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CHAPTER 7
VALVE AMPLIFIERS

(In this chapter many of the diagrams are drewn with
the screen and suppressor grid connections omitted for
simplicity, When this occurs it may be assumed that normal
supply connections are made, the suppressor grid being
connected to cathode and the screen to a dropping
resistor or potentiometer with bypess condenser).

1. INIRODUGMION
The types of voltage variations most frequently requiring
smplification in radar are illustrated in Figs. 322 and 323. The

variations shomn in Fig. 322 (a) and (b) are commonly termed voltage
(or current) pulses; those illustrated in Fig. 323 (&) are called

VOLTACE

VOLTAGE RF OSCILLATIONS
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VOLTAGE ©@ (a)
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MID FREOUENCY 70 -/I:ID FREQUENCY
o o (b)
Pig, 322 - Typical voltage Pig., 323 - RF pulses and the
veriations apd the amplifier amplifier characteristics necessary
characteristics necessary for for their amplific:*ion,

their amplification,

RF pulses, Either of these types of voltage variation may be analysed
into sinusoidal components covering a range of frequencies (Fourier
analysis, Chap. 16 Sec, 1). 1In considering the behaviour of smplifiers
it is sometimes desirable to consider the response of the circuit to
these sinusoidsl components, Alternatively, in the case of the

pulses of the type shown in Fig. 322 it may be preferable to deal with
the transient response of the amplifier to an idealised pulse without
resorting to a detailed analysis.

Considering both pulses and RF pulses from the aspect of
their sinusoidal components, the amplifiers required to handle such
variations must possess characteristics of the types shown in Figs.
322 (c) and 323 (b) respectively.

345



Chap.7, Sect.2,3

2. TYFES OF DISTORTION

An smplifier is liable to produce three types of distortion,
any one of which causes the form of the output voltege to be different
from that of the input.

(i) Amplitude Distortion

This type of diatortion is due to non-linearity of
the valve characteristics over the opersting renge
of grid and snode woltages. The effect is to
introduce frequencies into the output which were
not present in the input.

(4i) Frequency Distortion

This type of distortion is caused by unequal
smplificetion of the components of different fre-
quencies present in the input voltage.

(iii) Phase Distortion

This type of distortion occurs when the relative

phases of the input components of different frequencies
are not preserved in the output. However, if the
phase~-ghift produced by the circuit is proportional

to frequency all such components are delayed equally

in time and the output, where there is no other distortion,
is delayed, but distortionless.

3« CONVENTIONAL SYMBOLS AND EQUIVALENT CIRCUITS

Fig. 324 (a) shows the circuit arrangement of an smpli-
fier with load zj.

The following symbols are used ;-

vy is the potential difference betwesn ancde A and cathode K,
and is reckoned positive if the anode is at the higher potemtisl.

V, is the steady component of v_.
vg is the potential difference 'Eet'ncn control grid G snd cathode, and

is recloned positive if the grid is at the higher potential.

Vg is the steady (Bias) component of vg. (Vs is usuelly negative).

Vp is the HI' supply voltage.

i, is usually (unless otherwise stated) taken to indicate the
fluctuating component of the anode current, and is considered positive
in the direction of conventional ocurrent flow, from anode to cathode,
I, is the steady component of anode current, .

vy is the change of voltage at the grid (input voltege); i.e. the

amount by which Vg exceeds Ys.

Vo is the change of voltage at the snode (output voltage); i.e., the
smount by which v, exceeds V, .

v, is the signal voltage applied to the imput circuit (when different
from vg or vy “
Capital letters A, G, K, used as subscripts, denote that the voltage
concerned is measured from earth (or chassis) and riot necessarily from

cathode.
Ve is the Amplification Factor of the walve, defined as the ratio of

2 small change in anode voltage to the corresponding small change in
grid voltage provided the anode current in the valve remainsunchanged.
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Ry is the Slope Resistance (Differential or Output Resistance) of the
valve, defined as the ratio of a mmall change in anode voltage to the
corresponding small chenge in anode current provided the grid voltage
.of the valve remsins constant.

G is the Mutual Conductance (Transconductance) of the valve, defined

a8 the ratio of a small change of anode current to a small change of
grid voltage, the anode voltage remaiming constant.

If i , vy and v, are corresponding small changes in anode
current, grid voltage and anode voltsge respectively, the valve con-
stants may be written :=

Gy = 1'.._ , Where
vi
anode voltage is constant,

anode current is constant

and i
R, = .2, nwhere

ia T
grid voltage is oconstant. il

- -ili

It csn be shown that

A= Ry

® x x Proof of formulz i = Gp Ry

For any valve 1ay
there is & relation between N
the anode current i,, anode- . 1
cathode voltage vy, and the Ry
grid-cathode voltage v.. Vo
We may denote this relation '“M _ 4",
by the equation K -
f(i..‘ Ta’ vg) = D -G ! ?
‘...ll..'b""...l.'..(l) Q R‘:‘ ‘{G
1 f
From the theory of partial — . °
derivatives we obtein
L
d3f  al, +df dv, +df av =0 K
e T o &
-] 2 B?a 373 W
(R R R N RN NN Y (2} 0

Putting dig= 0, dv,= 0, d?gﬁ 0
in succession in (2), we have

s av o af
e Snga—% 4 Fig, 324 - Equiwvalent circuits.

avs
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]
B ‘ava
¢ wPip =~w of
m ava 'Svg af ,
g 33,
and R =3V i _3_!':_
ol ¥ 2L, f3r
'ava
-3¢ -2 A
3vg 31, &
‘ence G B.‘= - = = .
Y; Y YA
Bi‘ 3v, v,

Stuge Amplification and Equivelent Cirocuits

The expression for the voltage smplification provided by the
JTAgEe 1B -

5= T
v
i

if v., and hence Vs VeTy sinusoidally then ;-

m= = &
R."*Sz

E Y R R R R R SR R N E R NN ] {3)

in general m is camplex; 1ts magnitude will be denoted by m|, and is

Yo
syual to 5 *
i

The circuit of Fig., 324 (&) may be represented, fram the point of view
of fluctuating voltages, by the equivalent circuit shown in Fig. 324 (b).
In this circuit the curremt i dis given by

iﬁ— i ;
S'e-d-R‘

henoe :9-- a e .. _.ﬁL =m, justifying the representation.
vi Vi SI + R
a

Equation (3) can be rearranged as follows :=
- k. % <R
M = R&
Radlr 2'?

="Gh R& 4
th-z!

LR AL L R E R AR R AR S RS 00..#.00.(‘})

roquation (4) suggests the form of equivalent circuit shown in Fig.

324 (¢)s This is normally referred to as the Constant-Current
Generator Equivalent Circuit whilst the other (Fige 324 (b)) is termed
the Constant-Voltage Generator Equivalent Circuit. The two circuits
«ipress the seme relationship between v; and v,.
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Chap.7, Sect.y

If the velve used is a pentode whose slope resistance is
large compared with the load impedance the arrangement shown in
Fige 324 (c) simplifies to that shown in Fig. 324 (d).

If the simple equivelent circuits of Fig. 324 (b), (¢) and
(d) sre compared with the actual circuit (a) it is seen that zp lies
between A and K in the equivalent circuits and not A and HP'+. This
representation is possible because the impedance of the HT supply to
altermating voltages is very low, so that, as far as such voltages
are concerned, the upper end of the load is connected to cathode,

The fluctuating component of the anode current (Fig. 324(a))
is =i, i having the sign convention as shown in the figure.

4o BIAS FOR AMPLIFIFRS

In using a valve as an amplifier, or for other purposes,
it is common practice to use the current flowing through the velve,
in conjunction with suitable circuits, to maintain the cathode at a
fixed steady potential reletive to the mean potential of the grid.
The steady potential of the grid in the absence of any input voltage
is usually earth potential, since the grid is normally comnected to
earth by means of a grid-leak resistor Rg and isolated from steady

potentials on previous circuits by means of e condenser C: (Fig. 325).
If a succession of rectangular voltage pulses is applied to C and Rg
in series, the time-constant C R_ being of suitable duration,a suc-
cession of rectangular pulses issdmloped at the grid, having the same
mean potential as the steady potential at the grid in the absence
of the pulses, Assume that the succession of pulses at the grid of
the amplifier is as shown in Fig. 326. The duration of each posi-
tive~going pulse is T) and the repetition period of the pulses is Tp,

%
VR f— — e |_. _____ |=__ —_——— e — —
3?5- 5] .,...._.! 4
Pig, 325 - Comwon inpat S !
network. | Tz _J

Pig, 326 - Choice of Bias (Input betwsen
grid and earth),

T, being much larger than T7. Then if the cathode of the velve is at
efrth potential each positive-going pulse of wvoltage will carry the
grid potential above that of the cathode apd grid current will flow.
This will introduoe considerable distortion if the output impedance of
the previous stage is at all large (see Chap, 9 Sec. 3).

