Ka.

Then according to expressions (1-94), (1-97, (1-100) for the i

cascade/stage we have

n
LY
ne=i,

dy = Kui | (1-104)

ot = nKT — 0+ 1

for (i-1) cascade/stage

= = ()
Kyy—y =di= Ke's diw = Kl = K™Y
dyux t—t = Ay —n+1;

(1-105)

for (i-m) cascade/stage
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for the 1lst cascade/stage

(_n_)t-l ;.".‘TT)‘

K.. = d, = K.r—‘ N d‘ = K.. N d.-u = nK...—n + 1. (1-107)

Qualitative indices of i-cascade amplifier

Ky = Kuii (1-108)
D=Kn " (1-109)
L]
where s n "W e
h=[1+,,——_"_,+(,.—l-5.+“'+(r_1) ' -
e
Page 43.

.3
=
Successive work of pairs, sets of three and so forth of nonlinear -
N
* cascades/stages. ]
With the successive work of pairs or sets of three of N
cascades/stages each pair (sets of three) must have the amplitude :f
characteristic, which satisfies the requirements of successive work ;g

in the functional mode/conditions ., Consequently, AKh of pair (set of

three) must also consist of three sections: linear, functional and

Lok
RS
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quasi-linear.

Let us agree on subsequently two (three) nonlinear of

cascade/stage, which are component element FU, to in abbreviated form
call pair (set of three), and all values, which relate to them, to

accompany by indices "p” or "t". ——

With the work of pair (set of three) in the functional

mode/conditions the cascades/stages of pair work in the nonlinear,

but not functional mode/conditions.

It is analogous, as with the successive work of cascades/stages,
pairs (set of three) can be identical and different. On the identical
pairs (sets of three) can be carried out only the amplifier with LAKh
with the foundation of logarithmic operation e, while on the

different ones ~ any FU with b=var(}).

Amplifier stages in the pairs (sets of three) can be connected

» in series (Fig. l4a, b) or in parallel (Fig. 1l4e¢. d).

Upon the parallel connection of cascades/stages in the pair it

is possible to realize the quasi-linear section of the amplitude

characteristic of the pair of considerable range, and consequently,

to realize precise FAKh in the broad dynamic band.
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The amplitude characteristic of consecutive pair can be
registered
Ju == (va) = f3[/1 (V1)) = fs [} (Vo)) (1-111)
where f£,(»,) and f,(vs)— amplitude characteristics of the second

and first cascades/stages.

Changing to the standardized values, can be registered

o = f(vg) = Kgq. oVu. oZs. (1-112)

Fig. 14. Block diagrams of pairs and sets of three with the

connection of the cascades/stages: a), b) - consecutive; c), d) -

parallel.
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Page 44.

Running transmission factor of the pair

K. =‘,—:= K- (1-113)
where 3n=":L“ and z, avv—".
. H. 0

; Let us consider consecutive and parallel pair briefly.
.
;
Consecutive pair can consist:
1) of two nonlinear amplifier stages with the identical initial
transmission factors
Koy= Ky =Y ]Eu ae (1-114)
Then
Vs = V. 0; Va2 = ¥ Ky = vuaV Ky e (1-115)
Running transmission factor of each cascade/stage of the pair
H
K= K= V=) Keo; (1-118)
2) from the nonlinear attenuator from K,=1 and nonlinear
amplifier stage.
y
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ﬁ:; = }é_ ; } (1-117)
Vyy I Vg2 == Vg, g (1-118)

Running transmission factors of the cascades/stages

K,= ]/;ﬂu K.-K..nl/?“;. (1-119)

Upon the inclusion/connection of attenuator after amplifier

stage are implemented the equalities

Kogy= Ky g; Kuam 1, vui = vy 0; Yu2 = ¢y = 6 0 (1-120)

Running transmission factors of the cascades/stages

K,=Kyq V:—:; Kym ‘/:7: . (1-121)

Page 45.

The amplitude characteristics of cascades/stages can be

calculated by the formula

.-KV. B

e . . .t L.
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Upon the inclusion/connection of the attenuator before amplifier SR

s

stage the latter works in the lightened mode/conditions over the L]
\ 9

dynamic range of input signal. “V:
In this case: ]
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Consecutive set of three can consist of different combinations
of amplifier stages and attenuators. Consecutive set of three in
practice is applied very rarely due to the complexity of

tuning/adjusting.

Parallel pair (sets of three) just as consecutive pair can
consist of different combinations of nonlinear amplifier stages and
attenuators. However, pair [7], proposed by the author and which
consists of nonlinear amplifier stage (UK) and linear repeater (P)
(Fig. l4c) with the transmission factor, equal to one with a change

of the input effect in ShDD, is great spread.

In general form AKh of parallel pair can be registered

va) = fa (va) = [1 (va) + fu (va) =
hod=fd=fod ol

where /,(vw)— the amplitude characteristic o:f nonlinear amplifier

stage (curve 3 in Fig. 15);

fs(va) = vg— the amplitude characteristic of repeater (straight line 2

in Fig. 15).

Hence, the required characteristic of UK
fi(va) = fa(va) — Yoo (1-123)

Characteristic fa(v) is described by expressions (1-24) and
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(1-81).

If we into expression (1-123) substitute value /fa(va) according

to (1-81), we will have

J1(v) =/ (vyg) + A (v,) — vy == const, (1-124)
v vy

i.e. with the work of pairs in the quasi-linear mode/conditions of
the output effect UK must be constant. In this case quasi-linear
section is formed/shaped with repeater with the differential

transmission factor b,=l.

Fig. 15. The calibrated by FAKh parallel pairs on the graphic scale:

1 - pair; 2 - repeater; 3 - nonlinear amplifier stage.
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T TR —

(2 ) Pemnu napw
w {3) OyExamonaarabl pemnm 1y <x<d (YY) Ksaanannedmud pesin d<xcs,,
Tap PAX h, q‘\ @1
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Key: (1). Type FAKh. (2). Mode/conditions of pair. (3). Functional

mode/conditions.

é

J recording. (6).

4

\ Amplifier. (8). Repeater.
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(4). Quasi-linear mode/conditions.

Standardized/normalized characteristic.
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(5). Complete
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As can be seen from the given analysis, it is expedient to apply }5?“
the parallel pair (set of three), when are used amplifier instruments
with a small dynamic range on the input effect, in particular,
transistors. Connecting in parallel to nonlinear UK one, two
repeaters, it is possible to obtain the quasi-linear section of the
amplitude chgracteristic of the pair (set of three) of considerable

range, and consequently, to carry out a successive work of a large

number of nonlinear cascades/stages and to realize FAKh in ShDD.

B LI TEIT I PRI
. ? L A St e
ok ‘LL‘.:L!L}A‘_L‘ [T Lf:‘g_".'._‘_".

At the given value of the initial transmission factor of pair

Ku.a the initial transmission factor of amplifier stage

R
P

KM=KI.I—K1-KI.I_1' (1'125)'

Expressions for amplitude characteristics on the voltage/stress
of amplifier stage and repeater in the case of realization of LAKh
with a=1(N=e) and SAKh with B<1 are given in Table 4. For the
realization of LAKh with N>e it is necessary latter/last pair to
supply in the mode/conditions of qQuarantee N>e, and all previous

pairs - into the mode/conditions of guarantee N eame.

Simultaneous work of n nonlinear cascades/stages.

~
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In this case all n cascades/stages work in the nonlinear, but
not functional mode/conditions. During this mode/conditions of
cascades/stages it is possible to realize any FAKh, including with

b=var (7).

Let us consider the most real case, when all cascades/stages
with the work in the linear conditions have identical initial
transmission factor, i.e.

Key=mKyam ... mKyy= K, (1-126).

Running transmission factor of the amplifier

k=D ur 3, G

where K, = Ku.

Running transmission factor of cascade/stage with the work in

the nonlinear mode/conditions
1
~

KimKym ... =K,=VE=£(%)". (1-128)

Page 48.

Amplitude characteristic of the i cascade/stage
C y=vK,, (1-129)

where v— the running voltage on the input of the i cascade/stage

vw=EK =BT (Z)" (1-130)
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Taking into account equalities (1-188) and (1-130) expression (1-189)

can be registered in the form

{
Y

.« = EK}.(%) . (1-131)

In this case normalized AKh of the i nonlinear cascade/stage

14 Ne=1{
=t =2V X", (1-132)
tai
where e5 = E.KL: Xag;; Z=:((2)=§;— normalized input effect and the

output effect of amplifier.

§5. Method of adding the output effects.

Functional amplifier consists of n consecutively/serially (Fig.

16a) or in parallel (Fig. 16b) of connected amplifier stages (1, 2,

..., n), whose outputs are connected to the summator of effects. With
the increase of the input effect FU amplifier stages, beginning from
the latter, alternately leave from the linear conditions and enter
into the saturation mode (limitation). The effects, which enter the
summator from the value and do not depend on the level of the input
effect of FU. Depending on type of UK and diagrams of their

inclusion/connection the effect, removed from the output of summator

and equal to the sum of the output effects of all amplifier stages,

0

is found in one or the other functicnal dependence on the input

effect of amplifier 3=F(E).
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Amplifier stages can be linear (up to the saturation) (Fig. 1l6e)
or nonlinear, identical or different. Naturally, if amplifier stage

linear, precise F2Kh cannot be obtained.
Page 49.

For increasing the accuracy of FARh in the diagram are connected the

further corrective elements/cells (1, 2, ..., n in Fig. 16e), as

which can be used the detectors (in the case of amplifying the radio

signals), which untie cascades/stages, etc. If it is necessary to kﬁﬁ
obtain very high accuracy of FAKh, such further elements/cells can be e

connected, also, with nonlinear UK.

Let us agree the set linear or nonlinear UK and the further

.
LS
Ad dd o a s

corrective element/cell to call the nonlinear amplifier nucleus (I,

I, ... N in Fig. 1l6e).
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{ Cypramop & ) &

Fig. 16. Versions of block diagrams of FU, based on the methodology

of consecutive addition voltage/stress.

Key: (1). Summator. (2). Attenuator.

Page 50.

The circuit solution of summator can be most varied. In

principle as the summator it is possible to use an active linear

* .-‘ .-« )
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LoNEate e e o
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Sy ot

b . .

a . f

o

resistor/resistance; delay line (LZ); separating cascades/stages with

y <

P4

the linear amplitude characteristic in ShDD together with LZ (Fig.

FESlS
: N
-

P b
N P
[ T
. -

16c) or without it; the repeater stages (1', 2', ..., n' in Fig.
16g), included in parallel with UK, together with the separating

cascades/stages (1", 2", ..., n") or without them. In the absence of

separating cascades/stages of UK together with the repeaters are

parallel pairs (§4).

Upon the parallel connection of UK at the input of amplifier

y stepped or smooth attenuator (divider) can be connected. Stepped
attenuator can consist of the series-connected active linear
resistors/resistances (Fig. 16d), amplifier linear cascades/stages or
amplifier-limiters; from the in parallel connected amplifier-limiters

(Fig. 16h) with identical or different transmission factors with the

work in the linear conditions.

As smooth attenuator LZ (Fig. 16f) can be used.

Let us agree FU upon the series connection of UK to call
consecutive type FU, and upon the parallel connection of
cascades/stcges - parallel type FU. High dynamic quality is an
advantage of FU of the consecutive type; deficiency/lack - change of
phase-frequency response in the dynamic range. In parallel type FU,

which have a comparatively small dynamic quality, it is possible to
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obtain more stable phase-frequency response. o ..

For determining the requirements, presented to UK and e

coordinating elements/cells, we analyze FU of both types. ’ -;
Analysis of FU of the consecutive type.

Let us consider FU for different types of amplifier stages on

the block diagram, depicted in Fig. 16,.

FU with the identical linear cascades/stages. Let us assume that -

all cascades/stages are identical, they work in the mode/conditions ;i
of linear amplification-limitation and have AKh, depicted in Fig. 5;
..;_.‘

17a; the transmission factor of cascade/stage with the work in the Rhk
linear conditions is equal to K; the coordinating elements/cells work ﬁ
-4

in the linear conditions and have a transmission factor k. ']
Page 51. iiﬁ
RN

As a result of analysis it is necessary to determine the value R

. "::-;

of transmission factors k for the realization of assigned FAKh. 0

Let us follow the work of amplifier with the gradual increase of

the level of its input effect. On the small level E all N

...............
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Lo
cascades/stages work in the linear conditions and effect at the Rt
output of the amplifier -
9 = F(E) = E(K"ky + ==d
+K"-‘kﬂ—l+ tt +K’k’+ : -";
N1

+ Kk)=E ¥ K™ "knm(1-139)

Let us assume that under the input influence E=E, the —4€
latter/last n cascade/stage is saturated and from its output is taken L
the effect e

Snu == o () Bn = B K™y, ‘:."_"'.
£

Effect at the output of the summator -

31 - E.K'k‘ <+ E‘ mz‘ K“-"'kn_ﬂ - fn('l) k‘ + . _’:.\
i : : -t
+m2_‘ In—m (v) knme o (1'134) :-r;:;

With increase of E to E, from E,=KE, function F(E) varies at Eifi
output of summator linearly according to-the law ; ﬁ

n—=1 _-_:'
F(E) = EK ko + E X K" "knwm, ({-135) SR
E,<ELE, ‘;:;:;::i
The section of the general/common/total AKh of amplifier, fzj
[ WYY
described by expression (1-135), in Fig. 18a is designated by numbers ,f
) 1-2. Index (n-1l) indicates that the section of 1-2 characteristics of TE
amplifier is formed/shaped (n-1) with cascade/stage. f
::':::‘:1
Ir\ »-:l
=
=
.
R A A _A' .1
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Fig. 17. Amplitude characteristics of UK: a) linear with the
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limitation; b) nonlinear.
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Under the input influence E,=KE, is saturated next-to-last (n-1)
cascade/stage and
[ -
Man

1
9y = E, (K™ (ko + kni) + 2, K"+ kpp] =

A=t
=l ti )t L fomVbam  (1-136)

since ]
e

fa (¥ = faci (V) = f (vi)e -

With E,=E,K? is saturated (n-2) cascade/stage and ,?
Sy By (B D knp + T K™ ko) = 4

] 1 e T - ___1

T | .

o= f(Yx) 2 kn—p + 2 Jrmm (Y) k. (1-137)

p=0 M=y

By analogy it is possible to register that when £,,,=£K' when P

is saturated (n-i) cascade/stage, effect at the output of the ::i
]

summator 3@
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' [
- n N =
4= E (K ,;Z'. kn—p + M_Z_H K knw)
e}

- f(vy) pg“kw-p + m-;n Jaem (¥) Knem. (1-138)

The first cascade/stage is saturated when E£,= £, ™! In this

Case

"=y =
4 a - " 1‘139) S
9, =K 9;0 knep = [ (¥a) Dgokﬂ-a ( %’:_Q; f

T A T T e T VY Y *
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Fig. 18. Functional amplitude characteristics of amplifiers with the
addition of the output effects: a) consecutive type amplifiers; b)

parallel type.

Page S3.

For the realization of the linear function F(E) must be

satisfied the condition

%-%-----;f_—'-x (1-140)

Condition (1-140) cannot be carried out in the case in question.
However, it is possible to satisfy it, if to the corrective

elements/cells we feed cutoff voltages.

For obtaining the logarithmic dependence F(E) all points l; 2,

P
e e |
®* |
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3, ..., n at the semilogarithmic scale must lie/rest on the straight
line. This will be in such a case, when is satisfied the condition of
the equality of the slope/transconductance of the individual sections
of characteristic (n-1, n-2, ...,) on the semilogarithmic scale, i.e.

Ope) W Oy_g=m -+ =m Gy =Gy s Q, (1-141)

According to expression (1-37)

A8 A9, A9 :
ry et ry sl R -a (1-142)

where A9, m3,—=3,, A9, =3, =39, ... , 89, _ w9y =9y ;;di— the working dynamic

range of the i cascade/stage. In this case 41-5‘5.':—"-&
a
€ondition (1-42) can be rewritten

AS‘-dlnd,._‘.

Solving system of equations (1-142) relatively Mk taking into

account expressions (1-139), (1-138), (1-137) and so forth, we obtain

eln K elind elndg : (1_1‘3)

- F=T @ =10~ m-m

k,-k,-...-k,_,-k,.—k,(i—-r)-y—}f "“‘. (1-144)

Thus, for obtaining LAKh the transmission factors of all
coordinating elements/cells, except the connected at the output first
cascade/stage, must be equal to each other and are determined by
expreséion (1-144). Since B, Kk*=m 9, =3,—~ the output effect, with which
it begins with LAKh, taking into account expression (1-144) can be

registered: - ka
q == -El— (1'145)
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.............................
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Page 54.

Thus, slope/transconductance LAKh depends on the transmission
factors of cascades/stages and corrective elements/cells. With K=e

and k=1 the amplifier takes the logarithm of signal according to the

law of natural logarithm.

For the realization of PAKh must be implemented, according to

expression (1-46), the following condition:

lnd

Ind 2 ind
—_— e o SME Burxt .
phM: F.—E, - T, —E, - --‘__-En—gﬂ_j' % 146)

9
where N dyax et = 315 Guans = 372=

Taking into account that (£, —E)=E di—1) condition (1-146) it
possible to rewrite

is

12 (3,97 ln (3,97 ) 1 (30931 ) A4
BlaM = g = Bdm =T = " Em@on (14D

Condition (1.147) in the case in question cannot be realized,
but it is possible to realize it during the supplying of cutoff

voltages on the corrective elements/cells and in parallel type
amplifier.

For the realization of SAKh according to expression (1-53) must
be satisfied the condition

Indyyy ne .
B ol d-18)

l"
J.L..L:_'

. T A
W SOITN B DLNND

O]
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For the present instance this condition can be registered thus:

St (EBisy)? -14 —
..g.a(%)-m. (1-149) K

For finding n the transmission factors of the corrective f?j
elements/cells it is necessary to solve n equations with n unknowns.
With the sufficiently high transmission factor, when the condition

K>»1, (1-150)
is satisfied it is possible to consider the reaction only of the
previous cascade/stage. In this case an error in the calculation is

approximately/exemplarily equal to 1/K?*.

Page 55.

With the adopted assumption the transmission factors of the
corrective elements/cells can be consecutively/serially calculated

from the formula
=1

x0—1
b= S50 2_]' K (1-154)

beginning with k,., at the given value B and k.

Let us find the value of the transmission factors of the

corrective elements/cells, when on them cutoff voltages U, are given.

BRI B P S SN . - - . AR
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It is obvious that for the exception/elimination of effect of (i-1)

W cascade/stage on the form of the characteristic of amplifier with the SN
F': _ :~
h formation of characteristic by the i cascade/stage the cutoff
) voltages must be equal to ’ "%
U = v (1-152) AR

" FOOTNOTE *. By v - it is necessary to understand the voltage of -

signal on the input of the i cascade/stage. ENDFOOTNOTE.

If cascades/stages all identical, voltage/stress Uy are equal
to each other. On the latter/last corrective element/cell

voltage/stress U, is not supplied. In this case it is possible to

register:

- ;11
F(E) = EK™ky = [0 (v4) i _ - (1-1583) :
9y = E\Kky = fo (vw) i ' (1-154) ]

with E,=KE,

9, -fn(v‘()ka + /n—l(‘x)kn—x'-'l -

- E, (K ks + (K - 1)‘K“-lka—xl; (1"155)

:

with E,=E,K=E,K?

= fo (Yn + [ V) Kpnr =Y + faes () —Vn =
e o e I e 4 (K = K™Heu_ali (1-150)

[ M A Rt
AP -~ LR

PR e

~————
TS
U




x 's. s CARCRACIN At SR aCINC i SR NEEIPRG S S i DAL A A AN ) R A Ty T -;-4
B |
o)
Sy
y
4
DOC = 83138003 PAGE S
|
-
with E,=E,K? \
L _?- o
= x fnem (V%) B — Jvy == o
— ‘ o
= EE™ Kk + (Ke— 1) Dobomi (15D —
1
with EH-I = kK :
I = mzu R by —ive = . -3
= E K"Kk, + (K — 1)“‘23l kn_ml- (1-158) ;.'
Page 56.

Taking into account expression (1-140) and solving

(1-154)-(1-158) relatively &, we obtain formulas for calculation

according to the given value of K and &, in the implementation of the

linear function F(E)

]
kg, = koK - 4‘
ky—s = koK + kny (K — 1) (1-159) L

m—i

kpom=kaK + (K — 1)2:: eni.

Substituting consecutively/serially k., in K, we obtain the
simpler general/common/total expression for the transmission factor
of (n-m) corrective element/cell

K = kK™, (1-160y

Multistage linear amplifier can be realized, if to assign value

ko & 1.
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Taking into account expression (1-142) and solving

R >~ O AR
.’]
13

(1-154)-(1-158) relatively &k, we obtain the following condition of

realization of LAKh:

.. . 0
-‘.‘0‘

sin K

k =k = ... =k =k = ————.
net T T T R K —na—

(1-161)

Whence slope/transconductance of LAKh at the given values of K and k
s=kE (K —-1)K(InK)™, (1-162)

i.e. is obtained somewhat smaller in comparison with the

slope/transconductance of LAKh in the absence of cutoff voltages

(1-145). q~Taking into account condition (1-147), (1-148), we

obtain recursion formulas for calculatien k in the implementation of

the exponential and exponential functions

Kka(0—1)
kn-l-_—'T_‘K_ ’

lxkn+(K - 1) ku—ﬂm— “ .
sy = K -1 '

\ (1-163)

m—|
(Kkn + (K& =11 Y knal 0= 1)

=1 J

knm

where .= M= in the case of realization of PAKh; 6=K"— in the

case of realization of SaKh.

Page 57.

If stages are identical, dynamic range of FAKh

) cfhllnPu AN . &4 s

D= K™, (1-164y
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It is necessary to note that in practice it is very difficult to
perform amplifier from the identical cascades/stages in view of the
scatter of the parameters of amplifier instruments. Therefore the
case, when FU is made from different cascades/stages, is of practical

interest.

FU with different linear cascades/stages. Let us assume that the
cascades/stages have the amplitude characteristics, depicted in Figqg.
1l7a, different transmission factors with the work in linear
conditions Kiy and different levels of input effect w with which

they enter into the mode/conditions of limitation.

l. To corrective elements/cells are given cutoff voltages, which
according to expression (1-152) must be equal to

Ut = Yums Uln—3 =B Vgpamiy s 000 U“—n LAY

With input effect Ev?££%“3 the saturation of latter/last n

I

tmt
cascade/stage will occur. Effect at the output of the amplifier

9, = fn(Yun) kp = E.h‘.uﬂ'.. (1-165)

effect at input of (n-1) cascade/stage
Yunet = R:%‘ (1-166)
Next-to-last (n-1) cascade/stage will enter the mode/conditions

of limitation when v i.e. with the increase of input effect d,_,
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N T IR

v oy .
e

l"“'. -'.'-..-
b sl -

. i ‘_"‘."’. ".".‘.'»
S RN AR IR
UPNP SRR UL B ey PR

b,

e s R
RSN . P
e % Lttt
e Lk . S
et AN et
ndnabnababeidids, oy -




& e
- e
N -
A v
DOC = 83138003 PAGE ?4
(. .
’. times
. dn-l - :"—"."' -._':"_-1 ’ Ku -'{u—lxn—u (1-167)
'.. L L ] un
i where h_,=:?=L— the coefficient of a difference in the input
b n
g; effects, under which two series-connected cascades/stages enter into
33: the mode/conditions of limitation.
? Page 58.
=3 Let us agree value d,_, to call working dynamic range of (n-1)
5? cascade/stage. Analogously for (n-m) cascade/stage
) Onen = v‘mhm “Kom = Tnem&n—m-
- |
o ;
Ry Under the input influence of amplifier E,=ZEd,., is saturated
Be (n-1) cascade/stage and
3 n—1
oo 92 =3 + By (dn) bny [ Kai
f,:-' {m
when E,=Ed, ,= Ed,_ 4, is saturated (n-2) cascade/stage and
::.\. 3! =3, + Eldn—l (dﬁ-—j - 1) anK(;
~::.: wi th E‘ = E.d”_. = Eld‘n—ldn—.dﬂ—l
AN n—3
'; = 3, + E;dn-ldn—g (dn-a - 1) kn—l rI‘ K“
;Q; Taking into account condition (1-140), we obtain the following
‘? recursion formulas for calculation & in the implementation of the
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linear function F(E)

kny = £, K,;
k = ku‘nxn—g <+ (du-| —1) kn—lxn—i .
el dpey !

m m
k Kn d—-"t)k- K—(+
"D —t + (dn=1 n tu n

m
+ dp—y {dn—3 — 1) kn_g ﬂ Kpai +

m—1
+...+ (dn—m -'l)k'l—m Kn—m ﬂ -
= = . (1-168)

[ éers

k-—m—l

Page 59.

Substituting consecutively/serially k., in %, we obtain the
simpler general/common/total expression for determining transmission

factor (n-m-1), which corrects element/cell at given values K, and &,

L— fllf.-c. (1-168)

Taking into account condition (1-142) for the realization of

LAKh we obtain

................. cm e W . e e . .
antlle o PR T S PP WP LR PR IR P
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einda_; .
kn-l - n—t '
81 (dn—l - 1) n K‘
sln d'l—I .
- n—9 !
Eydn— (dn—a— 1) ﬂ K , (1-170)
-1
T i ladaem
I‘n—-m = m—1 "-M‘ *
By (d —-1) dpey ‘
s (du—m u u }

Taking into account conditions (1-147) and (1-148) for the

realization of PAKh and SAKh we obtain
9 —1

ko) = 1Coamy =)

n—i
B\ (dpey —1) ﬂ Ri

k - 9y (bn—y — 1)

— H
Bidpy(dng— V) |] &
1 -n-|( n—g Dl ¢ ) .

Ky 9y Upy— 11 = (1T

Bydn—idn—g (dne—1) rln 1

T o tam =),
‘kn--- - _m-':: n—m‘
By (duem —1) | ]| dnes 4
' QeI

* s e

1

where g _ = M8—="_in the case of realization of PAKh; lpmedin—

in the case of realization of SAKh.
Page 60.

2. Corrective elements/cells work without cutoff voltages. In

this case the slope/transconductance of formed/shaped FAKh is raised.
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Let us register expressions for the output effect of amplifier

. 3. on the levels of the input effect E,, E, and so forth,

I Oa ...
the corresponding to the moments/torgues of saturation n,(n-1) and so
forth cascades/stages

n a1
9= El(knu K, +kn—-l‘|:]' K+ - +kK\):

n el n—
9y = E, U‘nu K+ dn—l(kﬂ—-l D‘ K +ku—lD‘ Ki+ - + kKL

The first cascade/stage is saturated under input influence

Nt .
E‘aE;ﬂ'd‘_‘. In this case

- -k.l'lei-i-d,_,l:....ﬁ: K "'d:deH'EK"i’

[T
4 e +k;K1[]‘dH-

Taking into account condition (1-142), we obtain the following

recursion formulas for calculation k in the implementation of the

logarithmic dependence F(E):

. sind .
k‘ as ‘n_' ' k

k‘K‘ {4'((“ - i) in d! l .
B Ky (ay—1) ﬂ dni

(dg ~— 1) lud,
ﬂ “

- 4 kK }

m==|

L. ﬂ Ky + km—y rl K+

T [

[yl demmy—1) 11 dm
l_ (dem ==1) 10 dm—y

k=

(1-172)

into condition (1-148) to substitute complete

If

L . TP . 4 . -
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expanded/scanned values dy;a.., Wwill be obtained by n of equations
with n by unknowns. As in the case of uniform cascades/stages, fﬁﬁj
problem it is simplified, taking into account the output effect only RO

of previons (i-1) cascade/stage upon the saturation of the i

cascade/stage. Are obtained the following recursion formulas for

: calculation k& in the implementation of SAKh with g<1
knKp kK n& ney + dn~tfnoifiny .
k"-l - ﬁ'_—, ' k“-' - dn—ydne—y '
L] . . m.-l. . L) . . m.'l K. . . . . L]
k Kn_ + d k 4 + te +
.  [1 Fnit dotboms 1 e  (1-173)
* Me=i
% . n dpy
. kﬁ—m hnd ™ =
ﬂ Ay

Cverall dynamic range of FAKh on the input effect in the case of n

3 different cascades/stages

fAem]
D= [_1. dpye (1-174)

In the implementation of FAKh in the amplifier, which consists
of the linear cascades/stages, the objective parameter coincides with

precise only by the isolated points, which correspond to the

& 8 X 2

moments/torques of saturating the cascades/stages (point 1, 2, 3, ...

T a

in Fig. 18a). The intermediate points of objective parameter

considerably differ from precise FAKh. This divergence depending on

a4
d
-~

-
-
“

! cascade/stage.

*
-
-

the value of the transmission factor K and working dynamic range 4 of
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Let us consider the section of 1-2 characteristics and it is
defined, as accuracy FAKh depends on K and d. Let us assume that all
cascades/stages are identical, without the corrective elements/cells
and the summator linearly summarizes output effects e from the

transmission factors k=1l.

Initial section 1-2 of FAKh on the graphic scale is depicted in
Fig. 19. The maximum divergence of real FAKh F,(E) from precise
F:(E) is observed between points 1-2, while the maximum divergence of
differential transmission factor b (slope/transconductance) and the
converted slope/transconductance o¢- at points 1 and 2. For precise

and real FAKh according to expression (1-24) and Fig. 19

9y = Fe(E)= F(E,) + AD (E); (1-175)
9y = Fy(E)=F(E,)+(E—E)Qa, (1-175a)

where F(E,) = E,tgay= E,Ky; Eu=Wau— the initial transmission factor of

amplifier.

Page 62.

The slope/transconductance of precise FAKh at points 1 and 2 is

- respectively equal to




Co A AN

P A
LS SR

R IV

o,
<,
.
Lo,
A
<
.
\
o
Y
.-
-
<
-
-,
o
.
AR
-
. ®
-

L% (AR NN i s S A RS RSO RTINS A AR SR O DL AN

DOC = 83138003 race 10O

IF (EY aja®(E) _ 9I8P(E, + AE)

b,| = m == _055__& == (’EAE-Q N (1’170)

aEaB-o ‘“'-';s-o

Slope/transconductance of real FAKh at points 1 and 2

OFD(B’. + AE) _ B, (By— AE)

35.;3..0 = aE;g-o = tga. (1 '177)

bpa

The maximum divergence of real FAKh from precise A3, =3.—3, and
input effect E.. with which is observed this divergence, it is

possible to find from the condition

) oF , (E,,
be(Ew) = by (Ew)y OF ‘.’i%g.‘.-.’ -__%‘E_’ =tga. (1-178)

As a special case, let us find the divergences of the objective
parameter of the logarithmic amplifier, made on the identical
cascades/stages with the transmission factors K. Using expressions
(1-136)-(1-138) and (1-175) and Fig. 19a, for precise and real LAKh

it is possible to register

Fo(B) = F(E) + 0 g (1-179)
A=l
Fo(B) = K°E\ + E & K™, (1-180)
. -1
where ' et
F(E\)=E, ¢20K“-"
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Fig. 19. Initial section of FAKh of multistage amplifier on the

graphic scale: a) b=var (]); b) b=var (});

precise.

Page 63.

On the basis of condition (1-178) we find that the maximum

divergence

894 = F(E)—{op I (4 lnd) + 1]

is observed under the input influence

KE
E"A und'

where . . {
A-i+?+p+”'+ﬁ='

Maximum relative deflection

A9, A—=in(Alnd) + 1] (ln )™y -
wl"’_g"( -')'- + py | P ﬂ(l‘ Y] . (1'18’) N
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According to expressions (1-176), (1-179) and (1-180) we find
the values of the slope/transconductance of precise and real FAKh at

points 1 and 2:

by = Fry (1-182)
b = K™, (1-183).

Then relative error on the slope/transconductance
oty Edlnd (1-184)
* ¥ :

Slope/transconductance of LAKh in the converted coordinates is
determined by expression (1-145). Let us find the expression for the
slope/transconductance of objective parameter (1-180),
examined/considered also in the semilogarithmic scale. For this let
us introduce new variable a=InE. Then expression (1-180) in the new

coordinate system can be registered thus:

N1
9y = Fy(E) = K™ 4 f‘g K™,
Page 64.

Slope/transconductance of the objective parameter

aa ot ]
= == g8 l—“
gLk

Passing to variable E, we obtain

Lt e o g A‘_i
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1

% =é; LK™ - AK-IE. (1-185) o

-

' s

Relative error on the slope/transconductance with k=1 "#
=%, Edlnd -

ey 7 ok

3 » . . 3 13 J

The obtained expression coincides with formula (1-184), i.e., 4
relativelerror on the slope/transconductance of LAKh in the usual and 'd
converted coordinates coincides. »
—_—

o |

For point of inflection 1 with E=E, we have 5§§

Aind oY

Yoy = =, (1-180) o

for point of inflection 2 with E=E,=E.d < iﬁj
dA Ind "

da; =1 —52%. (1-186a) 3

]

Curves 60,, 80, and 89, =f(K), calculated by formulas (1-181) and

(1-186) for case of K=d, are given in Fig. 20. During the calculation

in coefficient of A were considered five members. From the curves it
is evident that the slope/transconductance of objective parameter at
point 1 is less, and at point 2 it is more than the
slope/transconductance of precise LAKh at any value of transmission
factor K. An error in the objective parameter increases with an
increase in the transmission factor K and dynamic range d. Errors

vanish with d+1 and K+1. However, with K-1 amplifier loses amplifier

P Y DU TP Gl U T S e ool imeorl et AP celsnreledl e,
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Amplitude characteristic of real UK consists of the linear and
-; nonlinear sections (Fig. 17b). With the transistorization nonlinear
> section can occupy significant part the characteristic of
b cascade/stage.
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Fig. 20. The curves of the dependence of an error in real LAKh on the
value of the transmission factor of cascade/stage K: 1 - 80,; 2 -
83 3 ~ 80,

Q
Page 65. If the character of the nonlinear characteristic of
cascade/stage coincides with the character of formulated FAKh, then

accuracy of FAKh can be considerably increased.

For obtaining FAKh of high accuracy nonlinear cascades/stages
must have completely specific amplitude characteristics. Let us

consider FU with the nonlinear cascades/stages.
Functional amplifiers with the identical nonlinear cascades/stages.

For obtaining precise FAKh of n-cascade amplifier it is

necessary that combined AKh of each amplifier nonlinear cascade/stage

and linear summator would satisfy the requirements of the successive
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work of parallel pairs.

i
PR R R R R

However, in this case there is a difference, consist in the fact
that instead of the repeater in parallel to nonlinear cascade/stage
is connected the summator, from which the summed up output effects of
the previous cascades/stages do not enter the inputs of subsequent
amplifier stages. This unidirectibnalism is ensured by the corrective

elements/cells (detectors or the untying cascades/stages).

On one hand, the total characteristic of nonlinear cascade/stage
and summator, which let us designate fi(w), it must be described by
expressions (1-20), (1-24) and (1-8l1) and to satisfy conditions
(1-76), (1-80), on the other hand, real total characteristic can be

registered

el

fapg (Vo) = kafi(v)) + Zlkl—ml(—n (Yimm)- (1-187)

For obtaining precise FAKh must be implemented the equality
f3.(3) = fap (). (1-188)

Then the amplitude characteristic of the i nonlinear

cascade/stage must be described by the expression

i
T(v) = ,,-1" [/l (vo— 2 kmmfiem (Vl-m)] . (1-189)
Moy

-
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Page 66.

Taking into account that fe((i-)=v, and the initial
transmission factors of all cascades/stages are equal, we can

register
e =i
how = % [’ 100 = ) K=", (1-180a)
Mmi

For simplification in the construction/design of amplifier we

accept ki =k = . =k =t Then expression (1-189) is simplified

. =1
KO =fa(v)—w :"':1 K, (1-190)

Wita the work in the linear conditions of i cascade/stage

“w<'s and expression (1-190) can be rewritten

=i

Jo(v) = v (Ks— 2110-") K, (1-191)

where Ky— initial transmission factor of function fy(v).

From expression (1-191) we obtain equation for determining the

initial transmission factor of the i nonlinear cascade/stage

—t \
K=Ky— Y K™, (1-192)
1

e . <. L.
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whera m - number of the previous cascade/stage, whose output effect
is considered during calculation K. To count off m necessarily from
the i cascade/stage to the input of amplifier. With m=1 we obtain
expression (1.125). With m=2 we obtain the equation of the second
power

—K(Ky—1)+1=0,

Whence

R, =1, (K,

(1-193)

An error in the calculation according to formula (1-192) can be
approximately considered according to formula 8K==E%. Therefore

3
with K256 K do not exceed 4%.

With m=1 the amplitude characteristics of nonlinear
cascade/stage are described by the expressions, given in Table 4. At
the arbitrary value of m of expression for AKh the cascades/stages

will be analogous.
Page 67.
The results, obtained in the previous paragraph during the

analysis of the successive work of nonlinear cascades/stages, are

suitable and in this case.
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With the equality of the transmission factors of corrective
elements/cells k expression (1-186) can be registered
f3 () + AP () = k [f3p (va) + Ap (V)]
According to expression (1-37) Ag(v)mme, we can register
o = kap. (1-184)

Thus, changing the transmission factor k of the corrective
elements/cells, it is possible to change the slope/transconducfance
of total FAKh. However, with a change of value k in the equal measure
output effects F(Ey are changed and F(E,) dynamic range cn the output

effect of amplifier remains constant.

At constant value of k=1 this can be realized by
inclusion/connection to the output FU of linear device/equipment with

the transmission factor, equal to
k==, (1-195)

In many instances it is necessary simultaneously with the
decrease of slope/transconductance of FAKh to decrease range Dyg.
This can be realized as follows: latter/last cascade/stage together
with the summator is placed in the mode/conditions of the guarantee
of FAKh of the assigned slope/transconductance. Total characteristic
is described by expressions (1-20), (1-24) and (1-81). The
transmission factor of the latter/last corrective element/cell is

taken by the equal to one, i.e., ky=mi.

e ?aaSatarara’atatava ool
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All remaining cascades/stages are placed in the most real e
-
mode/conditions with slope/transconductance ¢, which more easily in -1
all is ensured, and transmission factors & of the corrective S d
1
elements/cells, connected at the outputs of these cascades/stages,
are calculated from formula (1-195). 1
—
]
Then all results, obtained earlier, are valid for the )
P
cascades/stages, which precede the latter, for which initial :
]
transmission factor must be determined from the equation :?
=1
K, =k g‘ £ "= K,, , (1-196)
e L
. where K - initigl transmission factors of cascades/stages; k - is

determined according to formula (1-195).

Page 68.

With m=1

K, -x.—k-x.-;; (1-197)

and AKh of the last cascade/stage must be described by the expression

fn(¥a) = f3(¥) —%v.. (1-198)

As an example, it 1is possible to consider obtaining LAKh with

the foundation of logarithmic operation N(a=1). In this case

L P U P BN TP
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latter/last cascade/stage is placed in the mode/conditions of 35

g
-4
K

provision of LAKh with foundation N and is taken k,=1. All previous
cascades/stages are placed in the mode/conditions of the guarantee of
LAKh with foundation e(a=1) and the transmission factors of detectors

1

they are taken by the following: k=g=—.

Then for the latter/last cascade/stage according to expressions

(1-197) and (1-198)

Ky=Ky—a:
zn,,aalnz-f—i—-;:.—:; zm=aan,.+1—;‘K:¢.

High accuracy of. FAKh can be realized in the method of adding
the output effects, if we on the outputs of cascades/stages supply
the corrective elements/cells, the transmission factors of which are

changed according to the law

(1)
fy = { %:pu Yoo < [ (Viw) = Yaeeets (1-199)

PH Ve > fi (Vi) = Yeiats

Key: (1). with,
where vyau— input effect of the i corrective element/cell.

In this case general/common/total FAKh of amplifier F(E) with
the strictly successive work of nonlinear cascades/stages is
formed/shaped without the effect of the output effects of the

previous cascades/stages. Then AKh of cascades/stages when v < v

P P .
AR . .- . -
P W P T WO W W P W . PR Y
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they must be described by expressions (1-20), (1-24), and when w> v, RO
T

Ji(v) = fi(ve) + Aghs (Viu) == const. (1-200) i .'._.'jl-_i_

—

- <

Furthermore, must be satisfied condition (1-76). If in the -

- objective parameter it is most easy to realize slope/transconductance '{fﬂ
%, then value k is calculated from formula (1-195). %ij
Law (1-199) can be realized during the supplying to the ff
corrective elements of the cutoff voltages, whose value is determined f%
by expression (1-152). =
Page 69. i}
g

However, to obtain the objective parameter of transmission with the 3
sharp fracture is very difficult and it will have some section of ﬁ
3

smooth transition from k, =0 and ik =4, which will introduce further ]

error in FAKh. This section can be obtained quite small with small

PRI

input voltage (for example, emitter detector) [8].

The supply of cutoff voltages on the corrective elements/cells
considerably facilitates the adjustment of amplifier from the point
of view of obtaining the assigned slope/transconductance of FAKh.

However, in this case are their negative sides.

I T - o VUL S S S e e N S S T . l
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In the implementation of dependence (1-200) when v<vx must be
observed sharp fracture in AKh the cascade/stage, which to carry out
is virtually very difficult. The presence of transition section
causes the divergence of the slope/transconductance of real FAKh from
"the slope/transconductance of precise FAKh at points £ which
correspond Y« The mode/conditions examined it is expedient to apply
in transistor FU, since the transistors more sharply pass into the

saturation mode in comparison with vacuum lamps.

It is necessary to note that in the transistor amplifier it is

very difficult to fulfill identical nonlinear cascades/stages.
FU with the different nonlinear cascades/stages.

Let us assume that FU consists of the nonlinear cascades/stages,
which have different ones '/t(") Kuw Vau vutr fi(vad and (%) (Fig. 17a). In

this case
Y
b Yot (1-201)
Under the made assumptions the mechanism of the formation of
FAKh of multistage amplifier conSiderably is complicated. Let us
consider the process of formation of FAKh on the block diagram in
Fig. 1léc. For simplification in the analysis upon the saturation of

the i cascade/stage on the formation of FAKh we will consider the

PRI DA YA PR Aadad abadatot o'y os an's e e ae alaw .
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output effect only of one of previous (i-1) cascade/stage. Lol

Let us assume that with E, the latter/last (n-th) cascade/stage

is saturated. Then

3, m F(E,) = fa(Vun) kn + fas (Ynms) Knse

Page 70.

In this case there can be two cases:

1. The inequality

By < Yar (1-202)
is fulfilled. ¢r1n this case (n-1) cascade/stage works in the

linear conditions and its output effect can be expressed through its

initial transmission factor Kea—:.

2. Inequality

R:'—: > Yant (1-203)
is fulfilled. #1in this case (n-1) cascade/stage works in the

nonlinear mode/conditions, and, if analytical writing /awi (va=1), 1is

unknown then it cannot be expressed fae-i(¥) through Ken.

Since fami(v) =
9, = kofn (vin) + KniVun.

FIY O DU IR . TR WU WLl WL WP G SOl Yy
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Analogously it is possible to register that when £, = Ed,_,
3y = kofn (Yun) + Kneifuer (Yinet) + Yan—ikn_si

when Ey=Ed, .d,_,

Sim 3 keafucm (amn) + tunthns e

[r—y
when E.-E,_I:'_Iid,,. is saturated the first cascade/stage and

b oy |
3" d ﬂgl kw-m/n—m (vlhl—m)-

Taking into account conditions (1-142) and (1-148), we obtain

expression for the transmission factors k.

With the implementation of LAKh
aIndy = yvyy
e e (1-204)

=2nd . . _
h=reo—oih

ky

eindi — L A
B e ————ve— .
[vay) = Vyeqy

Page 71.

If to the corrective elements/cells cutoff voltages are given,
then in the numerators of expressions (1-204) it is necessary to

leave only one first term.

. .In the implementation of SAKh (taking into account only first
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two terms 3)

kn/n (Vi) (Bpmy — 1) .
Tt Vymmnt) = Vg '

Mt .
[‘_); kvt ()] (0 gy=1)

Inmm Vermt) = Yummmeit

k‘—‘ -

1 (1-205)
b =

/

In the case in question the objective parameter of amplifier
will coincide with the point of FAKh only at the isolated points as
with the linear cascades/stages. However, intermediate points will

deviate in the smaller measure.

For obtaining precise FAKh of amplifier nonlinear
cascades/stages must have completely specific characteristics, whose
form can be determined from the working conditions for the successive

of identical and different parallel pairs.
Analysis FU of the parallel type.

The requirements, presented to amplifier stages and corrective

elements/cells, in parallel type FU depend on the circuit solution of

supplying the effect on inputs of cascades/stages. Effect can enter

directly the inputs of all cascades/stages (Fig. 16b); through the

divider (Fig. 164 and f), also, through the corrective elements/cells

(Fig. 16h).

PR PR VU Al
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FU without the corrective elements/cells (Fig. 16b). Diagram in ﬁ;l}i

Fig. 16b is a special case of diagram in Fig. 16h, when to the ﬁlfi
e

cascades/stages are not given cutoff voltages and k=1, :*“%
L

L

Amplitude characteristic of n-cascade FU is described by the

expression

F(E)m ‘g Ja (). . (1-208)

Initial transmission factor of amplifier with the work in the

linear conditions

Ko = 3 Ku (1-207)

[

Page 72.

For obtaining precise FAKh the cascades/stages must be

identical, nonlinear and have AKh, described by the expression

i) = [ (B) = B (1-208)

n

where F(E) is described by expressions (1-15) and (1-19).

The slope/transconductance of FAKh of the amplifier

B (1-209)
fml

where «— slope/transconductance of FAKh of the i cascade/stage.
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I1f cascades/stages are identical, the slope/transconductance of
FAKh of amplifier is n times more than the slope/transconductance of

FAKh of cascade/stage, which is the advantage of diagram.

In the diagram in question the dynamic range of FAKh of
amplifier is equal to the dynamic range of the nonlinear section of
the characteristic of amplifier, i.e., D=d, what is a deficiency/lack

in this diagram.

Diagrams with the divider and the corrective elements/cells, in
which it is possible to carry out a successive work of amplifier

stages, possess considerably greater possibilities.

FU with the different linear cascades/stages, which work in the
mode/conditions of amplification-limitation and without the cutoff
voltages. It is obvious that parallel type FU with the different
cascades/stages it is possible to fulfill on one of the diagrams

(Fig. 16d, £, h).

Analyzing diagram with the divider at the input (Fig. 16d), we
assume that the cascades/stages have the amplitude characteristics,

depicted in Fig. 17a, and different values ks« and ‘s Let us agree

............
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to designate the coefficients of the divisions of divider through &,
Coefficient of the division of input effect for the i cascade/stage

with k,=1 according to Fig. 164

= (1-210)

Let us consider the work of amplifier. Let us assume that when
ﬁ E, =v, the lst cascade/stage (Fig. 18b) is saturated. Then effect at

the output of the amplifier

n

3, = E, (K, + ko Ky + - + K"uk‘).

Page 73.

In this case effect at the input of the 2nd cascade/stage
Ve == Eiky m vyiky.
With E,=E, is saturated the 2nd cascade/stage and

9y = By (koK + dy (eskiKo + kikikeKy + - - + Ko [ Kl (1-211)

A} A}
where d.a%-ﬁaﬁ— working dynamic range of 2nd cascade/stage,
N

which in Fig. 18b is designated by numeral 2;

with E,=E,d,d, is saturated the 3rd cascade/stage and

9y = E, [k K, + dok ks Ky + dody (krkalsKy + «« - + K, mkt)b

R L I T S
PO L I I 3PN (PG . YR L. AP P P, R P
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where e

d Y&-’ ’ V“‘ .
—————— Sy
3 = Sadrkeke Edykeks '

n—~1 )

when Emd='Et[1dl is saturated (n-1) cascade/stage and then

% -

iy
Iy = E (kK + l‘lk;dlxn + -+ K, udon/ﬂ); (1-212)

when 3n=€51ud« is saturated the n cascade/stage and

Romd n
I = E, (kK + krfgdi Ky + -+« + Ky u a{l k), (1-213)

where

v

dy = — " | i-214)

" L]
- ﬂ"sﬂ"t

Taking into account reaction only of one subsequent in parallel

- connected cascade/stage, and also condition (1-142), we find

expression for the coefficients of division in the implementation of

LAKh:
alndy, . . alnd, .
Cd xr s 1y AR Ry AT ir= .
oocoo‘o-olltd"""' (1.215)
kﬂ- 2 "n:| [ T §
- k
E (dn—1) nd« D& . |
Page 74.

If objective parameters of UK are known, then the coefficients

of division can be calculated from the formula

.........................
....................
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b4
L j?
= Fonid; (1-216) 3
and it is possible to determine slope/transconductance of LAKh from :*4{
L

the parameters of the characteristics of amplifier stages v
vu(d,—i). v“(d,—i). . Yyn (@n_y) T
“TTIng T TGmE Gt =g Tag - (1HD —
Equations (1-217) are transcendental and can be solved ; ;}
graphically or by the method of iterations. jfff
T

If condition d»1, is satisfied then slope/transconductance

tentatively can be calculated from the approximation formulas

ampki =y ia=pS. ] (218)
Expressions (1-217) and (1-218) can be used for the check

calculations of finished diagrams.

Analogously it is possible to show that for the diagram in Figqg.
16h when ZE,=v, and k=1 is correct the expression for the
transmission factor of the i corrective element/cell, connected at

the input
fy o ———, (1-219)

3
ER [ dm

and also expression (1-217) and (1-218).
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;I For the realization of SAKh in the diagram in Fig. 16h taking . 3
- into account (1-148) and reacting only the saturated cascades/stages -flj
' 4
: we obtain o 1
- By (@ —1), Oy = 1) (b By - dokyhylty) | “
| = S5 b = BRGRREL,
.................. o L
(Bn = 1) (kyHy 4 dykrhele + - + Ky ﬂa nkq L (1-220) .__.i
| o = A 2 T
f~: K LABE] S
::3 " u ‘m J ¥
Page 75. ;;;
= Analogously for the diagram in Fig. 1l6h taking into account only 7?
§ the reaction of the saturated cascades/stages, we obtain
. ky = LI ’— 1); N
c | ~ Oy = 1) (ko + aphy Y
- ' ks Tud R ;
. . . . . * 0 L] L] [ '—‘ P (1-221)
(On = 1) (kyJy + dykofly + dedskofla + -+ + ka—rfln ‘n‘t)
ky = . 1 1
‘. k) + dyholy + dedokelly + -+ + knerfin—y ﬂ‘!
o‘ - . J
On the basis of analysis it is possible to do the conclusion
i that upon the parallel connection of the different cascades/stages, :

which work in the mode/conditions of linear amplification-limitation
and without the cutoff voltages, cannot be realized FAKh with

bemvar(t) in ShDD with the successive work of cascades/stages.

A PR L R |
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However, FAKh with Oevar(4) it is possible to realize with the
successive work of cascades/stages in the amplifier with the
corrective elements/cells, connected at inputs or outputs of
cascades/stages (1, 2, ... in Fig. 16h). Cascades/stages alternately

enter into the operational conditions during the supplying of the

corresponding cutoff voltages on the corrective elements/cells.

The in principle cutoff voltages can be supplied to amplifier
stages. However, in the latter case further difficulties in the
formation of FAKh appear, since the differential transmission factor
of cascade/stage on leaving from the cutoff mode/conditions vanishes.

FAKh in the amplifier, assembled on the diagram in Fig. l6h, can

be formed with the work of amplifier stages in the linear conditions
in entire dynamic range of FAKh of amplifier; in the mode/conditions

of linear amplification-limitation; in the nonlinear mode/conditions.

The second and third modes/conditions of cascades/stages are
suitable for formation of FAKh in the amplifier, assembled on any

diagram in Fig. 16.

FU with the different cascades/stages and the corrective

elements/cells (Fig. 16h).




..................................
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1. Cascades/stages work in linear conditions.

Page 76. RESES

For guaranteeing the successive work of cascades/stages on the

input corrective (untying) elements/cells the cutoff voltages

n—1
Uiu=0; Un=E,; Un=Ey=E\dyy ..., Usn=En_, =E,[] d

i=2

(1-222)

H

(corrective) elements/cells, then their values are calculated from

are given. If cutoff voltages are supplied to the output untying
the formula

—
U= KU =KiE_, n‘d,,,. (1-223)

Let us consider work of FU. With ESE, the output of amplifier
the effect enters only from the output of the first cascade/stage and
the transmission factor of amplifier is equal to the transmission
factor of the first amplifier element/cell

Ky = kikiKu = K, (1-224)

where k',, k', and K. — respectively the transmission factors of

the input and output corrective elements/cells and amplifier stage;
K, = kik; Kuy— transmission factor of the first amplifier {
element/cell, which consists of series-connected UK and corrective

elements/cells.
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With E,3,=K,E,;

with E2E, together with the first cascade/stage works the
second; then (Fig. 21)
3 =F(E)=E(K, + Ki)— E K,
where E,=E,q4,
3, = E 1ds (K, + K2) — Kuli (1-225)
with E,;=E,d,=E,d,d,
93 = E, [dydy (K, + Ky + K3) — Ky~ d,Ky);
n
when E, = E,_d, = E, n&

n A=l

9n = E,([1d: Y K — Ky —dKy—dydiK,— K, [:12 dil.

i

i=




DOC = 83138004 PAGE ,0?

Ifm—————
i
|
Y
Iy =———— :"/,g
92 y)

Fig. 21. FAKh with b=var(}) of the amplifier, assembled on the block

diagram Fig. 1l6h.

Page 77.
Dyramic ranges of FAKh on the input effect and output effect

respectively are equal to:

D=[lai o (1-226)
Duux = E""" (1-227)

Using econditions (1-142), (1-147) and (1-148), we find formulas
for determining the transmission factors of amplifier elements/cells

in the implementation of LAKh:

aln . 1la .
Ko = g2y Kii K= gy — (K0 + K

— . 0 e & s j | (1.228)
—dlll;‘l.;:?_ Ky

B, (dn—1) [‘]’4‘ b=t

K=

LN 4T P ARSI R Cllar st el dart et dupe it opare i A= TS pie el b AL RO SR I A L i N R SR o AR
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in the implementation of SAKh and PAKh:

The advantage of the mode of operation of cascades/stages

&, (8 —1
K‘- ‘: ) K‘-
o Sy (6 + Ky — Ky) — g‘;t.urkaK..
dy (do — !
. . [ * . ® L) - . LI . n-l ) (1-229)
e..[ a.\‘m-.4]+4- 4.}‘1:.
r0 Qege B
— : ;
=3 _i
where A=mKy+diKy+dadeK + --- +K.-.ndﬁ 0, =dh— in the B
implementation of SAKh; u.m_uﬁla. - in the implementation of '—']
O = M = -
PAKh. __'.j_
o
.

examined is the fact that FAKh with b=var(f) can be formed with the
transmission factors of the amplifier elements/cells, equal to one,
i.e., with satisfaction of the condition

KimEKym o =K, -t (1-230)
Page 78.

However, this mode/conditions has the deficiency that FAKh can
be formed in a comparatively small dynamic range of the first

cascade/stage.

From the deficiency/lack indicated is free the mode/conditions

of linear amplification-limitation.
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N 2. Amplifier elements/cells work in mode/conditions of linear f?ﬁ;
amplification-limitation. ;5?:

. A

The mode/conditions of the limitation of amplifier element/cell iJ'ﬂ

. . . C e . . . 1

can be realized directly in amplifier stage either in the untying —

r-’- :_-1

N element/cell, connected to input or output of amplifier stage (Fig. e
. 16h). If it is necessary to sharply bound signal level, from limiting Eiﬂ
element/cell should be included at the output of amplifier stage, ;;Q

since with large levels of signal an effect of limitation to carry

out more easily.

In each special case the connection point of limiting
element/cell is determined by the circuit solution, the type of

amplifier element/cell and by form of FAKh.

i R
’ Let us consider the strictly successive work of amplifier
. - e . - . 1
elements/cells in the mode/conditions of amplification-limitation on
- the assumption that the limiting elements/cells are connected to the
inputs of amplifier stages and on them are given the cutoff voltages, ]
- 3
whose values are selected from condition (1-222). '
: The output effect of amplifier with the work of the i
—4
1
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cascade/stage in the linear conditions is changed according to the

law

=t

=3 fmlow) +(Es— Eve) K. (1-231)

The output effects of amplifier, which correspond to levels E,,

E, Es ..., E,, with which they enter into the mode/conditions of

limitation 1, 2, ..., the n cascade/stage, are equal to

3, =EK,;
9, =E11(KI| + Ky (dy—1) =3, + E K, (dy —1);
9y = Ey K, + Ky (dy — 1) + Koy (ds — 1)] = 34 + E,Kdy (dg — 1).

ooooooooooooooooooooooooooooo

Ny 1

= E (K, + Ky(dy—1)+Kgdy (ds—1)+ - + K, (d,.—'i)rl di]. )

1

Page 79. ]

Taking into account conditions (1-140), (1-142), (1-147) and a
(1-148), we obtain, that for the realization of linear characteristic

the transmission factors of all amplifier elements/cells must be ]

equal, i.e. : ;‘1

B wKywo: .. mE m=K;  4-232

for the realization of LAKh:

]
lnd 1 . -
K= gty K= gy oo i Bam — S ]

By(dn — 1) r‘ dy
ol }
(1-233)

R

]
E

R

for the realization of SAKh and PAKh: —3
- ,1

b

1

1

1
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ST
T
BOG=Y, o B rREG-=DIG—-y, . BERK
& Gy — i K dy(dy —1) AR o I :&ﬁ
: R ' 4
o+ By (G = 1) + oy (g~ 11t -+ By (g = O] Tl G ;
K= — = ,.} C ]
-1 . SR
—n[]d .. L . ]
o
,*_ﬁ-i‘_:‘:i
# 9
In the case in question in the implementation of FAKh with ii;
bmvar(4) is implemented inequality ot

K[<K'<K'< LY <K‘| ' (1’m
in the implementation of FAKh with bmvar(}) is implemented the

inequality

K >K> - >K_>K, (1-236%
which can be realized at the given values of transmission factors UK
with the help of the selection of the transmission factors of the

corrective elements/cells.

By the advantage of the method examined is the possibility of

obtaining FAKh in the broad dynamic band with the input effect;
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deficiency/lack - smaller slope/transconductance of FAKh, than with
the work of cascades/stages in the linear ccnditions with the same
transmission factors,

According to the obtained recurrent formulas (1-228), (1-229),
(1-232), and (1-233), we can calculate the required transmission
factors of cascades/stages, if are assigned slope/transconductance
of FAKh (or its law), the input effect Ey, under which it must
begin, and the working dynamic ranges of the cascades/stages on

the input effect, whose value is determined by the assigned
accuracy of realization of FAKh.

Page 80.

In practice can arise the inverse problem, when the transmission
factors of amplifier elements/cells are known and it is necessary to
determine the working dynamic ranges of cascades/stages di, on the
basis of the assigned to accuracy of realization of FAKh. In the case
of amplifier with LAKh for determination 4y from the assigned
accuracy of the realization of characteristic it is possible to use

(1-177), (1<182) and (1-183).

For the remaining types of FAKh it is possible to c¢btain
analogous formulas. After determination di from formulas (1-222) or
(1-223) the cutoff voltages, supplied are designed for the corrective

elements/cells.

Parallel type of FU with the nonlinear cascades/stages.
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It is obvious that during the use of linear cascades/stages only
the isolated points of objective parameter coincide with precise
FAKh. The points of the coincidence of characteristics are greater,
the more the cascades/stages participates in the formation of FAKh.
However, it can seem that the assigned accuracy of FAKh can be
obtained with an inadmissibly large number of cascades/stages. In
this case for the formation of FAKh it is necessary to apply

nonlinear cascades/stages.

For the formation of more precise FAKh should be taken the
nonlinear cascades/stages, which have the same character of a change

in the differential transmission factor (increase, decrease).

In the most general case, when AKh cascades/stages cannot be
described mathematically, the transmissi.n factors of nonlinear
cascades/stages it is necessary to calculate from formulas (1-204),
(1-205), (1-228), (1-229), (1-233) and (1-234) for the levels of
inpzt effect, which correspond to the moments/torgues of the entrance
of cascades/stages into the mode/conditions of limitation
(saturation). For the n cascade/stage during the supplying of cutoff

voltages on the corrective elements/cells this level

n==i
Yng = V=V, = E, (d,—1) [1 dy. (1-237)
-1
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For obtaining FAKh of the high accuracy AKh of cascades/stages .i
must be completely specific. The required form of the characteristic __i
of nonlinear cascade/stage can be determined, on the basis of the j
principle of the successive operation of the parallel pair of ; 5
cascades/stages. In this case the i nonlinear cascade/stage taking %;;
into account output eifects (i+lL (i+2), ... cascades/stages must | <?
form/shape AKh, suitable for the successive work of cascades/stages ;1;
and nonlinear mode/conditions. ?+€
Page 81. X

If nonlinear cascades/stages are identical and work without the
cutoff voltages, AKh cascades/stages with the strictly successive
work just as in consecutive type FU, they must be described by
equations (1-190) and (1-191), in which it is necessary to substitute
F(E) for f» and X, instead of K, The initial transmission factor of

cascade/stage is determined from expression (1-132).

For the realizat‘on of FAKh in the diagrams in Fig. 164, f must

be implemented the equality
Y (1-238)

where for the amplifier with LAKh Je £, fOr the amplifier with SAKh
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Vhen e var(})—dm KT,

Then the initial transmission factor of the amplifier, made on

the diagram in Fig. 16d,

Ko = ki, + bikoKy + bibse&o + 0 + B[ 1 10 (1-239)

Usually k,=1. The values of the resistors/resistances of divider

are calculated, on the basis of formulas (1-210) and (1-238).

For the realization of LAKh in the diagram in Fig. 16h the

equalities
Res 4

w .
Ry 1 & (1-240)

PO
Kgy =d; K.z-T"--i; Kys =

must be implemented since
dymdym ... md, =d. (1-241)
In this case
Vg3 = v-ldxi Y3 = v.|d:. see gy Ygn y.ld:‘l.
General/common/total initial transmission factor of the

amplifier

" * . .
» .
‘--2‘-"2;5'*--“ S v (1e2A2)
=1 =1 .
In the implementation of SAKh in the diagram in Fig. lsh must be

satisfied the condition

&-K:.:T.
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L
Then
R K K K )
K'za_dl".; K“-f‘:—zad‘—::.....lfnﬂ,‘_:‘ 4 (1'24‘3)
ﬂau
n—y
V-z-"ndn V-l"'ndxdn ves y Yun®= Yy ‘H d. (1'244)

If to output corrective elements/cells in the diagram in Fig.
16h cutoff voltages are given, then the amplitude characteristics of
the nonlinear cascades/stages, which strictly alternately work in the
functional modes/conditions, must be described by expressions (1-20),

(1-24) and (1-200). Furthermore, must be satisfied condition (1-76).

Cutoff voltages must be equal to:

U= fi(vue). (1-245)

For the fulfillment of equality (1-200) it is necessary in each

cascade/stage to bound output effect at the level fi(v) using for

this the output corrective elements/cells.

In any event in the implementation of FAKh on the diagram in l4;

Fig. 16h it is necessary to satisfy the following condition: the ff:

ce)

. -
{ )
)
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initial differential transmission factor of n cascade/stage bun must -]
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be equal to final differential transmission factor kwmet previous s
(n-1) cascade/stage, i.e. S
ban = bin—i- (1-249) ]

Condition (1-248) is satisfied, if the equality

Kyn = byn—q, (1-247)
is satisfied since
ban == Kyun.
Thus, with the successive work of nonlinear cascades/stages in
the diagram in Fig. 16h initial transmission factor of the n
cascade/stage must be equal to diffgrential transmission factor of
(n-1) cascade/stage with its work gt the end of the functional

mode/conditions.

The value of coefficients can be calculated from the formulas
for b, given inTable 1, when z=z4=di, Wwhere d— dynamic range of
FAKh of the i cascade/stage.

Page 83.

§6. Method of the repeated use of a functional amplifier

element/cell.

Realization of FAKh in ShDD on one functional amplifier

W P SR PGP G S SRAP I, I W D A S P S LAt e a e a
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element/cell (FUE) is limited to the dynamic range of the functional

section either of the passage characteristic of amplifier instrument,
1f the function of amplification and formation of FAKh perform the
nonlinear amplifier instrument (UP), or the nonlinear element/cell,
which forms FAKh. FAKh it is possible to obtain in ShDD according to

the method of repeated use of one FUE.

Let us consider essence and possible methods of the application
of this method. Let us assume that FAKh of amplifier element/cell
begins and is finished under input influences vy and vw. Then

-t
. Vs

Let us assume that the effect at the input of FUE achieved value
w. For a second time and, consequently, also it is repeated, it is
possible to use FUE, if when ymv, it is abrupt: 1) to widen the
dynamic of the amplifier element/cell; 2) to change the level of
effect at the input of FUE; 3) to decrease the differential

transmission factor of amplifier element/cell.

Some possible block diagrams of the application of the method of
obtaining FAKh in question are given on Fig. 22. As we see, signals
can enter the input of FUE directly (Fig. 22a) or through the
adjustable cascades/stages (RK, Fig. 22b). In both cases in parallel
FUE and RK are connected the adjusters (RU), which on the specific

levels of input effect develop controlling voltages/stresses Up,
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which enter on FUE or on RK,. ®
The mechanism of obtaining FAKh let us consider on the block '
4
diagram of the amplifier Fig. 22b, which has a series/row of 2jvﬂ
SRENS
advantages and is more spread. With a change in the effect at the B
input of FU from E, = & to E,=E,d the effect at the input of FUE i;?ﬁ
ro
varies from "» to w and FUE works in the functional mode/conditions. L
Page 84. f;i
£ q

P

On the level of effect E, adjuster PY, operates/wears and develops

.

controlling voltage/stress U, which enters adjustable cascade/stage
PK, The transmission factor of cascade/stage PK, is reduced in m of e

times. If m=d, then effect at the input of FEU is equal to v e

With further increase of the input effect of the amplifier from

E, to E,=E,d? FEU works in functional mode/conditions. With E, effect ;ﬂ

at the input of FEU reaches v, At this moment py operates/wears

=l

transmission factors PK.., is reduced m times.

Each time, when the input effect of the amplifier reaches value

E, = Ed', with which the level of effect at the input of FEU is

equal to vw operates/wears P¥, and is reduced transmission factor

PK, to m of times.
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If there are n adjustable cascades/stages, then FEU is used n+l

] -
- .
. . . +
A a

times. As a result discontinuous FAKh is obtained. With the depth of

-
et b

the adjustment of each cascade/stage m=d the dynamic range of

discontinuous FAKh 'is determined by expression (1-59).
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Fig. 22. Block diagrams of amplifiers with discontinuous FAKh.
Page B8S5.

Gain control in PRy is equivalent to an abrupt change of the

differential transmission factor FU as a whole (Fig. 22a).

In the case of the block diagram Fig. 22a controlling
voltage/stress must change either differential transmission factor of
UP or dynamic range of the nonlinear section of passage
characteristic UP (in the absence of the nonlinear element/cell (NE),

which forms FAKh). The dynamic range of passage characteristic can be




........
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expanded by an increase in the depth of negative feedback [S56]. As -fﬁ

can be seen from Fig. 22 FU can be made with the adjustment forward

(Fig. 22c, d} and back/ago (Fig. 22e) upon the inclusion/connection

RU in parallel (Fig. 22c) and consecutively/serially (Fig. 22e).

b\
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Chapter 2.

FUNCTIONAL AMPLIFIERS WITH NONLINEAR ELEMENTS.
§ 1. Functional amplifers as a nonlinear quadrupole.

Amplifier stage can be the simplést functional amplifier, basic
component elements of which are amplifier instrument, load and power
supply. The form of the amplitude characteristic of amplifier is
determined by the parameters of each of the elements/cells. During
the appropriate selection of power supply the effect of the latter on
the form of FAKh it is possible not to consider. Then FAKh in
amplifier stage can be realized due to the nonlinear properties of UP

or the load or due to nonlinearity of both elements/cells.

Vacuum tubes and transistors are basic amplifier instruments in
the electronic amplifiers. If electron tube-with the sufficiently low
voltage inputs with some assumptions can be considered linear
instrument, then transistor according to the character of the
dependence of currents on the stresses/voltages is in principle
nonlinear device. With a strict approach electron tube also should be

considered nonlinear device even with the low signals.
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For the formation of FAKh as the nonlinear elements/cells are

[}
!
P T

applied vacuum and semiconductor diodes, transistors, and also their

different combinations with the linear resistance.

R e T . L [
. . e N .ol

: I ! - [
Y ST o

In the general case of one-stage FU it is possible to represent

in the form of the nonlinear quadrupole (Fig. 23), the characteristic o
parameters and load of which depend on the level of voltage input U,. %

We analyze amplifier and determine how loads must change and the

parameters UP for the realization of required FAKh. ﬁ;ﬂ
Page 87. RN
Since as UP in essence vacuum tubes and transistors are applied, for

the analysis we select the system of Y-parameters [22, 87], which _ﬁ}ﬁ

makes it possible to utilize the detailed theory and procedure of

calculation of vacuum-tube circuits for the transistor amplifiers, as

ROV 3 o e
TPV P

a result possible to obtain the overall dependences, suitable both
for the electron-tube and transistor functional amplifiers; the

recording of fundamental principles for different amplifiers in this

system of the parameters simplest; all parameters are measured
comparatively easily and sufficiently simply; the parameters clearly
depend on those factors, which substantially affect the qualitative
indices of amplifier; in the transistor amplifiers Y-parameter system

relates to the basic most widely used connection of transistor - with

F
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the general/common/total emitter.

In Y-parameter system for independent variables the
stresses/voltages accept and the equation of network are

written/recorded in the form

,71 == Yu[:/l + Yu[?ﬁ (2-1)
Iy =Y, U + YU,

Being based on works [22, 56], let us examine Y-parameters of
tube and transistor and will set between them interconnection and

analogy.

The equivalent schematics of tube and high-frequency diffusion
transistor [22] are given in Fig. 24. With some assumptions [22] the
diagram in Fig. 24b is suitable for the drift transistors.
Subsequently we will use only one term "high-frequency" transistors,

implying diffusion and drift transistors.

Diagram in Fig. 24b is one of the known versions of equivalent
diagrams, but it has a number of the deficiencies/lacks, basic from
which is nonconformity not to one diagram, which escape/ensues from
the theory of quadrupoles. The entering it values do not yield to
direct measurement, but the controlled current is expressed as the

unknown stress/voltage on the emitter junction.

For eliminating the deficiencies/lacks the diagram must be

............
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converted into the equivalent schematic of quadrupole in Y-parameter

g e

system. This conversion is carried out in work [22]. In this case the

fadd

digital indexing of Y-parameters is replaced to the designations,

e

which open the physical sense of Y-parameters,.
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e
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Fig. 23. Functional amplifier as nonlinear quadrupole.
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e After the replacement of the designations of the equation of currents
- »

(2-1) for the transiéﬁor they take the following form:

1« - YLio'—Ymﬁ.‘ }
’ . vk 2-2
Iu-SUG'*'Y(Um ( )
: where Y=Y,, - input admittance of transistor; Yewp =Y - conductivity

of feedback; S=Y,, - slope/transconductance of the passage
characteristic of transistor; Y=Y, - the internal conductance of

- equivalent generator.

In the range of the frequencies the conductivities have complex
IN . 3 . .
w character and are determined from the formulas, given in appendix 1.
At the lowest frequencies all conductivities active, do not depend on

frequency. Them can be expressed as the usual differential

parameters:
Hg . oty X
Yeiomg= W g |ug=comss’ Somg = So = w;iu,,-mz'
ai 1
5 Ym.-o-fuo-—sug'w_“‘; Y‘-—o"}ﬁ"ﬂ" > (2-3)
"\ a, ’
.::: - w: UG‘“"‘. J

U-shaped equivalenf circuit for the tube and the transistor in

:j,f Y-parameter system are given in Fig. 25.
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Fig. 24. Equivalent diagrams: a) vacuum tube; b) high-frequency

transistor.

Key: (1). Grid. (2). Anode. (3). Base. (4). Collector/receptacle.

(5). Cathode. (6). Emitter.
i Page 889.

Comparing the equivalent systems of amplifier instruments, and also
equation (2-2) with the equations of the grid and anode currents of

tube [56]
1°=(Yc+Y..°)U‘G-Y. cﬁu; I = =Y, c)Uo +

+(Yu+ Yo 9V (24)
it is easy to set the analogy between the transistors and the tubes:
common cathode - general/common/total emitter; common grid -
general/common/total base; the general/common/total anode - common

collector/receptacle (Fig. 26).

|
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Fig. 25. U-shaped equivalent circuits and Y-parameter system: a) for

the tube; b) for the transistor.

Key: (1). Grid. (2). Anode. (3). Base. (4). Collector/receptacle.

(5). Cathode. (6). Emitter.

Fig. 26. Connections of tube and transistor of type n-p-n with
general/common/total ones: a) by cathode; b) by grid; c) by anode; d)

by emitter; e) by base; f) by collector/receptacle.
Page 89.

According to the theory of quadrupoles for the diagram with the

common cathode we find;
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the factor of amplification of cascade/stage in the ;a:
-
stress/voltage :
-Q_l.__ S—~-7r,, . —-
2 AR A P 23 %
input admittance of the cascade/stage }{}
]
Yu=F=Yo+(—KYoa (2-8)
the output admittance of the cascade/stage
l’. (s — Yl._c) Ya. [ ]
Ym"a:’yl“"yl.c'f'ym- (2'7)
where Yup - load admittance; Y. - the internal conductance of the

source of signal (or the previous cascade/stage).

r
et
\ .

Replacing for the conductivity of tube Y4 Yio S, Y, in

ey e . . . ...‘,
. ¥ ,'."’ taT ‘ : . . ‘.'. PR

expressions (2.5), (2.6), (2.7) respectively by values
Y =Yoo Yooy S+ Yoo Yi—Yose we obtain expressions for determining the

parameters of common-emitter connection

7 Un S .
Kal}—o-y_—v—(-i- -t (2-8)
; _
| Vi = 7‘; =Y — KY usp; (2-9)
! SY
Yoz = ‘lﬁ =Y+ y.—_?% . (2-10)

Analogously it is possible to obtain expressions for the
parameters of cascade/stage at the inclusion/connection of UP on the
diagram with the general/common/total ones by grid and the base, the

anode and collector/receptacle [22, 56]. The given formulas are
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suitable for calculating the parameters of amplifier circuits at lff:f
strengthening of low signals. However, it is possible to utilize them =

for calculating the diagrams during amplification of large signals, _;;;

if we consider conductivity changes, which occur in the real ,_‘é

amplifier instruments with a change of the input signal in ShDD. @;:

—

For the formation of FAKh the conductivities must change - ?

according to the completely specific law. Utilizing expressions (2-5)

and (2-8) for the voltage amplification factors of the most widely
used diagrams (with the common cathode and emitter), let us find the
required law of conductivity change in the load circuitY =/(Uy, S)in
the dynamic s-band the account a change in slope/transconductance §
and, on the contrary, the law of a change in slope/transconductance

S=¢(UnuY) with the account a change in conductivity Y.
Page 91.

For the vacuum-tube amplifiers the effec . of stray capacitances on
the medium frequencies can be disregarded/neglected and in formula
(2-5) accepted Y,.=0.  Then expressions (2-5) and (2-8) can be

written in general form

K= %ﬁ' - Y"w:’ . S XT)
[

where Y, , mS; Y=Y, +Yuy - for the vacuum-tube amplifiers;
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Y=Y+ Yurw for the transistor amplifiers.

amplitude characteristic of FU is described by the expression
Uua = — U . R4y
Differentiating equation (2-12), we obtain
aviﬂl

9K

K YYy+ VY
w—, -——“-Y'-n— .

e

where

Utilizing expressions for the differential factor of
amplifications b, given in table 1, and equ;tion (2-13), we find
required dependences Y m f(Us, Yi) and Yu=elUwm Y) for the

realization of different forms of FAKh.

Since the course and the general solution during finding of the
required dependences are identical in the implementation of any form
of FAKh, let us examine the course of solution of assigned mission

based on the example to realization of LAKh.

Substituting the value differential gear ratio/transmission
factor for the amplifier with LAKh to equation (2.13) and
disregarding a change in the phase of output stress/voltage on 180°,
i.e., omitting minus sign in expression (2-12), we obtain the

following differential equation
Yo+ YYY 4 YU — MYUS =0, (2-14)
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We find dependence Y =f(Uy, Y,). For this equation (2-14) we

. copy/rewrite in the following form:

Y +YP(Un) + Y'Q(Un) =0, (2-15)
where
Yo 1. - M
P(Uu) - Y_n U: ’ O(Ull) Y“U:‘ .
Page 92.

Equation (2-15) is the Bernoulli equation, which is reduced to
the linear equation during the introduction to new variable §=Y-‘'.
The general solution of equation (2-15) is written/recorded in the

following form:
Usx U

Y= {ezp(u'i. P (Us) dU) | .3; QW) x

x ezp . ) P(Use) U JdUse + ). (2-16)

. 8

On the basis of initial conditions YeY, Y, =Y, when
Uuw =Uu.nwe find integration constant C=Y;' After manufacturing
integration in the limits from Uu to Uam we obtain the resultant

expression ’

YavY,. N (2-17)

where Ys and Yas - initial values of conductivities Y and Y,, with

the work of amplifier in the linear conditions.

Solving expression (2-17) relative to Y,,, we find

Yy = Yo - ,’;. % (2-18)

AAAAAA
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and
Laws (2-17)A(2-18) general/common/total and are valid for the

realization as functional, so to quasi-linear of the modes/conditions
of the work of amplifier with any FAKh with the substitution of the
corresponding expressions for the standardized/normalized

stresses/voltages x and z.

Conductivity Y,, is slope/transconductance S of the passage
characteristic of amplifier instrument and changes under the effect
of voltage input, while conductivity Y - under the effect of output
stress/voltage.

Page 93.

Therefore it is expedient to examine the dependences

Y () = Ya®(S) 2 (3); (2-19)
Y (2) = S (2) = Sx®@ (Y) $ (2), (2-20)
where O(S)='s—- - function, which characterizes a change in the
slope/transconductance in the dynamic range; O(szng- - function,
| §

which characterizes a change in the load admittance in the dynamic
range; o(z)=x(z)/z - ratio x/z, expres#ed in the
standardized/normalized units z; y(x)=z(x)/x - ratio z/x, expressed
in the standardized/normalized units x; The functions o(z) and y(x),

which ensure the realization of different types of FAKh, are given in

Table 5.
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With the constants to slope/transconductance '§= Sy =const and ’~;;

load ¥Y'=Ys=const is satisfied the condition F(S)=1 and F(Y)=1. ijﬁﬁ
]

Dependences of form (2-19) can be utilized for calculating the f

amplifiers, in which FAKh is realized due to the nonlinear properties -

of load taking into account nonlinearity of UP.

Dependences of form (2-20) can be utilized for calculating the
amplifiers, in which FAKh realize due to the nonlinear properties of
amplifier or due to the intentional change in conductivity Y,,
(slope/transconductance S) taking into account the nonlinearity of

load (or the nonlinearity of input admittance of the following

cascade/stage).
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Table 5.
o 0 Oynxaas
la
Tun DAX v(2) ' ¢ (x)
(¥ Pyunanonsas- ‘ﬂmugmm ;;nuucnlnm wkuuanom-
(s) ) 1 =1 |[3—1
Jlor‘:g::b:l- 0Xp = (T-lﬂd'l-l)d T alnz4+1 |® (lnﬂ-%—l)+'~
3 ] 3 | F)
Lo/ - . B o—i .
Bucnoneu- | yims 1| 7 o P | D e
s 4 "
-
JT (=K +
] (z —-14 u)"‘l‘-("")“:- + o —n
Blgal n tr-liky |aVaza+t] K,
g n s s = s
& vz () mim—t | (7] —
L femm n | Her T ms ‘—" Her

JKey: (1). Function. (2). Type of FAKh. (3). Functional. (4).
Quasi-linear. (5). Logarithmic. (6). Exponential. (7). No. (8).

Exponential.
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§2. Characteristics and the parameters of amplifier instruments and

nonlinear elements/cells.

The realization of the prescribed/assigned form of FAKh depends
on the form of the passage characteristic of amplifier instrument

luax = f(Us) and current-voltage characteristic of nonlinear

Parooe o oL ciata ata . om"e
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element/cell iuen = f(Usea). Q¥ For the realization of FAKh it is gjbj
necessary to know the basic parameters of UP and the nonlinear Zfﬁfl

SRS
elements/cells: the slope/transconductance of the passage —_

characteristic S of amplifier instrument; conductivity &se or

resistance Rues 0Of nonlinear element/cell.

During the development of diagrams of FU it is sometimes more
convenient to operate with resistance, since in the catalogs of parts

is given resistance, but not conductivities.

The enumerated parameters of real instruments change with a
change in the signal and have the different value under the influence
of different signal aspects. Therefore should be distinguished three
forms of the parameters indicated: differentiail
slope/transconductance, conductivity and resistance, which can be
used for the calculation of linear amplifiers, for the amplifier

instrument
S= ?y‘ﬂ; ‘ (2-21)

for the nonlinear element/cell ’
'l d/ yea
== = H 2-22 1
te = R = Ween N
average/mean slope/transconductance S, conductivity gmes.cp and
resistance Rua o during strengthening of pulse signal, determined by

the method of secant (Fig. 27)

St e . . . . . . . . . S e . ‘
P VR WP . - ST VAP DRI WASY WP i NPT VA TR Y L RO VY W RO YU WSSOIy WA SR SR S 3 o - ;. WP NSRSV NS, A N NP S S A S
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S = s, (2-23)

—_, (2-24)
wexn

where I5is- - value of output current respectively for positive and

negative pulse pulse signal U#%: [q. - the current, flowing through
the nonlinear element/cell, caused by the effect of positive or
negative pulse signal; average/mean slope/transconductance,
conductivity and resistance in the amplitude of the fundamental
harmonic of the output current of amplifier instrument or current,
flowing through the nonlinear element/cell, in the case of

strengthening the harmonic oscillations

T (LAY

Page 95.

The values of parameters §, gpeas Anea depend on level and form of
the amplified signal and on the form of passage characteristic of UP

and volt-ampere characteristic of nonlinear element/cell.

Passage characteristic of UP can be represented as the function
of output (anodic, collector) current from control voltage = f(e),
which can be referred either to the grid (base), or to the anode (to

the collector/receptacle). _
s s'ﬂ - H (2‘25)

L
Rueat = —- r:- (2-28)
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Fig. 27. Approximation of the passage characteristic of amplifier

instrument by the polynomial: a) the second degree; b) the third

degree.
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Table 6.
K T i 3) s
ANDPONCRMATNA BOALT-aMBED- ‘n“.:p",:':::.m"“ OO0paTRAA AMUECD-BOXLTEAN R nl:::::g::;m
208 IIPAKTEPRCTHKY £ ZAPAKTEDRCTNIG 1 o
far(lh Smd = 5 = fmes U=ty Rus = s~ &
S) Moasroummansman i e -
tmag a0 +agita U - Um-=3a4 25| | 20, 21—
n ‘ a 423U 32,024 - - - % a a, o= —i+I——— -
""(2_“‘” X 84 en %

{b/ 3xcmomeanmainEas

i =i (31 —1) . U == { i 1
(Zoaymposonmurosuk Tig? =7 g=ln (.— - 1) L av

AROA. TPAH3NCTOP) te Tie
;Z:lyynh:':ni:;: Zaumma) ’ T= % ln& »

(3) Cremenman PP i + o

o-(4) ;

\I?‘)lmplioaneclui TAHT®HC I o i l:

i1 (1+ th 0) Foel -tarw(f-) T3
(kc;mo;mpaconm s /7 *® ./;')E. o<y,
""{_2,( :f.)ffp'-%w. nb(u.?a.)-a U"/TT"‘U' “(T_’U-Fii-0>a.

Key: (1).

Approximation of volt-ampere characteristic. (2). Differential
slope/transconductance. (3). Reverse/inverse ampere-volt
characteristic. (4). Differential resistance. (5). Poly-nominal. (6).
Exponential (semiconductor diode, transistor). (7).
(vacuum-tube diode, tube). (8). Exponential. (9). Hyperbolic tangent.

(10). piecewise-parabolic. (11). with.
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Is greatly extended the determination of the current through the

control voltage of grid (base), which is equal to:

for the vacuum triodes
ey-Ua'f'DUﬁ S 7 .(2'27.)

for the transistors
Cy = U. ) + DUu; . (2'28)

for the tetrodes
ey = Vs + DU+ DDLU, (2-29)

——

for the pentodes
¢y = Us + D\Uat + D.DyUaa + D,D:DTas (2-30)
where D,, D,, D, - permeability respectively on the
controlling/guiding (the first), shielding (the second) and shielding
(the third) grids; D - permeability on the control electrode of
triode. Formula for determining of D for the transistor is given in

Appendix 2.

Products D,D, and D,D,D, are so low that for the tetrodes and
*he pentodes it is possible to count
Cy = Ug + D;Uuz,U.. tor (2'31)
Dependence (= f(ey) for real UP is nonlinear. The most widely used

functions, by using which it is possible to sufficiently accurately

s
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approximate the volt-ampere characteristics of nonlinear

P U

v ‘
acmalal

elements/cells, are given in Table 6. The same table gives
expressions for the differential values of the slope/transconductance ;;%

A
(conductivity) of characteristic and internal resistance of nonlinear

element/cell.

The possible approximation methods of the characteristics of ;j
nonlinear elements/cells are in sufficient detail examined in the ]
work of the Soviet [4, 5, 23, 31, 32] and foreign [74, 92, 107] éjg
authors. Should be especially noted generalizing work [S]. However, f?i
in these works, besides [23], is not examined average/mean steepness ?;é
of the characteristic and average/mean conductivity of nonlinear ;}i
element/cell. Therefore it is necessary at least to briefly examine ;wz
the most widely used methods of approximation, to estimate these ?%i
methods from the point of view of convenience in the analytical ,2f§
determination of average/mean slope/transconductance and to find the ;:;%
analytical expressions, which are determining the dependence of the ;f?
average/mean slope/transconductance of passage characteristic of UP ii;;

on the value of pulse and harmonic signal,.

POLYNOMINAL APPROXIMATION.

The polynomial of the n degree, which approximates

characteristic, in the convoluted form can Le written

eE e 2 @ *a‘w‘a e
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. LA

-t L)
1} F—Y . s
PO TR

"
i S;EOG.U.. : (2-32) L
where n - degree of polynomial; * - coefficient, which has f;;
dimensionality [4:67*); & - number of component/term/addend. L
: 4
-1
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It is possible to approximate characteristic with any given
precision/accuracy by the polynomial of the n degree. The
precision/accuracy of approximation grows/rises with an increase in
the members of polynomial. Into expression (2-32) it enters n+l
coefficients e whose value can be selected so that the approximate
and precise values of currents would coincide at n+l points, called
interpolation points. If interpolation units €m ¢, ..., e, are selected
arbitrarily, dépendence i=mf(e,) can be written in the form of the

interpolation polynomial of Lagrange [34]

, . (c—c,)g... (€=—en—y) (0= gpy) ... (6 = ty)
DY N e R Tt vy mam e ARG o

where - - value of current in the k interpolation unit when eme,.

The zero unit e, can be selected, also, when ¢ =0.

With even pitch of interpolation

Doy == ey — Oy ™= A¢“+1 ey, — & = const

interpolation polynomial can be written in the form of the Newton

polynomial [24]
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A
tmife) + 3 G (e = e0) (e — g — Be) ... [(6 — e — k — 1) Ae],
(2-34y

where AM(e) - k difference, which linearly is expressed as the values
of current in the interpolation points i with the aid of binomial

. . m
coefficients Ca

L]
' Bhi(ed) = ) (—0F"CTip, €] m ot ]
. My
E As can be seen from expressions (2-33) and (2-34), the :g;i
E polynomials of Lagrange and Newton are not polynomials according to ;fé
degrees ¢y» therefore the dependence of average/mean ,é,i
slope/transconductance S, on control voltage Sep =/(¢,) cannot be 'Eté
; written analytically. Furthermore,-for obtaining the high E;j
precision/accuracy it is necessary to take a sufficiently large .h‘:
quantity of interpolation units, which leads to the polynomial of !
high degree. However, with a number of terms more than three-four i;:3
mathematical analysis of FU sharply become complicated. -;E
The degree of polynomial can be lowered during the determination ;j;;
of the coefficients of the polynomial in the method of least squares, .‘3
which leads to the solution of the system of canonical equations. ::;a
—

Page 99. s
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In work [31] it is proposed instead of the direct solution of 2;;4
canonical system of equations to solve the system of orthogonal i&ij
polynomials, which possesses the positive property, that with the :;:;
expansion in terms of them of any function the best approximation in Eﬁif
the sense of the least squares is obtained. However, in this case Eié?
approximated that is not expressed explicitly analytical depending on ;:3
control voltage #» therefore dependence Sop-/'(éy) cannot be written | V-v_"’»ﬁ{
analytically also.