In this case, therefore, it is necessary to make the steady
potential of the grid more negative than the steady cathode potential
i.e. a negative bias is required., The steady value of the cathode
voltage should be chosen as illustrated in Fig, 326, If the succession
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of rectangular pulses is inverse to that shown in Pig. 326, i.e., the
pulszes are negative-going, it is not necessary, and may be inadvisable,
for tne valve to have an a,preciable negative grid bias. In this case a
negative grid bias might lead to the negative=-going pulses cuiting off the
valve current,

If a negative grid biss is required it nay be obtained by allowing
the current flowing through the valve to »ass through a resistor connected
between the cathode and earth;
(Fig. 327). The current in the
valve varies with the potential [
et the grid, and unless negative 2
feed-back for alternating currents T
is required {Sec.1£) it is necessary
to have a bypass condenser
connected across the bias re-
sistor; (Fig. 327). The con-

AAA
VVYY

SUPPLY

denser Cp charges so that the e
potential difference between its

plates is B T, where T is the ‘

mean current flowing through the -

bias resistor Ry, If the time~ Tiz. 327 - Use of cathode self-
constant C‘-K -_{K;)“sz the con= biasing circuit,

denser cennoi discharge apureci-
ably within the repetition period
'I'2 of the apslied pulses, and the cathode of the amplifier is maintained

at a steaay poterntials

The netird of using a cathode resistor in order to obtain negative
grid bias has 1ts limitetions. FProvided tne valve is operated over
the linear perticn of its dynanic characteristic, veriation of signal
amplitude does net affect the wean valve current and the bias there-
fore remains constznt. If the input voltage is allowed to vary over
the curved vortion of ine characterissic, the -ean current and hence
the pias are affected. This means that the bias varies with signal
ampiituce, For Class B or C operation, therefore, some other system
of biasing snould be employed,

A convenient
method of biceing s
velve beyond cut-off or

on the curved portion of oy
the dynamic character=-
istic is illustrated in
Pig, 328. ‘Provided Rl
SUPPLY
SUPPLY

is small enougn che
variations of current
through the valve ars

small compared with the o
current throupgh Rl and

the bias remains approxi- Pig. 328 = Circuit Fig. 329 - Connection
mately constant, The for class B or C providing small
condenger Cg smootha out biasing. poszitive bias,

those fluctuations which
s£ill occus,

Alternatively, the cathode biasing arrangement may be dispensed
with, and the grid leak connected to an additional source of negative
potential, Zshough il is not always convenient to employ a separate
bias supply voltuge, this method has the advantage that the cias is
independent of the amplifier valve current.
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A few volts positive bias may be obtained by connecting
the grid leak to the positive HT supply instead of to earth (Fig. 329).
The flow of grid current through Rg should be just sufficient to main-
tein the grid voltage at the required bias level., For example,
suppose the grid~current, grid-voltage conductance is 62 t,

and the supply voltage is 250 volts. A grid lesk of 2 KN 1s Just
sufficient to ensure that the grid is maintained at +2V relative %o
cathode, The grid cwrrent is 12&/:&, which develops across the

grid leak 248 volts. ‘

This type of biasing
arrangement is suitable for the
amplification of negative-going
pulges, .

In some circuits it
is necessary for the mean level
of the input voltage to be
positive with respect to earth,
slthough the bias developed be-
tween grid and cathode may be
zero or negative, Examples
of this arise in current feed-
back circuits (Sec. 16) and in
the limiter circuits of Chap. 9
Sec. 30

These are ilTustrated
in Figs. 330 (a ) and (b)
respectively. The steady volt=-
age 2t B may be adjusted between

the wvalues zaro and E_Z__f_l_i_ *

Ry +Rp
In the arrangement shown in
Fige 331 the ateady voltage at B

can be adjusted so that it has
a wvalue elther positive or -
negative with respect to that of
the cathods,

Autcmatic bias
(Slide-Back bias) may be
provided by allowing grid
current to flow into the
coupling condenser in
the input circuit of a
vaive amplifier. The
condenser charges when
the grid voltage is
,positive end, in the
normal connection illu-
strated in Fig. 332 (a)
discharges when the grid
voltage is negative with
respeet to cathode. In
the alternative circuit
of Fig. 332 (b), the
condenser is discharging
continually through the -
grid leak, the bias ad~-
Justing itself so that the
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more or less constant discharge rate is
equal to the mean rate of charging, The
principle of this process is dealt with
more fully in Clamping Circuits, Chap. 12
Sec. 2. It is also the principle of
the Cumulative Grid Detector. Apart
from its use as a clemping arrangement

or as a detector this method of biasing
is most commonly encountered in RF

Power Amplifiersand Oscillators. In
these circuits distortion introduced by
grid current flow is not important,

gince that due to the use of class C
biasing is in any case very consider-
able, (This distortion is confined

to the anode current and not to the
output voltage since the snode circuit

is normelly highly selective and
presents a low impedance to all but the
first harmonic of the anode current).

The principal adventage in such an
application is that if the amplitude

of the input wvoltage is reduced the

bias is automatically reduced due to

a decrease in grid current flow,

This causes an increase in the e :
of Flow of anode * current so t{hl.;l:gl Fig, 332 - Slide-back

the amplitude of the output voltage biasing circuits,

suffers less reduction than it would

if a fixed bias were employsd. It

is possible for the output amplitude

actually to inorease as the xmput

amplitude is decreased, due i~ this selfocmpensating action. Vhere
this "Automatic Gain Control" action is detrimental to the sotion of
the amplifier some other method of biasing must be employed.

As already pointed out, when slide-back biesing is used
with Cless C tuned smplifiers snd oscillators the additional distortion
prodused by grid current flow is not normally important., However,
there are occasions when the method is applied to resistance-loaded
amplifiers and it may be necessary to reduce such distortion to e
minimum, This can be arranged by ensuring that the output resistance
of the circuit feeding the grid is small, and that the biasing con-
denser and grid leak are large, If 7] is the duration of grid
current flow, T, the period of the epplied voltege, R, the output
impedance of the grid input circuit, Ry the input resistance of the
valve when grid current ﬂm,ngthegﬂdlnkandcthebmm
denser, the following conditions should hold if distortion is to be
avoided 3=

Ry > Ry, Ry > Tp O(Ry + Ry)>T). (See Fig. 333).

The smount of bias depends on the ratio Ry o The
RitRg
larger the ratio the greater is the biaas.

* The Angle of Flow is a measure of the duration of current
flow in e valve during each cycle of a simusoidal input voltage.
Eaoch period is represented by 360°, and the angle of flow is 360° for
Cless A, 180° for Class B and correspondingly less for Class C biasing).
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If it is
desired to introduce
distortion without Vg
causing epprecieble TIME CONSTANT

slide=back, either = c(R; +Ry)
a short time~constant

mgmbemd,pro— h I t

ducing the type of

distortion consldered

in Chap, 2 Sec, 3, or BIAS
elge the output re-

sistance of the input

cirouit may be made TIME CONSTANT
large whilet the = CRg
ratio RE is kept
By+ Ry
as low as posaible. Pig, 333 - Distortion of rectangular pulses

The limiting action by grid current flow.
introduced by this .
arrangement is dia-

oussed in Chap. 9

Sec. 50

It is generally desired to maintain the sareen grid of a
pentode amplifier velve at a constent potemtial. If this potential
were not constant but varied with elterations of current through the
valve the emplification of the valve would be affected.

HT

Ry

o=

l
f'

o

Pig, 334 - Screen supply circuit
for class A opsration,

EQUIVALENT CIRCUIT
FOR FLUCTUATING CURRENTS

(b)

Fig, 335 - Screen supply circuit
fpr class B or C opsmation,
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The simplest method of supplying the screen with a suitable
source of wvoltage is illustrated in Fig, 334, This suffers from the
disedvantage of the cathode automatic biasing arrangement, namely that
with other than Class A operation the wvalve current varies with
signal amplitude, causing the mean screen potential to rike as the
amplitude of the input signal is reduced, For such conditions the
arrangement of Fige 335 is to be preferred.

The condenser in Figs. 334 and 335 is adequate for amooth-
ing out the fluctuation in screen potential provided the time- .
constant of the decoupling circuit is large commared with the period
of the input wvoltage. In Fig. 334 thip time-constant is (R. In
Pig. 335 the resistors R} and Rp are effectively in parallel so far
as fluctuating cwrrents are concerned,as illustrated at (b), so that
the effective time-constent is CRj; Rp .

Ry 4+ Ry
6. ANODE DECOUPLING OF AMPLIFIERS

It has so far been mssumed that the BHI' supply circuit
presents a negligible impedance to altermating currenta, This is
equivalent to the assumption that the time-constant of the supply is
very long, and is justified if the smoothing condenser in the power
pack is sufficiently large. In practice the voltage across the HI
supply circuit veries to a certain extent in response to fluctuations
of current passing through this circuit. These fluctuations are
present in the current pasaing through a wvalve end so pass to the
HT supply, A fluctuating voltage is, therefore, developed across
the HT supply circuit and so is applied to other amplifier stages
using this supply. This feedback of the fluctuating voltages is
undesirable, as it may, partioularly if applied to a high gein ampli-
fier, csuse continuwous eoscillations to be set up.

The method which is ususlly adopted to avoid the feedback
described sbove is to prevent the wvariations of anode currents of
the smplifier valves from flowing through the HF supply cirouit, by
the use of an snode decoupling circult. Fig. 336 shows the anode

circudt for one smplifier, the circuit consisting of a
resistor R and condenger C. Provided the time-constent (R is long
ompared with the period of the applied voltage, the potential of the
point A does not change appreciably with variations of the applied
voltages The point A is maintained at steady potential RTT below

HT level where i, 1is the steady anode curremt of the valve about
which the fluctuations of curremt ococowr. The introduction of the
deocoupling circuit necessitates an increase of HI' potential by an
mmkfaifthommmtmmnhmmmcuit

was without the deocoupling cirocuit.

Where a very considerable dsgree of decoupling is required
it is usual to employ two or more C-R networks in cascade as shom in
Pig. 337 By this arrangement a high degree of smoothing may be
achieved without the use of prohibitively large resistors or condénsers.
For exsmple, suppose that it is necessary to prevent more than 1K of
the walve caurent fluctuations from reaching the supply cirouits. -

. This may be provided by a single circuit with time-constent T, say.
The same effect may be obtained by the use of two circuits in caacade,
uchhavmatha-cmmt!r_, 80 that mmaller resisters and com—-

0

densers may be employed.
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1}

% ? 3
NI T T - =
Fig, 336 - Anods de-coupling Fig, 337 - Deco
. - Decoupling networks
circuit, in eascade,

7« MILLER EFFECT

If a triode is operating in an amplifier circuit the
interlectrode capacitence C, of the valve between grid and anode

provides coupling between the output and input circuits. This
coupling affeats the input admittance of the valve, the precise
effect depending upon the type of load present in the output circuit.