It is easy to find this dependence, if for determining the terms “:?
of polynomial to use the expansion of function ha(er.g+4¢) in the iﬁ
Taylor series, according to degrees Ae¢ si

{(ey.a + Aoy) = i(ey.u) + (;%)., .A‘1 + ;T ({‘-"r‘.’).’ .A¢;+‘9t 1

+5 (5) A+ =ihtalut 0L+ 10K+ .., + @35
I \dé! ‘y. s " =

4

where U =A4ey; - the voltage input of signal; a=S; g=1/2!)S';
y=(1/3!)8"; ..., S, S', S" - slope/transconductance and its derived

characteristics {(e) at point éy=sy

A relative value of separate members and their number in
series/row (2-35) with the prescribed/assigned precision/accuracy of
approximation are determined by the position of operating point on

the characteristic of UP and by the maximum value of voltage input.
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If operating point on characteristic is arranged/located fsﬁ
asymmetric, when to the positive increases 4¢;, correspond increases ;;j
in the output current greater, than negative ones, in the series/row , i
it suffices to consider three members. In this case .;f

lug = lu + aUsx + U2 (2-36) __1

In equation (2-36) the coefficient B is unknown, which can be -

determined as follows. For maximum positive input signal +Uu.x the
steepness of the characteristic S« at point M (Fig. 27a) is

determined graphically. Then the is performed identity
(E‘,“_-)Uu-uu.l =Su=a+ Bl et Bl
=

Page 100
Whence \
. B=Sufi—2, (237)
=. 8 )
|
and equation (2-36) can be written 1}}%
- (1—=1) ;2 . RO
oz = iy + Salaz + Sy ﬁ:”u» (2-38) ‘\,
s N
where 1=3"; S« - slope/transconductance at point H when ¢ér= o
) ] —_— Y
i
Differential slope/transconductance L
- a9 - - 5 B ‘;
S -/ Sell £ (n—1)g), (2-39) Y
L

ul!
where g¢= i

. Pulse positive signal.

(+) -
S = B s 1 g0 = 1 (1 42700 = SO, @240
’x
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where /wit=/lw:—Iluxs - increase in the output current, caused by

s s . S+ ’ . .
pulse positive signal; O(S*')--_-‘,’P: -(1+"T‘1q) - function, which
characterizes a change in the steepness of the characteristic in the

dynamic range.

Pulse negative signal. Analogously we obtain

f v
where
QST )= 1 —1_—:1q.
Harmonic signal Ui =Upcoswt,, Substituting in equation (2-38),

we obtain

where gy == [y 4 Iy, cOS W8 4 [, COB 202, (242)
Su 1—1
Ig-i.+T'Un.o (2‘43)
8 -1
Iay = 5:- (2-45)

respectively constant component and the amplitude of the first and

second harmonics of output current.

a Page 101.
o
Sﬂ Average/mean slope/transconductance in amplitude {m,
]
g ,
E:::_' Sept == 0? = S, = const (2-46)
.-::. /
Lo
{fl'i
-

P - O T T
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is constant value and does not depend on input signal level.

Standardized/normalized dependences @ (St)=jf(g) for the positive,
the negative and the harmonic of input signals at the different
values n are given in Fig. 28a. In the particular case with n=4

Uswu = Uy s

If operating point is established/installed on the middle of
symmetrical characteristic (Fig. 27b), then even degrees in the
decomposition/expanéion drop out and characteristic can be
approximaged with the aid of the polynomial, which contains only the

odd degrges
taux = in + aUsx + Uas + Whs + -+ (247)

For guaranteeing the mathematical analysis it is possible to be
restricted to the polynomial of the third power
iz = Iy + aUus + Uk . (2-48)

Characteristic corresponding to this approximation is shown by

prime in Fig. 27b.
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Fig. 28. Graph/diagrams of dependences F(S)=f(q) with the

approximation of characteristic of UP by the polynomial: a) the

second degree; b) the third degree.
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In expression (2-48) the coefficient 4y is unknown, which can be o

determined as follows. According to the objective parameter the value

of saturation voltage Uys, is determined at which the steepness of
the characteristic is equal to zero (Fig. 27b). In this case the
identity o

(50_,)0’_0,3 =ot+¥lme =0

is performed whence

a Sy
-———m—n (249)
T W e
Substituting the value vy into formula (2-47), we obtain
louz = il+SlUl1 (1—23")' (2“50)
where
Ull Ull

- . . R S - - - - S~ . et N Lt e
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since Uun.u= Uys.
Differential slope/transconductance
S = ;‘v'f = Su(1— g = Su@ (5). 2-51)

Since the characteristic is symmetrical relative to working i;fﬂ
point, average/mean slope/transconductance changes equally for the :4;€
positive and negative pulse of the signals f B

) oS, (1 -131) - Su® (S%). (2-52) -
With the harmonic signal expression (2-50) takes the form ;ffﬁ
fauz = Iy + I'm, cOBWE + ', cOB 3wk, (2-53) - ';E;
where respectively constant component and amplitudes of the first and iffi
third harmonics of output current are determined by the expressions: %i{%
Ta =t (2:54) T
9 RO
In = S04 (1= ); (2-55) T
Img = UySe i, 250 ,-;«
34 (2-28) R
Average/mean slope/transconductance in amplitude /., R
Sop = g2 = Su(t=F) = Su0(S). (2-57) 3G
-4
S
BSRS
RS
RO

0.
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Plotted functions ®* for the present instance are depicted in
Fig. 28b. The approximation of objective parameter is permitted by
the polynomial of third power (Fig. 27b) with g<€l1l. From the graph
Fig. 28b shows that with gs0.4 change §@’ does not exceed 5%, and
Sepr —4%, with g<0.4 amplifier instrument can be considered virtually

linear.
EXPONENTIAL APPROXIMATION.

By exponential function of the form
| { == iy XD TEy, (2-58)
where i, - current when ey=0; 5y - coefficient, whose value varies in
limits of 5-10 Vv-!, sufficiently accurately it is possible to
approximate the characteristics of vacuum devices (diodes,
multielectrode tubes) with the negative voltages on control

electrode.

Let us pause at the mathematical description of the objective

parameters of semiconductor devices (transistors and diodes) and

— - g a
-.'.~=fh‘1- A0
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their approximation.

Transistor is inertial UP, since the charge carriers in the
region of base are moved with finite time. Disregarding the inertial
properties for planar type germanium transistors, for which it is
possible to consider that the admixtures/impurities in the base are
distributed evenly, and.the geometry is close to parallel,
volt-ampere characteristics when Uwe>»05Vin according to works (42,

66] have the following mathematical recording:

Iy = Ay[e"Ys 0=l0r0 _ ). (2-59)
Iy = Ay (Vs oiTo __ ). (2-80)
Ig = Ag[eUs0—i0r0 _ 4] (2-81)

where 4, A4, 4, - coefficients, which have the dimensionality of

current and being the functions of the properties of the material,

- .

from which the transistor, and its geometries is prepared; l-ﬁ}: -
coefficient; g - electron charge; k - Boltzmann constant; T -
absolute temperature; s - distributed resistance of base. At a room

temperature t=+20°C A=0.025 v-?,
Page 104.

The input characteristic of the transistor, connected on the
common-base circuit, is described by expression (2-59), by expression
(2-61) - the input characteristic of the transistor, connected on the

diagram with 03, and (2-60) - passage characteristic of the
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®
transistor, connected both on the diagram with 03 and with OB. ]
f-‘:?-:‘_:-]
Since for the transistor the equality ?ﬁﬁg
» 3
lomly—1Ic=1,(1—ay) (2-62) 5
fe Al Al , . s
is implemented where s =* and B=r= % - static current T

amplification factors with respect to common-base circuits and
emitter with the short circuit at the output, it is possible to
fegister
Ao = Ao (1 —ay); (2-63)
Ay = AoB. (2-84)

The values of coefficient 44 and resistor/resistance rs for the
junction transistors of different types vary in the sufficiently wide
limits. For the high-frequency transistors of types P401-P403, P4l1,

Ae is within limits of (0.5-2)10~*a and resistance re

P415, P416, P418Zh the value of coefficient A can have a value from

30 to 300-500 ohms.
The volt—-ampere characteristic of semiconductor diode is

hack-written by the dependeﬁce, analogous (2-59)-(2-61)

| tueg = A [MUmea=tuaa™ _ ¢ (2-85)
where r - volumetric resistor/resistance of semiconductor. Expression
(2;59), (2-60), (2-61) and (2-65) transcendental ones, from cannot be
used directly for calculating the average/mean values of parameters
S, Buea. and Ry According to the given expressions it is possibie to

determine only the differential parameters. Using expression (2.65),
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or let us consider two cases: L
.i 1. Current isa is small and is fulfilled inequality ;li

Then l...’ << Um.
inen = 4 6xp (AU yoq — 1) 1

Differential slope/transconductance

S = oy = M U008 Ny (2-60)
2. Current ims is great it is implemented inequality

oXP (A (Uwes — fwea?)] > 1. Then

Page 105. <
We take the logarithm of expression (2-67) and solve relatively ﬁiﬂ
o)
U -
=~ <
Usea = {aaa? + 1 (10 ivas — I A). >
We find the partial derivative o
e
0U yoq 1 ‘ ;‘:"‘j
Teen dl-.’ r + hl‘l (2 ) -
Hence we obtain the value of differential slope/transconductance
(or input admittance) L
S —tg -t I_T‘.__.“"“' (2-69) "
M P + Myen "
1f we into expression (2-60) substitute h-é} and to designate .

....... I R Y . . <t - - - N
TR et et - B LRI
S U R 3 RS AL A S R R SR AN et
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1}-.a for the passage characteristic of the transistor, connected on PRI

the diagram with 03, we will obtain ﬁf-fﬁ

9 A ;_i

S=gu=,—“={q:%,-;- (2-70) : ]

For facilitating the calculation of the average parameters and g
analysis of nonlinear diagram each of expressions (2-59), (2-60),

(2-61) and (2-65) is expedient to replace with the approximating
function of the form

|-y eV , @-71)

or form (2-58).

For transistors U=U,s for diodes U s Uy, The value of
coefficients of ;. and y can be determined in the experimentally
taken/removed characteristic. For this it is necessary to assign two
values of current i, and & also, according to the experimental
characteristic i=/(U) to determine the values of U, corresponding to
them and U,. According to expression {(2-58)

1, = feWUr; Uy = {10,
Solving equations relatively y and i,, we obtain
T"U;'}—_D',ln':’:' ioaA-;g;.
The value of differential slope/transconductance is given in

Table 6. Initial value of slope/transconductance when Usy =0

e

Suw Um g5 e iy n, (2-72)

g0

. . . -~ - - . . - N - - N ~ = . - - . . .

. . . ~ N I S P L

I O T . ST e e o - - .
Suiteheat diie S Muce ot fiee dne et Seot e dinsbodin i dietn e e e B B A At A m A Bt A YAt et e~ At e et Nl L
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Then average/mean slope/transconductance for the positive and
negative pulse signals with given one e¢.« according to Fig. 27
S’ = 15—'_"(: a9 T 1) = 5,0 (54, (213
As can be seen from expression (2-73) average/mean
slope/transconductance with an increase in the positive signal
increases and, on the contrary, it is reduced for the negative

signal.

With harmonic signal U =Ugcoswt
inea = ig [@XP T (€y. u + Upm COBWE) — 1] s fy [T*7- Hg1UMcos i _ 1],

Factor with eUmome g the function of form eom= which is
expanded into series acéording to the functions of Bessel of the
imaginary argument‘

cromet = J (jz) + 2.2:‘1..0:) c08 1 wi. 2-14)

Then

b = a7 014 (9) + 2 3 T J2) conn t — 1)
After developing this series/row, we obtain
igg = fug 4 Iy cO8@WE 4 [ g cos 2wt + ..., (2-75)
where dc current component

Iq = iglery /o (J2) —1]; (2-76)
the amplitude of the fundamental harmonic of the current

Iy = 2/~ Moe™y. o/, (J3); @-77)
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j-*J3,(jx) -~ the modified function of first-order Bessel; z=10U,. -
It is known that -
° |
z\" 2\ z\"¢
Ja(2) =]V (j2) = (T) + (?) + (7) + -+ Con
n T+ O T FaFD) T AT (n +3) N e
z M LT 1
+ —_—t—; (2-78) —
z)? z\®
ez, 3, G e
Y, (z) = 3+ T+‘2W+"° (2-79) e
bl
Page 107. RO
After substituting expression (2-79) in (2-78) taking into ;%;
account, that 3=1U, we obtain "
PUn -;:'_-
Ty = toe™y | U + 1 T + R+ (2-80)
Average/mean slope/transconductance
S.,,,-D“ t.c"vl[7+-gr-+m ] (2-81)
X Taking into account (2-66), we obtain ?
3
W WU ]
Sew -s.(1+’-,.-+§—5+ ) (2-82) _ ]

For the contemporary transistors the value of coefficient y can
oscillate from 5 to 40 (ideal transistor, which has rs=0). Therefore

the calculation of slope/transconductance according to formula (2-82)
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is sufficiently precise with the limited number of terms only for

small amplitudes.

With large amplitudes (z»n) instead of series/row (2-78) it is

possible to use the asymptotic expression

= (4 1
Lo == b —::)’?zg“)" (23)

where in the numerator by brackets with index k are designated the
products of form (pjyemp(p+1)... (P+k—1), pp=1. Since z=1U,>n in

expression (2-83) it is possible to be bounded by two-three members

s { —dnt | (1 —~d4nd) (9 —4n%) .
Jn(3)~7ﬁ[i+ [:7) + 2 (8x)¥ + ]-

Then for the amplitude of the fundamental harmonic of current

and average/mean slope/transconductance

o Y 2%y ua1Um 3 3.5 ]
== (- g - ) @
V 3i,8u expall 3 3.5 .
Sep = L domiq - —e
= et~ s rg )+ @8
When U,»1 1in expression (2-84) all terms in the brackets in

comparison with one can be disregarded/neglected. Then

AL L PRI

1
- Vel &0
Page 108.
Average/mean slope/transconductance
Vis Um
Scm = _""l’l_.. . (2-87)

UmV ®Un

Lo

Py

p Nl gt g
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Amplifier instrument with the exponential characteristic can be

considered linear with satisfaction of the condition
Wm<01.

Consequently, with y=10-40 transistor can be considered linear

h amplifier instrument with U, < (10425 mV.

Approximation of passage characteristic of UP by the hyperbolic

tangent i=I,(l+tgquU).

In work [36] it is shown that sufficiently well it is possible
to approximate the characteristics of a considerable number of types
of tubes by hyperbolic tangent (Fig. 29).

Differential slope/transconductance

I T
=W @, T T =

Average/mean slope/transconductance for the negative pulse

signal according to Fig. 29

I(l:’l lylthqU, y—thq Uy  —U,)l
g - 7]

Sgp-’ - ’
[ 13

for the positive signal-

St o it Lol 4 U w+ Un) —thally ol

ax Ull

-
A

. . . A . R
- o - N oot
o2 gt e : el el Bl el b,
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St
After conversions we obtain g
(t’=l_o. Shqun' ’_g‘-. >
Scp Uyg chqU, ycifg(l, , + U’ (2-89) !
Initial slope/transconductance when {
—
o I I K
Su = lim dU“ = B quoc. " . (2-90) . .—_-=':i
Taking into account S, when J,,-0 finally we obtain f

SyshqU, chql, 4 (2:91)
Upe¢bq(Ug g1 Ugs)’

nk)
Ach =

Page 109.

With the harmonic signal it is not possible to obtain
single-valued mathematical recording for the average/mean
slope/transconductance. Therefore it is expedient from formula (2-87)
to first calculate dependence Loy =} (Umh and then - dependence

Sept = ¢ (Um)-

The determination of average/mean slope/transconductance under
the influence of harmonic signal with the polygonal approximation of

characteristic is examined in work ([23].

R N o PR T u” - Tt et A LT
RSN Bl T I A I W BiP Wt P USSP AP LI 2SR IPNE W WGP UL O, NG Sk, V. Wil ST SR S S
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- In the case of complicated characteristic and harmonic signal it
is not possible to obtain single-valued mathematical recording for
the average/mean slope/transconductance. Then the amplitude of
current /,, can be calculated graph~analytically from the method of

- five ordinates
,ma.__’? I(+U0p) =1 (=Um) +
r1(+30a)=1(-50a)] o

= for the characteristic, asymmetric relative to operating point, or

Im=2[1w0+1(5 Ua)| (@29)

for the characteristic, symmetrical relative to operating point.
Through 7 (+0,); I(~U.w; 1(+-;—U...) and 1(_.}0,) are designated the
currents, which cogrespond to positive and negative amplitudes of

voltage/stress and to their halves.

Average/mean slope/transconductance is calculated from formula
{2-25). expressions (2-92) and (2-93) are valid with any form of the

approximation of characteristic UP.

i . We found expressions for determining the slope/transconductance
of the passage characteristic of inertia-free UP, whose amplifier
properties do not depend on frequency. During the calculation of
mutual conductance of low-frequency gauge it is necessary the

obtained expressions for S, to multiply by the frequency factor m,

i-e.-
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Sep. 2 = Sepm, (2-94)
where } ! Se_ . (2-85)

Sep.u.«— the value of average/mean slope/transconductance at *he low
frequency; wyp— the cut-off frequency of UP, at which average/mean

slope/transconductance is reduced V2 once.

ey - e . (PRI N WP AT U N g WP Y 1
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,j Fig. 29. Approximation of characteristic by hyperbolic tangent.

é Page 110.

3 One of the fundamental parameters for the nonlinear element/cell
:} is average/mean conductivity or resistor/resistance, determined from
2 formulas (2-24) and (2-26). As the nonlinear elements/cells use in

; essence the diodes, whose volt-ampere characteristic is approximated
E by exponential curve. However, supplying on the diodes the locking or
- triggering voltage and including them in different combinations

‘S together with the linear resistors/resistances, it is possible to

,g obtain the most diverse forms of volt-ampere characteristics and,

5 consequently, also different laws of a change in their conductivity
;E and resistor/resistance. .

5

- Let us agree the combination of nonlinear element/cell (diode)

3 together with the linear resistors/resistances to call the equivalent

nonlinear element/cell (ENE), and the dependence of the value of
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prompt CUrrent igeg ¢=/f(Uuer o) LlOwing through the nonlinear

element/cell, then the values of the voltage of signal ... o©of that

]

applied to the nonlinear element/cell, to call dynamic volt-ampere ;‘f
i

;

[Ei characteristic.

i' Possible diagrams of ENE are given in Fig. 30a, b, ¢, d - ENE f;:
ﬁ with the asymmetric characteristics (Fig. 31a for Fig. 30a and b); e, :

f f - ENE with the symmetrical characteristics(Fig. 31b).

X

Let us agree ENE, shown to Fig. 30a, b, e and their
characteristics, to call 1 types ENE, and ENE, given in Fig. 30, c,

d, £, and their characteristic - 2 types.

A
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3 Clase
v 4
R ]

Ras
P a
- 5
N ,'( 4
'.':: -

o [ o
e
'1':

b Fig. 30. The diagrams of the equivalent nonlinear elements/cells: a,
) b, ¢, @ - asymmetric; e, f - symmetrical; a, b, e - first type; ¢, 4,
2 f - second type.

o)

X
1 Page 111.

In the diagram in Fig. 30f working diode for the positive signal |
is O,, and for negative [I,. Diodes can be connected by the reversed 4

'ﬁ polarity. Then the triggering voltage/stress must be negative. The T

s methodology of the construction of dynamic characteristics of ENE is
in detail examined in the work of the author [7, 8].
.

13 | The form of characteristics of ENE can Le changed, changing the

f‘ values of that locking gy, or triggering y, of voltages/stresses, and
7; also resistors/resistances R, and AR, connected respectively in

';' parallel and in series with nonlinear elements/cells [7].

-

& -
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It is obvious that ENE with the asymmetric characteristics one X
should apply for the formation of FAKh during the amplification of %;é
single-pole pulse signals, and ENE with the symmetrical ”v.
characteristics - for the formation of FAKh during the amplification

of bipolar pulse and harmonic signals.

Differential and average/mean conductivities of ENE with

different approximations of volt-ampere characteristic can be
calculated from the appropriate formulas for the differential and

average/mean slope/transconductance of passage characteristic of UP.

_________ . IEE IR . -t . e .
LU PR PN LN STV 3 S G U TR T R GO Uy
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Fig. 31. Dynamic volt-ampere characteristics of ENE: a) asymmetric;

b) symmetrical.
Key: (1). 1st type. (2). 2nd type.
Page 11l2.

§3. Functional amplifiers with the nonlinear elements/cells in the

load circuit.

As can be seen from expression (2-19), FAKh can be realized upon
the inclusion of nonlinear element/cell into the load circuit both of
aperiodic and selective electron-tube or transistor amplifier stage.
However, FAKh in the broad dynamic band with the help of one

cascade/stage in practice cannot be realized, it is possible to

----------
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realize it in the multistage amplifier. With series connection of

cascades/stages and shunting of loads by nonlinear elements/cells [7]

in selective FU it is expedient to apply cascades/stages with the 1
single ducts/contours or the two-circuit filters, tuned also for one

frequency.

The essence of realization of FAKh is identical for all

amplifiers. Therefore for the analysis of FU we use a more overall

equivalent diagram of resonance UK, given in Fig. 32.
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Fig. 32. Equivalent diagrams of resonance FU of voltage/stress with =
the load, shunted by the nonlinear element/cell: a, b) complete and =
convoluted the schematic of tuned amplifier; c) the convoluted Z;
schematic of the resonance and aperiodic amplifiers for the region of &

medium frequencies; g, and g, - input in output conductance UP; -
conductivity of anodic (or collector) resistor/resistance for the
aperiodic amplifier or resisting the shunt for the tuned amplifier:
4e — the equivalent conductivity of losses in the oscillatory
circuit; ¢4—= conductivity of the.resistors/resistances of feed
circuit in the case of the transistor amplifier: #,,.— the

5 conductivity of nonlinear element/cell; C, and C, - input and output
capacitances of UP; ¢uw— wiring capacitance; cpu- further
capacity/capacitance; w=n+ig*iz+e.~ general/common/total load
admittance without taking into account the conductivity of nornlinear
E element/cell; Co=CotCu+Cpg+Ci ~ capacity/capacitance of oscillatory

circuit. .

Page 113.
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General/common/total load admittance of the cascade/stage
8™ g + Zusa (2-98)

With the work of cascade/stage in the linear conditions
fu =g+ fusa. » (2-97)

FAKh of amplifier usually remove/take at the resonance frequency
for the selective amplifiers or at the quasi-resonance frequency,
which lies at the region of medium frequencies for the aperiodic
amplifiers. Therefore for the analysis we use the equivalent diagram
for the medium frequencies (Fig. 32c), suitable for the aperiodic and
selective amplifiers . Let us consider some special
f‘ features/peculiarities of selective transistorized amplifiers

separately.

Using expression (2-19), let us find the requirements, by which
it must satisfy nonlinear element/cell for the realization of

required FAKh during the use of real UP.

LINEAR AMPLIFIER.

For the linear amplifier condition z=x is satisfied. Then

condition (2-19) can be registered in the form

i- 1.3"-.. (2-98)
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since gy=g,

*¢
o,

For the linear amplifier in expression (2-98) it is possible to

substitute the value of differential slope/transconductance.

b Linear amplifier instrument. In this case
-: § = go = const; (2-99)

e

Amplifier instrument with the characteristic, approximated by

the polynomial of the second power taking into account expression

SIS -

(2-39), for the positive pulse signal we obtain
b =foy .
YR e PN BT @-101)

Sign ¢—» with g considers the rotation of the phase of

amplified signal 180°. Conduc*:vity of the nonlinear element/cell

' Gl =8 =t =g(n—1)g (2-102)

3

o Page 114.

a !

N We find expression for volt~ampere characteristic of nonlinear

; element/cell. In this case we assume that conductivity g,=const and
v does not depend on the value of signal. This assumption in many

E instances is correct for the vacuum-tube amplifiers, for the

: transistor amplifiers conductivity g, is changed as a result_ of a

( change in conductivity g,. It is possible to take into account a

........................
............
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change of conductivity g. subsequently and to correct the

characteristic of nonlinear element/cell. Then

I(-’ ='S-glm'ldUu| = guh-’)SUudUuux +C.

. . v, .
Substituting Uu=-=, we obtain
| 3

= Ko (1—1)
Taea 2K, Uy +C

On the basis of initial conditions /[y ,=0 when U, =0,

integration constant C=Q. Finally we obtain

£5(n—1)

w— Ui (2-103)

Inn’

s
since K.=-‘—.l'.

The volt-ampere characteristic, described by expression (2-103),

can be realized with the help.of ENE, shown in Fig. 30b.

For the negative signal taking into account expression (2-39) we
analogously obtain
) =gt —gy = —g,(n—1)q, (2-104)
i.e., in the case of amplifying the negative signal the conductivity
of the nonlinear element/cell, connected in parallel to load
admittance, it must be negative, which to in practice realize is ve}y
difficult (theoretically this can ‘be done with the help of the tunnel

diodes).

..............................
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Bauux K 8o i— 1
If in FU conditions A and 8,, <g» are satisfied, then should be ...
NN
. . Y
found out the volt-ampere characteristic of nonlinear load and load i%
fulfilled in the form of equivalent nonlinear element/cell. Then ﬁiiq
) 4
Si®
Sitrp = &n il 1z (m—1)gql (2-105)
Page 115.

. . Oux .
Substituting the value Uu=-z= into expression (2-105) and
B
integrating it, we obtain expression for the volt-ampere

characteristic of the nonlinear load

I3y =g, (U..n + m:;': - U'...,). (2-108)

S-
where LTrx,

Volt-ampere characteristics, described by expression (2-106),
are depicted in Fig. 33 (curve 1-1), it is possible to realize it

with the help of ENE, shown in Fig. 30d.

Amplifier instrument with the characteristic, approximated by
the polynomial of the third power. According to expressions (2-51)
and (2-98) for the load admittance we obtain
¢ =g (1 —q"). (2-107)

. . v . .
After substitution Lﬁ,--ﬁﬂ into expression (2-107) and

integration finally we obtain

PP AT LRI . S O S SR R R TS DL U
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Amplifier instrument with exponential characteristic (={(¥—1)

Differential slope/transconductance for the bipolar signal

S(*) -TM“UC' a2Usx) Suet'luu. (2_111)
Yhen load admittance
k4
g% =g = gee™ 2-112)

Current of the load

I3y = ga | €PUn2dU sy = F ™0 1,

p=g-

We find integration constant from conditions 1“,,;.0 when U, =0

where

c - i ?.“um'
After the substitution of integration constant, we obtain
B = te'le- u(FeSux 4 1), (2-113)
since g.K.-S.-'xl.c“'“-
Page 117.

Volt-ampere characteristic, described by expression (2-113), is
analogous in form to characteristic (1-1) in Fig. 33 and can be

realized with the help of ENE (Fig. 30d).

During the amplification of unipolar signal for expanding the

dynamic range of the linear AKh of amplifier should be the operating

______________
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point on the passage characteristic of amplifier instrument displaced
into the region of larger or smaller bias voltage U.a. depending on

signal polarity and type of UP (tube or transistor). For example, in ;::
the case of amplifying the positive signal it is necessary to

increase initial negative bias voltage, if as UP is used vacuum tube,

[

connected on the diagram "common cathode", or a transistor of type y
p-n-p, connected on the diagram "general/common/total emitter"; to 23
., ‘:j
reduce the initial positive bias voltage, if as UP is used a K%
a

transistor of type n-p-n, connected on the diagram

R

"general/common/total emitter”.

NONLINEAR FUNCTIONAL AMPLIFIER.

A
(

In the nonlinear amplifiers for calculating the amplitude

properties it is necessary to use an average/mean

slope/transconductance of passage characteristic of UP.

For the synthesis of nonlinear FU we use condition (2-19)
]
b=ty ,l-c-;:;v(z)-
Let us consider the possibility of realization of FAXKh with

various forms of passage characteristic of UP.

Linear amplifier instrument g ..§,=const. In this case

§'s) = gup (3) (2-114)
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Conductivity of nonlinear element/cell when b var(})

.

* s ot T PP
4 o Gttt T

. . B PRI I SRR PR

. P T T RO
IR D T SRy PR TP

E2) = gid) — gy = gy (9 (5) — 1), - (2-115)
R = s == 2-116) '

since gy = g,

€.
Page 118. ﬂ3ﬁ
o
In this case the required volt-ampere characteristic of the =
nonlinear element/cell >
IE) = guealnus = el uaa l9 (2) — 1) (2-117)
or
I8 = gU . a2 9 (2) — 11, (2-118)

where ¢(2z)=x/z - function, mathematical recording by which for

different forms of FAKh is given in Table 5.

If one of the components of conductivity g, is .changed with a
change in voltage/stress U,. then this can be taken into account in
formula (2-118) during the calculation of the volt-ampere

characteristic of nonlinear element/cell.

Expression (2-118) is general/common/total and suitable for

calculating the nonlinear cascade/stage from FAKh when b= var(4), which

works in the linear, functional and quasi-linear modes/conditions.
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For this it is necessary in expression (2-118) to substitute the

value of z and ¢(z), corresponding to one of the operating modes.

In the case of FAKh, when differential coefficient grows over
the dynamic range, i.e., b=var(t) the conductivity of nonlinear
element/cell guew calculated by formula (2-115), is negative. Then it
is necessary to calculate gump and current Jamm of nonlinear load.
According to formula (2-114)

Tarp = guUsiax 5 = 84U sz, 62 (2), (2-119)
where x(z) - the standardized/normalized input voltage, expressed
through the standardized/normalized output voltage/stress z.
Expressions for x(z) are given in ¥able 1. In particular, for
exponential amplifier x(z)=alnz+l
IE) = galscx.u (alnz + 1) (2-120)

For the development/detection of character, and also for
calculating the volt-ampere characteristics of nonlinear
elements/cells and loads it is convenient to use the generalized

standardized/normalized volt-ampere characteristics

"*) - l:'f)l a= Q) = '),1 1
Ha  —— zlp(2)—1] (2-121)
when b=var(}) and
IL’"
Uah = ,—;—3 = z(3) (2-122)

when b =var(t) where [, «=gulwz.s— current, flowing through the load

with the output voltage/stress, with which it begins with FAKh of

amplifier.
The normalized characteristics for three types of FAKh with
the amplification of a single-polar signal are presented in

Fig. 34. For LAKh it is accepted d=10. During the amplification

of the
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bipolar signal of characteristic they must be symmetrical relative to

gj the origin of coordinates and take the form of the characteristics,
o given in Fig. 31b,.

%? As can be seen from Fig. 34, FAKh when ba=var(}) it is possible
;§ to realize with the help of ENE of the first type, in this case to

x the nonlinear element/cell must be given cutoff voltage, equal to

Usp= Usiz. w3u = Uuuz. s Since z,=1. With bmvar(t) FAKh it is possible to

.;i realize with the aid of ENE of the second type, in this case to the
:Ei nonlinear element/cell must be given triggering voltage/stress, which
,Z§ ensures the linearity of dynamic volt-ampere characteristic to

:::" voltage/stress Uy = Usus. a.

;? Let us consider the possibility of the realization of

= characteristic 1 in Fig. 34 with the help of the diagram in Fig. 30a.
?i It is obvious that the nonlinear section of characteristic from 2 to
'j %2, that corresponds to the work of cascade/stage in the logarithmic
i mode/conditions, must ensure the nonlinear element/cell (diode). The
%: approximating coefficients of volt-ampere characteristic of diode can
2 be found from two points, for example 1 and 2. For points 1 and 2

. Iueat = Usux. w8o3, (,::_l_ ) - (e, u%

o Tusnz = Lueq, n == lge"0suiz: uin,

~"

§§ Solving equations relatively y, we have

InA (2123)

sz, u (3 — &)’

4

{m=

oo
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where !
A- oA, ¥
© “weal

The greatest accuracy of approximation is obtained, if we as
point 2 take the point, which corresponds z. In this case

! Hen2 (2. 1 24)

h= "p'(zjun.l‘u.

Fig. 34. The standardized/normalized volt-ampere characteristics of
ENE in the implementation of different FAKh: 1 - logarithmic; 2 -

exponential; 3 - quadratic.
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Page 120.

Section 2-3 in essence forms/shapes supplementary
resistor/resistance flwe connected in series with the diode. The
value of resistor/resistance Rwes can be found as follows. For point
3, which corresponds to the end/lead of the quasi-linear section of
characteristic (to maximum output voltage/stress of nonlinear

cascade/stage),

Usux. u ™ Unen. u + Tuea. u (Rpoo + Ry,

where

Iua. ]

v Lusa. w ™ Upus. ngun (¥ (2) —1);

Usau=1ln

R;— the strength of materials of diode, the component of the unit

of ohms. Whence"

1 yen
Uz, u?n — 110 =3
Ropo = — - B (2-125)

Resistor/resistance flme is, as a rule, small and it virtually

does not affect the form of the section of 1-2 characteristics.

et et - Lt A RS v e et e T e T L - S .
PR AP APy T W TP U S VY T TR T L. S T T R P R R L LT T T P TR U N e e A i
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Analogously it is possible to calculate elements/cells of ENE of Eif
the second type. -3}
Amplifier instrument with the nonlinear passage characteristic. ,
Conductivity of the nonlinear element/cell S
—

Bnea = gx [P (S) P (3) —1]. (2-126) L

For finding the volt-ampere characteristics of the nonlinear
ones of element/cell and load we will use equation (2~138). On the

basis of expressions (2-19), (2-121) and (2-122), we obtain

——

Hug) =5[F e@—1]=s0@s@—11 @121

with b= var(}) -_"-_'jj_:
+ e
H(he) =3 2(5) = (S)z(2) (2-128) =
. - ) .‘--
with b=var(t) :.,.::
)
.
Expressions for standardized/normalized characteristics (2-127)
with b=var () are given in Tables 7 and for characteristics (2-128) Zj
Table & -
! with b=avar(tl’ 7 1In this case are accepted the following Ny
| designations: ;:-ﬁ&f—- for the polynomial of the third power; ;g
/4 v o
p=p="— for the polynomial of the second power; B=qluu ""Uﬁ“‘ N
L. M 3 LR
for the hyperbolic tangent; {=1Vau— for the exponential curve. o
~3
_ =
-
3
ORGSRV N SRR T TS RO :-1
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Page 121.

The schematic diagram of four-stage logarithmic amplifier on the
tubes with the single ducts/contours, shunted by nonlinear
elements/cells, is given in work [7]. Amplifier has the following
parameters: resonance frequency f,=20 MHz; amplification factor at
the work in linear conditions K,=4.110° or Kooe) = 72.7 dB; passband
with the work in the linear conditions M=0.4 MHz. Dynamic range of
LAKh is D=70 dB, which indicates the strictly successive work of
cascades/stages. LAKh begins with input voltage Us s=2.5-10"°% V.
Relative accuracy of LAKh in the voltage/stress in entire range

8U(2-3)%. Slope/transconductance of LAKh ¢=18 mV/dB.

The schematic diagram of single-stage amplifier with EAKh with
second type asymmetric nonlinear element/cell in the anode circuit is
given in work [16]. Dynamic range of EAKh on the input voltage d=20

dB, on the output . —%ax =40 dB.
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Table 7.

i H(%,) upn besvar(y) !
5 N Tun cnrmsas (€)) ’ 1
T naunn t‘a -
P ‘(l 1 HUMuyisonug (3) PUMONNNeORNE (4) _J
s A

- 1 e - : =
" 2-.:‘::::::”/"_.;‘ :-{[’;—"—‘ 2”:”] ‘i"’l} 2 0 .‘4
g ) T
5 ¢ ]
. Noauuos ! yon Ladud !ne [ zipt) » L
< 3-8 creasua laarp. u = [(1 d )7_‘] ,nr:. ( 4 )T - ‘I ._..j
=g

,nrn . . o J

iy - - 5

sl {im ch _‘. -

el (e ) o

Bi 2 i
m 7'”:\ ;,,4

S'p Luea o= F 1 .-t ((‘ -+ ~

B e ]m. -.( E —‘) ."'97-‘;‘ ] » :_-1
+yrmt 7—-1} S

Key: (a). with. (1). Approximation. (2). Type of signal. (3). Pulse. E'J

(4). Harmonic. (5). Polynomial of 2nd degree. (6). Hyperbolic 1

tangent. (7). Exponential curve,

Page 122. }
As can be seen from expression (2-19), general/common/total load ;;;
admittance of FU with an increase in the signal must be changed. This ij

leads to a change in the frequency, phase and transient responses of

Lot

oy " SRR IS U UL U St S S T ST A . S I LIt T ."..‘_‘i
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FU with an increase in the signal. It is necessary to note that FU
are nonlinear amplifiers. Therefore about the passband, the phase,
the upper and lower cut-off frequencies it is possible to speak
conditionally for steady-state mode/conditions under the influence of
continuous harmonic signal. For the pulse selective and aperiodic
amplifiers it is necessary to examine transient process in the
nonlinear system and to determine the distortions of front and

flat/plane apex/vertex of the reinforced pulse signal.

Absolute and relative changes of the passbaﬁd, upper and lower
cut-off frequencies, and also phase shift from the dynamic range can
be calculated, substituting in the knQwn formulas of the enumerated

parameters of the value of load admittance for this signal level.
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Table 8.
H (]:"p) apm b mvar(4)
— Q ) Tnu curdans
ua(u;ﬂ HnnyascHng Q) Fapmoxnascrut @
¢
Noamszou L iar (n—1) =p _I..."ﬂl'. -3
= F ————— I3 7
2-it c-re}?)n T uarp. 1 2 uarp. ¥
Moanuom Finen - (i - zlp') z Lrunr - (1 ..f:"_.) =z
3.2 creuous ary. 8 -3 warp. ¥ 4
nuopiio- fi ‘f.m sl fim ch @ -
“:'Q':Ff.'.'i"' Tars.w Vs ucBB(1Em)
p . .Ul w
’3-.-;: + e L1 luarp (‘ Tom 1 om )
. . af g + 5 3
xcnoaenra Toero. @ z N 2 3.

Key: (1). Approximation. (2). Type of signal. (3). Pulse. (4). By
harmonic. (S). Polynomial of 2nd degree. (§). Hyperbolic tangent.

(7). Exponential curve.
Page 123.
It is easy to show that for.FU with b=var (}) with an increase

in the number of nonlinear cascades/stages an absolute change in the

phase in the dynamic range grows, and a relative change in the

i
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. . . o
passband is reduced. Consequently, requirements for the selection of L
a number of nonlinear cascades/stages from the point of view of the 3;;
smallest changes in phase and passband are contradictory. f%ﬁ
FU WITH NONLINEAR DIVIDERS. .
v d
A change in the frequency parameters of FU in the dynamic range yﬁ

can be decreased, if we decrease the range of a change in the fﬁ
shunting effect of nonlinear element/cell in a some manner. For this
nonlinear element/cell must be included/connected
consecutively/serially with the sufficiently high linear
resistor/resistance (Fig. 35a, b, ¢) or by load (Fig. 35d), and the
voltage of signal on the input of the following cascade/stage
removed/taken from the formed divider. Let us agree the chain/network
of series-connected resistors/resistances R and Rma to call a
nonlinear divider of the 1lst type (Fig. 35a) and the 2nd type (Fig.
35b).

In the given diagrams of selective FU the frequency, at which
the transmission factor of cascade/stage is maximum, differs from the
resonance frequency of oscillatory circuit. Because of this the

analysis of selective FU must be carried out taking into account all

.

reactances of oscillatory system and it is not possible to obtain

R
\ ~

overall equivalent diagram for the aperiodic ones and from the

4
8
)
f
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selective amplifiers, that considers only active component load

admittances.

-
P

’ - ..

- N
o
- -
«
<
~——

e L% e, R I I e . Lo

oV, Wt e, A R . T e e - N R i S

- et ~ ta fa T el T L T . et et e Y. e et Nt S, e, . . e T e . .

e R TP . S, “Q A AL P SO YOS T S MR S UL UG R S [ <



" DOC = 83138007 PAGE ;O(
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Fig. 35. Equivalent diagrams of FU with the nonlinear dividers for

1
3

i "’:Eti" ’ “ :.’ ,’ i
ARV v U

FU: a, b) aperiodic; c, d) resonance.
Page 124.

Therefore the analysis of aperiodic and selective amplifiers must be e

carried out separately.

Aperiodic FU. In the region of medium frequencies is disregarded -
the effect of stray capacitances. Then transmission factor FU with

1st type nonlinear divider (Fig. 35a)

TR
hodrn: e .

P SR RyynPus
Roea o+ B, F By T Ry (G, F B (2-129)

where L1 +1
R, "R R

amam L

Taking into account condition (2-13), we obtain expression for

- e T T

. L. A B . . I P T A W A A .7‘1,,;'_,;‘--_.-("‘4
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the resistor/resistance

Ry (8, + Ay

.
Ruase = fea OO FE—1IR, F R, R0’ (2-130)

initial resistor/resistance of nonlinear

Ryen. x—~

R'x (Ro+Rn)
where 8= %,

ReR. A
element/cell with the work of FU in the linear conditions.

For FAKh with b=var (1) the resistor/resistance
KIRI! (RO + Rn)

R"""S- oRu—Kl( o+Ru+ .l)'
For FAKh with b=var (}) resistor/resistance HRuas=< and
coefficient B=0. In this case

R'! (Ro + Rn)

1
Ryeno = e T O PG =1 R, + B, + Ryp) (2-131)

From expressions (2-157) and (2-159) it is evident that the
resistor/resistance of nonlinear element/cell with the rotor of

signal with bsvar (1) must grow, with b=var (#)— be reduced.

For the vacuum-tube amplifiers inequality ®w’>Rs+Rx uysually is

fulfilled. Then expressions (2-130) and (2-131) are simplified

R R

Runee = oy m=T (! + &) (2-132)
Ro R

Russs = soyatsr=i (" - ﬁf) (2-133)

FEVC PR RO, WY SR

aanl o' a’ o ae 1

S e e

S A

T ]
(Y AR
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The dynamic volt-ampere characteristic of nonlinear element/cell
can be calculated from formula (2-117). With b=var (#) is required
nonlinear element/cell with lst type characteristic with b=var (t)—

with 2nd type characteristic.

For amplifier stage with 2nd type nonlinear divider (Fig. 35b)

the transmission factor in the region of the medium frequencies :q
j'1

SR,R R, -

K-( T, F v (2-134) 4

3

QN

The resistor/resistance of nonlinear element/cell must be ;;
changed according to the law !
L

"l

g
Rus.o = = = 2 (3)® (8) (Ro + Ru + Ruwa. 2) — Ro— Ry, (2-135) 3
nes 1
where 3
S R RR,, — Ky (R, (Ry+ Ryp) + R UyParl ]
Ruan s = Yy ey )
-} ax

For vacuum-tube amplifiers R s Then

R,R

For the selection of nonlinear element/cell during the

calculation of FU it is necessary to have dependence Ruwm o= /(Usas oOr

..........................................
..........................................
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:
> dynamic volt-ampere characteristic, which can be found from the e
1

relationship/ratio

—l',l"l"<l’.‘l‘.
s \-A,."‘,/ ""_’A.‘

")
et
IVA.I..' .'
St
ORI
L, , .

N - Unen o - Buen o )
?Q Whence R, .
. -
r_j -::
E:' ) j
E In this case the signal current, flowing through the nonlinear ']
° <
' element/cell, uﬁ
.
3 PR T "'i‘“ (2-139) o
‘ where o e D
: ‘Tfﬂ;’ \ =

Page 126. o

The dynamic volt-ampere characteristic of nonlinear element/cell ffﬂ

is constructed with the joint graphical solution of equations (2-138) {;,

and (2-139). o

[' ::::;..11
Analyzing expressions (2-135), (2-136) and (2-139), it is —

| possible to draw the conclusion that for the realization of FAX with ”f
bavar () is required the nonlinear element/cell with 1lst type f
characteristic, with bavar (!) - the 2nd type. ' —

......
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For obtaining the broader dynamic band FAKh with b=var (1)
initial factor of amplification K, with the work of FU in the linear
conditions must be chosen as smaller as possible. In this case value
Ruea is small for lst type nonlinear divider and, on the contrary,

large - for 2nd type nonlinear divider.