Fig. 338 (a) shows a typical amplifier circuit, the
interelectrode capacitances between grid and anode and between grid
and cathode being denoted by Cgp and Cgk respectively.

The voltage across Cgg, as shomn in the equivalent
cdreuit of Fig. 3368 (b) bas an alternsting component

Vi =V, =V - mvy

Hence the cwrrent i) through Cgg is given by
iy = JuCga » vy (1 = m).

The current i, through Cgx is given by
Hence the total input cwrrent iy iz given by

iy = Jwiéa; + (1 - m) 083_7‘

The input admittence is therefore
. wC, l-m
vam 2 = JoCg + JuCg A -m),

=5

s
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If 6 is the phase displacement between the grid amd snode woltages,
the voltage smplification m can be expregsed in the form

m= m (cos @+ J ain Q)
where |ml is the magnitude of the amplification.
Hence the input admittance can be expressed as

¥; = Julgx + JoCg (1 =~ micos 0 - J 1m sin Q)

=wC, m sin @ + (wCgx +wCpq (1 = m cos 0))

(@)

Fig. 338 - Miller Effect.

Provided the effective load (i.e. load impedance in parallel with stray
and interlectrode capacitance) of the amplifier ia purely resistive,
the grid and anode voltages are approximately anti-phase and hence
0 2= 180°%  Under these circumstances the imput admittenoce is a
capacitive susceptance of value

WCgy +wWlgy Qe+ m )
Consequently the effective ipput capacitance of the valve is equal to
Cox * Ca @+ m ).

For a pentode Ogainvmmll (1ess then Q5 per cent of
Cgk). Consequently the effective input capacitanoce of a pentode

employed in an smplifying circuit is likely to be considerably =smaller
than that of a triode (csa Z= Cgk) in spite of larger values of m
corresponding to the pentode, and of the additional capacitance introduced
_between grid and sereen, c&“
If the load of an smplifier is inductive @ is greater than
180° and less than 270°. Hence gin € and cos O are negative and: the
input admittance is due to a negative conductance (cacglinl sin € )

and a capacitance susceptance (WCuy + WCx, ( 1 - m cos & ).

In.-the case of a valve employed in an BF amplifier circuit
the anods load usually consists of a tuned circuit., For sme fre-
quencies off resonance this load is induwotive; consequently the input
conduotance is negative and regeneration is likely to occur,possibly
leading to continuous oscillations. If a triode is
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vsed, Cg,, and hence the value of the negative conductance, is large.
Normally if a triode is used in an RF amplifier circuit neutralisation
of the effect due to feedback via Cy is necessary. Neutralisation
may be performed if a voltage in the output circuit, equal in emplitude
and anti-phase to the anode voltage, is impressed on the grid of the
valve through a capacitence approximately equal to Cga.  Fig. 339
shows a oircult employing neutralisation.

ot T3 ) XN

NEUTRALISING
o

-
Pig, 339 - Neutralising Pig, 3k0 ~ Neutralising
circuit used in Power circuit used in Radio
Amplifiers, Beceivers.

Alternatively, if a coil of suiteble inductance is
connected between anode and grid sc that it forms with 0ga a parallel

circuit resonant at the frequency of operation, negligible feedback
ocours; (Fige 340)e

If the load of the smplifier is capacitive, @ is greater
than 90° and less than 180°, Henoce xin @ is positive, Under these
circumstances the imput conductance (:.acg. im sin @) is positive, and

dsmping is introduced into the inmput circuit of the amplifier.
8., RF ANMPLIFICATICN

The appliocations of RF amplifiers to the problems of radio
reception are deelt with in Chap. 16 Hers we are concerned only with
the types of amplifying circuits which may be used.

These circults are
essentially the same whether
used in the IF or EF stages
of a receiver, the chief
factor in design being the |
ratio of the bandwidth to the

mi

mid-frequency. The ideal ;
amplification-frequency and 2 | A ~f
phase~frequency character- 51‘9”%%-‘
isties for such an smplifier PHASE SHIFT
are illustrated in Fig. 34l. 4 J
Phroughout the required band ; _]
of frequencies, the ampli- | RS eR 13
fication should be uniform | W/
and any phase-shift in- e . ~f
troduced should be proportion- l
_____._.__/_| —

al to f - f, where £ is the
frequency end f the mid-
frequency of the band, Fig, 341 - Idealised Characteristics
Dr a RJ?. mplifiﬁl'.
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For amplifying RF pulses of about one micro-second duration the band-
width is usually of the order of 2«4 Mc/s, whilst the mid-frequency msy
have any velue from 9 Mc/s to 600 Mc/s. Amplification at frequencies
higher than this is not normally attempted,

The most usual type of circuitis the simple tuned amplifier
arrangement , illustrated in Pig, 342 (a). ~ The equivalent circuit
is shom at (b).

oRp is the dynamic resistance of the tuned circuit at
resonance (Fige 342 (c)).

1Rp is the equivalent dynamic resistance of the emplifier
load circuit, comsisting of R.s oRpand R‘_y in parallel,

A
It follows that at resonanos the amplification ;Q is
vi
equel to Gy 18D,

The amplification at frequencies other than the resonant
frequency is proportional to the impedance of the resultant circuit
(Pig. 342 (b)) end follows the normal response curve for a parellel
tuned circuit. The selectivity, or Q for this curve is Qs and is
related to Qg or the undsmped tuned circuit by the equation

w9
- < A
Yo ofp
HT
.
=c |
< R Ve
vr."vu*\'"c: l
v T
&)
Gm W ) A
1o L
Ry =C 7. 2§Rf s
| T ]
b
o Vi
f i ‘i 1
J
b 3z v =
gn@ SR gR_:" =
2 I
S G
©

Fig, 342 - R,F, amplifier circuit.
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For amplifiers with bandwidth exceeding about 1 Mc/s the input
capacitance ¢ ile succeedang stage together with the self-capacitance of )
the BP eril rrov des sufPigrent capacitance for resonance. At such f}*&qx»nc:.es
Permeability Twang mey be waployed. This consists of inserting a movable ocore
either of coppe. or of puwdered iron. The eddy currents set wp in the copper
reduce the effective inductcnce of the tuned cirvcuits  The high permeavility cf
the iron core, powdercd to prevent losses due to eddy currents, increases the

affective inductance,

it frequencise of the order of 200 Mc/s and upwards lumped
1~C clrcults are often replaced by tumed lines, usually coaxlal with
plunger tuning. At freguencies above about 30 Mc/s the input re-
aistance of a velve smplifier is small, s0 that the equivalent circuit
of Fig. 542 (») ia nhupted by the low input resistence of the suc-
oseding stage. Normally R, and oRp (Fige 342 (¢)) are of the order
of 1 MO and 100 KN respectively; Ry is usually only a few
thousand olms, this faot by itself accounting for wide bendwidth and
low gein, The low value of the input resistance further heightens
this effect. This resistance decreases with freguency (see Sec., 25)
80 that the higher the frequency the wider is the bandwidth and the
lower the gain.

At lower frequencies where the imput resistance is not
important, higher gains cen be achieved by the use of an RF choke in
place of Ryge

An alternative circuvit "
for an RF amplifier is the series- . c
fed arrangement shown in Fig. 343. T

In the sbeence of a low input I} o
resistance, higher amplification
can be obtained from this circuit
that from that of Fige 342 (a)
since By is normally much greater
than Rye

AAAA

Because of the heavy
demping of the tuned circuit at
high frequencies it is essential
to use a valve with a large J 1 -
mutual conductance if appreciable =
smplification is to be provided. Pig. 343 - Alternative (series-
Practical veluss for the G of fed) R.F, amplifier circuit.

typical RF pentodes are 6+5 mA/NV
(CV1091) and 8.5 mA/V (CV1065).

Substantielly uniform
smplification and linear phase-
shift over a wide band of
frequencies is often obtained by
bani~cazs coupling: Tug. 344
(See also Chap. 1 Sec.py ;» If
the resonant frequencies of the } v
two tured circvits are ejusal the '
pags band is determined by <l=2 VoVt
coefficient of coupling, ] T |

© =
v

O

In some cases double-
tuned transformers are amployed,
the circuit ap earing as in
Fige 34k, but primary and secomd-  Pig, 344 - Baud-pass Circuit.
ayy clreaats being tuned to
differert frequencies on either
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gide of the mid-frequency of the smplification band. The coupling in
this case is not so tight as that for the former circwit, and some
loss of amplification occurs, The advantage liea in ease of adjust-
ment, since with less tight coupling the-tuning of primery and second~-
ary circuits is less interdependent.

A common type of circuit arrangement consists of several
pairs of stages using single tuned cirocuits, each stage of a pair being
tuned to a frequency differing from the mid-frequency by an smount
equal but in the opposite direction to the other. Such ean arrange-
ment is known as Staggered Tuning, Thus with five stages where the.
intermediate frequency is 7 Mo/B, the first and third stages might de
tuned to 5+5 Mc/s, the second and fourth to 8¢6 Mc/s and the fifth to
7 Mo/s. The overall response curve then indicates uniform
c(z;:ionja?jl linear phase-shift over a freguency band of about 3 Mo/s.

8. II- - ’

. In geoperal, for
a given mumber of stages

employing single tuned

circuits it is much more

economical to obtain the

necessery bandwidth by means ey iricavion
of staggered tuning than by A
resistive damping alone,
the latter arrangement
resulting in very low gain,
and the response ourve
being far from ideal.

For eese of lining-up the
smplifier, i.e., adjust-
ment of the various tuned
cirouits, it is preferable
that all the stages should )
be tuned to the ssme fre- Pig. 345 - Response curve: staggered
quenay. Staggered tuming tuning.

is next in order of

simpliocity, and the use of

double~tuned transformers

or tightly coupled circuits is still more compliocated, due to inter-
sction between primary snd secondary circuits.

T -
MIDFREQUENCY {

9+ General Oonsidepstions

In a normal broadoasting receiver it is oommon to refer to
post=detector amplifioation as Audio-Frequency amplification, since
the signal to be amplified cen be analysed into Fovrier oomponents
with frequencies in the audible range from 50 o/s to about 4000 o/s.
The detected signal of a radar receiver, on the other hand, normally
consists of a train of rectangular pulses of short dwretion (1 to 3/us)
and with a repetition frequency of the order of 400 to 4000 o/m.

Fourier analysis shows that a sucoession of rectangular
pulses can be considered as consisting of sinusoidal components ocover-
ing a remge of frequencies which in theory is infinite, 1In practioe,
frequencies up to a few megacycles only are important, and higher
components may be ignored. Signal voltages resolvable into components
within this range of frequencies are also caomon in television practice,
and since they oconstitute the intelligence which goes toc make the
picture they are usually referred to as Video-Frequency signals in
oontrast to the Audio-Frequency signals of sound~reproducing systems.
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This norenclature has been carried over to radar, and the smplification
of voltage pulses is referred to as Video-Frequency Amplification.

4 video-frequency amplifier should provide uniform anmplification
with phass=-shift propqgtional to frequency far'voltages ?f frequencies wp to
saveral megacycles. It is difficult in practice to avoid frequency and phase
distortion in such an amplifier, and, as discussed below, it is necessary to
be content with low gain in order to obtain a satisfactory responce.

It is usual for a video-frequency smplifier tc have a
resigtive load, since this has, theoretically, uniform response to
all frequencies. 1In practice stray capacitance in parailel with the
resistance may interfere with the performance.

implitude distortion is always present in amplifiers, al-
though it can be reduced in magnitude by careful circuit design.
Some video-frequency emplifiers are operated under such conditions
that non-linear portions of the velve characteristics are uged delibe-

rately. (See Chap. 9).
10. The cation of an Instantaneous e of Volta

If an instentaneous change of voltage (Fig. 346 (a)) is
applied to the grid of a valve, which is biased so that it operates
on the linear part of its dynsmic characteristic, (assuming the load
to be purely resistive, as shown in Fig. 347), then the snode owrrent
in the walve varies in a manner similar to that of the applied voltage

(Fige 346 (b)).

—

ig(PuRtLY RESISTIVE LOAD)

o | 1

[+]
Vg (PURELY  RESISTIVE LOAD)

(c ) ‘ V=Wt

A
L

o = i R§ cf
U (ALLOWING FOR EFFECT OF STRAY CAPACITANCE) l
|
TIME - CONSTANT
Ba RE L
(d> Cak Rat+ Ry v
o -1

Fig. 347 - Video-frequency

Fig, 346 - Effect of stray amplifier,
capacitance on sutput voltage.

The variation of anode potentisl is exactly inverse to that of the anode
current (Fig. 346 (c)). In fact, however, there aré usually stray
capacitances between anode and earth, so that the anode load consista
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effectively of a resistor and condenser in parallel (Fig. 348).

The equivelent circuit of the amplifier shovm in Fig. 348(a)
is given at (b). To consider the response of this circuit to an
instantaneous change vi of the input volitage between grid and cathode
we wearrange this in the constant-voltage form as shown in Fig, 348(c)
(See Chap. 1 Se0.21 ). The response of this circuit to an instant-
aneous change of wltage has already been deali with in Chap. 2. In
this cese the effective ’
generator voltage ias
= G, Ry Vi, where R;.

R
= g R{ and the ont

346 (¢)e The time-constent

of the exponential change
of wltage at the anode is

Cek Rl.

Rg + Ry
response is shown in Fig. Ry

The change of
enode potential corres— l
ponds more and more closely - : o
to the change of grid =
potential as the time-
constent C,; Ry is dimin-
ighed, by reducing either ~Gm Y,
Ry or the capacitance Cyy. ' ——1 T
Reduction of Ry, however, l
results in a decrease in Rq Re Tcau

smplification.

If the output ®
from valve 1 (Fig. 349 (a))
is applied to valve 2 Q
through a capacitance C and AAM
‘resistance Rg, with Cgx
representing the input
capacitance of valve 2,
then the equivalent circuit
for valve 1 has the form ©)
shomn in Fige 349 (b)e The

voltage Y produced across Pig. 348 - Effect of stre sta
rouit betwe . - ct of stray capacitance

m“di. v b] jed :: i;':‘n'd ; on video~frejuency amplification,

of velve 2, Since the

current through the ecircult

changes very rapidly (ideally ‘
instantaneously) the condenser C, which is assumed to have a capacitance
large compared with the stray capacitances; cen neither charge nor
discharge appreciably. Therefore, so far as rapid changes in the
cireuit are concerned, the effective e€quivalent circuit is as shown in
Fige 349 (c). Tke voltage v, falls exponentially by an amount

BPg Lo 9

Rl-!-Rg

-GmV, R, Cox

1
I

O—g—=0

with a time-constant
R, R '
1l g (Cax + Cgk) .

By + ‘Rg
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In practice, the
capacitance csk

is usually much
greater than Gy
and is therefore
the controlling
factor in this
time~constant,
ng is assumed to

include any in-
put capacitance
of walve 2 aris~
ing from the
Miller effect
condenser C now
discharges ex-
ponentially
through RE and
B] in series
(Pig. 349 (b))
with time-

oonstant

O(Rg + Ry) until
the total fall

in snode vol
becomes Rl Gy Vse
‘Mearwhile the grid
voltage rises
towarde zerc, The
total changes of
wltage at the anode
of valve 1 and the
grid of valve 2
are illustrated in
Fig. 350.

If Cis
not ¥ery large com-
pared with 03\-_ these
two capacitances
have a potential
dividing effect, and
the amplitude of the
initial fall in
voltage at the grid
of the second valve
© is reduced,

(See Chap. 2 Sec.5).
This is likely to
occur only when a
short time-constant
coupling circuit

is used for the
purpose of dig-
torting the pulse-
shape,

Chap.7, Sect.10
-0 HT

{ay

L I L ppm——

Vo
n
1
3
I
'
[
. - . O
VALVE 1 v
-GmV; C
L -
Ro Ry -l- Sk, mat*
tb) RgtRy Ca ¢ Ry o Vi
=R, T I
o . -0
-GmV, °

() R, J-c“ Ry J-c,k Vo
T 11T 1,

Fig, 349 -~ Two-stage vidso-frequency

amplifier,
Vg
° t
I
(a)
iVa

TIME CONSTANT

R R,
mi (cax+ Cgk}

Wy et
lez GmVi ]}. Gm{}i

=t

7
TIME CONSTANT (b)

C(Rg"ﬁlj
Mg

;IEEHC ;STA";}
BLRY (Caxteg)

RiRg

©

Pig, 350 - Bffect of stray and coupling
capacitances on vidso-frequency
amplification,
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%
-] &
=
W
a
VOLTAGE ( )
Ttu!-?uﬂm
=] # Z
\ ﬂ;mcym
it
o
TIME-CONSTANT
Cms’ns)

POTENTIAL CHANGE AT (A DUE TO RISE OF
INPUT VOLTAGE AT BEGINNING OF PULSE.

©

VN TACE TIME-CONSTANT
C R, 1R

5l

Pig, 351 - Raesponse of a
video-frequency amplifier
to a rectangular pulse

at the grid,

;

{
POTENTIAL_CHANGE AT A DUE TO FALL OF
INPUT VOLTAGE AT END OF PULSE.

©

1Ya

RESULTANT VOLTAGE AT A

(@)

11, The Amplification of a Rectangular Voltage Pulse

The response of a video-frequency emplifier to a rectangulsar
voltage pulse applied between grid and cathode may be found by con-
sidering the effect of applying a sudden change of voltage followed
after an interval by ancther sudden change of equal amplitude but of

opposite polsrity.

If the pulse shown in Fig. 351 (a) is applied to the
circuit shown in Fig. 349 the resultant changes in potential at the
anode of valve 1 and the grid of valve 2 are as shown in Figs. 351
and 352 respectively. The waveform of Fig. 351 (d) is obtained by
adding to the initial potential of the anode of valve 1 the chenges of
potentiel at the anocde due in turn to the negative-going and positive-
going changes illustrated in Pig. 351 (b) end (¢). The waveform of
Fig. 352 (o) is obteined by adding to the initial potential of the
grid of wvalwve 2, the potential changes of the grid due in turn to the
nsgai(:i;e-going and positive-poing changes illustrated in Fig. 352 (a)
and (b).