Transmission factor of FU, made on the diagrams in Fig. 35a, b

in the region of highest frequencies,

_ SRR, .
Kum e (2-140)

ASI—Q):"; B=w: f=R4'R| +R-‘; h=C'ClRH‘lt;|;
= CLR‘R + ClRlR-_- + CgR (Rl + Bz)-
R; = Ryea. ¢; R: = R, (pue. 35, 8); Ry = Ry; Ry = Ryea. ¢ (puc. 35, 6).

Key: (1). Fig.

Upper cut-off frequency /wse on which K is reduced ¢y2 times,

- - e —————— — — ]
fuane = 2% V (e* —2/h) + Vz(,:: — 2/h)  4f1hd

. (2-141)

From expression (2-141) it is evident that fuws, depends on
signal level (resistors/resistances (R, and R,) and with b=var (})
frequency /fwme with an increase in the signal increases, and with
b=var (#)— it is reduced. As it is not difficult to see
general/common/total stray capacitance of diagram, which shunts load,

from the diagrams in Fig. 35a, b with R,>>R,, is equal to C,~C,+C,;

’
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with R,<<R, capacity/capacitance C,»C,. Then a maximum relative
change of frequency /wuse as a result of changing the

resistors/resistances of R, and R, does not exceed the value

fa Cy+C
el (2-142)

With C,=C, relation n<2.

Page 127.

Lower cut-off frequency fus  for the diagrams in Fig. 35a, b

1
/Ill = w (R' +R‘ +R|) ’ (2‘143)

1

With b=var () frequency fum increases, with b=var (t)— it

is reduced. Let us consider the worst case, when fume increases.

Maximum value /uss with R,+0. Then the relation

m= ’nu<R'+R +Rs 1+ 1 (2-144)

Juun

With R,=R'+R, relation ms<2.

Thus, in the aperiodic fie with the load, shunted by nonlinear
divider, by the selection of the corresponding value of the linear
resistor/resistance of divider fa it is possible to considerably

decrease the instability of cut-off frequencies over the dynamic
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range.

Work [7] gives the schematic diagrams of the bipolar (Fig. 52)
and unipolar (Fig. 58) video amplifiers, in which LAKh is obtained
with the shunting of plate loads by the nonlinear dividers
respectively of the 1lst and 2nd types. Bipolar amplifier has
following data: KXo =10°; upper cut-off frequency with the work in

linear conditions fuaws =3.10¢ Hz; Usma=1.3 10-* V; D=60 dB;
relative accuracy of LAKh in entire dynamic range §U=3%; the
slope/transconductance of LAKh o=13 mV/dB.

/Ilﬁ; =2.5 MHz;

Unipolar amplifier has following data: K. =10;

Uax.u 10" 3 in; d=75-80 dB; relative accuracy of LARh §U=3-4%;

o=(9-10) mV/dB; accuracy in the slope/transconductance so=( 15-20)%.

The results of detailed research of the diagrams indicated are

given in the same work.

Page 128.

Resonance FU. The complex transmission factor of the amplifier,

made on the diagram in Fig. 35¢,

. s 43 L
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where

A= [LC(R, + Ry) 4+ LC\R, + C,CR Ry — R, — Ry
] B=w[L+Cr(R, 4+ Ry + C\R\Ry] —wLCC\R\Ry;

r=r,+r,; r, - resistor/resistance of losses in the inductive branch
of oscillatory circuit; r, - resistor/resistance of losses in the - 4
capacitive branch of duct/contour; € =Ci+Cma+Cu— : i

capacity/capacitance of single oscillatory circuit.

Modulus/module of transmission factor

e s ¢ Gonoi I".r_ ..r_ ;".

) S.LR|

Phase of the amplifier

@ = —arctg -‘;— (2-147

Equalizing to zero imaginary parts of expression (2-15), we find

the resonance frequency of system through the output

- )
w =) it (2-148)

where w,=1yYLC - angular frequency of single oscillatory circuit

without taking into account capacitor C,; p=R,/R,; n=C,/C; m=C,/L.

From equations (2-147) and (2-148) it is evident that the

resonance frequency and phase are changed with a change in o

el . ISP S ST R SR L N R G PR I P P P AP PR I e
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pi,

resistors/resistances of R, and R,. In the wideband amplifiers this
change can be observed in the limits of passband. The changes of the

frequency during the phases are less, the less the coefficients n and ﬁiﬁa

\ 4
m, i.e., the less the capacitor C, and the greater the initial value ?
p. Let us consider two extreme values: ¥
L Ry=0 wy=w ) o 2 Ri=0i wp =0 T
: Then a maximally possible change in the resonance frequency of ﬁ;
te the system %;;
¥ T—?—VI-{-IL ]
D
. 8
A, ;.4
LT'_ © ]
’I Whence at the given value y the capacity/capacitance of ji
. oscillatory circuit must be equal to 3

Gy

C",-Tr (2-149)

Real relative change in the resonance frequency

RO P

s,/ TFpd(T+pFatmBy
- RN E S wh

pa

(2-150)

vy

Page 129.
Let us consider two limiting cases of changing the phase.

o 1. R,=0, which corresponds to work of FU in linear conditions.

In this case the phase of the amplifier

P = —arct.g%' '

PP U A L S T S S Sl U LJ
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where dy— circuit damping taking into account by-passing of
resistor/resistance of R,. For the vacuum-tube amplifiers usually

R,>R. Then dy=d, INn this case

’

2
~2

’

”-

ois

2. R,=0. Usually R,>>R. Then de— attenuation of single

duct/contour with the losses. In this case

r-&-%.

In this case the phase drift will be obseryed in essence due to

a change in the resonance frequency of oscillatory system.

For the .amplifier Fig. 354 complex transmission factor

neglecting of resistor/resistance Rua

.3 A
k= Sol{ gl —1 wim)- (2-151)

Here

A =W (LC 4 CCof Ruea + CyL) — 1;
B = wCr —U‘LCCQR... ~+ mC,R....

where C =mCpa +Cy+C,—capacity/capacitance of oscillatory circuit

without taking into account capacity/capacitance C,; r - resistance

E
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of losses in the duct/contour taking into account resistor/resistance A,
R R
-.'_'_-:'.:-]
. -j
Vo i
Modulus/module IR
-Sel 2-152) G
£=yasm ‘ o
—

Phase is determined from formula (2-177).

The resonance frequency of the system

= wy
Wy ‘W’ (2-153)

where n'=C,/C, m'=C,/L.

Page 130.

Change in the resonance frequency in the range

. {7 +mrR )
:E -l/‘t-}-n’-g-m'rfi““ [ (2_154)

Relation -%f"i with C>>C,, which can be made in the

narrow-band system.

Thus, nonlinear dividers can be applied only in the narrow-band

tuned amplifiers. In the wide-band amplifiers the drift of resonance
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F.. frequency and a change of the phase in the dynamic range can reach

the significant magnitudes.

Nt WITH TWO-CIRCUIT FILTER BAND FUNCTIONAL AMPLIFIER.

aas o M

The filter, which consists of two coupled circuits, tuned for r-i
one frequency, is simplest. The equivalent diagram of nonlinear I&g;
cascade/stage with the two-circuit filter is shown in Fig. 36. fﬁi
For obtaining the required by AKh cascade/stage it is possible ’”f
to shunt with nonlinear elements/cells one or both coupled circuits. E
With shunting of both ducts/contours a number of nonlinear ;;:3
elements/cells grows doubly, which is economically disadvantageous.
Furtherﬁore, the types of the nonlinear elements/cells, which shunt A
both ducts/contours, in the general case must be different, since the :75%
voltage of signal, applied to secondary circuit Uw in the
connection/communication, different from the critical, is not equal .‘;
to voltage/stress Uas applied to the first duct/contour. L;~;
B
In the vacuum-tube amplifiers to the first duct/contour large E
direct/constant voltage is applied, in consequence of which upon the ~*J
inclusion of nonlinear element/cell into the first duct/contour ;-
isolating capacitors with the increased operating voltage/stress will -35
be required. ;;#
e
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Fig. 36. The equivalent diagram of nonlinear cascade/stage with the T—i
. two-circuit filter: = fwust doel +0m = the worsened/impaired resonance jf;
R
- conductivity of the first (output) duct/contour; o2 =Nog t+émetier ~ m;{
worsened/impaired resonance conductivity of the second (input) i:%
duct/contour; fmi: tm2~ conductivity of further shunts. 0,
Page 131. :
y Therefore nonlinear element/cell to more expediently include in the
secondary circuit. For the transistor amplifiers this does not have a
value.
The connection/communication between the ducts/contours can be
most varied. In the inductive coupling coupling coefficient
M
kes Viz ‘
where M - mutual induction between the ducts/contours.
7

................
.....

----------
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For the diagram in question complex transmission factor

oS M

) e e e )

(2-156)

K=

[ {
where 31=%;5a=$;;lh-gn+lnui

Ci = Cous + Cut+Caonti Cy = Cog +Cuz+Cex + Coonz; f = 7"='—
higy

the degree of the connection/communication between the

1 1
ducts/contours; “’O'Vﬁ'yﬁ- resonance frequency.

A change in the time lag of signal with a change in the value of
the resistor/resistance of nonlinear element/cell is one of the
.deficiencies/lacks in amplifier cascades/stages with the load,
shunted by nonlinear element/cell. It proves to be that during the
appropriate selection of the sizes of the elements of oscillatory
circuits and connection/communication between the ducts/contours this

change in the time lag of signal can be considerably decreased.

Let us find the condition of the minimum of a change in the time
lag with the shunting by the nonlinear element/cell of the first
duct/contour. Let us determine the expression of the phase response
of nonlinear cascade/stage ¢(w). For simplification in the K(9)

linings/calculations we will use the expression of the abbreviated

.......
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o
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factor of amplification K(Q), the methodology of determination of
which is given in work (29]. In this case accordingly ([29] in

expression (2-156) let us take w=w, + @, where Q - small detuning.

|

alacm Ad o lamaicale

Page 132.

L.

Taking into account the small first-order quantities: relative
detuning -%. of attenuation §, and §,, and also the small

second-order quantity, and throwing/rejecting all values, the order

of smallness of which above second, we obtain

- 49
Py (1 + 3% . @157)

6(?—;) +2(M+w§+u‘&.u+p') -

where K, - factor of amplification of cascade/stage in the presence

of the resonance

wMS

Ke=ogaem (2-158)
; For the approximate estimate of signal lag in the amplifier of

. radio frequency it is possible to use an expression of time lag

- ty=— (2

2. (2-159)

where o¢=0(w) - the expression of phase response.

Using expression (2-158), we obtain the shortened expression for

. . ' - . - W - -“ . . . ot LT - W ° "
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. '

Qg the phase response of the cascade/stage R

N . : . )

¥ Wy 1+ 89— 4 (2)

-1 ¢ = arctg 2 =, (2-160) T

ﬁ 2 (3 43y — ] b
' Wy

f Then time lag tentatively can be considered according to the ttf;

i formula :4;1

[ do de 2% +3y,)

‘ TR = R ——— W c—————— = - Y

¥ * vl (E)e-.c w (¥, + k:.) : (2-161) 4

With change & time lag is constant with satisfaction of the .

condition ;E:}

dt ;r'::

& =0 (2-162) t«q

Differentiating formula (2-161) and equalizing with zero, we

obtain the condition of the constancy of time lag with a change in

value §,
kg = 8. (2-163)
Then
fo = & = conat. (2-164)
Page 133.

With the shunting of the first duct/contour the analogous
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condition of the stabilization of time lag

oy = 3, (2-185)

is obtained.

The reasonings conducted are accurate for the linear system. For

the nonlinear system of expression (2-163), (2-165) can be taken as ]
;j? the approximate conditions of stabilization, but not the constancy of ;}l
?ﬁ; time lag. ;
?? With the identical ducts/contours, when §,=6, and critical ii

coupling between the ducts/contours

g
< 3 [}
Kea. wp = ‘/ ‘;:;—ataal = Koa, ue . (2-166) %

Thus, condition (2-163) is a condition of the critical coupling,

PRIV VR TS

in which the passband is determined by the expression

Oy = .% @ + 3. (2-167)

With increase  fuea increases and the condition of critical
coupling is broken. Coupling coefficient is reduced and passband is
changed on the sufficiently complicated dependence on %, Let us find
the further conditions for the selecting % and circuit dampings §,

and §,, on the basis of the guarantee of constancy of passband.

.............
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In the general case passband

O=tVV uj T ﬁ b+ L% —0 5=(a'+=1=a”)|-+k' -0, 5(a'+w68
(2-168)

This expression can be converted

4»-,—;-]/V(¢+q)' (=) + 86— 5L, (2-169)

-3
where = f_:.'- ‘_2
AR <

Page 134. —LC
. ¥, N

It is necessary to find this value of parameter ¢==—— at which .

8 v

passband wou e changed least of all with change is value 4

band 1d be ch d1l fll'hhg‘» Thi 1

# can be determined from the graphs in Fig. 37,, Eﬂ;
in which relationships ,,‘=4Wﬂ are plotted for diffrent values of ¢ Lif
The graph shows points corresponding to the values of 9w at which the o
1ink is critical. The broken line connecting these points divides :::
the graph into two -domains in which one of the resonance curves 3}
has one peak, while in the other 1t has two. :lﬁ
-

From the graph it is evident that the most favorable value of
parameter ¢ lies/rests within limits of 0.5-0.8. At these values

# an increase of the attenuation §, 8 times changes passband not

R P P R R A gt gt e e o e . et
PRNPEIP, PULE S oIl Vel TR S S S SR e A A a e et To e > R
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more than 10%. To values $=0.6-0.8 (point 1 and 2 in Fig. 37) it

corresponds the value of the relations of the initial attenuations
al
Qu = 5= 0,5--~0,8,

Thus, so that with the shunting of secondary circuit the
passband would be changed insignificantly, necessary to satisfy the
condition

3 = gud; = (0,5-+-0,8)3,, (2-170)

or
Qo = quQux = 0,5+ 0,8) Q0

i.e. the energy factor of the first duct/contour must compose 0.5-0.8
from the initial energy factor of the unshunted secondary circuit.

Apparently, the most favorable relationship/ratio when 9 =0.63.

So that resonance curve of amplifier would be flat/plane, it is
necessary with the work of amplifier in the linear conditions the
connection/communication between the ducts/contours to choose
critical. Then initial passband is determined according to expression

(2-167).

For determining the law of a change in ce¢ ‘uctivity 6uwea let us

rewrite expression (2-158) in the form

K, = %A’ @2-171)

—

. . PR
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Fig. 37. The graph/diagrams of dependence y(q) for the different
values of the parameter f: I - region of single-humped resonance

curve; II - region of two-humped resonance curve.

Page 135.

In this case the initial factor of amplification of

cascade/stage with the work in the linear conditions

SVILA 2-172
K":‘;’T{ﬁl:aﬁs‘ ( )

On the basis of expression (2-19) we write/record the equality

; Ky = Kot (2-173)

Taking into account that 8e=4d8a: and deciding relatively fmm

we obtain guea = goy [m[%(A'-{-q.)—;l’]—Q-}- (2-174)
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where m=C,/C,; 4=V05(1+4). ]
R

. e

»

Being assigned by value ¢sm on the graph in Fig. 37 we -
determine value f for the critical coupling (points on the broken i
line). It is possible to be assigned by the value f and to determine f;—;
¢« in the critical coupling. For_ example, with ¢=0.7 through the i:ﬂ
graph we find ga =08 o
RS

—

Rk |

From expression (2-174) it is possible to calculate dependence o
Buea=-f(z), necessary for obtaining FAKh of any type. ff
$4. Some special features/peculiarities of FU on the transistors. f}
Special features/peculiarities of FU on the transistors are {E

-

defined by the physical properties of transistor as amplifier i
instrument. In comparison with vacuum lamp it is possible to note the ;

following fundamental special features/peculiarities of transistor:

transistor is substantially nonlinear amplifier instrument and
works with comparatively small input and output voltages of the
reinforced signal, which impedes the selection of the nonlinear

element/cell, which forms FAKh of amplifier;
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Input and output conductances of transistor considerably differ .
by value, in consequence of which for obtaining the sufficiently high ¥;;€
transmission factor of cascade/stage the load must ensure agreement ;jf;
between the transistors, i.e., the load of amplifier stage must be -'}

matching device;

transistor is inertial amplifier instrument with the complex

parameters, which depend on the frequency.

Page 136. g
Therefore in the selective amplifiers, in the first place, the i;})
resonance frequency of amplifier does not coincide with the resonance

frequency of oscillatory system, and, in the second place, in the .

BV CPIOTLTI L

amplifier can be observed, besides fundamental resonance, further

‘."l l'l
W T B ]

resonances at frequencies, which differ from fundamental signal
frequency, which leads to the distortion of resonance curve of Eé'l

amplifier; :ﬁ:?

transistor has the large reverse/inverse.transfer admittance

Y,., as a result of which in the selective amplifiers descends the

coefficient of stable amplification and is distorted the form of
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P

resonance curve of input and output circuits;

2
P

the dependence of the parameters of transistor, including of

i

slope/transconductance of passage characteristic, input and output
conductances (active and reactive/jet components) on the operational

conditions of transistor (strength of current of emitter and

§§ voltage/stress on the collector/receptacle).

Ei The enumerated special features/peculiarities of transistor
cause the specific character of the circuit solution and construction

- ~Tie on the transistors.

E! In the majority of the practical amplifier circuits of radio

frequency the common-emitter connection (OE) is used, which has

larger amplification than common-base circuit (OB), as a result of

the larger input resistance. At comparatively low frequencies (for
this type of transistor) the common-emitter connection considers
fundamental. However, with the increase of frequency the difference
in the values of the input resistances of common-emitter connections

and by base is reduced.

At the sufficiently high (for this type of transistor)
frequencies the amplifier with the general/common/total base can be

. . L. .
almost also effective as common-emitter amplifier. Furthermore, in

LT S S S e R - . -
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the amplifier in OB internal feedback is exhibited more weakly, in
consequence of which the amplifier works more stably. Therefore
diagram with OB in many instances for the broadband selective

amplifiers can prove to be preferable.
Page 137.
Linearization of the passage characteristic of transistor.

The passage characteristic of transistor it is possible to

linearize by linear effective resistance, including it:

a) in input circuit of cascade/stage consecutively/serially with

the input electrode of transistor (Fig. 38a, b);

b) in the circuit of consecutive current feedback of emitter in
the diagram with OE (Fig. 38c), on the base current in the diagram

with OB (Fig. 38d);

c) in the circuit of parallel voltage feedback between the

output and input terminals of transistor (Fig. 38e).

Each of the enumerated diagrams has their advantages and

disadvantages.
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As shown to work [8], the linearizing action of P
resistor/resistance Rs in (B+1) is more than the linearizing action RS
. . . . . .. Voo

of resistor/resistance Re Upon the inclusion of the linearizing !
resistor/resistance into the circuit of base the temperature :
d

operational stability of transistor on the direct current descends, Ty

what is essential deficiency/lack.

The sufficiently high input resistance of cascade/stage at the

high frequencies is the advantage of diagrams a and b. To

deficiencies/lacks in the diagrams should be related: the decrease of
transmission factor on the voltage/stress with the previous frequency i4
properties of cascade/stage. Diagrams a and b are applied rarely, in

essence at the high frequencies.

More frequently is applied the diagram, represented in Fig. 38c¢c,

advantage of which it is:

Lo e ez
PRI PEINILI § O PR

an increase in the input resistance at frequencies f</fau

a partial improvement in the frequency properties of transistor,
Since according to work [22] the time constant of diagram with

current feedback of the emitter
R
1+~

a
S TFRG T <"
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Deficiencies/lacks in the diagram:

the decrease of the slope/transconductance of the passage
characteristic of transistor and, consequently, also the transmission

factor of cascade/stage to i+ SR, once;

at frequencies f>/fy feedback becomes complex; therefore the

linearizing action of feedback is reduced and input resistance is

reduced.
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Fig. 38. Circuit solutions of the linearization of passage S

characteristic.
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)

The first deficiency/lack can be partially reduced, increasing f;d

the load resistance/resistor to the value, which ensures the previous

P
Py

frequency properties of amplifier, which the cascade/stage before the
inclusion/connection of resistor/resistance R, The scheme can be
applied in pulse aperiodic and selective FU during the amplification

—of signal at frequencies (</»

In work [B] it is shown that with the value of

resistor/resistance R,=100 ohms the high-frequency transistors of

AT,

types P401-P403, P411, P417 and P418Zh can be counted as linear UP to
input voltage U,=200 mV, when R,=200  ohm - to U.=04 V, when

Ry, =500 ohm - to Usy=03 V.

"'f L, ..| oot ‘:‘

.'.;1
-4
i
=
‘_'1
R
.

Diagram in Fig. 38e, with voltage feedback considerably improves
the frequency properties of cascade/stage. With carrying out of
feedback on the diagram in Fig. 38e input and output conductances are

changed, and this affects the transmission factor of the previous

cascade/stage. In the cascade/stage in question it virtually does not fgq
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vary, since it is determined by the ratio of voltage/stress on the
collector/receptacle to the voltage/stress on the base, that are
internal for the closed loop of feedback. Therefore it is necessary

to examine the pair of cascades/stages.

In a deep feedback the frequency characteristic of cascade/stage
is distorted because the feedback loop forms the frequency-dependent
voltage divider, which consists of effective resistance H, and
complex input admittance Y [22]. Therefore feedback is
frequency-dependent. For obtaining the frequency-dependent f{eedback
it is necessary to include impedance [22] selected by

correspondingly.
MATCHING AND DECOUPLING OF AMPLIFIER STAGES ON THE TRANSISTORS.

Aperiodic FU. In the aperiodic transistorized amplifiers the
cascades/stages between themselves usually do not coordinate.
Therefore as basis applies diagram with OE, in which input and output
conductances in the least measure are distinguished between
themselves. For facilitating the adjustment multistage FU, which
consists of the nonlinear cascades/stages, between the nonlinear
cascades/stages it is expedient to include the untying emitter
followers. In this case during the calculation of nonlinear

cascade/stage by the effect of the subsequent nonlinear cascade/stage

e . i ote e
o i . s
PIPTIORY Ny S Lt




WY WYL W oW, W wra w g
a W e e TN TE T S A e AT Ty .S AT ST ET I TR TR AT AT TA TR

DOC = 83138008 PAGE 237
it is possible to disregard.
Page 139.

Practical diagrams of aperiodic FU, in particular logarithmic
transistorized amplifiers, and their detailed research are given in
work [8]. The LAKh in these amplifiers is obtained by the shunting of
collector loads by nonlinear elements/cells or by nonlinear dividers.
Accuracy of LAKh is 8U3%, slope/transconductance ¢=3-3.5 mv/dB. In
all three diagrams for the realization of the successive work of
nonlinear cascades/stages and obtaining LAKh of high accuracy between
the nonlinear cascades/stages are connected the untying emitter

followers.

Virtually instantaneous restoration/reduction of the sensitivity
of amplifier after the break-down of large signals in entire dynamic
range of LAKh and obtaining in the amplifier of the stable delay time
of signal with a change of its value in entire range of LAKh of
amplifier is the advantage of amplifier with 2nd type nonlinear

dividers.

Resonance of FU. In resonance FU the single oscillatory
circuits, tuned for one frequency, are applied. For decreasing the

shunting effect of output and input admittances considerable in the
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Py

—e
value the undercoupling of duct/contour with the transistors is
applied. The basic versions of the circuit diagrams of duct/contour
are shown in Fig. 39. On the diagrams the current generator /=0,Y,,
and output conductance Y,,=(1/R,,)+jwC,, are the equivalent of the
previous transistor, by the equivalent of the subsequent transistor - ‘;ﬂ&

input admittance Y,,=(1/R,,)+jwC,,. Conductivities Y,,, Y,, and Y,,

correspond to the circuit diagrams of the transistor: OE, OB and OK.

E: The degree of the inclusion of duct/contour into output circuit

of previous and into input circuit following of transistors is

< characterized by transformation ratios lﬁ

' U, o %
m; == ; - b4

- L=y M=y llii
which are less than one. .-

RY ST

r
ii Consequently, the greatest voltage of signal is created on the
E oscillatory circuit, i.e., voltage/stress U, This must be remembered

during the selection of connection point into the load of the

]
Mg o aaa a4

shunting nonlinear element/cell.

It is known that the required nonlinear element/cell to fit the

easier, the greater voltage of signal Uses: applied to the nonlinear

element/cell.

. ol — r
. a.'l-).. KO
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In this case, connecting in series with the nonlinear element/cell

supplementary resistors/resistances different in the value, it is R

a

possible to use a broad class of the semiconductor diodes, which have

both the large and comparatively small slope/transconductance of the

PR TP ‘
IR P .
S e e .
§ oo R
Ag S, S . L
I P O 2

initial section of volt-ampere characteristic. Is most expedient the
inclusion/connection of nonlinear element/cell shown by continuous -4
-3
duct/contour. w3
=
ez
he
For the low-frequency diagrams it is possible to use any of four ;ﬁj
‘ o

circuit diagrams of duct/contour (Fig. 39) independent of the method

of the start of transistor. It is possible to apply the optimum

coupling of duct/contour with the transistors and to obtain the
maximum of amplification factor. The procedure of calculation of
transformation ratios for the optimum coupling of duct/contour with

transistors is given in work [67].

To calculate and design the low-frequency circuit and is
comparatively easy. To much more complicatedly design amplifier at
frequencies it is higher than 10 MHz, especially broadband.

. Complexity is caused by the fact that the reactive components of
input and output resistance of transistors are congruent in the value

with the virtually realizable reactances of oscillatory circuits.
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Fig. 39. Basic concepts of the inclusion/connection of oscillatory
circuit and shunting nonlinear element/cell in single-tuneds
coupling: a) autotransformer; b) double autoinductive; c)
transformer; d) capacitive; e) with seres inductance.

Page 141.

.With the incomplete connection of transistors to the duct/contour
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appear spurious resonances, whose frequencies do not coincide with
the resonance frequency of fundamental duct/contour. In this case is
formed the system, which during the appropriate selection of the
points of connection can have flat/plane or double-humped resonance

curve.

Spurious resonances can be used in the general case for the
correction of the frequency characteristic of amplifier for obtaining
its flat/plane or double-humped form. However, this method of the
correction of frequency characteristic, as shown in work {8], is not
suitable with the shunting of oscillatory circuit by nonlinear

element/cell.

Spurious resonances can be reduced, selecting the appropriate
points of the connection of transistors to the oscillatory circuit
and applying the capacitive voltage~divider in the diagram with OE
and the autoinductive inclusion of duct/contour in the diagram with

OB.

The distortion of the resonance curve selective system over the
dynamic range can be reduced, connecting two nonlinear elements/cells
to in parallel to the basis LC, and parasitic L, s, Oscillatory
circuits. The selection of such nonlinear elements/cells is

sufficiently complex, since the nonlinear elements/cells must be
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different. However, when it is necessary to obtain wide passband in
the amplifier on the single ducts/contours, this method of the

distortion elimination of resonance curve is completely acceptable.

Let us find the required law of a change in the conductivity of
nonlinear element/cell. During the analysis of high-frequency ;;j
amplifier in géneral form, taking into account the effect of
self-feedback, the bulky formulas, unsuitable for the engineering

calculations, are obtained. Therefore for simplification in the

linings/calculations by analogy with amplifiers on vacuum lamps
during the analysis we will assume that the self-feedback in the

transistor is neutralized, i.e., conductivity Y,,=0. o

q

Independent of the method of the inclusion of duct/contour into
output and input circuits of transistors calculation formulas are one 4
and the same. Therefore let us ccnsider fundamental calculated %

relationships/ratios based on the example of diagram with the double

autoinductive inclusion of the duct/contour (Fig. 39b), in parallel

to which is connected nonlinear element/cell with the transformation

ratio m=1. ‘

Page 142. |

The cor ‘lex transmission factor of cascade/stage on the |
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voltage/stress
A . Sefgmymy
R =S$2=arma+im (@-175)

where S, - low-frequency value of the slope/transconductance of

direct drive; p=Z =yQ, - generalized detuning; dy=}- - complete 5

() . ] -

attenuation; y=(w/w,)-(w,/w)=bw/w, - detuning; Aw=w-w,; j§

AR

we=l/( VIC ); r=awr==-; wy - the cut-off frequency of the —

rp -

transistor, connected on the appropriate diagram; R.=vé - equivalent Eﬁ

N

resonance resistor/resistance of the shunted duct/contour l;i

R = RﬂRuen. e . ;:Ti

- P TRyt Ayen o’

g . (2-176) "
: Lt M m
2 Ry To. Es—a Ry’

\‘ .

7 R, - the equivalent resonance resistor/resistance of duct/contour. ‘;”g

The total capacitance of the duct/contour Q{

e

Co = Cx + miCys + miCy, + Cu + Cuems . ;:

where (. - the self-capacitance of duct/contour; (. - wiring f§3

)

capacitance; C., - capacity/capacitance of nonlinear element/cell. 5Eﬁ

Modulus/module of transmission factor ffi

! R

‘[ s.R'Mlm’ -~"..‘

K brr————————— ] (2‘177) ..: -

AL IET T

C s -y

Frequency characteristic ”_4

A= X -—._—-—__.—’—_==='. (2'178) .

B Via+ma+m ¥

The frequency and phase responses of transistorized amplifier in <

=

the general case are asymmetric relative to the resonance frequency o

. B

)

3

—

-
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of oscillatory circuit w,. The degree of asymmetry depends on the !,g%
quality of duct/contour and relationship/ratio of frequencies 22 =t o

rp N L e
R
]
b
Equalizing the imaginary part of expression (2-175) zero, we |

find the frequency, at which the phase of system is equal to zero
m'_o = -——“'_'————e'-- (2' 17(\)) --.\-4.1
Vs N

Page 143.

.
-

The value of frequency Ww at which the transmission factor is
maximum, we find from egquation %_0

Oy = VE-——L' (2-180)- 4

whamfv;_;;ﬂfwrnu=%;m+VW+#;v=Vm—Vme%
M=t g B= e (0=38; bm2 (8 + Q1 — 20%%); d =20},

.“1
ainiactal

Formula (2-179) is precise, but on it is impossible to judge 3

graphically the change in frequency s with a change in quality Q.

For the approximate determination of frequency w. with ¢=0 it is

possible to use following approximation formula [51]:

ow=w, /1 - & (2-181)

Initial transmission factor of cascade/stage with the work in

the linear conditions

Ky = ———ofmimy (2-182),

s = (] 0 !
vhere Va+ou+s )

Py = Wyty, Pu .y = Ql(%'—‘?;) = Qui/u.
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With the work of cascade/stage in the functional and

quasi-linear modes/conditions transmission factor
S
K oRymymy

= —————mem—= (2—183
Va+r)a+r) ;
where p.ao.y..-a;-"—‘.

Taking into account condition (2-19), we find expression for the

conductivity of the nonlinear element/cell

Guea 7= £, (VU +p} ) (‘:‘)' - ;.% —_ 1) . (2-184)

For the narrow-band amplifiers, for which is fulfilled
inequality Q>>1, and broadband when wp>w, value y,-+0 and expression

(2-184) is converted into expression (2-115).

Page 144.

"Thus, conductivity and the volt-ampere characteristic of nonlinear

element/cell can be calculated from expressions (2-115) and (2-117),
i.e.

Guea = 8, (%—1)3 lyea = Uueabuens

where g',=g,: Umauz:‘.‘av..,,,"—t; - with the complete connection of
nonlinear element/cell to the duct/contour; g'.=g./M?,;; U = Veux.u¢2 -

with the incomplete connection of nonlinear element/cell from exit

'-
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side of transistor; g',=q,/M?,; Uswm =Uszsz - with the incomplete S

connection of nonlinear element/cell from entry side of the following

transistor (z - standardized/normalized output voltage/stress).

During the fluent analysis of expressions (2-176) and {(2-178) it
seems that the asymmetry of the resonance and phase responses of
nonlinear cascade/stage with an increase in the signal must grow,
since the energy factor of duct/contour is reduced. However, this not
thus. The asymmetry of frequency and phase responses, and also
passband in the nonlinear cascade/stage are less in comparison with
the linear, that has g amm €qual tO g s Of nNonlinear cascade/stage on
this signal level and at frequency ww This phenomenon can be
explained by the fact that with any change in the voltage of signal
on the oscillatory circuit in proportion to detuning the action of
nonlinear element/cell is such, that it reduces this change as &
result of a change in the conductivity of nonlinear element/cell guea.
and consequently,
g+- TO calculate the resonance characteristic of nonlinear
cascade/stage is very difficult, since in this case it is necessary

to solve transcendental problem.

Let us pause at the selection of transformation ratios m, and m,

with the work of cascade/stage in the linear conditions.

In work [22] it is shown that with the assigned passband the

. et et e T L R - . .- e e - . PN . - - .
A P I P L AP AP - O e e e R . - o . e e J
P PRI AP L W . Y. ) Somal e d LA YA SRS L S U . . N R R L T S T Y P S S T D S
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maximum amplification is obtained with the equality of those

introduced into the duct/contour of the resistors/resistances

. ' R R
R, =R, or Ll | QL (2-185)
11 [ 1] m: ;!"

When the maximum factor of amplification of cascade/stage K.
exceeds the value of the actually realizable dynamic range of LAKh in
one cascade/stage, the mode/conditions the agreements reject. In this
case the complete inclusion/connection of duct/contour from exit side
(m,=1) is applied, and value of m, is chosen from the condition of
the permissible shunting of duct/contour with the input resistance

R,; of the following cascade/stage.
Page 145.

~At the high values of input capacitance C,, is sometimes more
expedient value m, to take small, and the required passband to
obtain, connecting in parallel to duct/contour back-out resistor R
In this case the effect of the instability of capacity/capacitance
C.,. on the passband sharply descends. The method of expanding the
passband examined it is expedient to apply in the amplifier Qith the
ARU due to a change in the mode/conditions of the work of the

transistor, whose input capacitance considerably is changed in the

alignment procedure of amplification.
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%} In work {2] it is shown that the efficiency
9 = Muks
g' of broadband cascade/stage is greatest at the completely specific
E values of coefficient of m, and its shunting resistor/resistance Ru
'g The most fully possible cases of the selection of coefficients m, and
g m, are examined in work [67]. )
2
B
5 DECREASE OF THE REVERSE/INVERSE TRANSFER ADMITTANCE Y,,.
Parasitic feedback can be considerably weakened/attenuated,

using transistors with a small reverse/inverse transfier admittance
{ (transistors with four electrodes p-n-i-p); neutralizing the
3 self-feedback of transistor by means of external feedback; applying
o the composite/compound cascode circuit diagrams of transistors.
3 3
.E Applying special transistors with a small reverse/inverse p
- transfer admittance and composite/compound circuit diagrams of
§ transistors, it is possible to obtain stable amplification in the
: broadband. Therefore it is expedient to apply the first two methods
N

of decreasing the parasitic feedback in the wideband amplifiers.

- During the neutralization of self-feedback the stability of

..................
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amplification in a comparatively narrow frequency band is raised.
Because of this the neutralization is applied only in the narrow-band

amplifiers.

Questions of the neutralization of feedback in the
high-frequency amplifiers (UVCh) on the transistors are in sufficient

detail examined in works [42, 47, 52, 68]).
Page 146.

The neutralizatioq of self-feedback in the transistorized
amplifiers is realized, connecting to the amplifier the special
linear and passive neutralizing quadrupoles. The frequency and phase
responses of the neutralizing quadrupole are chosen so that the
external feedback would neutralize internal connection in the

frequency band.

The diagrams of neutralization can be reduced to four circuits;
series (neutralization of the type Z); parallel (neutralization of
the type Y); series-parallel (neutralization of the type h);
parallel-series (neutralization of the type g) or to their

combinations.

In the transistorized amplifiers there is a specific character

- N . f . . - .
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in the use/application of diagrams of neutralization. If dynamic DEDAY

range is reached with the help of the gain control by a change in the .f
voltage/stress on collector/receptacle Uy or the emitter current of o

w
b

transistor J,, modulus/module and phase of the coefficient of the
feedback of transistor are changed. Because of this the calculation
h and the selection of the elements/cells of the neutralizing
quadrupole, which efficiently functions in the broad dynamic band,

hinders. The elements/cells of the neutralizing quadrupole must be

calculated, on the basis of the average/mean value of modulus/module

and phase of the coefficient of feedback in the dynamic range.

For comparatively narrow-band amplifiers with ShDD, as shown in
work [8], a diagram of the type Y is the most acceptable diagram of

neutralization.

In work [68] it is shown that with the increase of frequency the
coefficient of the feedback of transistor at first is raised, and

then descends and at the sufficiently high frequency for this type of

transistor amplifier it works stably. During the appropriate )
selection of the connection/communication of transistor with the

input and output circuits (with the signal generator and the load)

the need for neutralization is eliminated. Therefore the creation of
.the serial wideband amplifiers of the oscillations/vibrations of

-
; radio frequency with the ShDD is facilitated independent of the
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method of gain control.

USE OF CASCODE CIRCUITS IN FUNCTIONAL AMPLIFIERS.

Is called the cascode diagram which consists of two amplifier
instruments UP, and UP, (Fig. 40), each of which can be
included/connected on one of three basic concepts: with the
general/common/total ones by base (0OB), by emitter (OE) and by
collector/receptacle (OKp) for the transistors or with the
general/common/total ones by grid (0S), by cathode (OKa) and by the

anode (OA) for vacuum lamps.

Page 147.

Nine combinations of the circuit diagrams of the first and second
amplifier of instruments are theoretically possible. For the
transistors:

' OB —0B OB —09 OB —OKp
09 —OB 03 —03 09 —OKp
OKp—OB OKp—03 OKp—TKp

For vacuum lamps:

OC —-0C OC —OKa OC —0A
OKg—0C OKa—OKg OKa—OA
OA —0C OA —OHmx OA —0A

In the cascode diagrams the load between the amplifier

instruments, as a rule, is absent and there is a conductive coupling.
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Because of this the combinations of amplifier instruments indicated
can be considered as common UP with the equivalent parameters,
determined by characteristics and circuit diagrams of the entering it

transistors.

Cascode diagrams great are applied in the transistor amplifiers.
To the analysis of the linear amplifiers, made during the
combinations of transistors, it is devoted the series/row of works

(6, 8, 51, 64, 91].

Let us consider the diagrams of power feed of transistors and
cascode diagrams from the point of view of the expansion of the

dynamic range of amplifier.

Depending on the method of the start of transistors by the
direct current and grid priming the diagrams with parallel, series

and series-parallel feed are distinguished.

With parallel feed (Fig. 4la) it is possible by more bending to
choose the mode/conditions of transistor on the direct current and
the method of its adjustment. With the series feed (Fig. 41lb) a
number of parts is decreased and current drain is reduced from the

power supply in comparison with the parallel version of feed.
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The need of applying the power supply with the increased ?f
voltage/stress is a deficiency/lack in the series feed. However, the 4;f

deficiency/lack indicated in certain cases can be realized as
advantage. In particular, with those increased supply voltage and
resistance/resistor of the load of cascade/stage, it is possible to
obtain the large signal amplitude, the selection of the nonlinear

element/cell, which shunts oscillatory circuit, is facilitated by

this.
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Fig. 40. Block diagram of the cascade start of two amplifier

instruments.
Page 148.

The more the series-connected transistors, the more supply voltage is
required, the more possible it is to obtain the voltage of signal on
the duct/conteur. With the series-connected transistors the maximum
amplitude of the voltage of signal on the oscillatory circuit can be
obtained in n of times more than in the cascade/stage with one

transistor.

It is natural that this can be obtained as a result of an
increase of the load resistance/resistor in n of times, which will
lead to the contraction of the passband of tuned amplifier
approximately/e#emplarily in n of times. Consequently, the method of
increasing the amplitude of output voltage/stress examined can be

realized in the narrow-band resonance or aperiodic pulse amplifiers.

If in the amplifier transistors are included/connected on the
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diagram OE- OB-OB--+-0B, then frequency properties of the equivalent
UP will be determined by the frequency properties of the first
transistor, connected on the diagram OE. Thereiore in the aperiodic
amplifier with an increase in the load resistance/resistor the
frequency properties of cascade/stage in effect will not deteriorate
until the inequality

: CoRo < *n
is fulfilled where Co and R, - capacity/capacitance and the total

resistance of load.

With high-amplitude onset of the voltage of signal on the load

the breakdown between collector/receptacle and base of latter/last

transistor can occur. For eliminating this phenomenon it is necessary

to carry out feedback on the alternating voltage between

collector/receptacle and base of latter/last transistor (Fig. 41).
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Fig. 41. Cascode circuit diagrams of transiscors with different feed

on the direct current: a) parallel; b) consecutive.

Rey: (1). V.

Page 149.

In this case the potential between collector/receptacle and base of
transistor remains constant/invariable, and transistor works

reliably.

During the use of transistors of two types the p-n-p and n-p-n
efficiency of compound configuration can be raised, applying the more
economical mode of feeding of transistors. To increase the level of
the output voltage of the signal is possible in the push-pull
transformerless diagram, which consists of the transistors of types
p-n-p and n-p-n. In this diagram the energy consumption from the

power supply in the absence of signal can be reduced to a minimum
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§ 5. Functional amplifiers with the nonlinear feedback. %_%

To regulate the transmission factor of cascade/stage with an J;F

increase in the signal is possible with the help of the active ?;ﬁ

nonlinear negative feedback on alternating current or voltage/stress.

FU WITH NONLINEAR FEEDBACK ON THE CURRENT.

The simplified circuits of amplifier stages with the nonlinear
negative feedback (NOOS) on the alternating current component of
common electrode UP are depicted in Fig. 42. The NOOS is realized by
inclusion/connection in parallel to fhe resistor/resistance of
feedback R of the nonlinear element/cell, whose resistor/resistance
(conductivity) is changed with an increase on it in the voltage of

signal Use o

On the constant component nonlinear element/cell it is isolated

from the cathode (emitter) by isolating capacitor ¢,

At the high frequencies /310 MHz in the vacuum-tube amplifiers
considerable by-passing of stray capacitance in the cathode circuit

of cascade/stage appears. Because of this the active nonlinear

v
—d

C e e e e o
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element/cell, shunted by stray capacitance, ceases to affect the T
transmission factor of cascade/stage, since at the high frequencies ;f{&
there is no negative feedback. jifq
. 4
1

For eliminating this phenomenon into the cathode circuit of

cascade/stage it is necessary to include the oscillating

duct/contour, tuned to a frequency of the reinforced vibrations.

Page 150.

During the calculation of the inductance of cathode oscillatory
circuit one should consider that the value of stray capacitance
between cathode and filament for different types of tubes varies from
3 to 10 pF, and capacitance value of mounting in the cathode circuit

can reach 5-10 pF.

In the transistor amplifiers at frequencies 35 f (for the

diagrams with OE) are exhibited the inertial properties of
transistor, feedback is complex and the effect of adjustment sharply
descends. For eliminating the phenomenon indicated in the feedback
loop is connected corrective capacity/capacitance Cy (Fig. 42b),
which together with the internal inductance of emitter
conclusion/output forms consecutive oscillatory circuit. Further

isolating capacitor in this case is not required.

...............

rh o baBl
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The internal inductance of the emitter conclusion/output
Leg = Ly + Ly,  (2-186)
where [,— structural/design inductance of emitter circuit; L, -
internal diffusion inductance of emitter circuit, determined by the
inertial properties of the transistor
L,a-z%.. (2-187)
1f we take for the transistor of the type P403 r;=50 ohm, f, =

200 MHz, then [ =004 uH.

Measured—structural/design inductance for high-frequency drift

diffused-bases transistor of types P403, P410
Ly=0,02+0,03 uH.
From expression (2-187) it is evident that with increase
inductance L[, is reduced. Therefore at very low value L, in the

emitter circuit it is possible to include further inductance.

Nonlinear element/cell is connected with the series circuit.

In the presence of oscillatory circuit in the feedback loop of

oscillatory circuit in the load circuit of selective cascade/stage it
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can and cannot be.