The time-constant Mg R®1 . (C + Cpy) determines the rates of
Ry * By
rise and fell of the output pulse, whilst the time-constant C. (Ry+ Rg)

determines the constancy of the output woltage during the period of
the pulse, The potential produced at the grid of wvalve 2 approximates
most closely in form to the potentisl applied to the grid of valve 1
if the time-constant C(R; + Rg) is very long compared with the duration

Rg + R
of the input pulse and if the time-constant ﬁi--n-l]: (Cox + Cax) is
gt
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VOLTAGE

TIME CONSTANT
| < (Ri+Rg)

o
TIME CONSTANT

R, Rg
ﬁ!—,ﬁi(cow Cak)

POTENTIAL CHANGE AT ;G DUE TO RISE OF
INPUT VOLTAGE AT BEGINNING OF PULSE

VOLTAGE (a)
TME CONSTANT TIME m}NSTKNT
R, Rg C(R+Ry
R|+Rg(c°h+c*}

c[ 14

POTENTIAL CHANGE AT .G DUE TO FALL OF
INPUT VOLTAGE AT END OF PULSE
()
;‘fg
3
TIME CONSTANT

R, Rg
m(‘:uk*'cﬂk]

ot

RESULTANT VOLTAGE AT ,G
{c)

®ig. 352 - Response produced at the grid of walve
2 by rectangular pulse at grid of walwve 1,

very short compared with the duration of the ipput pulse, It is
assymed, as is nommally the cass, that C > cgk'

The pulse developed betwsen the grid and cathode of valve 2
is in the opposite sense to that applied between the grid and cathode
of valve 1, This corresponds to the ochange of phase of 180° obtained
when a sinusoidal voltage is amplified by a valve with a purely resist-
ive load,

The amplification of the applied voltage pulse by valve 1
is
L. BB
31 + Rs
Generally, Rg is made large compared with R so that the total
amplification is approximately Gy . B;, or, with a pentode, Gy R!,
sinoe B.»B(.

The amplification of the ocircuit as a whole inninmud

by increasing Ry, but if this is dore the time-constant —H-- Pi.'(%hcgk)
g

is increased so that the rise and fall of the output pulse
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O HT

W=V+v; <

| .7

z
L]

Fig, 353 - Use of compensating

~Gm ¥y 1A coil in anode circuit,
> —0,6
L
‘I Jb
(@ T ZRs ook
> -
Ry
o 02
(b)
-GV, A
l'l|=l I _ 4)25
L
+Cgk)
Ry
X O

are less rapid. For example suppose RE>> R!, and Csk + Cgy = 20 pF.
If the rise or fall of the output pulse is to be completed in 1 /u.s,
10

then 5 x (time-oonstent of rise or fall of output voltage) <l /n8;
10

i.e,,

— -6
or 5. R . 200077 < 1020
therefore Rl< 1000 ohms

urinthemseofapeal:odoﬂz < 1000 chms.

For a pentode of mutual cdpductance 4 mA/volt the emplification G, Ry
cannot be greater than 0+004 x 1000 = 4.

For a given value of Ry , the rise and fall of the output
pulse con be made more rapid by introducing a cojl of inductance L in
series with the anode load resistor as shown in Fig. 353 (a). The
equivalent circuit for rapid changes of voltage is then es shown in
Fige 353 (L), If Ry and Ry are lerge camparsd with Ry , the circuit
of Fig. 353 (b) approximates to that of Fig. 353 (c). The cirouit
mey act as an over—damped "ringing circuit". If L is suitably chosen
the response of the anode circuit when shook excited by e sudien change
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of valve current is

more rapid than that
of a circuit consist-
ing of Ry and (Cax +

Cgk) alona.
{See Chap. 1, Sec. 21).

If the
condition
L=%R3? (Gak-i- Cgk)

is satisfied, it can
be shown that the time
taken for the output
pulse to rise or fell

is ;_en_ Ry (Cax + Cgx)s
compared with

5 By (Cax + Cgx) for
the circuit without
the coil. Fig. 354
shows the fall of
anode .voltage, com-
pared with that of

the uncompensated
circult.

If the
rise or fell of the
output pulse is to be
ocomplete in Lﬁs,

10

then

Chepe7, Sect.11

Vg
o -1
[ N
Va
e WIT 3“‘ L 5= A
l‘fd ;WI';TH : : IE{ G,.,T&
e £

Pig. 354 - Effect of componsating coil
in anode Mﬂto

?o R{) . 2013!'#}13 /M.B
Hence, Ry = 5000 olms spprorimately,
and L =;_n§ (cao*cge) = 250 M.
2

For a pentode of mutwml conductance 4 mA/volt the amplification Gy Ry
in aqml to 0'00!" - 50‘:0 e mo

The addition,therefore, of a coil of mmall inductance in
series with the anode load of a pulse amplifier allows the amplification
of the circuit to be increased without loss of steepness of the rise
und fall of the output pulse,
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12, The Frequency Spectrum Approach to Video-Frequency Amplification

The response of a video-frequency emplifier to voltage pulses
may be calculated by means of methods discussed in Chap. 16 Sec. 1.
The Frequency Spectrum of the input voltage is found by hermonic
analysis, end then the effect of the amplifier circuit on the phase and
smplitude of the components at the verious frequencies is calculated.
The mathematical technique involved is complicated. It is, however,
comparatively simple to discover the conditiona which produce dis-
tortion even if the determination of the exact form of the output volt-
age is difficult.

The wariation of smplification and phase-shift with Fre-
qu for the circuit of Fig. 349 (a), shown in its equivalent form
o.tg?:{, may in general be formed by dividing the frequency range into
three parts.

(i) Over the mid~-
frequency region the

shurtt sus tance ?uw ) | I
w(C‘k + c’g'k is (C') :Eﬁ EER} %
sufficiently small T 1 |
and the geries sus~ MEDIUM FREQUENCES
ceptance wC suf-
ficiently large to Gm v
be negligible in > 1 T 1 ©
comparison with the b) YR 2 "
conductances., [ PI
Hence the equivalent HIGH FREQUENGIES
circuit takes the
form shom in Gawe €
Fig. 355 (a). T
© 3R 3

(11) At high frequencies ENRE 7
the series sus- LOW FREQUENCIES  ©
ceptance is still
negligible but the
shunt susoeptanos Fig, 355 - Equivalent cirouits
is compareble with for video-frequency amplifier.

the condustemoce;(b).

(i41) At low frequencies
the shunt suscept-

ance is negligibly
small, but the

series susocepi-
anoe ig comparable with the conductance;(c).
At medium frequencies the amplification is

Gm B RE
Rl'i-Rg

and the phase-shift by which the input leads the output is 180°.

At high frequencies the amplification is sppraximately Gy Ry Re
R]. +R
4
cos § , end the phase-shift is 180° + gh , where @ is given by

tngy, = 2 Bz (Cax+ Cy).
Rl+R

LARALS
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For example, the input leads the output by 225° where w =

R
is S0 that tan g, =1,
R B, (Gak + %) b

-
The amplification is /2 times that at medium fraquencies, represent-
ing a reduction in voltage gain by 3 db,

At low frequencies the amplification is approximately Gm—m—nL « cO8 ﬂ!
and the phasa-shift is 180°~- d{;‘ whare ﬁfis glven by 1;1 + Bg

hnﬁf"‘ 1
" wce (R + By)

For example, the imput leads the output by 135° whenw =

c (Bl + Bg)
%o that tan fy= 1, As before, the amplification is et times that
~ 2
at medimm frequencies, The overall amplification-frequency and phase-
frequency charmoteristics for a typical vidso-fraquency amplifier are
shown in Pig, 356, plotted to a logaritimic frequency scale.

AMPLIFICATION

PHASE SHIFT | |
I [
) I 4
270 7 Loc
0l I < s | FREQUENCY
90" -————- -

Pig, 356 - Amplification and phase shift chamacteristics for
a vidso-frequency amplifier,

13, The Use of Pentodss in Video-Frequenocy Amplification.

Pentodes are nomally preflerred to triodes in video-fre-
quency amplifiers because of the greater amplification obtaimable,

This is due to the fact that By, which eqwls & 2 can ve

By ¢+ Ry
made much larger for a pentode with an R, of the order of megolms,
than for a triode, for which R, is a few thousand olms, The time-

constant for rapid ohenges in anode voltage is thereby made larger by
the increase in R,, However, a pentode normally has a smaller imput

capacitance than a triode, so that when two stages of amplification are
considered the inocrease in the time-constant due to the larger value
of By for the first stage is offset by the reduction in. input capaci-

tance of the second stage, Thus the use of pentodes emables greater
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amplification to be obtained without an increase of distortion, ocom-
pared with that due to triodes,

NECGATIVE FEEDBACK AMPLIFICATION

14. General Principles

A feedback emplifier is one in which a fraction, or all,
of the output voltage or current of an amplifier is fed back via a
coupling network to the input cirouit of the amplifier,

Consider the case of an undistorting amplifier, with a
feedback network which also produces no distortion. The feedback is
termed positive if the magnitude of the input voltage is increased,
and negative if it is decreased by the feedback connection., In both
cases the properties of the amplifier are modified as regards smpli-
fication, input and output impedances and distortion.

In general, some ‘form of distortion is invariably produced
either by the emplifier or by the feedback network, and it is con~
venient to consider the nature of the feedback .for sinuscidal input
voltages at various frequencies. Usually over some ramge of fre-
quencies the fed-back voltage is largely in quedrature with the input
whilst it is possible for positive feedback ?regemtion) to occur in
a circuit in which negative feedback predominates over the principal
frequency renge,

-

Suppose a sinu=
soidal woltage v, is applied
to the input terminals (1)
and (2) of the amplifier | 3

shown in Fig. 357. Let vy is (pyy|  AMPUFIER | U
be the wltage deweloped :
between terminals (3) and z ¢

(4). If m is the emplifi~-
cation of the amplifier

slone, the output voltage
Vo 1s equal to m v;. l v | Nerwosk
Since a fraction 3 of v,

is fed back to the input,

the voltage vy is given by
vg + 3V, and the output v, Fig, 357 - Schematio diagram showing

by this input is Tesdback,
m (v. + pvo).

Therefore m(vg +v,) = \A

80 v, = mvg
1 -pm

.OO.......O...'..l...."(l)

In general m and ff are both camplex, amplification with and, without
feedback being accompanied by phase-shift whigh veries with frequency.
In the particular case where(3and m are real, as, for exsmple where

the feedback network is resistive and the smplifier is a video-frequency
amplifier operating over its mid-frequency range, we may deduce aimple
expressions for the overall amplification and the effect on amplitude
distortion.
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In such a case, equation 1 gives

¢ .
=2 = - (m m is Mgative) ...............(2)
Vs 1-pnm
For negative feedback ﬁ is positive and the an ication is reduced in
the ratio 1 . If m 18 very large (2) may be written
1 -Pa '

v

o = 1 where 1 is negligible compared withf.
" é - n
==

Hence

v -

_0- % '3; .II.II....'..'..'I'.I'..'I.'..‘.I..'.-(B)

v I
It follows that if 1 is negligible compared with /5 s the amplification

m

depends only on (3 and is practically independent of‘the amplification
praduced by the amplifier itself, without feedback. In other words,
the output voitage is substantislly independemt of the charscteristics

of the valwe, The respult is obtained only at the expense of
amplification.

For exesmple, suppose & pentode amplifier, with an amplifi~
cation of 500 (without feedback) is used with e feedback circuit having

F""'Lt
20
Thent m =-500 so that Yo = =500
Vs 1-(;_0.)(—500)

TTER

= - 19.2

.=-£

- .

Without feedback it would not be possible to maintain a uniform
smplification over the whole of the useful portion of the dynamic
characteristic, since m would vary considerably in practice, With
feedback quite large variations in m may ‘be permitted, the overall
smplification remsining approximately equal to 1 .

In genersl, provided m is large and a suitable value for f3
is chosen, amplitude distortion can be made negligible by the use of
negative feedback,

It is usual to distinguish between two types of negative
feedback, viz, voltage and current feedback. In the former the voltage
fed back is proportional to the voltage developed across the emplifier
load, whereas in the latter it is proportional to the current delivered
to the load. Whilst these produce similar effects for a constant re-
sistive load, they react in different ways to non-resistive or changing

loads.
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15. Voltage feedback (Parallel Feedback)

The simplest wey of achieving voltage feedback is to connect,
in parallel with the loed Ry of an amplifier, s potentiometer consisting
of two resistors of velues Ry and Roe These reslstances should be
large s0 that the effective value of the load F{ is not modified, and
they should be connected in series with a negative supply of steady
voltage so0 that the mesn positive potential of the anode is offset and
the grid of the amplifier valve suitably biased. Fig. 358 shows the
circult arrengement., The feedback voltage is taeken frcm the Junction
of the two resistors Bl and B2 and is in series with the applied volt-
age vg.

The feedback constantfis given by
.
R * Ry
and the voltage fed back will be 180° out-of-phase with the applied

voltege if the load Ry is purely resistive, Therefore, if the load
is purely resistive and 1 1s negligible compared withp » the output

m
voltage depends entirely on R; and R, and is quite independent of
valve characteristics, supply variations, and the magnitude of Rj .
The asmplification is substantially independent of the frequency of the
sinusoidal components of +the input voltage, anil negligible phase shif
is introduced into the output, :

The effect of the

feedback connection on the g—‘—‘c‘ HT
valve performence may be Sa
considered by replacing the < ¢

amplifier, with feedback,

by an equivalent valve

emplifier without feedback,

having the same anode load

but with valve constants

Cms /'G, and B, in place of

Gﬂ' /‘l s and R". These are {ALTERNATING
defined as follows. If COMPONENT
t,y Vg and v, are corres~ M) A%
ponding small changes in

anode current, input voltage

end anode voltage

respectively,

(ALTERNATING
v, COMPONENT
o ONLY) -

=

=VE VOLTAGE

Fig, 358 - Voltage feedback eircuit,

Gy = 1a, where anode voltage is constant

p == To, where anode current is constant;

v
8

R, = Yo , where input voltage is constent,
i .
a

From Fig, 358, the mmall change v, in feedback voltage is in series
with v, s0 that the small change Vvj in grid voltage is given by
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vi = T' +f37b 'I.Qt.b.t...c'..u...!....!!.0.0'.O'.l(h)

If the anode current is comstant, i, is zero and v = - My

= e !ﬂl (V. +f3'\"o)-

o.o 1"0 (1+/11[5)=—st

LR AR LRSS AR E RN (5)
1+ /u‘E

If the anode voltage is conmstant, Vo is zero and so, therefore, is
ﬁvb. Hence from (#) VB = vi’ and Gm = ia = i&_ = qn sreme (6)

Vs vi
Since n = Gmaa/a' Gp B,, and Gy = G, it follows that
R—a &= ‘*i. = 1
a M 1 + /uﬁ
i.e § . Ra ssmdssssbssesersostsnnsnne (7)
1+ /uﬁ
Hence the amplifier with valve
constants Gy, S Rgq, and with ~Gmy .
a feedback factor 3 behaves like 1
an amplifier without feedback (@ Rg v
but with constents G, M 8 0
1+ /uﬁ _ - Lo
&nd Ba . Sinosf is
1+ /u.F
positive for negative feed- —~Gm g A
back A < mend R, < B, > o
Ll © O vi,
both 'being reduced by a L3 cAT
factor T!
T +a8 ;H.P L — —0
The equivalent
circuit is shown in Pig, 359 - Equivalent circuits
Fig. 359 (a)e for voltage fesdback amplifier.

In practice it is not possible to make the load purely
resistive since there is always some cepacitanoe G, between the anode

and cathode of the emplifier, The equivelent circuit, incorporating
this capacitence, is shown in Fig. 359 (b).

The time-constant of this circuit is _Cak B/ Rg .
Rg #+ Ry + mf Ry
1f, a8 for a pentode, Ry, >> Ry, this reduces to Cax Ry .
1+Gyp3 R!
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This reduction in the output
time—constant increases the
fidelity with which sudden changes

of input wltage are reproduced Uy

at the output. This is illust- )

rated in Fig, 360. For exsmple, °© -
with a pentode amplifier having 1

Gy = 4ma/V, Ry = 25,000 52
and 8 = 1 , the time—constant
- 20
is reduced by a factor 'Kaf-‘mﬂ reep e
1 1
= = Ca4R,
1+ 0°004 o 0°1 o 25,000 11 e-covsmon e

by the use of voltage feed~
backe To obtain this result o
the smplification has been
reduced in the same ratio. vFCmmour FEED BACK)

In the circuit so
far considsred the feedback
network hes not discriminated Tive-constant Co b Ry

between different frequencies.
It ie often required that feedw o -t
back should occur for signals

within some range of fre— Fig. 360 - Effect of voltage
quencies but not for signals feedback on response of output
cutside this renge. The eireunit,

commonest instance of this

arises when it is not necessary to consider the smplification of stesdy
volteges. In this case a large blocking condenser can be introduced
in series with the feedback potentiometer, as shown in Fig. 361 (a),
and the negative bias for the control grid mey be provided by & °
cathode biasing cirouit as indicated. This obviates the necessity
for providing an additional negative supply voltage to offset the

anode voltage.

A circuit which emplifies alternating voltages without.
feedback but which, owing to negative feedback, provides very little
emplification of stesdy voltages, is illustrated in Pig, 361 (b).

The condenger C which is effectively in parallel with R, for alter-
nating voltages hypasses current fluctuations so that except for
very low frequencies the fraction 2 of the output voltage whioh ias
fed baek to the imput is small. Also this fractionfiv, is, at high
frequencies, in quadrature with vg. For steady voltages the fraction
- ﬁz is made large so that the amplification,
p Bl + Rz

spproximately 1 , is small.

So far we have ignored the problem 6f applying the voltage
v, to the input circuit of the voltage feedback amplifier, Since
s voltage is applied between terminals neither of which is at a
fixed potential relative to earth it cannot be cobtained direct from
a generator having one terminal earthed, One method of overcoming
the difficulty is to use a transformer, as shown in Fig. 362,

The use of & transformer tends to introduce phese and
trequency distortion into the input voltage, and its use may be
avoided by arranging the circuit as shown in Pig. 363 (a). The equi-
valent network showing how the voltages are added is given in
Pig. 363 (b)e R' is the output resistance of the generator, to-
gether with any additional series resistance which may be re.aired.
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AMMA
AR A b
¥y

e Pig, 362 - Voltage feedback:
' Transformer input circuit,
CIRCUIT PROVIDING FEEDBACK FOR
ALTERNATING (VJOLTAGES ONLY o
a

Vo
ALTERNATING
COMPONENT ONLY

X
NEGATIVE VOLTAGE (2
CIRCUIT PROVIDING FEEDBACK AT R’ R,
LOW FREQUENCIES ONLY
(b) ""T
4} 3% fo

Fig, 361 - Circuit providing
feedbeck (a) for altermating . (b)

voltages only and (b) at low Pig. 363 - Voltage feedback: use of
frequencies only. adding network,

The voltage lvi developed across RS and applied between grid and cathode

is given by

Y.+ %
Rl —
v, = B (See Chap. 1 Sec,12 )
i i + i + i o ’
R' Rg Ry
If we write 1+ 1 = ) _ , this reduces to
R Rg Ry
Vi = v’ Rl R2 + Vo R2 ’
R' (Ry + R») R, + Ry
= Vg +fv,;
where p= R R
Rl + R2

¢
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1
and vg= _" By, R

R' (B +n;)

Thus this adding network produces the effect of the arrangement of
Fig. 358 without introducing any special problems erising from earth-
ing the generator.