In the electron-tube selective amplifiers, as a rule, in the
feedback loop applies parallel circuit, in the transistor amplifiers

- consecutive.
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Fig. 42. Simplified circuits of FU with nonlinear current feedback:

a) on the tube; b) on the transistor.
Page 151.
Diagram with the active resistor/resistance or the parallel

oscillatory circuit in circuit of feedback. The complex transmission

factor of the cascade/stage

i Szlll
K=1+sm; (2-188)
where Z,., - impedance of load; Z.. - impedance of the feedback
Ro. .
Zo.q = T+ ’:.a ' (2-189)

xu=3—::=7',-+;::+t - complete conductance in the feedback loop; #&x -

resonance resistor/resistance of duct/contour;
" Po.a, t::_ i, -
bt A 2 Tt Tt vy

If duct/contour in the feedback loop is absent, then R, = o and
fo.0m f + T
Modulus/module of the transmission factor of the cascade/stage
K = — S50 By (2-190)

()

7
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In the presence of resonance y=0 transmission factor

SR,® (R)
Ko = g
Then the equation of resonance curve

1+ 3R, ,

Am — =

1 ] Vm i+ Sﬁo.c
( Vi ’)

+ %50

] In the purely active feedback the phase response of amplifier is

described by the known to expressions [59].

Page 152.

With the work of cascade/stage  in the linear conditions transmission

factor
SuRy
=R
where
1 1 1
8o.om = Py + Roen o &g + Eneam

since we consider that A.>A.

Whence, at given values g, §, and R

Runa. = —A=DR_
— ==

WALD-M

Ky

where 1= SRune

T T

(2-191)

(2-192)

(2-193),

(2-194)

(2-195)
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203
o To determine the analytical expression of the law of a change in
nonlinear conductivity guesro=/(Uua.c) with the work of cascade/stage in

the nonlinear (functional and quasi-linear) mode/conditions is

- difficult, since voltage/stress Usa.. depends on the value of the

nonlinear resistance

SR,
Usea.s = Uz sZ T'_i:é%: . (2-196)

In this case is obtained the complicated transcendental

equation, which can be solved graphically for each specific case.

To much more simply separately find analytical expressions for
dependences guea.o=/(Usn) aNd Uuwao=9(Uy,), and from them for each
specific case to calculate dependence 8uen. o = [ (Ugea. o) OF dynamic

volt-ampere characteristic of nonlinear element/cell Iuea. o = f (Usex. o)

Taking into account equations (2-191), (2-193) and (2-18), we
find expression for the common conductivity of the feedback
' S, (S) ]
boo = By = SO AT S Tagw =1 &1
where v( x)=x/2z, expressed through x.

Taking into account equation (2-194), we find
sz ™= oo — 8y (2-198)
Introducing the standardized/normalized voltage of signal on the

nonlinear element/cell, we obtain
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(2-199)
Page 153.

Taking into account formula (2-197), we obtain

LSO U+ S oo =8
Taea OB A+ SR -

(2-200%
In this case
Usea. s = Usx. aZnea (2-201)
Signal current, flowing through the nonlinear element/cell,

Tuen. o = Unea. cumea =
(S —gr ¥ @ PS)O(RY + IRy . 0) — 1}

- Ull-l‘ ) (‘+ . . (2‘202)

O-I)
The dynamic volt-ampere characteristic of nonlinear element/cell
can be constructed by the method of joint solution of equations

(2-101) and (2-202).

Transmission factor of transistorized amplifier, connected on

the diagram with OE, with negative current feedback accordingly [22]

(2-203)

PO T S
D Ve 142,68+

With effective resistance R,,

S , 2.204
K= T (wteg) (1 + By SO (-2
e

where S, =S8,+¢; '“-'7+]o.e(£-+ﬂ i 76.0a=re+Ra o - parameters of transistor

at the presence of feedback. Usually S¢P8& it is possible for the
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approximate calculations to take S',=S,. with resonance p=1. -;j
o]

LN

R

Expression (2-197) correctly also for the transistor amplifier éli

, -

during the replacement in it S on S§',. Frequency factor Vi+ (00t) 1N ';ﬁ
the denominator of expression (2-204), which considers the decrease lﬁi
—]

of mutual conductance of transistor with an increase in the

e

frequency, is decreased, since value gsa is found from the ratio of

. s K .
transmission factors i:,whlch does not depend on frequency.

- . e e
REEE 1ok S
e . T d
PR B PR S S AR Y]
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PR R SV ATV
aiand Rioiodsias s

Page 154.
Frequency factor must be calculated during calculation zwa OnN _éﬁé
the basis of formula (2-199), substituting in formula S==§%%%g%, f?‘
ws -
-]
Diagram with the series circuit (Fig. 42b). The modulus/module ;:4
of the transmission factor of the electron-tube resonance ~i%
cascade/stage ox T
K=srarsgy (2209

. RZ! —_—
where 2Z,.= =i Zy=r'Y1 -~ worsened/impaired resi r/resistan

e oo =gxzr n rVi+et, sened/imp sistor/res ce
of series circuit; . .pRp.,+rr - resistor/resistance of the losses of
duct/contour; po.e=yQs s =-5-— the worsened/impaired quality of

duct/contour in the feedback loop.

Wi
In the presence of resonance y=0 L
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K= (TSR~ SR, (2-206) |2 .:."_.;:1

RS

For obtaining the FAX conductivity g.. must be changed according
to the law (2-198). Then the resistor/resistance of the nonlinear

element/cell

(2-207y

Standardized/normalized voltage/stress on the nonlinear

- element/cell
.::S:l SRO.G . R“Oﬂ _
ey Twea = I T TFR D Rug +7° (2-208)

With r-+0 expression (2-207) and (2-208) they are converted into

X expressions (2-198) and (2~199).

In the case of transistor amplifier at the series resonance

. frequency in the feedback loop expressions (2-207) and (2-208) are

> also valid. However, in this case in expression (2-208) it is
necessary to substitute S=§,/( V1i+(wr)?).
For the vacuum-tube amplifiers in many instances it is possible
;;.-‘v
e to count the load of the cascade/stage of constant and function
&3 ®(R)=1l. For satisfaction of condition ®(R)=1 in the transistor
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amplifiers it is necessary between the nonlinear cascades/stages to

include the untying emitter followers.
Page 155.

From expressions (2-197) and (2-207) it is evident that the law
of a change of resisting the nonlinear element/cell and,
consequently, also the form of its dynamic characteristic depend on
slope/transconductance of UP, value of the resistor/resistance of
feedback R and value of the voltage/stress of triggering/opening
(closing) on the nonlinear of elements/cells, which determines

initial value Rpe.s and, consequently, Rocax

During the calculation of the dynamic volt-ampere characteristic
of nonlinear element/cell and dependence Sfuens=f(Usaos) 1t is
expedient to construct functional deéendences Bsea. o = f(2) and
Znea = ?(z), @and on them - curves guea. o= N(Tuea) Or Huen o= M (Zuea)y Which can
be used for the construction of the volt-ampere characteristics of
nonlinear element/cell or-dependences gxen.c = f(Usea.s) with different
values Uu.s This construction is made in the work of the author (7,
8l. ' .

During the calculation of conductivity gueao tO &irectly take

into account a change in the slope/transconductance of UP in the
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dynamic range is impossible, since conductivity gues. voltage/stress
Usen.o voltage on control electrode of UP and mutual conductance of UP

of mutually each other cause.

If passage characteristic of UP has considerable linear section,
also, as a whole the nonlinearity of characteristic of UP small,
& then, by taking into account linearizing action of feedback,

gi dependence gsas o= /(Usao) it is possible to calculate first for

L S =Sy =const, and then to make more precise calculation with the large
voltages of signal.

If the nonlinearity of passage characteristic is pronounced,
dependence gusso=/(Usea o) Must be calculated by the method bf

iterations.

From expressions (2-197), (2-198) and (2-207) it is evident that
for the realization of FAX with b=var (4) is required the nonlinear
element/cell with 2nd type characteristics, and with b=var (4¢) - the

lst type.

A change in the input parameters in the dynamic range is one of
the deficiencies/lacks FU with consecutive nonlinear current
feedback. In particular, in vacuum~tube amplifiers the input

capacitance of cascade/stage over the dynamic range is changed,

...................
..................................................
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approximately/exemplarily, according to the following law:
. 4 X
C“o o0 ™= 1 +S'R°. o ] (2‘2%)
where Cy— the input capacitance of amplifier stage without the .
feedback. This produces change in the total capacitance of the load

of the previous cascade/stage.

In the transistor amplifiers the law of change Cu.oe is more

complicated.

Page 156.

In the broadband and selective amplifiers, when the
capacity/capacitance of oscillatory cir;uit is small, with a change
in capacity/capacitance (., it can considerably be changed the energy
factor of duct/contour, frequency and phase responses. However, with
the appropriate selection of the circuit elements of a change in the
energy factor of duct/contour Q it is possible to reduce to a

minimum.

The schematics of unipolar and bipolar logarithmic amplifiers
with nonlinear current feedback on the tubes and the transistors are

given in works [7] (Fige 63, 68), [8] (Figs 54, S8).

On the basis of the given theoretical and experimental studies

.........
.
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of logarithmic video amplifier with nonlinear current feedback of

cathode (emitter) it is possible to do the following conclusions:

1) the range of LAKh of one cascade/stage it is possible to

obtain to 28-30 dB;

2) if as the nonlinear elements/cells are used germanium diodes
D2 or D9, then the greatest dynamic range of LAKh of cascade/stage is
obtained during the voltages/stresses of triggering/opening

Uo=0,1=+-0,15 Vv and the resistors/resistances of feedback R=3-6 kiloohm.

The LAKh of electron-tube cascade/stage begins with input

voltage Usp g=20+30 mV, transistor - 3-6 mV;

3) the slope/transconductance of LAKh of amplifier and its
dynamic range it is easy to change, changing voltages/stresses [, on

the nonlinear elements/cells;

4) in the multistage electron-tube and in the transistor
amplifiers with the untying emitter followers it is possible to carry
out a strictly successive work of nonlinear cascades/stages and as a
result to obtain LAKh in the range 80-90 dB with the relative

accuracy in voltage/stress dU=3% and in slope/transconductance

S0=~15-25%;
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5) vacuum-tube amplifier is not overloaded, it does not lose
sensitivity and reinforces signals according to the assigned law to

10-15 V, transistor amplifier - to units of volt;

6) the divergences of LAKh of a n-cascade amplifier, caused by
aging and exchanging transistors, it is possible to eliminate the
change in the bias voltages on the nonlinear elements/cells in the

cascades/stages, in which were substituted the transistors or tubes;

7) amplifier stages are included by a deep direct-current
feedback; therefore diagram has sufficiently stable parameters.
Instability of LAKh with a change in the temperature in essence is
determined by the instability of the parameters of nonlinear
elements/cells. For increasing the temperature stability LAKh it is
necessary as the nonlinear elements/cells to use silicon

semiconductor diodes.
Page 157.

FU WITH NONLINEAR FEEDBACK ON THE VOLTAGE/STRESS.

............................

The parallel connection/communication, which is realized by the
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inclusion/connection of resistor/resistance Rua between the output
and input terminals of amplifier, is most widely used voltage

feedback. Simplified circuit OF FU on the tubes with parallel

nonlinear voltage feedback is shown on Fig. 43.

_—a—:

-4

3

Py,

The resistor/resistance of nonlinear element/cell Rues Whose Lo
value is changed with a change in the value of the voltage of signal, ;

1s the resistor/resistance to feedback. Consequently, with a change

. . . . Rk
in the value of signal amount of feedback is changed, which produces —_i
change in input admittance of cascade/stage and transmission factor

of the previous cascade/stage.

In connection with this for the realization of assigned FAX it
1s necessary to examine two series-connected cascades/stages, which

let us conditionally name nonlinear pair. Transmission factor on the

T SO

voltage/stress of the pair
k.= k.k, (2-210)
where K, and k, - respectively the transmission factors of the first

and second cascades/stages of pair.

For the vacuum-tube amplifier according to work [56]

s‘ - ?.- o2 = yﬂln —~ S. - Ym (2-211)

K- - )
' ?1+ann3+yl.ol+?lu Yurpa"'ylu

since usually (especially for the pentodes) are fulfilled by
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inequalities Vea»Yea and Py dt.

1- s-y.l.ﬂ x S|
Y. + Ywm + Yc.o + Yns ?nwl + Yuz'

K (2-212)

since for pentodes §»VY,.

Input admittance of the second cascade/stage

Ynﬂ-"yo‘f‘(yxo";‘l.l)(i'—xl)'

oA
-;}.4

-
1
’_1

Tt a ‘a
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A
s Fig. 43. Simplified circuit of FU with parallel nonlinear voltage L

- -4
< feedback. X
s :
3 Page 158.

- Since gua»Y.o and the second cascade/stage is loaded to the
AN effective resistance (the aperiodic amplifier in the region of medium
% frequencies or selective amplifier at the resonance frequency),

W according to work [56]

822 = §o + guea (1 + K,).

- With the work of tube without grid currents g,=0. Then
- 8rx2 == guea (1 + K3).

3 Substituting the wvalue of K, and K, in (2-210), we obtain ]
:- Sl (Sl— gnqu) 2.913 :
% : Ko = {8y + buea (* + &Ko)l (o + Eyen) ' (2-213) ]
o

where , - i = Guarpts 83 = %‘ =gmma ~ are constant values.
With the work of pair in the linear conditions

- ‘ S 1w (Son — Byen. v R 4

e Kou= (81 Byen. u (1 + Koyl (63 + Cyen. o) (2-214)

. Taking into account expressions (2-18), (2-213), (2-214) and

,; solving them relative to the conductivity of nonlinear element/cell
o

...............
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gwens we obtain
S P (84) Sy3® (Sg) ~ G1s? (5)

= . 2.915
Bues = 7 () (61 + s + 5@ S| + 54,P (30 (2-219)

She voltage of signal on the nonlinear element/cell according to

Fig. 43
Unu. ¢ = Ulux -~ U-xz = Upux — Uauxts (2‘216)

where {,; - voltage on the input of the second cascade/stage, equal

to the output voltage/stress of the first cascade/stage.

Normalizing voltage/stress Uwa o we obtain

where
- UIHXI = _KL_ z (9'218)
ZI E aiXx. 8 Ku. 0 ) -

Current through the nonlinear element/cell

Tuea. ¢ = Uuen. cBuan. o = Um.u(’*z%-“)@un. o (2-219)

Page 159.

For the transistor amplifier, assembled on the common-emitter

connection, according to work [22] we have

(, - 5 S 20
Sl ey ey ek ey sl S el
Ky w3t xS (2-221)

Yo+ Vourps  Tuarps

since it is nossible to consider that )’f.,,>};., and Yuma>7Y, Input

admittance of the second cascade/stage

?m-?.—},MK'-?.‘*S‘v‘!E-:;.
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( . . N
N Transmission factor of the pair e
vl o
Ko=K.K, 2 . @222 oo
- WA
EN Taking into account expression (2-118) and solving relatively -
gueas We obtain
i Gnea. ¢ = S14® (S) 32-;@ (S.l)"yu'arpz (Yllll'pl +Ya) Ky 42 (3) . (2-223y
R Sp® (S3) Ky, 7 (2) EN
A N S o
.“. . . . . - - ‘ot 1 ::.
For aperiodic amplifier Y,=q,, Ywagw,.‘_g..*..a_;_, Yt =81 =1 ;
for the resonance = Yurpt & fosis Yygrpe = foet + & Where g, -~ the active =
X _component of input admittance of the first cascade/stage of the o
following pair. -]
J-‘.: :-4
I-- ;
,ﬁ; Expressions (1-216)-(2-219) are valid also for the transistor ?
','::;‘: amplifier. ]
:3'_: From expressions (2-215) and (2-223) it is evident that for the
:§;I realization of FAX with b=var (}) is required the nonlinear
.

element/cell with lst type characteristics, and with b=var (t) - with
::-._: 2nd type characteristics.
X
During the calculation of dependence gue o=/(Uua. o it is first
necessary to calculate zg;=¢(z) and Sua.c=¢(z), and then for
-
" concrete/specific/actual values Kow K, and Uwm.ax - curved
J\ §wes.o = /(Uuen.s) Oor dynamic volt-ampere characteristic of nonlinear
'.'_f
S P4
.::
:
”a
§ N
L
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element/cell. R
Page 160. ;:]
1

The character of curves gmess=/(Useac) depends on value K. and i

ratio of the factors of amplification of the first and second et
. . - K ' . L

cascades/stages in linear conditions 1==EE.The value of coefficient ¥ ~¢-j
1u T

it is necessary to choose more than one. With value y<1, in the first S

place, the second cascade/stage is considerably overloaded by large

signals, which is especially noticeable in the transistor amplifiers,
and, in the second place, diagram can prove to be virtually
impracticable from the point of view of obtaining the required

amplitude characteristic of pair.

During the initial calculation of dependence ¢ues.o=f(Usea. o)
possible to take into account a change in the slope/transconductance
only of first amplifier instrument S,, and a change in
slope/transconductance S, second UP can be taken into account, using

the method of iterations.

It is necessary to note that the input resistance of the 1lst

cascade/stage of pa.r in the transistor amplifiers also noticeably is j?i
changed. For facilitating of tuning/adjusting and adjustment of )
logarithmic transistor amplifiers on the pairs it is expedient .
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between the pairs to include the untying emitter followers.
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[ Besides the circuit solutions examined, functional amplifier can ]
T o
e

=L be made with the complicatedly nonlinear feedback. The results of

o : o . . s

- experimental research and fundamental amplifier circuits with the ORI

o TS

0 nonlinear feedback on the transistors are given in work [8] and (Fig. 2

-:‘; 64' 73)0 ’44.1
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Page 1861.

Chapter 3.

FUNCTIONAL AMPLIFIERS WITH AUTOMATIC GAIN CONTROL.

§1. Classification and comparative evaluation of diagrams of ARU.

Classification of diagrams of ARU.

For obtaining FAKh in the selective and aperiodic amplifiers it

P I
R O R

is possible to apply ARU, accomplished with the help of the ;ii

Pt
W
.

AR A i,
| RPN YR

controlling voltage/stress. Examining an amplifier of any type in the

2" .
g LA
« &

form of active electrical network, it is not difficult to see that

r s
PYN

0 e .
DS
P

P

the transmission factor can be changed, changing:

¢

fre,
'P

1) the slope/transconductance of passage characteristic of UP;

2) equivalent resistance of load;

3) transmission factor in input or output circuit of

TR T T et . ot e .
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::..j-

}3 cascade/stage.

b The slope/transconductance of passage characteristic of UP can
?ﬁ be changed, changing the operating mode on the direct or alternating
N

Y current (by change in the depth of negative feedback). The second and
h . . .

?63 third methods can be carried out, applying the controlled

e attenuators.

i In accordance with this let us note the following methods of the
Lgi automatic adjustment of the transmission factor of cascade/stage; a
fﬁ change in the mode of operation of UP in the direct or alternating

o

B current (change in the depth of 00S); a change in equivalent

s resistance of load or transmission factor in the input (output)

I‘;: L]

xj circuit of cascade/stage.

’%ﬁ The possible circuit solutions of ARU are enumerated in Table 2.
b

25

n In terms of the method of supplying the controlling

Sj voltage/stress of diagram of ARU it is possible to divide into the

DY

W .

WA looped systems (Fig. 44a), when controlling voltage/stress v is

o

¥ .

— supplied from the subsequent cascarl2s/stages in previous (ARU back)
;% and the system without the feedback (Fig. 44b), when the controlling
:.:3 .voltage/stress is supplied from the previous cascades/stages into
-— following (ARU forward). Any system of ARU encompasses the regulator,
(YK --

3
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which usually consists of detector (D), amplifier of requlator {(UR)

and filter (F).

~

Page 162. ‘f
Regulator (R) under the action of output (Fig. 44a) or input (Fig. %:ﬁ
__~}4b) voltages develops controlling voltage/gtresscu.which enters the h%é
adjustable cascade/stage (RK). So that the regulator would f;;
operate/wear on the completely specific signal level, to it is given 5;3
_cutoff voltage U, (voltage/stress of delay). Voltage/stresslh-can be ;fq
given to the detector of ARU; to the amplifier of regulator and to fﬁﬁ

the circuit of the controlling voltage/stress (to the further i:g
element/cell in the circuit of filter). In accordance with this Efl

Up = K phn (Use. o — Ua; o

Up = Ky(haUnz. 5—U4)i } (3-1)

Up = KykyUss. p— Un : j

where Uwn., - voltage of signal, which enters the input of regulator. ;Ei

For the system of ARU back '[{_.,, p= Uspx- fOr ARU forward =~ U p=U,; :
Ky-transmission factor UR; &y - transmission factor of detector. i;j

| System of ARU must operate/wear with the voltage of signal, i;i
‘ which corresponds to beginning of FAKh. In this case :i;
Uss.p = Up. pa=(Uss, OF Usar.s) Then according to expressions (3-1) ’

Us = Usx.5.5i T

Us = ks p. 5 (3-2) =

. Usg= KyphgUsz.p. w0 -——11
<
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.
System of ARU both with the reverse/inverse and without the Tl
feedback can have the diverse variants. The basic versions of system
ARU with the feedback are given in Fig. 45:
1) local ARU, when circuit ARU contains only the one adjustable Efi
cascade/stage (Fig. 45a); ;;1
2) multistage ARU, when circuit of ARU contains two (Fig. 45b), -]
three or n of cascades/stages (Fig. 4¢5c, d); 4;
3) crossed ARU through one (Fig. 45e), two or more than —
< cascades/stages.
In turn, multistage ARU can be with n regulators (Fig. 45c) and
with one regulator (Fig. 45d).
1
L
e e e e e T e e L oA L
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Fig. 44. Cascade/stage with the automatic gain control: a) ARU with

the feedback (ARU back): b) ARU without the feedback (ARU forward).

Key: (1). Regulator.

Page 163.

On the analogous block diagrams can be made the systems of ARU

forward.

In Fig. 45 filters in the circuits ARU are omitted, since during
the analysis of amplitude properties of FU we will examine the static

behavior of the work of amplifier.

In terms of operating speed systems of ARU divided into the
inertial ones (IARU) and moving rapidly (BARU). Speed of response of
system ARU is determined in essence by the elements/cells of filter.
The dynamic work of systems ARU is sufficiently fully examined in

works (36, 59, 65.70, 77, 93],
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The form of ARh of amplifier with ARU in essence is determined
by the transmission factor of regulator. By changing the transmission
factor of amplifier in the circuit ARU, it is possible to obtain
various forms of AKh of cascade/stage and amplifier as a whole. It is

obvious that the amplifier with FAKh with b=var(}) can stably work

« -
, -
.

only with ARU forward, i e., without feedback. System ARU with the
feedback can be used for obtaining FAKh with b=var(}). However, I
during the use of a system of ARU with the feedback the depth of the
adjustment of cascade/staqe (amplifier) cannot be obtained more than
some specific value and, consequently, also the inclination/slope of
ARh of cascade/stage (amplifier) with an increase in the transmission
factor Kp of amplifier in the circuit ARU cannot be obtained more than

completely determined.
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Fig. 45. The basic versions of system ARU witn the feedback.
Page 164.

Region 1, in which can be located AKh the cascade/stage

(amplifier), included by ARU with feedback, in Fig. 46 it is shaded.

1t
]

With an increase in the transmission factor K, (Kj &;', K and so

forth) AKh cascade/stage approaches an axis of abscissas. But in the

control systems with the feedback it cannot go in parallel to the

axis of abscissas. Consequently, with the aid of ARU with feedback it
is not possible to realize ideal limitation with the differential

transmission factor b=0. The system of ARU without feedback is

deprived of this deficiency/lack, applying which it is possible with
the appropriéte transmission factor &, to obtain the characteristic of i;_4
a cascade/stage of any type (curves 1, 3, 4 in Fig. 46). If,

beginning from some level of input signal Ue. the amplification of




2 DOC = 83138009 PAGE 2 §¢ - R

cascade/stage is changed according to the law _
K=" el -

T’ i

then with m=1 the characteristic of cascade/stage will go in parallel iﬁi
to the axis of abscissas (curve 3 in Fig. 46), for m<l the !
characteristic will have slope to the.axis of abscissas (curve 4) and :
with m>1 voltage at the output of the adjustable cascade/stage will =
grow with an increase in the signal (curve 2). The necessary value of 1
coefficient of m can be obtained during the appropriate selection of :j
transmission factor Ko This is explained by the fact that in the ;j

system in question the amplifier in the circuit of ARU is not

included by feedback.

In the system of ARU without feedback the time constant of

functioning can be selectaed very small. Consequently, this system of

gain control can be used for obtaining FAKh in the pulse aperiodic

‘
- & .'.';_' .‘-n
e i K"

and selective amplifiers, intended for amplifying the

g impulses/momenta/pulses of short duration.

Deficiencies/lacks in the system of ARU without feedback are: J
»3 the need for guarantee in the circuit of ARU of large amplification, \
- criticality to a change in the ambient temperature and to the
. exchange of network elements of ARU, especially in the transistor
E amplifiers. Therefore systems of ARU with the feedback are more

widespread.
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Fig. 46. Amplitude characteristics of amplifier with ARU.
Page 165.
SHORT COMPARATIVE EVALUATION OF SYSTEMS OF ARU.

In the vacuum-tube amplifiers the triodes, tetrodes and pentodes
can be used. If a tube of the pentode type is used, then its
slope/transconductance can be changed, changing voltage/stress on one
of the networks: control, shielding or pentode. With decrease of
voltage on control electrode operating point it is displaced from the
straight portion of the passage characterist@c of tube to the
curvilinear. Because of this with an increase in the harmonic signal
the nonlinear distortions of the reinforced signal grow. Therefore
ARU on control electrode of tube one should apply in the aperiodic
amplifiers of video pulses and in the selective amplifiers of the
harmonic oscillations, in load of which the fundamental harmonic of

the reinforced signal is selected.
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A change in the input capacitance with a change in the bias
voltage is a deficiency/lack of ARU on control electrode of tube.

However, a change in the input capacitance of tube can be
considerably decreased, join up of the cathode of the
resistor/resistance of feedback R,.. In this case input capacitance

accocrding to expression (2-209)

C - CII.I(QG(U)

sx. 0. 0. mm.
where @,(U,) and ®s(U,) - decreasing functions with the increase of the
negative controlling voltage/stress; Cu « - initial value of input
capacitance. <
It is the condition of the stabilization of capacity/capacitance

Cua with change U,
dc

=z, =0
9
Solving this condition relative to resistor/resistance Roa we
obtain _
S . -
%0 = 3, (P10 — 0Py
For calculation Roe it is necessary to know the analytical

expressions of functions Ps and ®c Expressions for ®s are given in

Table 9.
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Page 166.

Expression for @ can be determined according to the experimental
data. Resistor/resistance R.c must be calculated for the average/mean

value of the controlling voltage/stress.

Applying the method of stabilization examined, it is necessary
to remember that upon the inclusion/connection of resistor/resistance

Roo the initial transmission factor of cascade/stage is reduced.

The advantage of diagram of ARU on control electrode is that for
the adjustment a comparatively small control voltage is required and
power virtually does not consume the circuit of adjustment. In the

circuit of ARU the gain amplifier can be used.

With the decrease of voltage/stress on the screen grid the
passage characteristic of tube is shifted into the region of positive
voltages/stresses on control electrode. With the decrease of
slope/transconductance the extent of the linear section of passage
characteristic simultaneously is reduced. During the gain control on
the screen grid with the increase of signal nonlinear distortions
grow and upon reaching/achievement of the signal amplitude of a

comparatively small level the circuital currents of control electrode

of tube appear, which leads to the shunting of the load of the
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previous cascade/stage.

For changing the slope/transconductance of tube within
considerable limits the large controlling voltage/stress, congruent
in the value with the voltage/stress on the screen grid, is
necessary.

Due to the enumerated deficiencies/lacks the diagram of ARU on

the screen grid in FU in practice is not applied.

Special attention deserves the adjustment of the
slope/transconductance of tube by a change in the voltage/stress on
the pentode grid. The characteristics of a tube of the type 6Zh9P (on
the anode,'the cathode and the screen grid) depending on
voltage/stress oh pentode grid Ua for four values of bias voltage U, on
control electrode are given in Fig. 47a, and the plate-grid
characteristics at different values Ua~ in Fig. 47b. From the
characteristics given in the figure it is evident that the dependence
of the anode current of tube on Ua is almost linear in the
considerable range of chandeth;anodically - the grid characteristics
of tube with an increase in negative voltage/stress Usare forced

against the axis of abscissas; the extent of the linear section of

characteristic in this case not only is retained, but even increases.
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In view of the properties of tube examined the gain control in

the cascade/stage is realized without the nonlinear distortions with

Aodindedd b odda

. v .o
. G
IR L
Lt
Ll‘l.'.l.l.bll
adk

a change of the amplitude of harmonic signal in ShDD.

Page 167. iﬁ
;_i

Thus, gain control by a change in the voltage/stress on the pentode o

o.‘

grid it is necessary to apply in FU of harmonic signals with small

L

2

nonlinear distortions, in particular in the aperiodic low-frequency

1 amplifiers, used in the measuring equipment.

The advantage of the method of gain control in question is a

small change of the input capacitance of tube in the alignment
procedure, by deficiency/lack - need for supply to the pentode grid €$1
>
-

of the considerable negative controlling voltage/stress.

If as UP transistor is used, then the amplification of
cascade/stage by a change in the operating mode in the direct current ;;4

can be regulated:

1) by a change in the current of the emitter of transistor under . 3"
the effect of the controlling voltages/stresses Upon the current

emitter (positive governing) and base current (indirect adjustment);

[N ) PSPPI U VI PSP W Y ) S T LA VAP L PR I P UL T WP
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2) by a change in the collector voltage of the transistor of the
adjustable cascade/stage under the effect of voltage/stress of ARU on
the collector voltage/stress (positive governing), the base current
(indirect adjustment) and the current of emitter (indirect

adjustment);

3) by a simultaneous change in the current of emitter and

collector voltage/stress under effect Up

Systems of ARU, based on a change in the mode/conditions of
transistors in the direct—current, have a series/row of specific
special features/peculiarities in comparison with the electron-tube
systems of ARU. Their fundamental difference lies in the fact that
complete input and output conductances of transistors are very great
and are changed within considerable limits in the control [27, 42,

66, 69, 109].
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Fig. 47. Characteristics of a tube of the type 6Zh9P.
Key: (1). ma.
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The corollary of this is the decrease of the depth of adjustment; a
change'in the frequency of tuning/adjusting, passband, energy factor
of the oscillatory circuit and phase of output signal in the control;
the consumption of considerable power from the requlator, especially
during the positive governing in the current of emitter and in the

voltage/stress of collector/receptacle.

Let us consider the diagrams of adjustment from the point of

view of the efficiency of adjustment. Analyzing the input and passage

characteristics of transistor [8], we see that the parameters of

_.transistor and, consequently, . .also the transmission factor of

.........
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cascade/stage considerably are changed for the voltages/stresses on
the collector/receptacle less than 1v. When Uu>1yin especially in
the diagram with OB, change U, within large limits barely affects the
parameters of transistor and its amplifier properties. This
phenomenon is analogous with a change in the anode voltage of vacuum

lamp of the type pentode.

For low values?. when transistor works in the saturation mode,’
characteristic of transistor they converge and they change
inclination/slope, the amplifier properties of transistor are

reduced.

In the diagram with OE the range of change Uw in which a change
of the parameters of transistor is perceptible, is considerably more
than in the diagram with OB. Therefore it is possible to obtain the

required amplitude characteristic of the adjustable cascade/stzje.

With the low currents of base and, consequently, also the
currents of emitter, begins the cutoff conditions and the

amplification of transistor sharply falls.

Voltage/stress on the collector/receptacle with the

insignificant expenditure of power can be regulated by indirect

method, i.e., by the supply of the controlling voltage/stress into

:
9
4
L
4
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the circuit of base. In this case in the circuit of
collector/receptacle it is necessary to include/connect the
sufficiently high resistor/resistance (units of kiloohms) on direct
current [8]. This method of control can be applied only with the

low-voltage feed, which is not always justified.

Rather simple and efficient is the method of gain control a
change in emitter current [8]. In this case the controlling
voltage/stress can be supplied both into the emitter circuit and into
the circuit of base. With the direct method of control of the
adjuster considerable power is required.

<

For the realization of FAKh in ShDD it is necessary to change /.

and, accordingly, I« over wide limits. However, for a number of

reasons 1f 1s necessary to limit these limits.

Page 169.

The maximum value of collector cutoff current /us in the absence

of control signal is chosen:
1) from the condition of the maximum permissible power,

scattered on the collector/receptacle of load. Even the insignificant

heating of transistors due to action Ix can cause instability of ARU.

WA U WY W PO W T G Wil GHNET TR YRS R Thpy Wil W SR TS YAOT VT T WS W AT Y00 SV
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Based on this condition, value /«. for the transistors of types F401,

P402, P403, P41l and others must be chosen in the limits to 10 mA;
2) from the condition of obtaining the minimum power of control;

3) on the basis of reference data of the parameters of the
hf/VCh transistors, which are given for standard mode/conditions

In.uu:oas- m-A;

4) from the minimally permissible current of

collector/receptacle.

With decrease of /* with the decrease of conductivity g,,
conductivities g,, and g,, are reduced also. With what that value /u
is observed maximum relation 7;2%;-in which it is possible to obtain
the maximum transmission factor of cascade/stage on the

voltage/stress.

With the low currents of collector/receptacle and the large
signals the series/row of the undesirable phenomena appears, basic

from which are [34]: .

1) a deterioration in the temperature stability of the

adjustable cascades/stages as a result of the increase of the effect
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of the non-controlled current of collector/receptacle /w on the work
of diagram. Value /w is considerably more than /w for the common-base

circuit, given in the manuals;

2) the possibility of the transition of transistor into the
mode/conditions of self-detection, during which constant component I,
increases with the increase of signal and the work of system of ARU

is broken .

FOOTNOTE '. The mode/conditions of self-~detection is used as useful
phenomenon for the realization of gain control chapter 3, § 2.

ENDFOOTNOTE.

For the realization of assigned FAKh it is necessary to consider the

effect of self-detection or to remove it;

3) a sharp increase in the nonlinear distortions, what is
undesirable phenomenon during the amplification of the modulated
vibrations. However, in FU, the intended for the amplification pulse

signals, the phenomenon indicated is not substantial.
For the high-frequency transistors of types P401-P402, P41l1,

P416 and others the small effect of gain control by base current

(emitter) is achieved by a change in the base current from 50-100 wuA
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to zero, which corresponds to a change in the current of emitter from

3-10 mA to zero.

| R

Page 170. LT
S

If in the circuit of collector/receptacle load on the direct S

|

current (load resistance/resistor in the low-frequency amplifiers,
the resistor/resistance of decoupling filter in the tuned amplifiers)

is connected, then with reduction in current of emitter and,

consequently, also the current of collector/receptacle, in the

control voltage/stress on the collector/receptacle increases, in

st . .
P ] PR s .
nlaindn AR odt Ll

consequence of which the amplifier properties of transistor are
improved and the effect of control descends. Therefore in the

resonance cascades/stages, adjusted by the current of emitter, it is

necessary to apply series feed on the circuit of collector/receptacle

and decoupling filters of the type LC.

Let us consider the effect of a change in the parameters of

transistors for the resonance frequency and the passband of

amplifier. Let us assume that the adjustable transistor is included

in multistage amplifier and has respectively at the input input
oscillatory circuit and at the output - output circuit. If transistor
is connected to these ducts/contours incompletely with the

transformation ratios m, and m,, then input and output resistance

Eang G X A
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introduced into the ducts/contours and capacities/capacitances of

transistors are respectively reduced into m?, and m?, times.

According to worksI 6, 27, 42, 69] with reduction in current of
emitter input resistance Ru.ss introduced into the duct/contour,
increases, and the value of introduced input capacitance Ce w 1S
reduced, as a result of which input circuit is disturbed/detuned in
the direction of higher frequencies, and passband becomes narrow. The
contraction of the passband of duct/contour is caused by the fact
that a relative increase in the general/common/total resonance
resistor/resistance of R, of duct/contour due to increase Reumm is
considerably more than the relative decrease of total capacitance C,

of the duct/contour, caused by decrease Cu.m

Therefore product C,R, with decrease /[, ' increases, and passband

- is reduced.

Analogous phenomenon is observed also with a change in the
output parameters of transistor, caused by change [/, As a result of
an increase in that introduced into the duct/contour of
resistor/resistance Rsax the passband becomes narrow, and with
comparatively small decrease Cuusa OUtput circuit is
disturbed/detuned in the direction of higher frequencies. Although

percentage change in values Rua and Cux is less than Ru and G
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taking into account that the output circuit frequently is connected
completely to the collector/receptacle of transistor, the effect of

change Rus and Cuax cannot be disregarded.

Page 171.

During_the gain control by the decrease of voltage/stress on the
collector/receptacle resistors/resistances Rug and Rwa are reduced,
and Cu and Cua increase, as a result of which passband of input and
output circuits they are widened and ducts/contours are
disturbed/detuned in the direction of lower frequencies. Thus, during
the adjustment with voltage/stress on the collector/receptacle the
drift of resonance frequency and a change in the passband of
ducts/contours by nature are opposite to the character of a change in

these parameters at the adjustment by the current of emitter.

If we use combined gain control on the current of emitter and

the voltage/stress of collector/receptacle, then it is possible to

obtéin the higher stability of the passband and resonance frequency,
than in the diagrams with the adjustment only by the current of
emitter or with voltage/stress on the collector/receptacle. During
the combined gain control for input circuit increase/growth R and
decrease Cuw s with decrease I. are partially compensated by decrease

Ru.sa and increase Cue.sa with decreasel, Analogous phenomenon is

.......

lalalatata e’ 2" a4 o~ o~ s e TR SO

IR TE T
Il“l‘.'L'. “ 11_ lc L“l '. 3 . .

aalih




R A SR LI R

DOC = 83138009 PAGE F&@/

observed also for the output circuit. Since parameters HRes Reus. Csy and
Cwu nonlinearly depend on fes andU, During the appropriate selection of
the initial point of control on' ¥Ueor I, it is possible to ensure this

compensation to a greater or lesser extent.

From the point of view of the frequency stability of the best
the diagram of simultaneous gain control on the current of emitter

and the voltage/stress of collector/receptacle is.

The schematic of the tuned amplifier, adjusted by simultaneous
ones changing the current of emitter and voltage/stress on the
collector/receptacle, and its amplitude characteristics are given in

work [8].

During the gain control by a change in the mode/conditions of
transistor in the direct current the reverse/inverse conductivity Y,,
of transister is changed. Upon the start of transistor on the diagram
with OE and during the adjustment by base current (by voltage/stress
Uso) conductivity ¥,, insignificantly depends on the current strength.
Therefore in the selective amplifiers of radio frequency it is

possible to use the diagrams of neutralization.

Thus, in the implementation of FAKh in the transistorized

amplifiers it is most expedient transistors to switch on on the

I RN R

?KL.. |
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A diagram with OE and to apply gain control by change U,, (base

s current).

During the creation of FU with the adjustment by a change in the

mode/conditions of transistor in the direct current appear the
bt further difficulties, caused by the essential dependence of the i
o

parameters of transistor on changes in the ambient temperature.

Page 172.

Inverse current of the collector/receptacle of the transition is the

- main factor, which are determining the temperature dependence of the
2 work of transistor,
& Lo (t) = Lae®, ‘
:‘.; =0 .

where y=( 0.06+0.08)%0.01 deg-* - temperature coefficient determined ?
t: by the properties of semiconductor material.

For the stabilization of the current of collector/receptacle are
o applied different diagrams of temperature stabilization, in
particular, with the help of temperature-independent
resistors/resistances and the special thermistors, connected with the
circuit of the application of voltage of bias/displacement on the
base of transistor. As the temperature elements/cells the thermistors

of types RKMT-4, MMT-4 and other, germanium or silicon diodes in the
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dependence on the type of transistor (p-n-p or n-p-n) can be used. It

is more expedient to apply semiconductor diodes, since they have

thermal inertia identical to the transistors, while the thermistors
this property do not possess, in consequence of which it is necessary
to experimentally select network elements of the application of

voltage of bias/displacement.

During the temperature stabilization of mode/conditions with the

i help of the linear resistor/resistance of feedback A, connected with
the emitter circuit, the range of adjustment is reduced with increase
R, (48] with the given controlling voltage/stress. Consequently, for
obtaining the required effect of gain control with increase &, it is

necessary to increase the voltage/stress of adjustment.

For eliminating the deficiency/lack indicated it is proposed to
preserve the chain/network of self-bias in the emitter circuit, but
emitter to simultaneously connect with the output of filter ARU
through the semiconductor diode, ensuring the increased depth
adjustment of ARU and retaining the required mode/conditions of the
work of transistor [45]. In the patent indicated are given the
diverse variants of the fulfillment of diagram of ARU, moreover in

all versions transistor is connected on the diagram with OB.

The special features/peculiarities of the construction of

K
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channel of ARU are examined in works [27, 100, 101, 108].

For increasing qualitative indices of FU on the transistors are
applied the methods and the diagrams of the adjustments, which
earlier were not applied in the vacuum-tube amplifiers: the
controlled attenuators (dividers) and shunts, the adjustable feedback

and so forth [80, 81, 85, 97].
Page 173.

§2. Functional amplifiers with ARU with change in the mode of

operation of UP on direct current.
ARU on control electrode of UP.

For the realization of assigned FAKh it is necessary to the
amplifier instruments to supply Uy that is changed in the dynamic
range according to the law, which is determined by type of FAKh, form

of passage characteristic of UP and by type of system of ARU.

For developing the system of ARU of functional amplifier it is
necessary to know dependence U,=f(Uua.,), from which it is possible to
calculate the required character of a change in the transmission

factor Kp=/(Uu.o and to fit the appropriate component elements of
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where Uw - bias voltage.
Ui = —U. [N Bl U’ (3'7)
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For the transistor of type p-n-p
Ui = —Uqu+ Uy (3-8)
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where U, ., - initial bias voltage.

. PR
P Y
B IR A
' e el
PR R R N A
(O PN PR
4 St
A g b et

PRI
cdnnddh ol attdd

-w
» 1z
-
Lot
rd

] P ;e .
A
I e n N a4
s K ’
R & A oo
Py sy

JCCR ] R B '} . v .
PR ¥ e [ oA A

e e : A T A TR 2 I T T

PR R . sty R O S T LA

PR R Y . ! . s

Lt e . AN
v St e . R A T TR PR PR |
2. o W »

According to expressibn (2-20) for the synthesis of FU with ARU

/

it is necessary to have a dependence 0(8)'-.-1_(0.::_0_.1).._ which is the

»
#

}'.
=

function of the bias voltage and amplitude of input signal. Such
dependences for the most widely used approximations of passage

characteristics of UP are given in Table 9.

L}

Let us examine in more detail the case of piecewise-parabolic

5

approximation, which with degree of p=1 is converted into the

g

”~
) SN ‘A“j’ t ',‘A"L'J':_‘

P
1

piecewise-linear (polygonal). In this case (Fig. 48)

-Ub
cosd _.U_“'U_z‘." (3-9)

I m
where U, - cutoff voltage of anode current for the tube.
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FOOTNOTE !, Further index m is omitted. ENDFOOTNOTE.
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Bias voltage
UGI-UGI+UD-UO"‘UII.I+U.0 (3'10)

since Uega= Uo—Um.» Substituting Ues into expression (3-9), we obtain

woa-_a'.‘b'_"'_ﬂ, o (3-11)

[ V4
Whence

Up-U.g..(zmo—i). ) (3'12)

Page 17s6.

With the degree of parabola p=2 (Fig. 48a) the initial section
of characteristic is approximated more accurately. Therefore for more
precise calculation Upwith the low signals should be used

approximation with p=2, and with the large signals - with p=1.

Let us consider the case of the realization of the most widely

used linear and logarithmic.amplifiers of harmonic oscillations.

Linear amplifier.

For the linear amplifier according to expression (2-20) must be

implemented the equality 4
@ (S) =D (Y). (3-13)
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Then with the square-law characteristic of UP controlling

voltage/stress U, =0.

With the exponential approximation

-wWp
¢ (0 xUgy w =0
sl (WU, o "
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" the amplifier instruments: a) tube; b) transistor.
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<
' Whence
~ - 1 271 (10 g, y) @ (V)
,:-_' IUD, i 1 ln 1‘ (T’Uu. .) ’ (3‘14)
o :
s where [I,(1Uwm) =—//1(hHUn) - modulus/module of the complex variable
L
function first order.
o
(A
‘3: For the transistors of type p-n-p U, it is taken positive
- polarity, for tubes and transistors of the type n-p-n - negative.
> In the case of n-cascade amplifier, made on the block diagram
T
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(Fig. 45a), for the i cascade/stage
'll (Tun. " t) @ (Y)

Il ‘1IU.L " () ! (&15)

Up=+ %m
where U st =Uwm Kb Va.n - the input voltage of the amplifier, with
which the system of ARU operates/wears; Ku«- transmission factor of
cascade/stage. In this case it is assumed that all cascades/stages
are identical and have identical transmission factor.

Th
The system of ARU of the g-cascade/stage must operate/wear with

_ th
output potential of the %vcascade/stage

Usmpis =V sa = KE'Vsz.n
The transmission factor of regulator during the supplying of the
voltage/stress of delay on the amplifier of regulator according to
expressions (3-1) and (3-3) in the alignment procedure must be

changed Uni 1 ln 2/, (1Uys. u 0 (3-16)

. pt -13‘!1“..(3—1)' LU g, )

Ku=7

Generalized curves f=f(a) and t=f( a) on the assumption that
load cascade constant, i.e., @?(Y)=1, are given in Fig. 49: Curves can
be used for calculation Upand&, for different amplifier
elements/cells and values of the transmission factor of cascade/stage

KC

Curves Up=f(Usn) and Ky = f(Us) for the different values y and
are given in Fig. 50. From the figures it is evident that dependences

Up=f(Us) in form call to mind the transfer characteristics of
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- P
detector, in consequence of which it is possible to realize linear
amplification. It is obvious that to combine the objective parameter 1
of regulator Up=f(Uu.p) with that required is possible: along the axis —
of ordinates by a change in the transmission factor Koy of the

amplifier of regulator, along the axis of abscissas - by change in

voltages/stresses Us and Us.p (latter is realized with the help of the

divider, connected at the input of detector).

Page 178.

Let us consider the possible dynamic range of the linear AKh of
the amplifier, made on the high-frequency transistors of types

P416-P417, for which ¥=(10-15).

It is virtualiy established/installed, that the maximum input
surge voltage of radio frequency on the input of the cascade/stage,
made on the transistors of types P416-P417, must not exceed 0.5-1 V.
If we take Umumo=1V, then when ;=10auu =1 when ;=15 aue =15 If

we take the transmission factor of cascade/stage Ku=1U, then with y=10

. . . th
we will obtain values % for the i-cascade/stage of four-stage

amplifier, given in Table 10.

From the table and the figures it is evident that in the first

and the secondly cascades/stages a gain control in practice realized
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must not be. However, the dynamic range of amplifier is very small.
Therefore should be performed the amplifier, which consists of one or

maximum of two adjustable cascades/stages.

Experimental data with an accuracy (in limits of 10-15%)

sufficient for the practice coincide with the calculated ones. o]
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Fig. 49. Generalized dependences: 1 - B=f(a); 2 - ¢(=f(a).

Fig. 50. Curves of dependences for linear amplifier with ARU:

Up=!WUpg)i ===~ Kp=!Ush

Table 10.
4 4 3 3 ‘
%uan 10) 1 61 | 001
Upg. uancr® | 1 | O 0,01 | 0,004

-
.

Page 179.

T

3 SN

On the basis of theoretical and experimental studies it is

possible to do the following conclusions:
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1) with the help of ARU in the single-stage transistor amplifier

linear AKh can be obtained to input voltage on the order of 0.5-1 V;

2) with an increase in the number of adjustable cascades/stages
the upper limit of the dynamic range of the linear AKh of amplifier

is reduced.
Logarithmic amplifier.

With square-law characteristic UP according to expression (2-20)

and T able 9 for the amplifier, made on the block diagram (Fig. 45),

q—2a, (U, ,+Up ! g,
B e R Th Y (3-17)

Solving equation relative to voltage/stress Um we obtain
U’-(Cl'.—A -;—-)ﬁ—U,,., @‘ta)

where

A= (a3, —2a,U; ) D (V). ’
Expression (3-18) is correct for any FU with the substitution of

the corresponding values z.

As a result of the calculations conducted and experimental
research it is established/installed, that with the square-law
characteristic of amplifier instrument with the help of ARU back due
to a small adjustable section of characteristic UP successive work of

cascades/stages and, consequently, also precise LAKh can be realized
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in the two-stage maximum in the three-stage amplifier.

With the help of the system of ARU to in practice realize the
forward successive work cf cascades/stages is very difficult, since
in this case the transmission factor of requlator K, in the alignment
procedure must always be changed according to the complicated law in

the direction of decrease.

To considerably more easily realize LAKh in the multistage
amplifier, made on the block diagram in Fig. 45, in which the

amplification is regulated simultaneously in all cascades/stages.
Page 180.

In this case the running transmission factor of cascade/stage must be
described by expression (1-128), calibrated AKh - by expression

(1-132), .and the controlling voltage/stress

Up=(o—aV ) ~Ven (3-19)

where X and Z - standardized/normalized input and output voltages of

amplifier.

Curves U,={(2), calculated by formula (3-19) for different number

of adjustable cascades/stages n and on the assumption that @ (Y)=1,
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are given in Fig. 51. During the calculation the approximation of the
characteristic of tube 6ZhlP (12]

la=20+9¢;+¢f; Us.a= —16ia=1.
is accepted. From the curves in Fig. 51 it is evident that with an
increase in the number of adjustable cascades/stages desired value U,
is reduced and dependence Upy=f(Z2) approaches linear, which indicates
the possibility of the practical realization of precise LAKh in ShDD.
For the diagram for Fig. 45d, transmission factor & one should design

from the formula

I S
By =gt = g—t. (3-20)

As we see, for the realization of precise LAKh with the help of

ARU back with the simultaneous adjustment in all cascades/stages with
the square-law characteristic of UP it is necessary to take a number

of adjustable cascades/stages not less than 4-5.

With polygonal approximation (p=1) with the strictly successive

work of stages of the amplifier, made on the diagram in Fig. 45a f“;
1 1 2

1(0~$sin20)= 20 (1), @21), _

1

—

-]

1

T

4

N .
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Fig. 51. Curves of the dependence of the controlling voltage/stress _;
]

with different number of adjustable cascades/stages n.

Page 181.

) N

Aj o
sk

Expression (3-21) is transcendental and can be solved

graphically. After equation (3-21) is solved relative to ©, from

" 1 NN

formula (3-12) the dependence

1= gl =iG) Or  UymiGh

is calculated. The normalized curves n=f(z), designed for the
different values of coefficient of a, d=10 and when @(Y)={, are given
in Fig. 52. From the curves it is evident that the dependence néf(z)
is first nonlinear (with the work of cascade/stage in the logarithmic
mode/conditions) and then - linear (with the work of cascade/stége in

the quasi-linear mode/conditions).
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It is easy to obtain required dependence Up= {(Uu. ) with the
help of the regulator, which consists of the linear dc amplifier and

detector with the variable transmission factor with the low signals.

To considerably with more difficulty realize precise LAKh during

the simultaneous gain control in all cascades/stages. In this case -
- . 8
! { v Z
T(B-T sin 9) '}/I" (3-22) -— I-_}:'I]
The voltage/stress of adjustment for the i cascade/stage R
U,.a-UmcosO-}-Uu..« (3-23) 4
N b={
where U.“-zU.,,.K:"(%)T - voltage of signal on the input of the i-th

cascade/stage.

From expression (3-23) it is evident that the value and the law
of a change in the controlling voltage/stress are different for
different cascades/stages, that it is possible to realize only in the

amplifier, made on the block diagram (Fig. 45c).

With the approximation of characteristic UP by exponential curve

and the successive work of nonlinear cascades/stages (Fig. 45a)

7 - 1 (13U 3y, uy)
Up. 1hﬂm. | (3-24)
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Page 182.

The generalized curves B=f(z) for different values %: =1U, 4
with a=1, X«=10 and ®(Y)=1 are given in Fig. 53. From the curves
it is evident that the adjustment for values 2« =0.1-0.2 is
actually realized, when dependence B=f(z) at values of z=1-3.3 (which
corresponds to logarithmic mode/conditions) has nonlinear dependence,
and when z>3.3 - linear. When a,>02 the function B=f(z) approaches

exponential, which indicates the possibility of realization of LAKh

.with the help of ARU forward with the proportional regulator, when

ag <0,1 - dependence B=f(z) has complicated character.

Consequently, in the implementation of LAKh with the help of ARU
back necessary to choose value aw =0.1-0.2; in the implementation

of LAKh with the help of ARU forward - to take value ay,>03..
If we take y=15, K,=10 and ay=04. then Uwxwm =6 mV. Then the
cutoff voltage, which must be fed to the detector of regulator,

UimUpn st = Usrut Ku= 60 mV.

A successive work of the adjustable cascades/stages also can be
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carried out in the amplifier, made on the block diagram (Fig. 45c),

if we to the detectors of regulators feed the cutoff voltages:

Usi = Usax. u[(t — Dnd + 1], (3-25) o

where i - the reference number of cascade/stage with the reading from

the end/lead.
During the simultaneous gain control, when the identical law of {i
a change in the transmission factors of cascades/stages is satisfied, :j
variable voltage for the i cascade/stage of an n-stage amplifier i
(with the reading from the first cascade/stage) "]
5L o) 1
Up=Lin ———2xt : (3-26) d
1 '/2"-‘2." (’U“‘ .‘) _4

Curves Up,=/f(X), calculated by formula (3-26), are
approximately/exemplarily linear and have different
slope/transconductance. Greatest slope/transconductance for the

latter/last cascade/stage.

P R S R R

b
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Fig. 53. Generalized curves with the experimental characteristic of

UP.
Page 183.

q It is not difficult to see that precise LAKh in this case can be
realized with the help of ARU forward in the amplifier, made on the

block diagram, analogous to the block diagram, depicted in Fig. 45c.
For ARU back, made on the diagram, represented in Fig. 45c, 4, LAKh
can be realized with the simultaneous, but not identical work of the
adjustable cascades/stages. The calculation of the modes of operation

of such cascades/stages is very complex.

Tentatively diagram of ARU, made on the diagram for Fig. 45c,
can be designed as follows. First they calculate from formula (3-26)
of dependence U, =f(2), which have exponential character. Curves

Un=f(2) approximate by inclined straight lines, on which the

required transmission factors Kn of requlators are determined. The
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final fitting of amplifier with LAKh is realized experimentally by a
change in the transmission factor &mw of cutoff voltages and initial

modes of operation of UK.

The obtained relationships/ratios can be used during the
amplification of pulse and continuous harmonic signals for
calculating the amplifiers of the bases of self-bias. During the
amplification only of pulse radio signals it is possible to calculate

amplifiers, also, with the self-bias.

During the calculation of the controlling voltage/stress in
amplifiers with the self-bias, intended for amplifying-the continuous
harmonic oscillations, it is necessary to consider the reaction of
the circuit of self-bias (in the vacuum-tube amplifiers) or circuit
of heat stabilization (in the transistor amplifiers). Character and
degree of reaction depends on the form of passage characteristic of
UP and value of the reinforced signal. With the increase of signal
from some specific signal level, ARU due to the nonlinearity of
passage characteristic of UP comes into action. As a result is
observed the combined gain control of cascade/stage both due to U,
that coming from regulator and due to a change in the voltage/stress
of self-bias, caused by a change in the constant component of anode

(collector) current.
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Functional amplifiers s to are, based on the nonlinearity of the

characteristics of amplifier instruments.
Principle of the operation of diagram.

The automatic gain control due to the nonlinearity of UP can be
used in the amplifiers of harmonic oscillations both on the tubes and

on the transistors.
Page 184.

The simplified circuits of cascades/stages with ARU, based on the
nonlinearity of UP, are depicted in Fig. 54. Cascades/stages can be
made on any of the amplifier circuits, given in Fig. 54, or on one of
the cascode diagrams. However, in all diagrams mﬁst be
general/common/total element/cell - sufficiently high controlling
resistor/resistance R, on which the constant component of

voltage/stress AU, caused by nonlinearity of UP, is selected.

In the case of transistor amplifiers the controlling
resistor/resistancé in principle can be connected with the emitter
circuit or base, but, for representing an improvement in the
temperature operational stability, it should be switched on oniy in

the emitter circuit in any circuit diagram of transistor.
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The diagram, depicted in Fig. 54c, differs from diagrams by 54a,
b and d only in terms of the polarities of the voltages/stresses,
applied to the electrodes of transistor, and to opposite directions

of the direct currents, flowing on the circuits of diagram.

In the external outline the diagrams in question do not differ
from the usual diagrams of selective cascades/stages with the
self-bias (or temperature compensation for the transistors).
Difference consists of the values of elements/cells R and C of the

circuit of self-bias. B
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o et a et ., . v, - -~ e LN L . . .
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Fig. 54. Diagrams of resonance cascades/stages with ARU, based on the
nonlinearity of the characteristics of amplifier instruments with

common: a) cathode, b) grid; c) emitter; d4d) base.

Page 185.

3

, . : : . : <

The high resistor/resistance R, connected with the circuit of L
self-bias, is shunted by capacity/capacitance C, whose value is ]

selected so that its resistor/resistance for the reinforced

high-frequency signals is small, and for the signal amplitude E

envelope (.y slowly varying component of signal current) - very l;ﬁﬁ
large. In the absence of signal on the input of the cascade/stage

.4
. g
through resistor/resistance of R the direct current of amplifier L“—ﬁ
instrument (cathode or emitter) flows/occurs/lasts and on it is ,3
selected, large direct/constant voltage U, which by negative : ‘}
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(diagrams a, b, ¢ in Fig. 54) or positive (diagram c in Fig. 54)
potential is applied to glass of tube or to the base of transistor.
For compensation U and creation of normal bias voltage Uew (Ueax OF
Us.0) into the circuit of the grid of tube (or the base of
transistor) the compensating source of positive (negative) voltage E

with the low internal resistor/resistance is connected.

The low internal resistor/resistance of source E is necessary
for the exception/elimination of effect on the work of the system of
ARU of grid (on the high signal levels) or base current, and also for
increasing the operational stability of transistor diagram with a
change in the ambient temperature. The value of voltage/stress E for

the transistor amplifiers is chosen from the condition

| £E|—|F Uu|=| 2 Uauls (3-27)

for the electron-tube ones -

| ~Ua|~=|+ E|=|=Ussh (3-28)
where Ua - initial voltage/stress on resistor/resistance of R in
the circuit of self-bias with absence of signal; - Ues - initial bias

voltage.

For the transistor voltage amplifiers py,, is chosen by the

usual method, on the basis of the specifications of transistor, given
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in the manual.

For the vacuum-tube amplifiers the operating point is chosen not
on the middle of the linear part of the passage characteristic at the
point of the greatest slope/transconductance, as is done in usual UK,
but on the lower part of the linear section of characteristic. In
this case the control of the amplification of cascade/stage begins
with comparatively small input voltage and at the same.time is

preserved the sufficiently large amplification of low signals.
Page 186.

The automatic gain control in the diagram occurs as follows.
During the amplification of low signals (for transistor amplifiers
Un<il mV) the amplifier works in the linear condit-ions, since the
nonlinearity of characteristic of UP is not manifested and the
constant component of cathode (emitter) current is not changed. With
an increase in the amplitude of input signal the nonlinearity of
characteristic of UP is manifested and the constant component of

cathode /ws (emitter l,.u)  current increases. Direct/constant
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voltage U on resistor/resistance of R and bias voltage in the
vacuum-tube amplifier (Fig. 48) increases, and, on the contrary, is
reduced bias voltage in the transistor amplifier, operating point A
is displaced to the left, average/mean mutual conductance and
transmission factor of cascade/stage are reduced. With a considerable
increase in amplitude Us of input signal the cascade/stage passes

into the operating mode with the cutoff of cathode (emitter) current.

During the amplification of radio pulses cn resistor/resistance
of R is developed a voltage of the detected video pulse (pulse
envelope), which is the voltage/stress of ARU. The speed of gain
control depends on values of R and C. It is obvious that for the
realization of ARU in the pulse amplifier the time of the charge of
capacity/capacitance C must be considerably less than the duration of

pulse ¢.

The effect of the control of amplification is determined by

value R, slope/transconductance and curvature of passage

characteristic of UP. Initial slope/transconductance, in turn,
depends on value U.s The greater the resistor/resistance, the

greater the effect of control.
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Thus, in tne diagram in question are combined the functions of

e w ¥

!i the amplification of the high-frequency oscillations and detection.
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Because of this there is no need for applying special detector and dc
amplifier in the circuit of gain control. In the diagram is realized
local ARU, whose operating speed in UK, made on the tube or the

high-frequency transistor, can be obtained sufficiently high.
Analysis of the work of amplifier.

As a result of analysis it is necessary to define how the
transmission factor of cascade/stage with a change of the input
signal in ShDD is changed, i.e., what form of the amplitude
characteristic of cascade/stage depending on the initial position of
operating point (from the value of voltage/stress U.s and value of
resistor/resistance R. For this it is necessary to define how the
constant component of cathode (emitier) current and the fundamental
harmonic of anode (collector) current in the dependence on the

amplitude of input signal is changed.
Page 187.

Let us analyze for two most widely used approximations of
passage characteristic of UP: quadratic (for the amplifier on the
tube with the common cathode) and exponential (for the transistorized
amplifier with the general/common/total emitter). In this case we

will consider that UP are inertia-free. Subsequently let us take into
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account their inertness during the analysis of transistor amplifier.

Quadratic approximation of passage characteristic of UP. As
shown in works (8, 11, 12], by the polynomial of the second power in
the defined section it is possible to approximate the characteristic
of both the tube and the transistor. For the tube this approximation
is suitable in the larger measure. Therefore let us analyze in
connection with amplifier on the tube, connected with the common

cathode.

However, the obtained conclusions/outputs will be accurate both
for the transistorized amplifier of type n-p-n and also for the
transistorized amplifier of type p-n-p only taking into account the

signs of voltages/stresses in accordance with formula (3-27).

Total voltage/stress, which functions at the input of
cascade/stage (Fig. 54a),
ey = ups (t) + £ —U. (3-29)

With input signal unx(t) = U, for the cathode current

I = 6y + a, (E = U) + a3 (E — U)* + 0,5a,U] +
+ [ay + 284 (£ — U)] U cosat + 0,5a30 % cos 2we.  (3-30)

Constant component (more accurately, slowly changing) /«wu. the
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amplitude of the first Ju and the second 7/, of the harmonics of
the cathode current
lenmay+a (E—0) +a(E—0) +05alh  (331)
Ty =8y + 22, (E—0U)| Up; (3-32)
I = 0,5a40 o (3-33)

The first and second harmonics without difficulty pass through
capacity/capacitance C, without creating on it noticeable
voltages/stresses. The constant component, passing through nucleus
CR, creates on it the voltage/stress, which increases in the value in
proportion to the charge of capacity/capacitance C. Charge rate C
determines operating speed of ARU.

<

Conservative value of voltage/stress U

U= I.: o (3-34)

.

Page 188.

Expressions (3-31) and (3-32) are transcendental and cannot be
solved analytically relatively Jua and /w. For determination [/uw
at the given value of the amplitude of input voltage Us. let us
compose the equation of Kirchhoff for the cathode circuit (Fig. S4a)

and will solve him relative to conservative value of voltage/stress

PO A e T LY e S

ST et LR TG Y Al RS S S SIS IS E T /AN S P S - s A et e ARSI S S o . S e g et e s o]
S . . Coe et A e . . B - AR A
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2“ .
.. (3-37)
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U:
Iu.n(‘)=13(‘)+10(¢)v (3’35)

where /g&(tf) - slowly changing current through resistor/resistance of
R; Z.(t) - slowly changing current through capacity/capacitance C.

Since

—_ In(t)-g.g_) u Ic(g)ac‘%"

taking into account expressions (3-31) and (3-35), we obtain

U

Cég+—= +a (E=U) ?
& TE=%tFa(E—U)+ oy (E—Up+ 05a,0,

After introducing designation E~U=U,=z and taking into

account that

a dz
7‘-3—3'

finally we obtain

ds 1
In steady-state mode/conditions z=2, and ‘%7,.0. Therefore

ayzy + (a. + -,’,) zy + (a. -£4 o,sa,ut,.) =0,

e bt

REBOR <Y S

L. .l.n-.'.',"
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b'g‘- !' N 2;
2 In the absence of the voltage of signal U,=0 and z=zu= g
.:-{ Uc. . . ._.,‘.:.:‘;
Ff‘3 E'—\ S 3
A ¢‘+ + c + - S ]
Usu=za= V . T ( R)- (3-38) -.'—‘—i
]
Thus, voltage/stress U. in the control varies from Ues to S
Usy After substituting expression (3-37) in (3-32), we will obtain ' f
-
formula for calculating the value of the fundamental harmonic of 5. 3
cathode current with the given amplitude of the input signal 'fff
SO
_ XU —E o ] 3-39)
[“‘=U."—-§-+V(¢t+7) —4%(% R) 204U m|- ( RS
| By
Page 189. N
It is necessary to note that from formula (3-39) it is possible klwi
to calculate amplifiers for comparatively low input signals e
(Umsx K Ug—Uo. w26~ for the vacuum-tube amplifier; o
1 . - '_]
Umss <Ucx—Uo=02e¢ - for the transistor). With high levels of the b
signal, when UP works with the current cutoff, it is expedient to ;fﬂ
approximate passage characteristic by the broken straight line (Figq.
T
48) with p=1. k..
Let us find the connection/communication between current [Ixa
and angle of cutoff 6, for which let us register the equation of the
cathode characteristic:
Iy =Sy (Us + Ud) oSy (Ug+ E—1I, R + Uy cos at), (3-40)

e T PR . ST .
U . . et =T P - . .. - .
lLi._‘ M I AN T B N - - . . . . - . . . -
4 o v N n Fy X - et VR T W U Y A‘-‘- O 3 - - -l S e e aa & w m At A et a A el Wl el el e el -
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where S«=tga - slope/transconductance of cathode characteristic.

The dc current component Jxa during the resolution of current

i« in Fourier series .

S, (0(U Umsinf)
PR XA ELPLL) o4t

After taking in formula (3-40) wt=0, we will obtain

D

IuomUatEtUnont 2 T
S
During the joint solution of equations (3-41) and (3-42) T
1Us + B) E
®

Uﬂ"iﬂﬁﬁﬂ:ﬁfiﬁﬁﬁﬁail' (3-43) ﬁ
For the transistor of type p-n-p (according to Fig. 48b) ﬁ
b= 8u(—Us + aa); (344) ?
Io.n-—uo-*-zitﬁi“.; (3-45) ]

= (B —U,)

U'-'E,_R.ino—(-+§.ﬁl') cosl’ (3-46)

Dependences [, n=f(Umsr)and Iy, = f(Ums) fOor the tube on the high
signal level are calculated in the following order. First by formula
(3-43) is found dependence Umw=/(®. being assigned by values 6, and

[ then according to formula (3-41) or (3-42) for given values U, and

6 is calculated conductivity Iy g= f(8)

. :':“I‘i".
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After this from tabular values of the coefficients of expansion a,(4)
by constant component and «,(d) of the fundamental harmonic of anode
current are calculated dependence /ua = f(U,), and then amplitude
characteristic of cascade/stage according to the formula

Umx = I:lRo- (3'47)

where Ju=/lu—TIi=(075+08)/y - amplitude of the fundamental harmonic

of anode current; Ro - the total resistance of load.
For the transistors the calculation is carried out analogously.

During the calculation of AKh of the cascade/stage, loaded to
the analogous adjustable cascade/stage, one should remember that its
load is shunted by the input resistance of the following

cascade/stage, which is changed with an increase in the signal.

Calculated curves of the dependence of the bias voltage and
fundamental harmonic of anode current for the tube 6Zh3P at two
values of initial bias voltage U,, and different values of
resistor/resistance of R are depicted in Fig. 55. The same figure
shows the experimental points, which coincide sufficiently well with

the calculated ones.

Chead

3
.
Aod

i
4,
‘e,

1"
b 2

s




IO S\ B DO D St it i Yaly ) S St B A A DA A N A O A A A A A T S

DOC = 83138010 PAGE 33(

Being congruent/équating Fig. 55b with Fig. 13, we see that j;
curves /y = /(U.,) by nature coincide sufficiently well with the curves o

z=f(x) for the logarithmic amplifier. Therefore it is possible to
carry out a successive work of cascades/stages and to obtain precise

“
1
LAKh of multistage amplifier in ShDD. R

..............................
.........................
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Uca.0 R= 10 los M@
5 i
1S
& 4 .
Ucan ‘2.50' ! 2 ow t"
. 3 (5 - ~‘-_
2 (12 <
-2 o
! —
.0 i
2 3 4 5 Uy ar @2 as | 2 ]
JEE ar p N
Fig. 55. The curves of the change: a) bias voltage; b) the ;{ﬁ
fundamental harmonic of the anode current of tube 6Zh3P in the jf;
dependence on. the amplitude of input voltage (. =220 c; Us =150 c). -3
4
§
:.".‘j
Key: (%). kiloohm. 'i:j
Page 191.
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Being assigned a different value of the resistors/resistances of

plate load, from curves [ :/(U.,) several sets of amplitude

1
characteristics of cascade/stage calculate, choosing that _Nﬁ
charécteristic, which satisfies the successive work of .d
cascades/stages. However, it 1is necessary to note that with the large
input signals the characteristic of cascade/stage sharply is bent due

to by-passing of the following cascade/stage, in consequence of which

L

the extent of the quasi-linear section of characteristic is limited.
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Therefore it is not possible to carry out a successive work of more
than three (maximum of four) cascades/stages and to obtain precise

L
LAKh in the range of more than 50-60 dB. The schematic of logarithmic I

y
amplifier is given in Fig. 56. Parameters of amplifier at the work in f_.é
the linear conditions: f,=30 MHz; K,=107; M=1.2 MHz with the work in '?iﬁ
the logarithmic mode/conditions: D=60 dB; the slope/transconductance fLi
of LAKh 0=0.3 V/dB; accuracy of LAKh §U=3%. ?;i
o
;i:
g

o .
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*30008
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Fig. 56. Basic schematic of logarithmic amplifier with ARU on pulse
envelope: L,, L, - 6ZhlP; R,, R;, R,, Ry - 2 kiloohm; R,-10 kiloohm;
R,-150 ohm; 1-3.3 kiloohm; C,, C;, C,, - 300 pF; C,, C,, - 180 pF;
Ci,, Ci, C5, C, ... - 3200 pF.

Key: (1). In.
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The advantages of the schematic of logarithmic amplifier with

ARU due to the nonlinearity of the characteristic of the tube:

1) the high stability of the parameters of amplifier, which is
ensured by a deep negative feedback (00S) in the direct current and

by the absence of nonlinear semiconductors;

PRI T T W TP I VT SR APy - N A B 3o,
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2) the short time of gain control, which does not exceed the

ii tenths of microsecond;

3) the small overall sizes of amplifier, 2qual to the overall

sizes of usual selective amplifier.

With an increase of resistor/resistance of R in the cathode

circuit the bend of amplitude characteristic increases, in this case

Iy

the action of the destabilizing factors sharply descends. With the
scatter of the parameters of tubes to 30% factor of amplification of

cascade/stage in the linear conditions remain in effect constant, and

‘ e e S ’
S PR 2 e L FLIS

the form of amplitude characteristic is changed insignificantly.

Because of this it is possible to fulfill multistage

= WY

amplifier-limiter with the sufficiently rigid and stable limitation
in ShDD under the influence of different destabilizing factors
(change in the anode voltage, filament voltage, temperature, etc.).
In particular, the logarithmic  amplifier with the addition of the
detected voltages/stresses, whose schematic diagram is given in Figq.

74, on the output of detector is amplifier-limiter.

Approximation of the passage characteristic of amplifier

instrument by exponential curve. Since exponent to the greatest

. - N
. o w .- ", - LI - . . . - el . . - BT C T N - . - . e .
Py PN - A g a > a o e RPN R P R P . D . S T P U
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extent answers the passage characteristic of the transistors, let us
consider diagram of ARU in the transistorized amplifier, connected on
the common-emitter connection,. The controlling resistor/resistance R

is connected with the emitter circuit. -

Then for the emitter characteristic

I. = A‘I(B—U)ell,ﬂ cus ot (3_48) .

Constant component and fundamental harmonic of emitter current

according to expressions (2-76) and (2-77)

Io.a= A's 01, (1U ); (3-49)
Ioy = 24,8901, (;U0), (3-50)
where 1 (U =Js(1Un) and I,(qUm) =—1/1(1Uw - moduli/modules of complex o
variable functions. ;ﬁ
]
-
Since S
z -‘:
U=, R (3-51) ,:,__i
fﬁ
and :
_ R
- »
Ovo=E—U, (3-52 ]
it is possible to register f;
U = ARe=101, (10 ). (3-53)

-------
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Expression (3-52) is transcendental. Approximate analytical -

solutions, and also methodology of the graphical solution of this ﬁff

.

equation are given in work [8]. Approximate solutions relative to —

voltage/stress have the following expressions:

U ow =1 =1L +22 — k| + VT — 1B T 22 — 4 + LOELnATY) T;f;-j
2. ' e
(3-54) :
where u;
k = In ATy (10 )i \_j
1£ + 0,68 4 ln 4 R/ (1U m)
U= i . (3-55) =
_j
% For gsy,, Wwhich very frequently is performed, equation (3-52) i@
: - R
' relatively Uve to solve is comparatively simple. After taking in i

expression (3-52) |B|>|U.s|, it is disregarded by value U.s in

o

comparison with E we take the logarithm of. As a result

1 B
Uso= 7o TR0 (3-56) |
or
7 JE § | (3-57)
7 ARLGTW
X As _a result of the calculations conducted it is




........................
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established/installed, that the relative disagreement in the
solutions of equation (3-52) in calculator and for approximation

formula (3-54) does not exceed 1%, and during the calculation

lé according to approximate formula (3-57) this disagreement does not - ]

exceed 5%. Therefore for the estimate calculations it is possible to

apply formula (3-57).

After the calculation of dependence Uso=f(Un) according to

formula (3-56) taking into account expressions (3-52) and (3-50) is

calculated the dependence of the amplitude of the fundamental

harmonic of collector current I =/(Us) on the amplitude of input

signal, and then from formula (3-47) the AKh of cascade/stage. Aigq

The given formulas can be used for calculating the amplitude
characteristic at the sufficiently low frequencies for this type of
transistore <oy when the inertness of the transistor can be
disregarded/neglected. Then the coincidence of experimental data with

the calculated is obtained very good [13].

However, at frequencies w>wyp it is necessary to consider the

inertial properties of transistor.

Page 194.
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Let us consider one of the possible versions of the calculation
of AKh of cascade/stage taking into account the frequency dependence

of the conductivity of direct drive Y,,.

At the low frequency the conductivity of the direct drive of

transistor according to the collector characteristic —d

61“ :
Ym == wa. 01Uk 3 = const = A“Teru.. % (3-58)

For conductivity Y,, is known the following dependence on the

frequency:
. Y .
Yuz—u—-._::'=yﬂl.1mv .
115
"ot
where

14,2 — factor, which calculates the decrease of

“rp
conductivity Y,, on the basis of frequency; w - frequency of the
amplified oscillations; g - upper cut-off frequency for this

diagram.

For the operating frequency w expression (3-58) takes the form

ar, o
Ty, = mA,reie. 0, (3-50)

Uy, g=o0nst

If we disregard/neglect loading effect (cascade/stage is loaded

to a comparatively low input resistance of the following

AR

«

POPEr SRS § VoL
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cascade/stage), then from formula (3-59)

df/
E-L = ’*A“TCIU.' d :::l Ygl leh- (3'60)

0

Since during the construction of logarithmic amplifiers it is
important to know amplitude relationships/ratios, phase factor ¢
it is possible not to consider. Certain error, which is obtained in
this case and caused by the dependence of phase on U,, can be
reduced during the adjustment of amplifier. Analysis and calculations
with this assumption considerably are simplified. Expression (3-60)
can be now registered in the form

dl.
U, o

= mA""Telul- O

where m - modulus/module of coefficient m(w), determined by

expression (2-95).

Page 195.

After the integration

I, = mAL"*8 4+ C. (3-61)

We find integration constant C, after taking the current of
collector/receptacle equal to /wawm with the voltage/stress between
the emitter and the base, equal to y,ss Substituting the value of

C into expression (3-61), we obtain

I -M-(G’u.'a—“u"a")’f'lu.u. e

4
4
1
3
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Since at the input of cascade/stage the oscillatory circuit is

connected, the voltage of signal is harmonic. In this case

Us s = Us s s+ Umcosal.

Taking into account the expansion of expression (2-74) we
determine constant component and fundamental harmonic of the current

of emitter (collector/receptacle):

Iun=ly g+ Aune??> 08, (1Up) — Ayme'¥s- 0.5, (3-62)
Iy = 24,ma'¥s-0. 01 (10U ). (3-63)

Direct/constant voltage between the base and the emitter

Uo.d.u-Uo.a.l‘-AUo.o.m

o 4 -

where AU,ea - incremental stress Us,esa caused by current [,

As we see, expressions for [, and Jea=(lua) can be registered

Ing=Ieaa{l —m)+mly o 000 o (yUm);  (3-64)
In = 2mly, q l;'.'u..u' 'Il (TU;} (3‘85)

After simple conversions from expression (3-64) we obtain

Iy(1Um) = (i + -A-g-z'i'-l) lesn (3-86)

mil,an

.................................
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From expressions (3-64), (3-65), (3-66) it is possible to 5
comparatively easily calculate the amplitude characteristic of -Zfﬁ
cascade/stage. For this should be assigned different values AU, oa.a fi%
- _:.3

at the g@ven values of resistor/resistance of R and current of —

emitter /s determined values /7, (jUa), and then on tables fe(yUm)

and [,(1Um) determined values zwiUmw, Uw and I;(tUs: After
substituting obtained values [I,(1Ums) into expression (3-66), let us
find the amplitude of the fundamental harmonic of collector current,
and from it and the resistance/resistor of load - amplitude of output

voltage/stress.

Page 196.

During comparatively high resistors/resistances of R, when

inequality AU oo« mRle o, 1S fulfilled i.e. When the voltage of the
source of the bias/displacement is of much more than initial
bias/displacement on the base transistor, calculations considerably

are simplified. Expression (3-66) takes the form

Iy(fU ) =e"Uso.q,

After its substitution into expression (3-65) we obtain

v' I,aU
L = 2l o0 0. (3-67)

.......
e -

-
DL IR
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For the output voltage/stress of the cascade/stage

I

Umssz = ,Lol (3-68)
where &£ - general/common/total load admittance at the resonance
frequency.

With the work of cascade/stage in the linear conditions argument
1WUm of the Bessel functions is small.‘fn this case it is possible to
register:

U
11(7Um)“11'"'|5

Io(1Um) = 1.

Then the transmission factor of cascade/stage in the linear
conditions

4 S
Kem—itra 2, (3-69)

Amplitude is the characteristic of cascade/stage with the work

in the nonlinear mode/conditions

- ‘_. .ll("UlIlll)
Umsax =235 150 (3-70)

PR Rl R Tl
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It is very simple to calculate the amplitude characteristic of
cascade/stage from formula (3-70). For this it is necessary to know
the transmission factor of cascade/stage with the work in the linear

conditions, coefficient y and to have appropriate tables [,(1Us) and -
I, (U m)-,

Characteristics JIq =f(Um) for the different values of
resistor/resistance of R are depicted in Fig. 57. During the
calculation it is accepted y-15. From expression (3-70) and Fig. 57
it is evident that during the high resistors/resistances of R, when
inequality Vs oax & mKly ow is fulfilled amplitude characteristic
virtually does not depend on value R and has form requiring, for
obtaining LAKh by the method of adding, the voltages/stresses from

lhe outputs of amplifier stages.
Page 197.

During completely specific resistor/resistance of R it is
possible to obtain the virtually line#r characteristic of
cascade/stage in the considerable dynamic range. This fact can be
used for the linearization of the paséage characteristic of
transistor in obtaining FAKh with the help of the nonlinear

elements/cells, included in the load circuit or 00S.

B Y Y e e Y . s I . A . PR re y Ry




DOC = 83138010 PAGE A5 2

At the high values of argument 71Um functions 7,4u,) and
[,(1Uw) Dbecome approximately/exemplarily equal and, according to
expression (3-67), the amplitude of the fundamental harmonic of
collector current becomes constant (broken line in Fig. 58a). Thus,
constancy I«,2 and, consequently, output voltage/stress, can be
observed even when Umux<U. and the limitation on the collector
circuit, which usually is observed upon reachihg/achievement of
alternating voltage on the load of the supply voltage, did not
appear. However, as can be seen from experimental curves, the output
voltage/stress of cascade/stage grows with an increase in the input
voltage. This is explained by the special feature/peculiarity of the
work of transistor on the high signal level, which consists in the
fact that with the considerable voltages/stresses between the base
and the emitter transition the base - collector/receptacle in the
diagram with OE or transition emitter - collector/receptacle in the

diagram OB works as usual diode.

As a result it is obtained, that the amplitude characteristic on

its form does not satisfy the requirements both to the successive
work of nonlinear cascades/stages and to the method of adding the

output voltages/stresses.

N P T N .
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Fig. 57. Curves of the dependence of the fundamental harmonic of the
current of collector/receptacle in the transistor amplifier with ARU

due to the nonlinearity of the characteristic of transistor.

Page 198.

During precise calculations of AKh it is necessary to consider
the effect of the input resistance of the following cascade/stage,
whose value for resonance turn-on frequency of transistor on the

diagram with OB and with OE can be designed respectively from the
v

formulas Ruwoo= 7, (3-71)
U
Ruzo0.4= 7%! ) (3-72)

where Iy and Js - amplitude of the fundamental harmonic of

respectively emitter and base current.
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Currents /4 and [s can be calculated from formula (3-67), { jf
after replacing in the formula current 7.,, and coefficient y by R
currents /soas or foas and T. or T where 1 and To - ;;j
coefficients of the approximation of characteristics ‘.= /(l.e) and 2]
Is = {(U,. o). 1
;;*

It is possible to show that with an increase in input voltage ﬁ

Ums resistor/resistance Ru grows also with the work of 'j;
cascade/stage in the mode/conditions with the small angle of cutoff :ﬁ
of collector current (0-90°) it becomes such large that it it is ??
possible not to consider in comparison with the resistor/resistance, 53
shunting the oscillatory circuit Ry =1-2 kiloohm. :

LS ARON

i
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Upiry 8 i
§ f
Uhumr‘ ]_
V
s 5
4 4 /
"{JEL? 1A
A 12 /
; 7 : yAWilV4
ﬁ\ b /j/ J ﬂﬂ
5 , - ; A
:' d AF' 4 end
) 0 il 0
07 0 Ugs¥ 10-2 0" U
a 6

Fig. 58. Amplitude characteristics of cascade/stage with ARU due to
the nonlinearity of the characteristicof a transistor of the type
P411: a) at the different values of voltage on the
collector/receptacle of transistor and R= 1 kiloohm. re =1 kiloohm,

lonu =4 MA; b) at the different values of the resistor/resistance of

feedback and % =4.3 kiloohm; ---- calculated; experimental.
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For calculating of AKh the cascade/stage according to formula
| (3-70) at the high values of the amplitude of input voltage Um>05 ¢
! in the dependence on the coefficient y are required the values of the
moduli/modules of functions /,(z) and [\(2) for argumentz=U.>10. The

table of the moduli/modules of these functions with a change in the
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argument from 10 to 40 is given in the application/appendix of work t;;;

[(8]. From it it is possible to calculate AKh of cascade/stage to the :Eég

values of input voltage Ua =1-3 v in the dependence on the value of gﬁi

f: coefficient y. This it is sufficient for the development/detection of g
:é{ the character of amplitude characteristic. With further increase in

:i: amplitude Um amplitude characteristic linearly grows, in

E! consequence of which there is no need for calculating it from formula  f

’ (3-70). -

E’ Logarithmic amplifier to are and by radio-output. if

ii For obtaining precise LAKh of multistage amplifier with the ‘;

9 radio-output nonlinear cascades/stages must have the amplitude ?

%& characteristics, described by expressions in Tables 1 and 3,. The '

&; special feature/peculiarity of these characteristics is the presence i

of quasi-linear section, i.e., a finite increment in the output
voltage/stress with the differential amplification factor, equal to
. 1
coefficient a -5
AKh required for the successive work of cascade/stage with the
quasi-linear section can be obtained in the cascade/stage with ARU,
based on the nonlinearity of transistor, if we consecutively/serially

with the adjustable resistor in the emitter circuit include/connect

the resistor/resistance of feedback small in the value.
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The schematic diagram of four-stage resonance logarithmic
amplifier with the radio-output and its description are given in work

(8l.

For obtaining LAKh by the method of adding the voltages/stresses
from the outputs of amplifier stages in AKh of cascade/stage on the -
high signal levels must be the horizontal section, whose extent must
be not less dynamic range 4 of the nonlinear (or logarithmic) section

of characteristic.

The form of AKh of cascade/stage with further increase of signal
does not have vital importance and can be any, since the voltage on
the input of this cascade/stage ceases to grow due to the limitation

in the previous cascade/stage.
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Page 200.

The simplest and most efficient method of obtaining the
horizontal section of characteristic is the inclusion into the
collector circuit of effective resistance Ro (Fig. 54d). During the
amplification of continuous oscillations as resi;térjﬁgg%%%%ﬁ%ﬁﬁﬁi')
the resistor/resistance of filter Ry can be used. With a sharp
increase of the constant component of collector current descends the
supply voltage on the collector/receptacle of transistor and,
consequently, also the level of limitation. Usually the value of

resistor/resistance Ry lies/rests within the limits of 300-500 ohms.

For the efficient action of resistor/resistance Ro during the
amplification of pulse signals the time constant. of chain/network
%or = RoCor, must be considerably less than the duration of the pulse

of signal i«

With fulfilling of inequality tor=(@2-+3)t due to chain/network
C“R;k is regulated the amplification of cascade/stage on the

prolonged interference with unchanged amplification factor in the

pulse signal.

SR N RN
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ARU ON PENTODE GRID.

The dependence of slope/transconductance on the value of
voltage/stress on the pentode S=f(U, or heterodyne §=L/U,)

grids for many tubes can be approximated by one or two linear

segments with different inclination/slope. During the supplying of
controlling voltage/stress Upr on the pentode or heterodyne grid the
dependence of the transmission factor of cascade/stage also ié linear
(straight line ac in Fig. 59) or piecewise-linear (segments ab and bc
in Fig. 59) .

K= T e y— AK (U = K —%_)73)
where U, - cutoff voltage of tube on the pentode grid, with which

K=0; h - coefficient, which is determining the degree of the effect

of the controlling voltage/stress on one cascade/stage.

With strictly linear dependence S=f(Un) coefficient h=1l. For

segment ab in Fig. 59 coefficient hx"¥'<i' for bc__;.,,:::'>1‘
ay
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L 1
.
0 Up Up, Uq”p
Fig. 59. Curves of dependence X=/(Uy during the adjustment on the T;j
pentode or heterodyne grid of tube. ?ﬁ?
Page 201. ;;
The attempt to give the procedure of calculation of multistage f;
amplifier with the adjustment according to the pentode grid of tube ;
-1

is done in work [40]. However, the methodology, given in this work,
is fairly complicated and from it it is not possible to accurately
calculate the controlling characteristic. The attempt to give simpler

and more precise calculation procedure is done below.

Equalizing the right sides of expressions (2-173) and (3-73), we

obtain

whence

(3-74)
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Expression .
A(3-74) it is useful for calculating self-regulation of

cascades/stages Up=/(z and x) multistage FU, made on the block

oo diagram (Fig. 45a) (ARU back or forward).

i' During the simultaneous adjustment of all cascades/stages

; n-cascade FU, made on block diagram (Fig. 45¢ and 4d), for

voltage/stress Up

Un=Uu(t=Y %) @75

Ur

|
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~ Fig. 60. Schematic diagram of logarithmic amplifier with ARU on the
%; pentode grids of tubes.
:r;:«:
5
Page 202.
E ’.'
N
R
%,
~. As a result of the conducted calculated and experimental
..l‘
_ investigations it is established/installed, that the logarithmic
Ii amplifier can be performed on any of three diagrams (Fig. 45a, ¢, d).
s
;ﬁ However, the diagram, given in Fig. 454, for which relationship/ratio
15
(3-75) is correct is simplest and easily realizable. The curves,
f calculated by formula (3-75), in their form are analogous to the
A curves, given in Fig. 51. An example of the calculation of the
JN
L schematic of the resonance logarithmic amplifier of the pulse radio
?; signals and ARU according to the pentode network/grid, depicted Fig.
?ﬁ 60, is given in Chapter 6. Amplifier has following data:
‘::’:’0— .
k ‘.:_/
.
)\
v
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=
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Ko =10% Oom4 Moy foz 30 MB Daax~80 66

Uy g=35 ; e=x50 .u)éd; 8 =3%; 3s=15%.
Key: (1). MHz. (2). dB. (3). uv. (4). mv/dB.