16, Qurent Feedback (Series Feedback)

To provide negative feedback proportional to the output
current it ia usual to include s resistor in the cathode clrcuit of
the velve as in Fig. 364 (a). An increase of current through the
resistor Rp resulting from & rige of grid voltage causes the cathode
voltage aleo to rise, The effective input voltage developed between
the -grid and cathode ia there-
fore reduced, i.e., the resistor

gives rise to negative feedback. —oHT
As for voltage feedm A o
back we shall consider the = v ATERNATIN
effect of the feedback arrange- SNieoNENTs OF
ment in terms of the equivalent o .3 INGICATED
amplifier having the ssme anode [ ;"f 3
load and input and output () -
voltages, but with valve con- o
stents Gy, M, end R, Ry(1GmRy) A
The feedback fraction RZ T
J 5 is given by Sl I
F = Rf R{ ] }
R‘e * Rf * tlg

Let i,, Ve and 'o represent

corresponding small changes in Fig. 364 - Current feedback
anode current, input voltage, amplifier,

and snode-cathode voltage res-—

pectively, The feedback volt-

age Ve is then equal to Rp i,, so that the voltage vj developed

between grid and cathode is given by

= V. - Rf iﬂ L R R R N R Y R Y S (B)

If the anode~cathode wltage is constant, v, is zero and ia = Gm vy

= Gn(¥g - Be 1) .... from (8).

Henoei‘(].-l-chﬂf):(ihva

and(-;,;:ig =
Vs 1+G R

Preer BB tass IRt RTEIRNERY (9)
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If the anode current is constant, i, is zero and so, therefore, is
Vge  Hence,

from (8), vsav‘r- end £ ==-'o ==Y = M eeeernienenes. (10)

R
?’s Vi

Since M=G R, P=Emii' and/u=/l-:,

m
Ry, Ga,
Ry G Mo

1.3. ﬁ'a=R‘ (1* %Rf) LA R RN A ER LN N I R N A R R R Y Y] (11)

Hence the amplifier with valve constants Gy, Vo and Ra and with a
feedback resistor Rp behaves like an amplifier without feedback but

with constants _%_n:__G;_ﬁ_;_ > MRy (14 gy Re).

Gn < Gy and E, > R,, the one being reduced, and the other increased,
by the factor (1 + Gy Rp). The equiwalent cireuit is shown'in
Fig. 36" (b)o

In this circuit we are interested not only in the voltages
developed between anode and cathode, but also in the voltages between
anode and earth and between cathode and earth since, in wvarious
spplications, any of these msy be used as output voltages. These
will be denoted by v_, 5v, and gv, respectively, From Fig. 364(b)

we obtain
v, = B¢ 4 Rp

o * (- )
By (1 + Gy Rp) + By + Ry il

= Ry + Eg . (-/ll'?s)
Ra"'/uRf"'Rf + Rp
- M % (= fovy).

Ro+ By » (po+1)Re
Provided s is large so that /uRr is much greater than the other terms
in the dencminator, we have

v Ry + Rp
Oaf -R-—i—-;—- ('/‘Wl)

.
-

-5,
/3
HMIIL: ::-0_ b -!-_ -O.oooaqo.-.ooooo.cooooo’o?oooco-. (12)

vg ' B

Sinoe v, = R/ Yo
Rg + Ry

= (1—[5)1’0 IEEFEENERERRENERENRNREN IR RS ERE B 2 ] (13)
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we deducs that

W oo ;1-@ ).

Vs P
Similarly, K% = -3v,

wAre T

= 7)
80 that

v -

lg.__g_ = 1 T o O R R R T T {3-!]-)

In the case of current feedback the increase in the output
resistence of the velve, ané hence in the output resistance of the
amplifier, increases the effect of stray capacitance in paralled with
the anode load. The increase in the output time-constant can be off=-
set by the addition of a suitabie capacitance in parallel with Ry,
thereby increasing the high~frequency responss,

Vhere the smplifier has a choke load instead of -a resistor,
&8, for instance, in a circuit for producing magnetie deflection
currents for a CRT, the increase in the output resistance of the
valve due to current feedback i en advantage since it reduces the
time-constant of the output circuit.

In the above consideration of current feedback we have
assumed that the valve is a triode, If a pentode is used two points
should be noted. The screen grid should normally be decoupled to
cathode and not to earth, otherwise the effective screen potential
varies and the emplification is reduced, Also the ocurrent through

the cathode feedback resistor consists of screen.,as well as anode,
current, If the variations in screen ocwrent are neglected the
effect will be the sanie as if the resistor Ry were assumed to have a
value-larger than it actually hes.

In all cases of current feedback difficulties arise if the
cathode potential is allowed to differ ‘substantially from that of
earth, with the possibility of insulation breakdown between cathode
‘snd heaters, This difficulty may be overcome by using special
heater windings carefully insulated from earth,

17. Bias for Feedback Amplifiers

Where no blocking condenser is inserted in the feedback
network, an smplifier employing negative voltage feedback normally
requires a large negative bias to offset the positive potentisl at the
anode, This may be provided either by a separate negative supply
or by means of a cathode bias resistor, suita.bl..y decoupled,

If a blocking ocondenser is used the bias required is no
different from that needed by an ordinary amplifier.

The steady voltage developed by the direct current of the
valve through the cathode feedback resistor automatically a
bias woltage for a current feedback amplifier, This bias may be just
sufficient to ensure that the walve is operated over the deasired
portion of its dynamic characteristic, but gemerally is either too
large or too amall,
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Fig, 365 (a) illustrates the case in which the mean feed-
bagk voltage Ry 15, where 1a is the mean anode cwrrent, is just suf-

ficient to provide the correct bias,

Fig. 365 (b) shows the use of an edditional cathode bias
resistor Ry suitably by.psssed, for the cage in which Rp T, 18 not
large enough to provide the carrect bias.

FPig, 365 - Current Peedback: biasing arrangements,

In the arrengement of Fig. 365 (o) Rp i provides more bias

than is necessary. A point on Re is chosen at which the mean potential,

i, below cathode potential, has the correct velue, and the lower end
of the grid leak is connected to this point, If the output impedance
of the generator feeding the grid circuit is large enough to be com-
perable with R_, additional feedback to the grid circuit will occur
due .to this te This effeot may be substantially eliminated
by the insertion of a decoupling ocondenser C connected to the lower
end of the grid lesk (d). The additional resistor R is necessery to
provide the steady voltage connection but must be of sufficiently large
value to prevent the lower port.on of Ry from being bypassed.

The network of Fig., 365 (e) may be used to provide any
degree of negative bias irrespective of the size of the feedback
resistors This method is not economical if a large bias is required.

Sometimes voltage and current feedback are used in the seme
valve circuit. By this method the output voltage and current can
both be made substantially independent of wvalve characteristics. No
additional biasing problems ere introduced if the voltage feedback net-
work conteins a blocking condenser.

Pig, 366 (a) 1llustrates the simple case in which voltage
and current feedback both operate for steady as well as alternating
voltages. The woltage By i, is just sufficient to offset the poaitive

voltage at the grid due to the feedback potentiometer, and to provide
the carrect bias.
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In the circuit of
Fig., 366 (b} feedback occurs for very
low frequencies only. The condenser
C ensures that slternating input
voltages are effectively developed
between grid and cathode so that mo

appreciable feedback occurs. Rg is

oonnected to a suitable biasing
point on Re.

—_—0 HT+

Fig, 366 - Biasing arramgements %,
for circuits using combined
current and voltage feedback, \

w7 : —

THE CATHODE FOLLOWER 1°

18. The Properties of a Cathede Follower. ®)

In this fype of current feedback amplifier the outptet is
taken from the cathode circuit and there is mo anode load. The output
is the voltage developed across the cathode loed by the fluctuating
component of the cathode current, which in a triode is the sgme as
that of the anode current. The presence of negative current feéd-
back causes the cathode follower to have the following main properties.

(1) A voltage amplification which mgy be approximately
equal to, but is always less than, unity.

(2) A low output resistance.
(3) A small input capacitance,

Fig. 367 (a) shows a typical cathode follower circuit. A resistor
may be included in the anode circuit to ensure that there is the
correct steady potential on the anode for normal operating conditions,
but this resistor is ususlly opy-passedto earth by means of a large
ocondenser so0 that there are no fluctuations of anode potential.

The response of the cathode follower circuit to alternating
voltages msy be derived from the results of Sec, 16, or may be cbtained
independently in the following manner,

Fig. 367 (b) shows an equivelent cirouit for the arrange-
ment of Figs 367 (a). From (a) we obtain vy = v, = vo, whilst fram
(v)

vo=- _ R . (- /“"1)

Ry + Ra.
Re

B‘f+Ra

p '(v' - v5)e
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th.'f. 3&'&.1 8

ic6c v, (Re +RBy) = mRe v, = MRpv,.

Henoe v = _ M Bf Vs |
By + pBp 4+ Ry

@
. j/ﬁ/;/\ A ‘ ;
(b) Vale') I Rf L77)
:
Sm oy )
(c) Ra G':;, Rf ["o

Pig, 367 - Cathods follower.

Wnting/; = Gy R,, and dividing mmerator’ and denominator by R, Re,
we obtain

v, = G. V' Sssscscsvessetseseseseseed (15)

o ————

1—+qn¢?'-l-

Re a

If Ry and R, are both much greater than l/G,n, Vo = Vg
Equation (15) shows thut the equivalent circuit may de
drawn as indioated in Fig. 367 (c¢). Since G; is normally a few

millismps per volt whereas Ry is seweral thousand ohms the output

resistance of the cathode follower presented to the load Ry is approxi-
mately 1 , with a value equal to a few hundred olms, This is very

much less than the output reslistance of.a conventional amplifier, and
is of a value suitable for matching to a cable or to an artificial line,
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Since the output resistance of the circuit is mmell, the
time-constant due to atray capacitance C in parsllel with the load is
algo smell so that there is less likelihood of distortion from this
cause than in a normal smplifier, If, however, the rate of change
of input valtage is rapid enough, the presence of capacitance in the
output circuit prevents the cathode voltage from following that of
the grid instantaneously. This may cause grid current to flow if
the input is positive-going, or may cut off the valve ocwrrent if it
is negative-going. In the latter case the output resistance of the
valve becomes infinite and the output time-oonstant of the circuit
beccmes (Rp.