COMBINED ARU.

Combined ARU by a change in the mode of operation of UP in the

direct current can be realized by the simultaneous adjustment:

1) with the help of controlling voltage/stress U, entering
control electrode of UP, together with ARU on the emitter circuit

(cathode) due to the nonlinearity of characteristic UP;

2) with the help of [, that enters the pentode grid of tube,
together with ARU through the screen grid due to the increase of the

current of the screen grid of tube;

3) through the pentode grid with the help of U, together with
ARU through the cathode circuit due to the nonlinearity of cathode

characteristic;

4) through the pentode grid with the help of U, together with

ARU through the screen grid and the cathode circuit.
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Let us consider briefly each of the versions.

1. Even if cascade/stage is circuit of self-bias or temperature

stabilization, then during the supplying of controlling voltage U, on

control electrode of UP it is necessary to consider effect of these
circuits on effect of adjustment. With the linear passage
characteristic of UP these circuits reduce the effect of adjustment
and, on the contrary, with the nonlinear characteristic of UP on the
high signal level these circuits increase the effect of adjustment.

As .a result combined ARU of the lst version is obtained.

The schematic diagram of transistor cascade/stage with the
simultaneous adjustment due to Up developed by regulator (T,), and

resistors/resistances in the emitter circuit &, is given in Fig. 61.
Page 203.

For this diagram
Uu-Uc.u-Ep—Un

where
ED-E—U’; U-I.,nR.

With the absence of the voltage of signal U,=0. Then
Uo.-"Uo.o.l=E"'Io.n.nRv
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In order to obtain completely specific AKh of cascade/stage, it
is necessary at this value of the amplitude of input signal U, the
initial bias voltage U.s to decrease by value Up (Fig. 48b), whose
value can be designed on one of formulas (3-14), (3-15), (3-18),
(3-19), (3-24), (3-26). With decrease Usas operating point A on the
characteristic is displaced into point A,. Due to this, on one hand,
are reduced the constant component of emitter current by value A/,
and voltage/stress U on resistor/resistance R, Operating point

attempts to be moved into point A',. On the other hand, due to the

nonlinearity the characteristics increase the dc current component of

emitter by value A/, and voltage/stress U. Operating point attempts
to be shifted into point A,. In steady state is performed the

following equality: ' o]
L
Uon—Up= E—Ug = snu—08lia+ 50 Re %3

1 g
2

or

—U’ -——U;-*—(AI;.I-AI:. II)R.'

D & ri',x'.'".'n'n‘n"-
T AR
" Ad o s

Whence value Up which it must manufacture regulator,
Up = Up + (Aly o~ 815 J) R, (3-78)

)

P
L B
AR . Lot
IRy ¥ ila

‘.
a

o
L8 s 8




P —— M MM e Sy e UL REST S e Jini Auste e Juie ohih it ol N
............... . . R RS . .

DOC = 83138011 PAGE 34/
ci
T i+
T
U K
w3 Tls g4
»
G} ¢ % €
2 f 7;
LS Ry
7™
Iy
5 o i1

Fig. 61. Schematic diagram of cascade/stage with the simultaneous

adjustment.
Page 204.

Component/term/addend Al;. in expression (3-76) is caused by the
nonlinearity of characteristic of UP, also, on the high levels of the
signal, when Up=Uecws can prove to be congruent with A/ . or even
more than it. In works [34, 35] during the calculation of systems ARU
operate with the differential slope/transconductance of passage
characteristic and component A{i.« they do nbt usually consider that,
naturally, on the high signal level it leads to the considerable

error in calculations.

Dependence - Up=/(z2) according to formula (3-76) should be

calculated in the following sequence. Dependence U= /(z) without

Seafonchech do
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taking into account the effect of controlling resistor/resistance R,
First is calculated then for given values U, they determine Al.a
according to the characteristic of UP and A/; - employing procedure

and formulas, presented above.

The version of combined ARU examined it is expedient to apply in
the amplifiérs from the gain control increased by depth with the
large signals, in particular, in éhe amplifier-limiters, in the
latter/last cascades/stages of the logarithmic amplifier, made on the

block diagram (Fig. 45d).

2. In this case

Up =U;+Maxpﬂanphmn°
Whence
Up = Up— AU, o, @
where hmn==i;“m - coefficient, which is determining the efficiency
p.-a
of adjustment according to the screen grid relative to the effect of

: . ' ar
adjustment on the pentode grid; Sp,.awAA and S"'“"A—Ul,, _—
np

average/mean slopes/transconductances of self-regulation respectively

on the screen and pentode grids.

J. For this version
Up = Up— (&1 — AL) R (3-78)

Al
where ;.,-:;.u and S“"W.:' - slope/transconductance of
p. g
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self-regulation on the cathode or, which is the same, on control

electrode.

For the majority of tubes an increment in current A/;=0, since
‘i{ with a change in the voltage/stress on the pentode grid the cathode
current remains in effect constant.

Page 205.

For the realization of the 3rd version during the amplification of

continuous oscillations is necessa:ry, that the resistor/resistance in

the circuit of screen grid would be absent, i.e., Rup=0 during
the amplification of pulse radio signals necessary, that would be

fulfilled the inequalities: CyRupd RuCui RuCx < tu

4. This version is general/common/total. For it

Up = Up — Al upRuphep — (Al x — AL Rihye (3-79)

§3. Methods of increasing the stability of frequency and phase

responses of FU with ARU.

The fundamental reason for the distortion of the frequency and
phase responses of amplifier, during the gain control, especially and

transistor amplifiers, is a considerable change in active and

--------- ‘.4 ..~-- v—_ - N .._' -..
~ -~ P Aty ‘w . C R .
s et e L
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reactive components of input and output conductances of UP with a
change in the position of operating point. This deficiency/lack to a

considerable extent can be reduced, applying:

1) the compensating nonlinear elements/cells in the emitter or

collector circuits of transistor;

2) the controlled attenuators in input or output circuit of the

adjustable cascade/stage and in the feedback loop:

3) diagram on composite/compound transistors;

4) interstage coupling elements with the optimum parameters.

The first three methods of increasing the stability of the
characteristics of transistor amplifiers with ARU are quite fully

illuminated in the literature [8, 89, 90, 94, 102].
APPLICATION OF COMPENSATING NONLINEAR ELEMENTS.

The essence of this method lies in the fact that for the
distortion elimination of the characteristics of the amplifier,
parameters of the adjustable transistor caused by change, into the

appropriate point of amplifier circuit (to the input or the output)

‘o . S .- .u‘ <, .A s .' 0' ~.‘ P v'-,. _‘ <- ~' . rv_.>.AA ._ ,. ‘»‘ " . .V . _.- . . ) . ) - T - s
h—d‘*‘d- il PP - PPN YR W i SN N YR ) R PP T . N LU T T P R T
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is switched on the special element/cell, whose parameters into the

alignment procedure ar? changed according to the law, opposite to the

. e
O O Y Y R

law of a change in the parameters of transistor. As a result the —

-

partial or complete compensations for changes in the parameters of
transistor and the exemplary/approximate constancy of the circuit
parameters at the point of the connection of the compensating

element/cell is observed.
Page 206.

For the transistor amplifiers by this compensating element/cell
can be any p-n junction, in particular, transistor or semiconductor
diode [8, 89, 90, 94, 96, 102], connected with input circuit of
cascade/stage durin§ the adjustment a change in the current of
emitter or in parallel to load - during the adjustment by a change in

the voltage/stress on the collector/receptacle.

R - o . DT
. . % . . . .
AEH‘___-..‘_‘A‘ML“LIJZ AAAML O

Several versions of the inclusion of the compensating
elements/cells into input circuit of the adjustable transistor are

given in work {8].

The parameters of the compensating elements/cells must be
selected so that the total input current of the adjustable

cascade/stage in the alignment procedure would remain constant, which
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will stipulate the constancy of the input resistance of

cascade/stage.

The high stability of the frequency characteristic of multistage
amplifier can be obtained only when elements/cells are selected from
the condition for the compensation for a change in active and

reactive components of input and output conductances of transistors.

If the compensating nonlinear element/cell is connected with the
emitter circuit, the virtually constant input resistance of
cascade/stage can be obtained in the range of a change in the

amplification to 4G dB.

The stébility of the frequency characteristic of multistage
amplifier is obtained above upon the start of transistors on the
diagram with OB. This is explained by the fact that output resistance:
of transistor with the grounded emitter with one and the same change
in the current of emitter. Therefore a chaﬁge in output conductance
more easily to compensate for in the schematic of grounded-base

transistor.

The results of the compensation for a change in the output
capacitance of the transistor, connected in diagram with OB and OE,

are good, it is possible to obtain, switching on the compensating
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elements/cells in the circuit of collector/receptacle [8]. EAEE
L

APPLICATION OF THE CONTROLLED ATTENUATORS. o]

With the aid of the electrically controlled attenuators it is

possible to change the amplification of cascade/stage during the
constant/invariable mode of operation of UP on the direct current.
Recently was published a considerable number of works and patents

(35, 70, 75, 78, 79, 80, 81, 84, 88, 103, 105, 106], dedicated to a

question of the use/application of the controlled attenuators for the

realization of ARU in the transistor amplifiers.

4

Page 207.

However, in these works the realization of deep ARU, which makes it

eaeadih s e

possible to obtain small changes in the output voltage/stress (in the
ideal case, constancy U,.) in ShDD of a change in the input voltage
examines. The questions, connected with the realization of assigned
FAKh with the help of the controlled attenuators, until now, actually

are not examined.

The diagrams of the controlled attenuators are given in Fig. 62.

The controlled attenuators (UA) can be connected at the input

.....
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either at the output of amplifier stage or in the feedback loop, it
is analogous with the starts of nonlinear elements/cells and R
dividers. For increasing the efficiency of gain control consecutive Vo
UA it is necessary to switch on between the low-resistance ones by

the source of signal and by load (input of amplifier), shunting UA -

between the high~impedance ones by the source of signal and the load.

As can be seen from Fig. 62, the semiconductor diode, whose

volt-ampere characteristic is described by expression (2-65), is the

€'
RORD &

simplest controlled nonlinear element/cell. o

.
e
e e,

Vol WY S )

Sy
PR A I

ek b

I1f diagrams of UA are compared with the diagrams of the
nonlinear elements/cells, given in Fig. 31, then it is not difficult 2;ij
to see that the shunting attenuators have lst type volt-ampere 3?;%
characteristics, and consecutivé - the 2nd. The form of volt-ampere lé:i

characteristic of UA can be varied, connecting in series or the in
parallel active linear resistors/resistances of different value or
applying different combinations of the inclusion/connection of diodes

and resistors/resistances.

With the help of the controlled nonlinear elements/cells it is
possible to carry out a deeper adjustment in comparison with

uncontrolled with the smaller amplitude distortions of signal.
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‘“C. R‘r CI

¢ ]
o(& b)
Fig. 62. Diagrams of controlled attenuators: a) asymmetric

consecutive; b) asymmetric series-parallel; c) symmetrical shunting;

d) symmetrical consecutive.
Page 208.

For obtéining the smallest distortions, in the first place, the
controlled attenuator must be performed with the volt-ampere
characteristic, which has a small curvature, in the second place,
during the use of consecutive attenuators the adjustment in the
amplifier must be realized so that the controlled attenuator would
enter voltage/stress the signal of a comparatively small amplitude.
If the shunting attenuators are used, the second condition can be

excluded.

The transmission factors of shunting £Lw.a and consecutive Kuwa

.....

.......

Prwuey
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attenuators without taking into account the action of compensating
voltages/stresses L/ according to Fig. 63, in which equivalent

diagrams of UA are given, are respectively equal to: -

Uoux e -
R R
KI. o™= mt ' (3"81) e
to
t_ 14,14 1 1 - : , : . N
where E=-;:+R—l' r= R-{-E;. rs resistor/resistance of nonlinear

element/cell; Rus - resistance/resistor of the load of attenuator. fﬁw

Let us find the law of a change in control current J{p=/(zh
necessary for assigned type realization of FAKh with the help of
shunting and consecutive UA. Let us assume that the influencing the
nonlinear element/cell signals are sufficiently small. This will make

it possible to use the differential parameters of diode for the

analysis.
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Fig. 63. Equivalent diagrams of the controlled attenuators: a)

shunting; b) consecutive.
Page 209.
Shuntipg UA.

If as the nonlinear element/cell semiconductor diode with the
characteristic, described by expression (2-65) is used, then for the
low currents, when inequality (‘wa’ & Use differential
resistor/resistance s according to formula (2-66) are fulfilled

"n-n—::o (3-82)

Since (Fig. 63) the equality

P aes (exp U.‘l 1) ()J. A),
is fulfilled then ‘
1
Fg == .
=TT (3-83)

Substituting the value r into expression (3-80), we obtain

: A,
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With the sufficiently high currents, when inequality

PR U PR A
. PR LRI IR R

A (Uses— ivea?)) >1, 1is fulfilled differential resistor/resistance

according to (2-68)

. Ve e e
i RV R T
7 alta e
vl A
Salni

n o
romrd gt (325) o
In this case 4
. Ry (1 4+ M)
LA mi e vy (e vaTy (3-89)

Taking into account conditions (2-18), (3-84) and (3-86), we

obtain expression for control current fp respectively at the low and

high values

I 8 —9(s) (R, + R+ \RR_4)

pm = ¥ () \RR, i (3-87)
- ¢—9(s)d(R, + R) .
Ip....--c =YW dihy + B+ AR’ (3-88)

where
G-R[1+m.(lp..+44) e
cmRy(14+Mpuw)+ R +U,. a(r + RIL
demi4 UD. o .-T:.-'
Io« - initial current of adjustment. Qi
Page 210. ]
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Let us determine the maximum depth of adjustment h, which can be =
carried out with the help of shunting UA. It is important to know ifﬁf
parameter h at the development of amplifier-limiters. Maximum f;i:
"]

transmission factor UA o
RAG

Cu f -89 s

'Ig‘l’b"‘““" R+ RA T R A) R +R’ (3-59)

since for the real diagrams inequality (R4K1 is fulfilled.

Minimum transmission factor UA

r

Ko g = ———5--
r+R+§:
4

Then the maximum depth of the adjustment

h ___‘Knxo=__nu(’+ﬂ)-r£
MAKS T Kyum Ry + R(I + AR A)r

If condition R,+w(Ry>R), is satisfied then

R
oo = 2 = 2, (3-90)

where r - volumetric strength of materials of semiconductor, the

component of the unit of ohm.

Thus, for obtaining the high value of the coeéfficient of
adjustment it is necessary to in every possible way increase
resistor/resistance of R. However, with increase in R maximum

transmission factor of divider is reduced. And when R =R, according

''''''''''''''''''''
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to (3-89)
Ky uave = ‘12-'
For obtaining Kg uw =1 it is necessary that the condition

Ra> R. Re> ' uaa=g;. would be satisfied

These conditions can be made, if at the output of attenuator is
connected the electron-tube cascade/stage, which works without the
grid currents (cathode follower is better), or the emitter follower.
At the sufficiently high frequencies for this type of transistor even
upon the inclusion/connection of the emitter follower the conditions
indicated cannot be made and R it is necessary to £;§; finite
quantity, on the order of 10-20 kiloohm. With r=10 ohm we obtain

huame == (1-2)-10°,

-

Page 211.

For obtaining the.high value huw it is necessary to compensate
for the residual voltage of signal U.m which is isolated on fixed
resistcr of r. The value of compensating voltage/stress Ux must be
equal to Uy i.e.

Uy = Uper = UKy, una =
=Uurp = Ung-
The versions of the inclusion/connection of the source of

compensating voltage are shown on Fig. 63. During the supplying of
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compensating voltage/stress U, the voltage of adjustment 7/, is

PO SN

The schematic diagram of low-frequency aperiodic

the compensating voltage/stress, which is removed/taken from

resistor/resistance of R,, connected with the emitter circuit of
amplifier, and is supplied to the nonlinear element/cell through
phase-shift circuit R,, C5, R,, C(, it is depicted in Fig. 64. At
frequencies f=50 Hz  -20 kHz the coefficient of adjustment is

obtained to (5-8)-10°%.

I R T

amplifier-limiter with the controlled attenuator on the output and

PN

ez e
Lo B I : .
PN TP ety N
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Fig. 64. The schematic diagram of amplifier-limiter with the
controlled shunting attenuator at the input: T, - P423A; D, - D233B;
C,, C3, C¢ - 5 ug; C,, C, - 29 uF; C;, - 0.01 uF; C, - 0.06 uF; R, -
15 kiloohm; R, - 6.8 kiloohm, R, - 1.5 kiloohm; R, - 2.7 kiloohm; R,
- 100 ohms; R, - 18 ohms; R, - 33 ohms; R, - 3.3 kiloohm; R, - 4.7
kiloohm; R,, - 10 kiloohm.

Consecutive UA (Fig. 63b).

Upon the series connection of nonlinear element/cell the
transmission factor consecutive UA is maximum with the high currents
of adjustment. According to expressions (3-84) and (3-85) the

transmission factor of attenuator with the high currents

. \R'T, .
Kio= o rRy (@81)

respectively with low currents [,

RV, + 4)
T+ R, +4) (3-92)

K‘.n-
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Page 212.

Taking into account condition (2-18), we obtain the

of a

required law
change in current /p, for the realization of FAKh
2

- ?(z)lp-' .
E [p.u=c_?(z)up'!(,+mn (3-93)

2 b + 4)) — Aa
.- - '} x
. Inu=

— T — (3-94)
2

where
a=1+RA\pa+ Ay b=lpa+ 4 c=1+Moalr+ R
Transmission factor is maximum when /p;=

R’ .

Kn.um:=

since R'>>r.

Transmission factor is minimal when [;—+

R4 ’ :

since for the real diagrams is fulfilled inequality R'$§A<<l. Maximum
depth of the adjustment

Ky uan 1
) ha. wane = K: .:: by avE (3-97)
L
%

As can be seen from expression (3-97), for an increase in the

depth of adjustment it is necessary to apply diodes with small

PR NP PPN Y SN
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inverse currents (small parameter A) and to switch on UP to
low-resistance load. If load UA is the input resistance of transistor
8ux=10* ohm, then with A=(10-*-10-") a
B waxe = 2,5 (10 4+ 10%).

Thus, with the low-resistance load with the help of consecutive
UA it is possible to realize the very deep adjustment of transmission
factor. On the radio frequencies with an increase in the frequency
the depth of adjustment considerably descends due to the effect of
the transfer capacitance of nonlinear resistance and stray

capacitances.
Page 213.

APPLICATION OF INTERSTAGE COUPLING ELEMENTS WITH THE OPTIMUM
PARAMETERS.

The instability of frequency and phase characteristics of
aperiodic and selective amplifiers over the dynamic range can be
considerably reduced, applying equivalent components of the
interstage connection/communication, which let us agree to call

optimum. :

To such elements/cells can be attributed nonlinear dividers for

the aperiodic amplifiers and single oscillatory circuit and
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two-circuit band-pass filter with the optimum parameters for the

selective amplifiers.

From the enumerated elements/cells not examined is only the
single oscillatory circuit. Present paragraph is dedicated to the

analysis of single oscillatory circuit with the optimum parameters.
The equivalent diagram of parallel circuit is given in Fig. 65.

The general/common/total conductivity of duct/contour is

determined by the relationship/ratio

'.L'!\Id‘\ + R,
R} 4 w00

RiuC + WLIC — oL
R} + L0 '

+/ (3-98)

where g,=1/R,.

The condition of parallel resonance it is

or in accordance with expression (3-98)

RiC+ 0L —L=0.
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Fig. 65. The equivalent diagram of the parallel oscillatory circuit:
C and L - capacity/capacitance and the inductance of duct/contour; R,
- resistor/resistance of insertion losses and losses in the -
capacity/capacitance; R, ~ resistor/resistance of losses in the

inductance.
Page 214.

Whence we find the resonance frequency of the system
L—CR -
w=) g =)/ 1-FeaVi-d e

where §=R/2L - decrement of circuit damping; d=1/Q=R,/p - circuit

damping; wy= ‘%

The conductance of the duct/contour

(Lt + Rlg + R,
§= "R For

Substituting the value o=, we obtain expression for the

conductance in the presence of the resonance

_:.-:(1-4')1-'+:.+n

d
o= = s =gyt .
- P
{4 = —d)
R,
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Ej Using equality (3-98), we find expression for the phase response
e b (d® 4 2 —
) P = arctg; = arc&gm—::,_*_—:;—_';_'-wn ) (3-101)
s wvhere n=w/we; M=R?*/p.
;3 Relationship/ratio (3-101) is precise and determines phase
displacement at any frequency. It is obvious that at the resonance
' frequency phase displacement is equal to zero, and on the band edges
N of transmission - respectively t=x/4.
~
Actually/really, resonance frequency is determined by
f% relationship/ratio (1-100). Then
2 n=2aVI=d: dt+r—1=0a¢=0
We know that circult susceptance at the edge of the
l; passband b=2 g. Then
'.::‘ Qaarctg(;t -:—)aarct.g(:i)aj:-:-.
;‘ Lef us find the divergences of phase characteristic with a
fﬁ change in the parameters of duct/contour. In this case we will
= consider the fact, usually not specified and to literature and on
? which, as a rule, they do not accentuate attention. With a change in
i% the argument to value Ax function f(x) at the assigned point x,
7
'. obtains the increment
X Af (24 AZ) = f(zq + BZ)— (24} (3-102)
- Page 215.
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Usually value Af is determined through total differential,
substituting infinitesimal increments df and dx by finite increments
Af(x) and Ax, i.e., they count

Aty (3 Az) = [’ (z4) Az (3-103)

Value 4Af,( x,, Ax) at any value Ax is equal to true increment
Af(x,, Ax), if function f(x) is linear. Actually/really, f(x) =ax+b
and f(x,)=ax,+b. Then ' ——

8/ (Ze Az) = [ (24 + AZ) = [(zy) = (a (2, + Ax) + b} —
— (azq + b) = gAz.
On the other hand, f'(x,)=f'(x)=a and, therefore,
Afy (T 82) = [’ (z,) Az = alz.

But if f(x) nonlinear function, then the values, determined from
expressions (3-102) and (3-103), in the general case are not equal.
The difference bétween them vanishes with Ax#0 and in the general
case it is determined by the convexity (concavity) of function. If
curved convex, which corresponds to f" (x)>0, then the result,
determined from relationship/ratio (3-103), proves to be understated,
while if concavity is converted down, which corresponds to f£" (0)<0,
then result is overstated. Difference in the results, i.e., the error
in relationship/ratio (3-103) is greater, the greater the value f"
(x,). Moreover with the actually permissible changes iﬁ the
parameters 10-20% error sometimes can reach the significant
magnitude. Therefore let us consider error during the determination

of the value of a change in the phase response on the band edge of

T BN ‘
Vel '
e Fare TR Tay LILrare
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= Let f(x)= arctg x; x,=x/4=0.8. Then
X 8/ (2, Oz) = — arctg z, = arctg —— o ——
% / (z, Az). arctg (z4 + Az) — arctg z, = arctg PR v
f:r ’ = Az . A
‘.:: Ah(zm Az,’, (IO)AI i+8:'
i Let Ax=0.l1. Then
= Af (z4 Oz)=0,058; Af, (5 Az)= 0,061,
§ Hence relative error Af, in comparison with Af'composes 6%.
Zﬁ Let Ax=(0.4. Then Af(x,, Ax)=0.3; Af,(x,, Ax)=0.24% and a
-y .
* relative error in the calculation it composes 20%.
.ﬁ Page 216.
N
N
Thus, with considerable relative changes in the argument an
'Q error in the determination of divergence ¢ with respect to
;: approximation formula (3-103) can reach the significant magnitude.
i In the transistor amplifiers, which have considerable changes in
'ﬁ their own parameters, the changes of the phase ¢, calculated by
”
v formula (3-103), can be overstated. Therefore for the functional
ﬁ amplifiers, especially transistor, a change in the phase should be

-
-
-4
-

determined from precise formula (3-102).




DOC = 83138011 - PAGE jﬁ '..;'-‘:.
Let us find the dependences of change ¢ on a change in the Z§;
parameters of duct/contour. In the oscillatory system in question by s
and
variable quantities can be C,*R,. Let C,=C,+AC and R,=R,,+4R,. Then
= -0 H . =0
00+Aﬂ m. .
Co
T L AC, )
’lo+A"l="'hV-1+z~;, A
—3c R T, AC T
since m=R,/p and P.+AP-——%-
V”’"C’. L.;
Hence precise formula for determining the change in the phase .
response of system with a change in the parameters
A?amww-.(w“—:.-')[d:(x+9§l+n'(1+4§)—1]_
w'+43+d.n.(t+%) o
™ (de + 7' — 1) ' o
O T A+ deme w104 ”
Approximate relationship/ratio, obtained analogously with ;ﬁ
expression (3-103) and making it possible to determine change ¢ with ;g?
0sfac/c,|s0.2, b
ch == i :-:z" (3-105) ::
where
z_n"‘-(d:+'|'-l), A
W + dy + domy -
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' 4
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% Az w AMTEmAT) (de + 10— 1) + Myt (24 Ad + 2949 0
N ' "+ dg + dym o
__ mgi(dy + 8 — 1) (2187 4- 24 8d + meAd + Amdy) ——i
R (n* + dp + dymg)® ' T
. 1_ AC, 1, 4&C, L
. A’I"—T"lo-b‘.. Ada—-z-d.-c-;, S
1 AC
Am = -gm.E—..

;. Page 217.

After simple, but bulky conversions, we obtain

ac myn(dy + 19) (dymq + 1)

A, = o7 .
A ey

(3-106)

Is analogous with change R, change ¢ with 0<|4R,/R,,|s0.2
s .
A%y, = 155 (3-107)
where

1 +r—ih s+ —n i
P fdymy (0 + da+ dymy

After conversions

AR, 7 (dy + 1* — 1) (1 + d3)

A% . (3108
P (&g + dmy + mgn® (de + 7* — 1)* (5-10%

'-. A?u‘ -

With the simultaneous change C and R, the value of change ¢ is

equal to the sum of the changes, determined to relationships/ratios

(3-106) and (3-108), i.e.
Ag = Agg 4 Agp. (3-100)
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Let us find the condition of the stabilization of the phase i
response of duct/contour with change in the capacity/capacitance. It f—j
1

is obvious that the phase response is not changed, if
=0 (3-110)
Taking into account that in this case the functions of
capacity/capacitance C are n, m and d, according to expressions
(3-101) and (3-110) |

l(mn+m)(d‘-l-n'—i)-f-m(zdd‘+21m)](1,-+¢:+¢,,.
—@m +2d +dm’ +dmyma(@ + P =1 =0 (@11)

Page 218.

Since

after conversions we obtain R
md = 1. - (3112 Tk

Substituting the value of m and d, expressed through p, we

obtain
L.
?

e

or

R Ry = pt. (3-113)
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If one considers that p=1/w,C,, then the condition for a minimum
change in the phase ¢ with a change in capacity/capacitance C can be
registered in the following form:

RyC = lﬁ*- (3-114)

Relationships/ratios (3-113) and (3-114) coincide with the

conditions, obtained by S. A. Shkabara, on the basis of energy

relationships/ratios [72].

Condition (3-114) structurally/constructurally can be performed
by two methods: connecting in series with the inductance of
duct/contour resistor/resistance R,, manufacturing self-inductor from

the wire with the high ohmic resistance.

The curves of a change in the energy factor of the usual and
stabilized duct/contour are given in Fig. 66. From the curves it is
evident that the effect of stabilization is considerable with a

change in the capacity/capacitance of duct/contour to 50%.
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Fig. 66. The curves of a change in the energy factor of oscillatory

circuit with a change in the capacity/capacitance: 1 - R,>p?/R,; 2 -

R;=p*/R;; 3 - R;<p?*/ R,.
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Chapter &.

FUNCTIONAL AMPLIFIERS WITH THE ADDITION OF OUTPUT EFFECTS. jk
§1. Conditions of the construction of amplifier circuits.

Output effects independent of circuit solution and structure of
the reinforced signal must store/add up on the total load linearly,
otherwise the AKh of the amplifier will differ from functional.
Linear addition can be realized, if the source of output effect is
current generator with a high internal resistor/resistance of R.
(Fig. 67), signals in the form of video pulses synchronize and
polarity, and signals in the form of radio oscillations coincide in

the phase.

For satisfaction of the first condition must be performed the

inequality
R. > 10Ry, o, (4-1)

where R, .— the total resistance of the load of current generators.
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Current generator in the diagram in Fig. 67 substitutes
amplifier stage for aperiodic FU or nonlinear amplifier nucleus,
which consists of amplifier stage and corrective element/cell
(detector, the untying cascade/stage) for the selective amplifiers,
and is considered the delay time of the pulse signal t, or the change
in the phase of radio signal Ao. For the coincidence of the fronts of
video pulses and obtaining of the identical phase of the radio
signals, which enter the total load, it is necessary to apply the

special time-delay or phase-correcting devices/equipment.

For consecutive type aperiodic and sufficiently parrow-band
selective pulse FU with the video output for the coincidence of the
fronts of video pulses it is possible to apply artificial delay

lines, which must satisfy the following requirements:

1. The delay time of the segment of line, connected between two
amplifier stages, in the first approximation, must equal the transit
time of the impulse/momentum/pulse through amplifier stage #4 . for
the aperiodic amplifier

tex=CuRq; (4-2)

for the single-circuit selective amplifier

‘:. x = 2C.R,. (43)

P
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Page 220. e
2. Delay lines must have sufficiently wide passband so that o
4
video pulses would not be distorted. The wider the passband of line 3
the lower the rise time and distortion of video pulse at the output 1
J
of line. —d

3. Delay lines must have high quality in order not to introduce

high attenuations.

During timing of delay according to formula (4-2) it is
necessary to remember that in the control of amplification the
passband of cascade/stage is changed, as a rule, is widened. When the
very high accuracy of the coincidence of the pulse edges, which are
folded on the total load, is required, in formula (4-2) it is
necessary to substitute the value the passband of cascade/stage,
which corresponds to the average/mean value of signal level at the
input of this cascade/stage . The best results are obtained, if the
value of passband is taken with the signal, which corresponds to the

middle of the functional section of AKh of cascade/stage.

Since FU is nonlinear, during the amplification of pulse signals
during stricter calculations should be determined delay time on the

base of the transient processes, which take place in amplifier stage,

P A D R I G I T D
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on different input signal levels.

A detailed theory of artificial delay lines (filters) with
concentrated and distributed parameters, and also the procedure of
calculation of these lines are presented in works [46, 86]. In the
present work only some positions about the delay lines, necessary for
designing the amplifiers with FAKh, are examined. Delay lines with
concentrated constants can consist of T- and U-shaped
components/links of the type of the constant k or of the derived

components/links of the type m.
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Fig. 67. Equivalent diagram of FU with the addition of output

effects.
Page 221.

In the equivalent diagram, depicted in Fig. 67, the delay line with
concentrated parameters, which consists of the U-shaped
components/links of the type k, is used. The delay time of a
component/link of the type k is determined from the formula

ty= VIT, (4-4)
where L - series inductance of component/link; C - shunt capacitance

of component/link.

I1f delay line consists of n components/links, then the caused on

time base of the delay
Ty = nt, (4-5)

1f between the amplifiers of cascade/stage it is connected on

;_, one component/link, then must be performed the equality
+

lymily (4-8)

TR PG S
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Any section of delay line, which in the case of selective
amplifiers combines the detectors of adjacent cascades/stages, it is

the at the same time interstage filter, which does not pass -

..
SR
STy
L
|
4
R
oo

intermediate frequency. So that in the delay line reflections would
not appear, it must be loaded from the output and the input with the
effective resistance, equal to its characteristic (wave)
resistor/resistance

ZxZew=p=} L. (&)

where w - angular frequency.

One should note that the delay time t, and line characteristic
depend on frequency. Therefore virtually it is not possible to match

line with the load in the wide passband of frequencies.

In work [44] it is shown that only for one section of the type k
are found the optimum values of load for the case, when load consists
of effective resistance of R, which do not depend on the frequency.

With attains the constancy only of one of the parameters of delay

line in the broadband. For example, in order to obtain active output
resistance of line for a T- component/link, one should choose R=0.75p
in order to obtain the minimum of reactive component of the input

resistance R=0.95p, and the constancy of delay time - R=0.97p. For a
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P- component/link the values of these coefficients are respectively ’?T”
equal to: 1.5; 2.06; 1.685. ﬁf;

o

=

As a result of a change in the characteristic impedance to match 3

delay line with the load is virtually possible only in the part of 2}}
the band of transparency. For the components/links of the type k the _
characteristic impedance is approximately constant in the limits g

approximately/exemplarily of half of the band of transparency.
Therefore during calculations of delay lines, which consist of the

components/links of the type of the constant k, even when stringent

- &1

requirements on the accuracy of reproduction of

impulses/ﬁomenta/pulses are not imposed, tentatively it is possible
to count the passband of frequencies not more than half of the band
of transparency. The poor use of a band of transparency in the delay
lines, comprised of the components/links of the type of the constant

k, is essential deficiency/lack and limits their use/application.

The band of transparency considerably better is used, if derived
components/links of the type m are applied, in this case it is
possible to widen the frequency band, in limits of which is realized

the agreement with the load, and the frequency band, within limits of

which sufficiently accurately is retained the value of delay time; to
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increase the delay time, caused on separate component/link, without a

change in the pulse rise-time at the output.

Delay time of a derived component/link of the type m [46]
t,=mVyLC (4-8)

Value m, at which the delay time remains constant in possible
broadband, is equal to 1.23 [44]. To even more decrease the frequency
and phase distortions in the delay lines is possible, connecting in
parallel to the inductive elements of delay line special corrective

capacities/capacitances [46].

Very good data have delay lines with the distributed parameters,
made with the broad band transparency (with the maximum cut-off
frequency to 10-20 MHz) and with the high quality. It is most
expedient to apply such lines in UPCh, intended for amplifying the

narrow pulses with a duration of ¢ <05 us.

However, with an increase in the maximum boundary-like character
the frequencies of the delay line of the condition of the decoupling
between the cascades/stages deteriorate and amplifier is inclined to

the self-excitation.

Page 223.
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For the broadband selective amplifiers, when the inequality

T 505 (4-9)

le
is fulfilled and the delay time of cascade/stage very little, to
apply delay line as the untying element/cell there is no sense. In
this case should be applied the untying cascades/stages, which can be
connected in parallel and loaded to the general/common/total
effective resistance (Fig. l6e) or connected parallel-series (Fig.
16g). In this case the pulse edges on the time do not coincide. If
inequality te,&tm is fulfilled the addition of

impulses/momenta/puises is realized sufficiently well.

If 3t both ends/leads of the delay line are connected the
effective resistance, equal in magnitude to the line characteristic
of delay p=R (Fig. 67), the total resistance of load on the video
frequency for all current generators R, ,=05. Then according to
(4-1) at the given value of the internal resistor/resistance of
current generator A, resistor/resistance p must be chosen from the

condition

R
0 < _5: ) (4-10)

§2. Aperiodic functional video amplifiers.

In the aperiodic amplifiers of UP in essence they switch on by

p circuits with the common cathode or the general/common/total emitter,
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which change the phase of the reinforced signal on 180°. Because of
this it is not possible to sum the pulse signals, taken directly with

the output of UK.

For adding the video pulses in consecutive type multistage FU it
is necessary at the outputs of odd (or even) amplifier stages to
include/connect the phase-inverting cascades/stages (FIK), which turn
the phase of signal on 180°. If FIK are connected at the outputs of
odd cascades/stages (elements/cells 1', 3', ... in Fig. 1l6c), then
for the decoupling of remaining cascades/stages and guarantee of
stable work of. amplifier at the outputs of even UK it is necessary to
include/connect the cathode (KP) or emitter (EP) followers

(elements/cells 2', 4' ... in Fig. l6c).

As FIK can be used the cascade/stage, made on the diagram with
the common cathode or the general/common/total emitter. Amplitude
characteristic of FIK must be linear in ShDD. For this in FIK is

introduced deep negative feedback.

The schematic diagram of two cascades/stages aperiodic pulse of

FU on the tubes is shown in Fig. 68.

Page 224.
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(? At the outbut of the first cascade/stage, assembled on the tube L,, %l;d
é; is connected FIK, made on the tube L,; at the output of the second ;33
A cascade/stage (L,) it is connected the cathode follower, assembled on i:;

the tube L,. As can be seen from diagram in Fig. 68, the _j
v& resistor/resistance of current generator on the circuit of FIK is R,, ‘J
:? and on the circuit KP - sum of resistors/resistances R,+R,. According

to the condition

(41) Ry> Rao= £.
;i: Then transmission factor on the circuit FIK
» kv-‘ SRI.O -
- - T R 1)
& where S.— the slope/transconductance of the cathode characteristic
f; of tube; R', - resistor/resistance of feedback in the cathode circuit
= of tube L,.
: Transmission factor on the circuit KP when R, 4 R » Hu.
R
k= ,Jﬁ}%“l@—- 2“”:;‘%‘739’ . (612)

?? Transmission factors k, and k can be changed, changing the
;ﬁ depth of negatively current feedback of signal with the help of the
T slides/wipers, blocked by great capacities of C, and C,. With a

7ol change in the values of the resistors/resistances of feedback R', and
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R', in the signal current the values of resistors/resistances for the
direct current in the cathodes of tubes L, and L, remain
constant/invariable. This causes the constancy of the mode of
operation of tubes L, and L, on the direct current during the

adjustment of transmission factors &, and &;.
For obtaining the assigned form of FAKh the coeffcients of
transmission &k and k; in the multistage amplifier must be

calculated by the formulas, presented in §5 of Chapter 1.

Advantages of diagram.
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Fig. 68. Schematic diagram of logarithmic video amplifier with the

addition Qf output effects.

Page 225,

Possibility of realization of FAKh with b=var(]) and (1), i.e.,

any form.

Possibility of obtaining the sufficiently stable delay time
total output pulse with the execution of amplifier with the diagram
(Fig. 16g) without the delay line. This is possible to achieve,

selecting the appropriate value of the time constant of loads of FIK

(elements/cells 1", 3", ... on Fig. 16g) and K¢ (elements/cells 2",
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4", ... in Fig. 16g).
However, diagram has the following deficiencies/lacks:
Biagram is fairly complicated.

On the high signal level appears the considerable parasitic
reverse/inverse overshoot, which toward the end of the dynamic range
of FAKh with b=var(]) of 60-70 dB can reach 50-80% of the value of
the signal pulse in the dependence on the selected modes/conditions
of tne tubes of amplifier stages. After the break-down of the signal

pulse the diagram for a prolonged time loses sensitivity.

This phenomenon is caused by the appearance of considerable grid
currents in the cascades/stages, on input of which the

impulses/momenta/pulses of positive polarity act.

Everything said relative to diagram on the tubes in the equal

measure relates also to the transistor circuit.

From the deficiencies/lacks indicated are to a considerable
extent free FU, in which UK are made on the cascode diagrams: the
general/common/total anode - common grid (OA-0S) or common

collector/receptacle - general/common/total base (OK-OB). Such
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cascades/stages have high input resistance and is not changed the

phase of the reinforced signal.

The schematic diagram of the logarithmic amplifier, made on the
cascode diagrams OA-QOS, is given in Fig. 69. Let us consider the
first cascade/stage, assembled on the tubes L, and L,.

For obtaining FAKh of multistage amplifier it is possible to
summarize the signals, taken with any of three points 1, 2 or 3.
However, it is most expedient to summarize the signals, taken from
the anode of the first tube L, (points 1),. In this case the
virtually complete decoupling of the circuit of addition and circuit
of amplification without ihe further untying cascades/stages is
obtained. During the addition of the signals, taken from points 2 or
3, it is necessary to place the further untying cascades/stages,

which is economically disadvantageous.

F; From the diagram in Fig. 69 it is evident that the first part of
the cascode diagram, made on the tube L,, is phase-inverting

cascade/stage of FIK, and the second part on the tube L, - by

amplifier.

Page 226.
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For simplification in the diagram the anodes of the tubes of
phase-inverting cascades/stages (L,, L,, ..., L,,) are connected
directly to the resistance/resistor of load R,, without the delay
line. It is natural that in the diagram in question also can be used

the delay line.

To the input of diagram it is necessary to supply the pulse
signal of negative polarity. Then on the total load the
impulses/momenta/pulses of positive polarity will store/add up. With
the increase of signal into the mode/conditions of limitation by the
first enters latter/last FIK (L,,), then next-to-last, etc.
Limitation in the phase-inverting cascades/stages is realized due to
the cutoff of anqde current in the absence of grid currents. Let us
assume that with the closing of tube of FIK circuital current of the
anode will be changed to value A/, =/I,.. Then the maximum output

voltage cf signal taken from total load Rao
Ususz. uanc = Ry, oi Al (4-13)

fmt

where n - quantity of FIK that entered the cutoff conditions.

For the realization of the linear addition of voltages/stresses
on the total load must be performed the inequality
Us wer = Eu = Unux. vame = E'.—-R.,oglAIn. : (4-14)
where U, «e— Minimum voltage on the anode of tube of FIK, at whom

the parameters of tube still virtually are not changed.
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o Fig. 69. Schematic diagram of the logarithmic video amplifier with
ﬂ; the addition of voltages/stresses on the cascode diagrams.
:{ Key: (1). +200 V.
> Page 227.
?j Cascode diagram can be assembled on the twin triode, included in
» one tank/balloon, which reduces the overall sizes of amplifier [43].
;? However, the parameters of triode to a considerable extent are
&f changed with a change in the voltage on the anode of tube, in
~ consequence of which on the high signal levels the linearity of the
f; addition of signals is broken. On the reason indicated cascode
j§ diagrams must be performed on the pentodes.
=

With identical tubes and satisfaction of condition R,>1/S it is

possible to consider that FIK on the cathode circuit is loaded to the

-

- ¥
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input resistance of cascade/stage with the common grid, which is
approximately/exemplarily equal to n"=,%_ Then the coefficient of
transmission of FIK on the cathode circuit with the identical tubes

tentatively can be accepted

Choosing_thg appropriate initial mode of operation of tubes on
the direct current, it is possible to carry out their work without
the grid currents in entire dynamic range of FAKh. It is necessary to
note that the appearance of grid currents in the second tube of
cascode diagram is not dangerous, since between the tubes there is a

conductive coupling and isolating capacitor is absent.

On the diagram, analogous to Fig. 69, logarithmic transistorized
amplifier can be made. If amplifier is made on transistors of type
p-n-p, on the input of amplifier it is necessary to supply the
impulses/momenta/pulses of positive polarity, and vice versa, if
transistors of type n-p-n are used, to the input of amplifier should

be supplied the impulses/momenta/pulses of negative polarity.

In the amplifiers, made on the cascode diagrams, it is possible
to obtain LAKh of sufficiently high accuracy. This is explained by
the fact that general/common/total AKh of amplifier is formed/shaped

due to the amplitude characteristics of phase-inverting

 m
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cascades/stages. The latter, in turn, are formed/shaped with the
lower section of passage characteristic of UP, which sufficiently
accurately (especially in the transistors) reproduces logarithmic law

with the closing of UP.

The five-stage amplifier, whose schematic is given in Fig. 69,
has the following daa: K,=9400; upper cut-off frequency with the work
in linear conditions Fuw =13 MHzZ; Dg,x = 70 dB; Uiu=4-10"¢ y;

§U=4% converted slope/transconductance of LAKh o0=0.4 V/dB.
Page 228.

Slope/transconductance of LAKh it is possible to vary in the wide

repartitions/conversions, changing the load on FIK.

In the amplifiers, made on the transistors, to one cascade/stage
the range of LAKh to 20 db can be obtained. Slope/transconductance of

LAKh is less than in the vacuum-tube amplifiers.

The absence of parasitic reverse/inverse overshoots and the
virtually instantaneous restoration/reduction of the sensitivity of
diagram after the break-down of large pulse signal is one of the

essential advantages of the logarithmic video amplifier, made on the

cascode diagrams.
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The need of applying the increased feed on the circuits of the
collector/receptacle of phase-inverting cascades/stages is certain
structural/design deficiency/lack, which is inherent in all

transistor circuits with the addition of output voltages/stresses.

§3. Consecutive type functional selective amplifiers with the video

output.

In the selective amplifiers both on the tubes and on the
transistors it is easiest to obtain FAKh on the video voltage, after
forming the detected voltages/stresses on the total load.
Sufficiently many works are devoted to questions of the circuit
solution of the loéﬁrithmic amplifiers with the consecutive addition
of the detected voltages/stresses. The essence of the work of all
diagrams is identical (§5, Chapter 1). Circuit solutions are
characterized by a quantity of instruments, utilized for
amplification and detection of radio signals. To reinforce and to
detect the voltage/stress of high frequency can one or two separate
electronic devices. Depending on this of the schematic of functional
selective amplifiers with the video output it is possiblé to divide
into the diagrams: with the separate detectors; with the cathode or

emitter detection; by anodic or collector detection; by grid or base

B
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detection.
Functional amplifiers with the separate detectors.

The simplified diagram of FU with the separate detectors is
given in Fig. 70. In the given diagram the voltage/stress of high
frequency is reinforced by cascades/stages V,, ..., ¥a-t, ¥Ya tO Outpﬁts
of which they are connected detectors J,, .... da-t» An» having particular
loads R, and general/common/total R;.--%, on which they store/add up

the detected voltages/stresses.
Page 229.

Each UP works as amplifier or as the output stage. With the small
input voltage the cascades/stages have linear amplification, then
with an increase in the voltage/stress amplification is reduced and
finally cascade/stage is saturated. Since with the increase of signal
all cascades/stages, beginning. from the latter,
consecutively/serially are overloaded, it is very important that the
behavior of cascade/stage in the handled state would be completely
specific. It is necessary also that output potential of cascade/stage

with saturation would be constant and it did not depend on the value

of signal.

o
.
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During the development of diagram of FU with the separate
detectors it is necessary to know, what diagram of UK should be used;
it is necessary whether to apply in the diagram of ARU, based on the
nonlinearity of characteristic of UP; to what point of diagram of UK

most expedient to connect detector.

In selective FU with the separate detectors it is possible to
apply all known circuit diagrams of UP, including cascode.
Considerations by choice of diagram in essence are the same as for

the linear amplifier.

Functional amplifier can be made both from ARU, based on the

nonlinearity characteristic of UP and without it.

v
et Lol
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Fig. 70. Simplified circuit of FU with the separate detectors.

Page 230.

In the absence of ARU in the diagram the series/row of undesirable
phenomena is observed. Under the influence of large signals amplifier
instruments enter into the mode/conditions of a deep saturation. If
as UP vacuum lamps are used, upon the saturation the following
processes are observed: considerable circuital current of control
electrode of tube appears, in consequence of which the input
resistance of cascade/stage descends and recovery time of the
sensitivity of amplifier after the break-down of signal increases;
the current of the screen grid of tube sharply grows, in consequence
of which is reduced voltage/stress on the screen grid and,
consequently, also is reduced the slope/transconductance of tube and

the output voltage/stress of cascade/stage.
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For the rapid restoration/reduction of the maximum sensitivity
of amplifier after the action of large signals it is necessary that
the handled cascades/stages would rapidly restore maximum
sensitivity. For this it is necessary to provide the number of the
measures, wnich ensure the virtually instantaneous discharge of
transient capacity/capécitance after the break-down of large signal.
If amplifier stage is assembled on the diagram with the series feed,
it is necessary to apply the diagram of amplifier stage with parallel

feed and choke/throttle in the circuit of control electrode of tube.

In order to attain the constancy of the output voltage/stress of

cascade/stage in the saturation mode, it is necessary to ensure the
constancy of voltage/stress on the screen grid of the tube: a) by the
selection of the largest possible value of capacity/capacitance C(,.

of that shunting screen grid. During the amplification of pulse
signals the time constant of capacity/capacitance (C, and anode
resistance on the screen grid during the overloading must be large in
comparison with the repetition period of impulses/momenta/pulses. In
this case the voltage/stress on the screen grid remains in effect
constant. The limiting factor are the overall sizes of
capacitor/condenser; b) by application of voltage on the screen grid

of tube from the voltage divider. The values of the
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resistors/resistances of divider are chosen by such that the current

of divider would be 10 times more than the current of screen grid. In ?;y

AR AR
T Y )

this case capacity/capacitance ¢, it is possible to take somewhat
smaller than in the first case; c) by application of voltage on the

screen grid is direct from the anodic power supply through the

. I .
Do e
Fyow veJ "' -Ak

choke/throttle. In this case capacity/capacitance (, can be selected
smallest of all three cases examined. The constancy of voltage/stress
on the screen grid is ensured by the constancy of the voltage of

anodic power supply.

Vacuum-tube amplifier with ARU due to the nonlinearity of the
characteristic of tube is to a considerable extent deprived of these

deficiencies/lacks.

Page 231.

If as UP transistors are used, then with the work of
cascade/stage in the saturation mode base current sharply increases,
in consequence of which the transistor can fail; increases recovery
time of maximum sensitivity as a result of the fact that the
transition of transistor from the saturation mode into the normal
mode of work flows/occurs/lasts for a comparatively wide interval of
time; parasitic oscillation [98] passes transistor into the converted

mode/conditions and in the amplifier appears. The converted
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mode/conditions appears on the high level of the signal, when the
bias voltage of the transitions of transistor becomes opposite on the

sign relative to the bias voltage normal mode. ;%
1

In the presence in diagram of reverse mode it is sufficient one

. . et
PO

random impulse/momentum/pulse so that as a result of collision
excitation of parasitic oscillations would arise. Physics of the
onset of parasitic oscillations in the high-frequency transistors
during the converted mode/conditions of transistor is described in

work [98].

Parasitic oscillation with the overloading of transistor can be
reduced, join up of collector/receptacle consecutively/serially with
the oscillatory circuit (between the collector/receptacle and the
duct/contour) active grid suppressor on the order of hundreds of
ohms; increasing direct/constant voltage of the feed of the circuit

of collector/receptacle and applying efficient diagram of ARU.

Consequently, in the amplifier it is expedient to apply ARU,
based on the nonlinearity of the characteristics of transistor,.
However, in the wideband amplifiers with fulfilling of inequality
#q,Oj this ARU cannot be applied. In this case the operational
conditions of transistors must be chosen so that with the overloading

of transistors the latter would not go out of order due to the




0
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excessive increase of base current. e

During the selection of the point of the connection of det:zctor
it is necessary to proceed from, in the first place, the input
capacitance of diode in the smallest measure would affecting the
resonance frequency of cascade/stage, which is especially important
in the wideband amplifiers with small capacities/capacitances in the
ducts/contours, and, in the second place, the signal, which enters
the detector, must be sufficient to large ones so that the detector
would work in the linear conditions. The conditions examined are
contradictory, since, on the basis of the first condition, the
detector must be connected partially to the load, and on the basis of
the second - completely. Concrete/specific/actual circuit solution
depends on the type of detector and required slope/transconductance

of FAKh of amplifier.
Page 232.

As the detectors the semiconductor diodes or transistors can be
used. According to (4-1) the resistance/resistor of the load of

detector R, (Fig. 70) is chosen from the condition

Ry > 10R,, o = Sp.

Transmission factor of the detected voltage/stress on the total

.........
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load -

k = kok, = ko 'ﬂff‘-}-‘p" (4-15)

Changing resistor/resistance R, it is possible to obtain the
appropriate value of the coefficient of transmission k for each

cascade/stage.

The possible versions of the connection of capacity/capacitance
Cs blocking resistor/resistance Rs in the high frequency, they are

shown in Fig. 70.

The value of the time constant of detector <« =C,R, in
narrow-band FU calculates as for the usual detectors, on the basis of
the compromise condition of obtaining the minimum pulse rise-time and
sufficient filtration of high frequency. For broadband FU without the
delay line the time constant = should be calculated from the
condition of obtaining the constancy of the delay time of total

output pulse.

The value of output voltage/stress, with which sets in the
saturation of UK, to a considerable extent depends on the input
resistance of the following cascade/stage. From this point of view
all cascades/stages, with exception of the latter, work in the

identical conditions. So that the level of the saturation of

A g 4
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latter/last cascade/stage on the output voltage/stress would not be
higher than in the rest, its output sometimes it is expedient to
shunt by the further semiconductor diode, which limits the output

voltage/stress (Fig. 70).

The diagram of logarithmic band of UPCh on the transistors,
given in Fig. 71, is an example of the practical realization of
diagram with the separate detectors. In this diagram as the amplifier
nonlinear cascades/stages the cascades/stages with ARU, based on the
nonlinearity of the characteristics of transistors, are used.
Amplifier stages are assembled on the- common-base circuit on the
high-frequency transistors Tl,—fl, of the type P417. Two-circuit

band-pass filters with the capacitive coupling are load. The first

duct/contour is parallel, is second - consecutive.

The second oscillatory circuit with the input of the following
cascade/stage is connected autoinductive. For obtaining the wide
passbané and guarantee of stability of the characteristics of
amplifier into the ducts/contours high attenuations are introduced,
and, into the collector ducts/contours - in parallel
(resistor/resistance R,,-R,,), and into the emitter ones -

consecutively/serially (resistor/resistance R,,-R,;).

Page 233.

W AT T e sdanhd L PN WS VPN

A |
Lt ‘
[ A
Y VORI UAND S VRN

!
I

oy

P .AAL._A’ A




DOC = 83138012 PAGE ){ }‘b

The selected diagram of ducts/contours is simple by the
construction/design, is easily tuned and has good recurrence of the

parameters.

Chains/networks of ARU are connected in the emitter circuit

(resistor/resistance R,s~R,, and capacity/capacitance C,,-C,s).

The emitter circuits of UP are fed from the separate source.
Therefore the resistors/resistances of chains/networks of ARU R, -R,,

it is possible to select sufficiently large and to obtain required

AKh of the cascades/stages (it is necessary to ensure inequality
Iia B> Useah sufficient temperature and temporary/time [48]

stability of the parameters of amplifier.

As the corrective elements/cells the separate transistor
detectors (on transistors T,-T, of the type P416) are used, which
have the following advantages over the diode ones: a comparatively
high resistor/resistance, larger transmission factor, and with the
help of them it is possible to carry out a good decoupling of UK in

the high frequency.
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Fig. 71. The schematic diagram of logarithmic UPCh on the transistors

with the separate detectors: T,-T,, - P4l6; T,,-T,, - P4l17; R,-R, -

27 kiloohm; R,-R,, - 2 kiloohm; R,,-R,, - 3.6 kiloohm; R,.-R,, - 30
ohms; R,;-R,, - 2.7 kiloohm; R,,~R,s - 60 kiloohm; R, ,-R,, - 2.7
ohms; R,, - 100 ohms; C,,-C,, - 5 pF; C,,-C,, - 150 pF; C,-C,,
C,,-C;. = 20 pF.

Key: (1). linear. (2). logarithmic. (3). +12 V. 4
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Usually, in the narrow-band logarithmic amplifiers as the

summator delay lines with the lumped parameters are used. The diagram __

in question is broadband (passband of one cascade/stage P=12 MHz) and
group signal delay in the cascades/stages it is possible to
disregard. Taking into account this fact, and also that that the
detectors ensure a good decoupling of cascades/stages in the high
frequency, from the diagram is excluded the delay line and as the
adder is used the resistor/resistance Ri=~Rw which is the total load
of all detectors. The considerable decrease of the distortions of the

form of the detected video pulse is the corollary of this.

The inputs of detectors are connected to the ducts/contours
autoinductive, in consequence of which they little affect the

resonance frequency of amplifier.

For the linear addition of the output voltages/stresses of

detectors must be performed the inequality

- o Ruux. e > 10£;. (4-16)

........
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For this with the collector circuits of detectors are connected
the resistance/resistors of loads Ru(R.,— R.). which are selected from
the condition

R, > 10R;. (4-17)

Together with capacitors/condensers C,-C, they fulfill the
functions of the high-pass filters, which ensure the decoupling of
amplifier stageS-.-With the emitter circuits of the transistors of
detection cascades/stages are connected control resistors Rp(Ra—Itw)
which make it possible to change the transmission factors of
detectors ki and thereby to regulate accuracy and

slope/transconductance of LAKh.

The accuracy of LAKh of multistage amplifier it is possible to
obtain the higher, the less the scatter along the levels of
limitation in nonlinear cascades/stages “wi« (Fig. 17). Due to the
scatter of the parameters of transistors. voltages/stresses. UYsx.« are
different in different nonlinear cascades/stages. For increasing the
accuracy of LAKh and the recurrence of the parameters of amplifier,
it is desirable to make limitation level by the independent variable
from the parameters of transistors. For this purpose in the diagram
(Fig. 71) the mode/conditions of -.the work of transistors is selected
so that the limitation in them begins somewhat earlier than in
amplifier stages. In this case levels uw« are caused by limitation

in the detectors, they depend in essence on the selected
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modes/conditions of the work of transistors (supply voltage) and

therefore they have a small scatter and it is sufficiently stable.

Page 235.

The semicascade amplifier has the following parameters: at the
work in linear conditions K,=3.5-10*; P=4 MHz; f,=30 MHz; dynamic
range of LAKh without the detector, connected at the input of
amplifier, (T,) Darax=82 dB; Uum «=2-10~* in; 0=120 mv/dB; S§o0=15%.
Upon the start of null detector (Tr) the range increases to Dis =90

An amplitude characteristic (Fig. 107) and an example of

calculation are given in.Ghapter 6.

If in the diagram the diode detectors, which work without the
limitation, are used, in the UK it is necessary to ensure the
constancy of the output voltage/stress of amplifier stages, which
work in the mode/conditions of limitation. For obtaining by precise
LAKh it is necessary that the extent of the horizontal section AKh of
cascade/stage would be not less than the working dynamic range d. It
is possible not to be interested in the form of the amplitude
characteristic of cascade/stage with further increase of signal,
since the voltage on the input will cease to grow due to the

limitation in the previous cascade/stage.
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The simplest and efficient method of obtaining the horizontal
section is the inclusion into the collector circuit of effective
resistance R, (Fig. 54d). In this case with a sharp increase of
collector current descends the supply voltage on the
collector/receptacle of transistor and, consequently, also the level
of limitation. Usually the value of resistor/resistance Ro lies/rests
within the limits of 300-500 ohms. The amplitude characteristics of
cascade/stage from ARU on transistor P417 for the different values of
resistor/resistance of Re and modes of feeding of transistor are

given in Fig. 72.

During the amplification of radio pulses the
capacity/capacitance of capaciéor/condenser Com blocking
resistor/resistance R, by high frequency, is chosen such value that
its resistor/resistance would be sufficient to small ones for the
reinforced frequencies, i.e., for variable component of collector

current, and it is sufficient to large ones for slowly changing

constant component of collector current.
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Fig. 72. The amplitude characteristics of cascade/stage with the
limiting resistor/resistance: 1 - #y-—# B; Ror=% 2 - E-—4 B,
Roc =0 ohm; 3 - Fu==% ‘B, Rer=3 ohm; 4 - %«="% By g..m ohm; 5 -
fu- -4 Bj Ree=¥ ohm; 6 - F=4 B, fe- ohm.

Rey: (1). B. (2). kilohm. (3). dB.

-

Page 236.

However, capacitance value Cor must be such that the inertness of
control on the voltage/stress on the colleétor/receptacle would be
sufficient small and control was realized according to the law of the
envelope of the radio pulse. Chain/network Ro,.—Cor can be used for

the suppression of prolonged interference.

The diverse variants of the schematics of logarithmic amplifiers

are given in works [7, 8].
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LOGARITHMIC SELECTIVE AMPLIFIERS WITH CATHODE AND EMITTER DETECTION.

Since the principle of construction of FU on the tubes and on
the transistors is identical, it is expedient diagrams with the
: cathode (anodic) and emitter (collector) detection to consider —

together, —_ -

In the amplifier with the cathode detection the tubes of

amplifier are placed:in the mode/conditions of amplification and

TN

.
a

cathode detection, so that each of the cascades/stages, except

L )
L

voltage amplification with the oscillations of intermediate frequency
and its supply to the following cascade/stage, detects the
voltage/stress of radio pulses and gives independent of other

cascades/stages the component of the output voltage/stress of video

pulse on the total load.

The simplified circuit of two cascades/stages on the pentodes

with the cathode detection is shown in Fig. 73. Sufficiently high

A resistor/resistance R« in the cathode circuit of tube of UK is the
resistance/resistor of the load of cathode detector. The diagram of
cascade/stage with the cathode detection does not differ from diagram

with ARU in pulse envelope. -
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The FAKh of multistage amplifier in this diagram is obtained

just as in the diagram with the separate detectors. From the cathode
resistor/resistance of each cascade/stage the detected
voltages/stresses of the video pulses of positive polarity are
removed/taken and they enter delay line, where they store/add up on

total load Ruo=%.

Amplitude characteristic of UK on the radio-voltage is the same

as in the cascade/stage with ARU.

the simplest diagram with the cathode detection has the
essential deficiencies/lacks, basic of which are:

1) the penetration of the voltage of video pu.se because of this
with the saturation of one of the cascades/stages the bias voltage in

all amplifier stages automatically is changed.
Page 237.

Therefore it is difficult to fit the necessary modes of operation of

cascades/stages and to obtain LAKh of multistage amplifier in the

broad dynamic band; _.
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2) the presence of connection/communication between the
cascades/stages on the video frequency, in consequence of which the

amplifier works unstably and.is inclined to the self-excitation.

For eliminating these deficiencies/lacks between the cathode of
each tube of amplifier stage and the delay line it is possible to
include/connect diode (Fig. 73), high resistor/resistance or
separating cascade/stage. Diode must be switched on so that its
resistor/resistance would be small for the passage of the current of
video pulse, taken from the cathode of this tube, and large for the
current of video pulse, which_penetrates from other cascades/stages.
If for the decoupling of cascades/stages vacuum or semiconductor
diodes are used, then as a result of the low-yalues of
resistors/resistances p and resistors/resistances of diodes
resistors/resistances R, and cathode circuit of tubes are strongly
shunted; therefore the magnitude of the detected video voltage and
effect of control in the cascades/stages descends.
Resistors/resistances R« will not be shunted, if instead of the
diodes as the elements/cells of decoupling to use
resistors/resistances high in the value. In this case the
voltage/stress of the video pulse, which enters the delay line,

strongly decreases, i.e., the transmission factor of cascade/stage on

o

— e
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the video voltage considerably decreases. Of these deficiencies/lacks
is deprived the diagram, in which as the elements/cells of decoupling
are used corrective UK, with the help of which it is possible not
only to completely untie the cathode circuits of cascades/stages in
the high frequency, but also to correct the amplitude characteristic

of an n-cascade amplifier.

The schematic diagram of the eight-stage logarithmic amplifier

with the cathode detection and the corrective (untying)

cascades/stages (L,,-L,,) is given in Fig. 74.
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Fig. 73. The simplified circuit of logarithmic amplifier with cathode

detection.

Pages 238-239.

Amplifier has the following parameters: K,=10°%; f.,=25 MHz; P=1 MHz
without the filter with the concentrated selection (FSS) and P=0.5
MHz with FSS; Duaax =100 dB; U u=5-10~* Vi a=022 V/dBwhenki=1; §o=10-15%;
§U=2-3%.

With the cathode circuits of amplifier stages are connected the
ChainS/netVOt‘kS Of ARU (R.' R,' R;’I o e o, C;:, Cg;’ C,4 -40), from

which positive video pulse is removed/taken.

So that the grid currents of the tubes of amplifier stages would
not affect the effect of adjustment and the form AKh of

cascade/stage, the compensating voltage/stress in the circuit of the

POy Wy W
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grids of tubes is supplied from the source with the low internal

resistor/resistance (L,).

Amplifier has two outputs: linear with the limitation from the

output of detector (left half L,) and logarithmic from the delay

line. Voltages/stresses from two outputs are summarized with the

summator (L,,), which has two outputs: total Uz and logarithmic

Ususx. 32

For obtaining'LAKh of high accuracy the transmission factors of
the corrective cascades/stages can be changed, changing the values of
negative feedback on alternating current of cathode. This is achieved
by a change in the resistors/resistances of feedback (not blocked
parts of potentiometers R,,, Ry,, R, and so forth). With the
displacement/movement of the wipers the depth of 0OS on alternating

current is changed, mode/conditions on the direct current remains

constant.

So that the untying cascades/stages would work stably, with the
cathodes of tubes the resistors/resistances of feedback (R,,, Rs..,
...) were connected. As the summator the delay line, connected with

the anode circuits of the corrective cascades/stages, is used.




Fig. 74. The schematic diagram of logarithmic amplifier with the
cathode detection and the corrective cascades/stages: L,-L,; L,,.,-L,,
- 62hlP; R,, R,, Ry ¢y +e¢., Ry, - 3.6 kilohm; R,;, Rs,, Rgy,, ..., Ry,
- 1.1 kiloohm; R,,, Rso, Rss, «ee, R,y = 3 kilohm; R, R,4, +++, R,;
- 100 ohms; R.,.R,l, Ry¢, ees, Ry = 2.7 kilohm; R,, R,;, ee., Ry, -
100 Ohm; C,,, C,5, Cy4y seey, Cs54 = 150 PF; C,,, Crsr Crur Crar ooy
Css - 3300 pF.

Key: (1). V.
Page 240.

The advantages of the diagram: in the diagram it is possible to
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obtain high accuracy of LAKh in ShDD; diagram has the high stability
of the parameters (form of LAKh and amplification factor), caused by
deep 00S on the direct current in amplifier stages and by 00S on
alternating and direct current in the corrective cascades/stages, and
also a good recurrence of the parameters from one copy to the next,
in consequence of which it is possible to perform multichannel

receivers.

The amplitude characteristics of amplifier at the output of
detector (broken line) and delay line with different feeding
voltages/stresses on the screen grid are given in Fig. 75. From the
figure one can see that the mode/conditions of limitation at the
outpuct of detector and form of LARh barely are broken with a change
in the feeding voltages/stresses within considerable limits. The
analogous stability of characteristics is observed with a change in

the voltage/stress in the filament circuit of tubes.

For the realization of the broadband logarithmic amplifier with
the cathode detection, intended for amplifying the narrow pulses
t<01° us, it is necessary as the load of amplifier stages to use
two-circuit band-pass filters; resonance frequency to choose order
60-80 MHz; instead of the delay line to use the broadband
cascades/stages of the amplification of video pulses, which have

linear amplitude characteristic in the ShDD.
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Fig. 75. Amplitude characteristics of amplifier (Fig. 74) with

different voltages/stresses on the screen grids of the tubes: on
the video voltage; - - - - on the radio voltage; Usu wer 93 V; Ea=t4 V;

"-m v; RO-O---a kithm.
Key: (1). V. (2). dB.
Page 241.

As a rule, in these cascades/stages must be realized high-frequency
correction and deep negative feedback.
FAKh
The circuit solutions of amplifiers with M@K by the method of
addition can be reaiized much. The FU on the transistors it is
possible to perform by analogy with vacuum-tube amplifiers. With some

diagrams (with the grid, anodic and collector detection the
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use/application of cascode diagrams) the reader can be introduced in
works [7, 8]. In particular, work [8] gives the schematic diagrams of

logarithmic transistorized amplifiers with the parameters:

seven-cascade transistorized amplifier P417 with the emitter
detection without the untying cascades/stages: K,=3.5+10%; P=3.4 MHz;

D=80 dB; Uwm.u=2-10"* v; gml4 mv/dB; 60=20%; f,=30 MHz;
five-stage amplifier with the untying cascades/stages:
K,=3.1-10°; P=4,1 MHz; f,=30 MHz; D=70 dB; o=70 mV/dB when &k, = {;

U={2-3)%; So=15%.

§ 4. Functional amplifiers on the parallel pairs.

The advantage of parallel pairs of FU is the fact that with
their aid it is possible to design amplifier with FAKh when
bmvar(}) in the ShDD on the amplifier instruments, which have a
small dynamic range, in particular, on the transistors. Furthermore,
there can be created FU intended for amplifying of both the video

pulses and the radio pulses.

With the help of the parallel pairs the logarithmic amplifiers
with the radio-output can be successfully created. The principle of

parallel pairs can be used for the construction of FU on transistors
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and on vacuum tubes.
APERIODIC LOGARITHMIC AMPLIFIERS OF VIDEO PULSES.

Parallel pair must consist of amplifier stage, which works of 3?
the mode/conditions of a linear-nonlinear amplification and -
limitation, and repeater, which works in the linear conditions.
Expressions for the amplitude characteristics of UK and the repeater

are given in fable 4. z
Page 242.

It is most easy to obtain the required characteristic of

cascade/stage in the transistorized amplifier.

The mode/conditions of limitation in the transistor
cascade/stage can occur due to the saturation of transistor or due to
the cutoff. In both cases the value of the input and output voltages,
with which the limitation begins, depends on the selected operating

point and the value of load.

Let us consider saturation modes and cutoffs, which attack

respectively during the amplification of negative and positive pulses

in the transistor of type p-n-p.
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Deficiencies/lacks in the transistor in the saturation mode:

1) the low input resistance, which even more is reduced with an

increase in the signal;

2) the considerable expansion of the output pulse, whose value
depends on the level of input pulse. This is explained by the fact
that the process of saturation is accompanied by the delay of output
signal relative to input, which is connected with the resorption of
the surplus concentration of minority carriers in the base layer of

the saturated transistor:

3) considerable recovery time of the maximum sensitivity of

amplifier after the termination of the effect of strong signal;

4) a small dynamic range of AKh on the input voltage. For.
example, if we take operating point for the high-frequency transistor
when Uses=—022 Vv, then for the load resistance/resistors, used in
the video amplifiers, saturation sets in on input level on the order

of 70-100 mv.

If one considers that linear conditions of amplifier is finished

.................
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with Usm.e=10+15 nv, then for observing the equality K«=d which

must be performed with the successive work of cascades/stages, the

coefficient of amplifier XK., must be order 6-7, which is clearly

insufficient.

Advantages of cutoff conditions in comparison with the

Ny saturation mode:

1. Good coincidence of real AKh with that required, described by

the expressions, given in Table 4.

2. Short recovery time of maximum sensitivity of amplifier after

- break-down of strong signal.

An increase in the input resistance of cascade/stage with an

increase in the signal is a deficiency/lack in the cutoff conditions..

As we see, cutoff conditions, which should be applied in the

logarithmic amplifiers, is best.
Page 243.

i The level of limitation (cutoff) can be varied, changing the

position of operating point and the value of the load

......................................
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resistance/resistor.

It is necessary to note that the real amplitude characteristic
of the UK can coincide in form with the required characteristic only
with certain approximation/approach. Ideal coincidence of

characteristics cannot be obtained.

The schematic diagram of transistor logarithmic video amplifier on
the parallel pairs is given in Fig. 76. Amplifier stages are made on
transistors T7,, ..., T,, repeaters - on transistors T,, ..., T,,. For
obtaining the considerable dynamic range of linear characteristic and
required transmission factors the repeaters on the collector circuit
are fed from the source -30 V and are made with
variable/alternating/variable current feedback of signal in the

emitter circuit (potentiometers R,, ..., R,,, depicted in Fig. 76).

For obtaining the precise- LAKh n-cascade amplifier it is
necessary to ensure the strictly successive work of identical

nonlinear cascades/stages.
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— Fig. 76. The schematic diagram of logarithmic video amplifier on the
- parallel pairs: T,, T,, T,, - P402; R,, R,, =30 kiloohm; R,, R,, R,,,
R,, - 6.8 kiloohm; R,, R,, -~ 3.6 kiloohm; R,, R, - 1.8 kiloohm; R,,
R,, - 24 kiloohm; R,, R,, - 3.3 kiloohm; R,, R, - 5.1 kiloohm; R,,, °

Ry, = C,, Csy Gy Crer Caay Casy Ci - 20 uF.

Key: (1). V.
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Page 244.
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With the direct connection of nonlinear cascades/stages to satisfy
the condition for successive work is virtually impossible, since

A s amplifier stage, assembled on the diagram with OE, turns over the

phase of the reinforced signal by 180°.
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If in the amplifier transistors of the type p-n-p are used only,
then for the realization in each cascade/stage of cutoff conditions
it is necessary that the input of each cascade/stage the pulse of
signal only of positive polarity would enter. For this it is
necessary in the multistage amplifier between the nonlinear
cascades/stages to switch on the phase-inverting cascade/stage with
the transmission factor, equal to one. This phase-inverting
cascade/stage in the diagram (Fig. 76) is assembled on transistor T,.
The phase-inverting cascade/stage must have linear characteristic in
the ShDD at the input signal with the transmission factor, close to
one. For fulfilling these requirements, in the cascade/stage the
adjustable deep negative feedback is used, and the circuit of
collector/receptacle is fed from the source with an increased

voltage/stress of 30 V.

The input resistance of UK with the increase of signal
increases; therefore for guaranteeing the strictly successive work of
the cascades/stages between the nonlinear cascades/stages, besides
the phase-inverting cascade/stage, it is necessary to switch on the
emitter follower with the large and the constant resistance. The
product of the transmission factors of the phase-inverting

cascade/stage and the emitter follower must be equal to one.

Three-stage amplifier has following data:
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Ky=8 10% Daax=T5 08; Usc a3 - 10— % W=(3—14) %.

Key: (1). dB. (2). V.

During the use in the amplifier of transistors of the type the
p-n-p and n-p-n phase-inverting cascades/stages they are not
necessary. The schematic diagram of the two-stage amplifier, in which
transistors of both types are used, is depicted in Fig. 77. In the
diagram between the nonlinear cascades/stages the emitter follower is
connected. The first cascade/stage is assembled on transistors T, and
T, type P402, the emitter follower and the second cascade/stage are
assembled on transistors T,, T, and ?,“E§§e PS03A.

°

For expanding the dynamic range of the linear section of the
characteristics of repeaters, which form part of nonlinear
cascades/stages, the latter are fed from two series-connected power

supplies on 15 V.

As a result of the conducted experimental investigations it is
established that the LAKh of the amplifier of that assembled on the
diagram (Fig. 76) on the germanium transistors, is sufficiently

stable to temperature of 40°C.

Page 245.
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If amplifier is assembled on the silicon transistors, the logarithmic
law of amplification is retained to temperature of 60-65°C. The
accuracy of the LAKh is higher, the greater the number of nonlinear

cascades/stages in the amplifier.

In the amplifier it is possible to obtain a small parasitic

reverse/inverse overshoot, after including/connecting the
phase-inverting cascades/stages and cutof: conditions on the
parasitic overshoot, what is the advantage of the amplifier examined

in comparison with others.
LOGARITHMIC AMPLIFIER WITH THE RADIO-QUTPUT.

The logarithmic amplifier on the pairs, intended for amplifying
the harmonic oscillations, to create considerably more difficult than
video amplifier. This is caused by the fact that the phase shifts in
amplifier stages and repeaters must be equal and since voltage ~n the

input UK repeater is one and the same, at the end of the dynamic

range of LAKh this voltage/stress can exceed that permitted for the

transistor of amplifier stage.
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Fig. 77. Schematic diagram of the logarithmic video amplifier,

assembled on the transistors of two types p-n-p and n-p-n.
=y Key: (1). in.
o Page 246.

So that the transistor would not malfunction, it must be protected by

i}
-a

the limiter. Limitation level it is necessary to choose somewhat

SN

.;; higher than the level, on which in the UK the limitation begins.

.{i Nonlinear amplifier stages must have amplitude characteristics

o the same as in the video amplifiers. Furthermore, to them are
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presented the further requirements: a small phase shift; the low ;ﬂ
level of limitation. ?i
-

4

R

The first requirement does not need special explanation, the T

L

second - follows from the limitedness of the dynamic range of 7
repeater. Therefore, the lower the level of limitation Ueren the less _—J

the stringent requirements are imposed on repeater. —

The protection of cascades/stages from the large
voltages/stresses can be made in the form of limiters of any type,
which allow/assume at their input of the voltage/stress of the order
of several volts (for example, consecutive type diode attenuators). A
deficiency/lack in the diode limiters is the dependence of their
input resistance on signal level and, therefore, considerable effect

on the previous cascades/stages.

The limiter circuit, made in the form of the emitter follower
(T, in Fig. 78), is more acceptable, the transmission factor of which
with the large signals sharply is reduced, and transistor itself

works with the voltages/stresses permissible for it.

As the repeater it is possible to use cascades/stages with the
_divider at the input (Fig. 38a) or amplifiers with a deep negative

feedback (Fig. 38c). However, from the point of view of obtaining

- large dynamic range at frequencies /e>/ the first diagram much better.

..........
.........................
...................................................
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Fig. 78. The schematic diagram of the pair of the logarithmic
amplifier of the harmonic oscillations: T7,, T,, T, - P418Zh, T, -
GT313B; R,, R, - 1.3 kilohm; R,, R,, - 680 ohms; R, - 2.4 kilohm; R,,
R, - 2.7 kilohm; R, - 62 ohms; R,, - 82; R, - 820; R, - 82; C,, C,,
Cs;s G Gy, Cy, €3 -1 t PF; Cy - 10 t PF; C, - 440 pF; C,,,, - 100

pF.
Rey: (1). V.
Page 247.

This is explained by the fact; in the first place, that at the high
frequencies due to R, the complex connection/communication is
created. It is possible to shéw that -with the identical transmission
factors Ku=1 the input resistance of diagram in Fig. 38a is more

than in the diagram in Fig. 38c..
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Furthermore, with the sinusoidal input voltage in the diagram on
Fig. 38c voltage/stress U.s is also sinusoidal, and in the diagram
in Fig. 38a when R¢» Rum harmonic current /s Since dependence

1;/(1.)' is virtually linear, and I =/f(U.s - is exponential, diagram
in Fig. 38c is linear to the large input voltage.

The considerable phase shift at the high frequencies, which
appears due to resistor/resistance Rs is a deficiency/lack in the
diagram (Fig. 38a). This deficiency/lack can be reduced by the start
of capacitor/condenser (s in parallel‘E3>resistor/resistance. In this
case from chain/network Rels and R.C,, it is possible to form the

frequency-independent divider.

The equivalent diagram of input circuit of transistor and

chain/network R« s is represented in Fig. 79.

The transmission factor of the repeater
Kn-IKmI-lel-

Ju . .
- transmission factor of divider;

lﬂl’.ml.

vhere |Kpg|=—
| Ypg, peal

VAP LY

- transmission factor of cascade/stage.
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. The transmission factor of repeater Xa is equal to one with
5; satisfaction of the condition
¥ '
(5? For the transmission factor ks of diagram in Fig. 79 it is
3:: possible to register

wa = G- b  (4-19)
where |
;:‘_; Y,=};—°-+Mo='¢x+]bxi Y.--R':‘-+lm6u=ea+ib-i
Yim¥, + ¥, =qa+tow

-":'-‘-
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Fig. 79. BEquivalent schematic of the frequency-independent voltage

divider.

Page 248.

We determine the modulus/module of transmission factor

- V ey + 0r1d9)® + (bity — ¢1by)?

i+ 5 (4-20)

L

from formula (4-19).

For determining the maximum value kpa we differentiate

expression (4-20) on w and let us make result equal to

conversions we obtain

(83Co— 8.Cy) (@C; + 83) 8,C0 = 0.

Since
(0*C] + 83) 8;Co % 0,
that
8:Co = g:Cyp (4-21)
or |
8:Cox = Conr (4-22)

zero. After
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where
C, == C‘ + Cu-

Into expression (4-21) the frequency does not enter. This means

that kaa (for the linear circuit) is maximum at all frequencies,

i.e., the divider is frequency-independent. Substituting expression
(4-21) in (4-20), we obtain

T h F hdy
-y .t
i3+ 5

(4-23)

Knea

Solving together equations (4-21), (4-22) and (4-23), we obtain

Re = Ry ! —k':." H (4'24)
k
Com Cux 222, *25)

where kpa is determined from expression (4-18).

In usual zmplifier stage on the transistor it is difficult to
obtain the linear section of amplitude characteristic higher than 1 Vv
(taking into account that the input resistance of the following
cascade/stage is its load). Thus, at the frequency of 30 MHz for the
transistor of the type P418Zh with /x=10 mA and Ux=10 into linear

section Uux=08 in, which is completely insufficient.

Page 249.

For expanding the linear section it is possible to use the
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series connection of transistors (Fig. 41b) with the simultaneous
voltage doubling of feed. However, in this case with the large
amplitudes limitation on the current begins. Most acceptable is the

push-pull circuit, assembled on transistors T, of the type P4182Zh

(n-p-n- conductivity) and T, type GT313B (p-n-p- conductivity).

The schematic diagram of the parallel pair, assembled on the
transistors of types P418Zh and GT313B, is depicted in Fig. 78.
Amplifier stage is assembled on transistor T, of the type P4182h.
Selectivity in amplifier stage is realized by the frequency-dependent

feedback on the emitter circuit.

The amplifier, which consists of the pairs, whose diagram is
given in Fig. 78, and one amplifier stage on transistor P418Zh,
connected at the input of amplifier, has the following parameters:

K.,=1,8°10*; P=10 MHz; f,=30 MHz; Dm-aodb;Uu...zio"'V-, o=22 mV/dB;

d0=15-20%.
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v Chapter 5. v
TRANSIENT PROCESSES IN FUNCTIONAL AMPLIFIERS WITH THE NONLINEAR
ELEMENTS . =
: §$ 1. Methods of the study of transient processes in the functional :
amplifiers. .
x Any functional amplifier (with exception of ‘linear) is .
nonlinear, even if it consists of linear cascades/stages. Because of
2 this the transient processes, which take place in FU, have a number .
of special features/peculiarities. Such special :
. features/peculiarities include a change in the form of front (in the
region short times) and flat/plane part (in the region long times) of
transient response with the increase of input signal level. The
considerable distortions of the form of pulse signal with a change in
g its level are the corollary of this.
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During the amplification of video pulses at the output of
amplifier with b=var (}) are formed the considerable parasitic
reverse/inverse overshoots, which impede the practical use of
functional video amplifiers with the dynamic range of more than 60

dB.

Furthermore, increases decay in the flat/plane apex/vertex of
video pulse at the end at the end of the range of FAKh with b=avar
(4 1) in consequence of which real FAKh additionally differs from

precise.

With a change in the form of pulse edge and, consequently, also
the time lag of impulse/momentum/pulse at the output of amplifier
with an increase in the signal appears further of error in the

information, placed in the leading impulse front of a small level.

For a study of transient processes in functional amplifier stage
it is most expedient to use the method, which depends on the internal
essence of the diagram of cascade/stage and form of the influencing
effect (signal). In turn, the internal essence of diagram is
determined by type of UP (linear or nonlinear, inertia-free or
inertial) and by type of load, which is, as a rule, is inertial and

can be linear or nonlinear.
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Page 251.
> Possible combinations ofUP and loads are shown in Fig. 80. Depending
e
N on diagram, one or another the method of study is applied. Let us
jf consider the possible methods of the study of transient processes and
- the aperiodic nonlinear cascades/stages, on which the jump of -
> direct/constant voltage or current acts. %f
) ' A
< .
- SOLUTION OF PROBLEMS WITH THE HELP OF NONLINEAR DIFFERENTIAL v
’4 ‘.
- EQUATIONS. g
Z. °

The possibility of the solution of problgm in general is the
éi advantage of the method of differential equations. If nonlinear
:: differential equation is obtained with the divided variables, then
: problem is solved easily and rapidly. In the majority of the cases of
3
) compound circuits the nonlinear differential equations are fairly
15 complicated, to solve which difficult, since the reqular methods of

solving the nonlinear differential equations in mathematics are not

? worked out.
>
-
T
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Fig. 80. The possible-wversions of the combination of amplifier

instrument and load: @@%:)- linear and nonlinear inertia-free UP;
@,@— linear and nonlinear inertial UP; @E- linear and
nonlinear inertial load; :ﬂ —-element/cell, which considers

inertness of UP.
Page 252.

For the compound circuits nonlinear equations in the majority of the
cases are not reduced to the equations with the divided variables and
in a precise form are not integrated, in connection with which it is

necessary to apply the approximation methods of integration.

Transient processes are described by equations of the Bernoulli
type in the extremely limited number of diagrams, and the equation of

types Riccatis and Abel are expressed as quadratures in a few special

cases.
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However, research of the transient processes in the region of

short and long times for the diagrams (Fig. 80) frequently is reduced
to the research of transient processes in the simplest equivalent
nonlinear diagrams, given in Fig. 81. Under the influence at the the
input of the cascade/stage of the jump of direct/constant voltage or

current, the nonlinear differential equation, which describes

transient processes in the diagrams (Fig. 81), it is possible to
register in the following form:

W(3)z +/201= Nup @) (51)
or

W3+ FHz (@) = n (o)
where X - unknown value (voltages/stresses or currents); W(d/dt) -
the témpofary/time immittance, expression for which is defined by the
classification of the linear elements of network
(resistors/resistances, capacities/capacitances, inductance); N,-—

amplitude of current or voltage of the equivalent generator, which .

substitutes UP; o9(t) ~ function, which characterizes inertness UP.

For inertia-free linear and nonlinear UP function ¢(t)=1.

The integration of equation (5-1) in a precise form depends on
the character of the right side of this equation n(t). When o(t)=1

the variables in equation (5-1) are divided:
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W dz

& ==

Integrating in the limits from 0 to t, we obtain

tawg dz (5.2)

Nm—[(=)’

where x, - value of the unknown quantity with t=0, determined from

the initial conditions.

be.

PP Y- - "
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Fig. 81. Equivalent schematics of the simplest nonlinear systems with
?% the equivalent current generators (a) and voltage/stress (b).
- Page 253.
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:3]
;ﬁ If function n(t) depends on time, variables in equation (5-1) in
A

the general case are not divided and can be solved only

ig approximately. It is most expedient it to seek by the following
ﬁi methods:
to replace the real function n(t) with linear segments &¢ in

the individual sections of time from -ty to ¢, and to use the method
of fitting;

10

v

1}:

to use expansion in the series/row.

e Method, based on the use/application of Laplace transform.
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The basis of method is the straight line It
- . 1
F(p)= L) = | ef ()t (5-3)
and reverse/inverse
. -l
f6) = L™ (p) = f & F(p)dp (54)
Ge=fo

of the Laplace ‘transform. The use/application of direct
transformation of Laplace (5-3) leads to the algebraization of
differential equations and thereby facilitates the solution of some

problems.

Applying to equation (5-1) the Laplace transform, we obtain

W (p) X (p) + F (p) = N (p).
Whence

X(p=gB-78. (5-5)
where

X(p)=La(ty Wp)=LW(5): P(p)=Ltls(ol:

N (p) = La(2).
After introducing the designation
p
H{p) = i (5-6)
expression (5-5) can be registered
NpH(@ F(p)l ()

- X(p)-——p—l—-——?-;-—. (57
L“

L/

......................................
...................................................
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Inverse transformation
h(t) = L~*H (p). 58

is the original of image (5-6).

The unknown value x(t) is inverse transformation of Laplace

expression (5-7)

z(t) = L N(p)Pll (@ __ -1 F(p):! 3

Using a theorem of superposition from the theory of the Laplace
transform, we obtain expression for the original of function x(t)
under the zero initial conditions [x(0)=0 with t=0].

=<z)-§hu-'<)u<=)d=—§h(:—w:unde. (5-9)

1f nonlinear element/cell is absent f [x(r)] =0, expression

4 (5-9) takes the form

DO

3
Zy(t) = 6{ h (¢ —<)n (t)de. (5-10)

ROt

: Then expression (5-9) can be registered

z(t) = z.(t)-—sh(t—t) 1z ()] dr. (5-11)

..........
N LT T e e
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The solution of integral (5-11) accordingly [95] are the féﬁ

recursion formulas f%ﬁ

4

' ) -

s.(t)-}'h(z—z)n(z)dz; = -]

2 (0) = 2 (0= [A =)/ lze(0)ld =

‘ 5-12 f i

2 (L) = 24 (8) — 5 hit —x)/1(z, (x)]dx; ( ( ) L
........ R
Zaar (£) = z.u)-jhu — )/ za ()] dx.

Page 255.
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On the absolute convergence of series/row (5~12).it is proved in
work [95]. With the help of integral (5-12) it is possible to solve
series of problems in the transient processes in the nonlinear
systems. A deficiency/lack in the method examined is the need of
solving the large number of integrals. Problem is facilitated, if we
use tables with the operational images. For this series/row (5-12)
must be represented in the form of the series/row of operational

images.

Using inverse transformation of Laplace for exp