Ap an example, consider a triode valve operating as a
cathode follower under the following oconditions,

Slope of dynsmic characteristio = 2 mA/V
Maximum value of grid-cathode voltage = O volts
Minimm value of grid-cathode voltage = ~l0 volts
Maximum walue of anods current = 22 mA
Cathode feedback resistor 10 ko
Assming linearity, the minimum value of the snode current is 22 -

2,10 mA = 2 mA, TFor this walue, the grid-cathode voltage is =10
valte and the cathode-earth voltage is 10,000 . 0-002 = 20V,

When the grid~-ocathode woltage is zero, the snode current is 22 mA and
the cathode—earth voltage is 10,000 . 04022 = 220V,

Henoe the output voltage varies from 20 to 220 volts while the imput
varies from 10 to 220 volts.

The mean grid-cathode voltage is -5 volts, and if the
bias is obtained by connecting the grid leak to a point on the cathode
feedback resistor, the cormeotion should be made at a point approxi-
mately L0Oohms from the cathods. Sinoce the mean anode current is
2_;_3 = 12 mA, the bias is then <0+012, 400 = -5V,

If in this exsmple the grid voltage were allowed to exceed
220 volts grid current would flow even if the output time-constent
were gero. If the grid voltage were allowed to fall below 10 volts
the velve would operate over the lower bend of the dynemic character—
istic and the anods current might possibly be cut off,

The relative unimportance of Miller effect in a cathode
follower; causing it to present a much smaller input capacitsnce than
that of a similar velve in an ordinary amplifier circuit,will now be
considered, The relevant interelectrode capacitances are shown in
Fig. 368 (a) and the equivalent circuit is given in Fig.368 (b).
Since the anode is at earth potential so far as alternating voltages
are concerned, Cge is in effect across the input terminals. By an

analysis similar to that adopted in Sec. 7, for the circuit of Fig.
338, we cbtain

yg =wCgy im #in & + ju%'(!g, + Cgx(1 - 1m ocos 0)_/.

382



Chap. 7, Sect“IS

If the
effective load of the
cathode follower is
purely resistive the
cathode and grid
voltages are in phase
so that 8 = 0. The
input admittanoe is
then a capacitive
susceptance of value

w[c@ + cgl: (2 - n)]
Consequently the’
effective input capa-
citance of the cirw
cuit is eqml to
Cga + Cgp (1 - m). Cok

Al K

Since m &= 1, this e ; i
normally reduces to s - U= mil
Cgae Even if the |
load impedance is
not purely resistive, ) a
the maximun value (b)
which the input capa-
citance can acquire
isC__ + C..

& Thegkinput con- 368 - M ffect in thode
ductance, when the load |8+ %0 = Hlljer effect ina o
is not purely resistive *
is giveu by
r.acgk im  sin Q.

(oNLY ALTERNATING
COMPONENTS OF
VOLTAGE ARE
INDICATED )

If the effeotive load is inductive, sin @ is positive and
the input conductance has a demping effect on the input circuit. If
the effective load is capacitive, sin @ is negative and the circuit is
regenerative; this condition may give rise to contimuous oscillaticns.

19. Applicetions of a Cathode Follower

Because the output resistance of a cathode follower is
normally much lower than that of a conventional amplifier, the cathode
follower is useful for feeding voltages into a relatively low impedance
load such as that presented at video~frequencies by the input capacit-
ance of a coaxial cable, Such a cable is often used for carrying
voltage pulses from one part of a radar equipment to another,

4 cathode follower circuit is also useful for driving a
non-linear circuit, to minimise the distortion due to this non=-linearity.
A typicel example of a non-linear circuit is the input circuit of an
amplifier in which grid current flows for pert of the time, The imput
resistance, i,e,, the resistance between grid end cathode of an
emplifier, is usually of a high value, but if grid current flows, i:
considerably reduced, If an amplifi:z- is fed from the output of a
cathode follower the imput resistance of the amplifier shunts the out-
put resistance of the cathode follower (constant current circuit,

Pige. 367 (o))» However, since the output resistance of the cathode
follower is usually very small, the effect when the input resistance

of the amplifier changes froam a high to a lower value is not large.
Consequently the amount of distortion introduced by non-linearity of
the input circuit of the amplifier is smell. An edditional advantage,
inder the circumstances described above, is that the cathode of the
cathode follc-er can often be directly connected to the grid of the
amplifier, since the steady voltage at the cathode is usually of a low
veilue. If this arrangement is possible, the use of a coupling condemser
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end grid leak resistor, usually essentisl in the input circuit of an
emplifier, ig evoided, If there is no coupling condenser or grid
leak resistor, the possibly undesirable effects of slide-back bias dne
to grid current are avoided. Another common instance of the use of
a cathode follower to aveid distortion due to a non-linear load

arises in feeding the deflector plates of a (RT when deflector plate
current flows,’

If it is required to feed the output of an amplifier into
& load circuit which has a large input capacitsnce a cathode follower
is particularly useful, The output from the amplifier is teken to
the input circuit of the cathode follower, and the output of the
cathode follower is fed to the load. The amall input capacitance of
the cathode follower is in shunt with the output of the smplifier so
that the time-constent is amall and the potential of the anode of the
emplifier (and of the grid of the cathode follower) can change rapidly,

The output resistance of the cathode follower is in shunt
with the input capacitance of the load, so that the output time-constant
also is small and the load voltage can change rapidly. A cathode
follower used in this wey may be regarded as an impedance transformer,
i.e., the input circuit presents a high impedance whilst the output
circuit presents a low impedance,

Since it can be arranged that the cathode potentisl of a
cathode follower rises to almost the same value as the grid potentiel,
it is possible to comnect the grid of the cathode follower directly to
a point et a high positive potential, without causing grid current to
flow. This mesns that the use of a coupling condenser and grid leak
resistor may be avoided, A cathode follower may, therefore, be
connected across a circuit, the operation of which would be upset by
a rasistive loading., For example, supvose that a condenier is charged
through a constant-current device so that the voltage across the con-
denser rises linearly with time, If there is resistance in parallel
with the condenser this linearity is affected., A direct-coupled
cathode folliower may be used to transfer the linear voltage change
acrdss the condenser to another part of the circuit, since it does not
appreciably shunt the condenser with resistance; (Fig, 369).

—OHT

H.T.

CONSTANT DEFLECTING PLATES

Fy — /
- -

CUTPUT

1 1
Fig., 369 - lse of direct- Fig, 370 - Use of a_ direct-opupled
coupled cathode follower to cathode follower to minimise
minimise loading on a time-base loading on a potentiometer.

generator,

It is often necessary to arrange that the potential on the
siider of a potentiometer (Fig. 370) varies linearly with the position
of the slider, This cannot happen if there is shunt resistance between
the slider and one or other of the ends of the potentiometer, If,
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however, the slider is directly coupled to the grid of a cathode
follower, the voltage of the cathode of this velve varies linearly
with the position of the alider on the potentiometer. In Fig. 370
the cathode of the cathode follower is shown to be directly connected
o a deflecting plate of a cathode ray tube. This arrangement makes
it possible to apply to the deflector plate a shift potential which
varies linearly with the position of the slider on the potentiocmeter.

20, THE CATHODE INPUT (OR GROUNDED GRID) AMPLIFIER

The Cathode Input Amplifier is complementery to the
cathode follower and is, therefore, considered at this point. An
importent feature of this circuit is its low input resistance, which
mekes it suitable for terminating a long ceble to which it may be
matched, The same property makes the circuit useful as an RF
emplifier, since it helps to prevent regeneration. The circuit has
the oocmparatively high output resistance of a normal emplifier.

The circuit arrangement is shown in Fig. 371 (a).

This circuit differs
from that of & normal smplifier
- in that the negative HT supply ONLY ALTERNATING COMPONENTS
T valve tnevend of o the cathods M MOCMTE
so that the anode current flows
through the input circuit, The @
grid is normally earthed, and the
input voltage is applied to the

ia
cathode, The anode and cathode Vi ‘ l

voltages are in phase, since when'

the cathode voltage is reduced the L v T
current through the valve increases -
and the anode voltage falls also.

equivalent circuit. The result-
" ant BMP in the circuit is

- (p+ 1) v, so that the output
voltege developed across Ry is
given by

Yo =~ n! {/I. > 1) "’i

R‘ + R{

. Cat
and the amplification by ©) ko 1 A
n=fo = - (MW, %) TG4 ”%
! Ry + Ry T i
[«]

The amplification is slightly
greater than that due to a normal Pig, 371 - Cathode input
amplifier using the seme valve amplifier,

and anode load.

The altermating component i of the anode current is given
by

ig = _(u+1) vi .
n,q..n[
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Since this current flows through the imput circuit, in phase with vy,
the input resistance R; of the amplifier is given by

R, = :i = E&_tlHL.
i i, M+l :

if Ra>> By ana/u>>1, this reduces to

- %
Ry .3
= =

The input circuit of a cathode input amplifier contributes
towards the output power, the fractisn supplied being ‘};'i' of the power

derived from the HT' supply, This makes the circuit particularly
uzeful as a power amplifier,

Miller effect is of little importance since it occurs
through feedback via C,, and this capacitance is usually very small, .

(Pig. 371 (c)). This fact embles triodes to be used without
nesutralising, Since the input resistance of the amplifier in any
case is small, the current fed beck from the output circuit via Cyp

must be very large before regenemtion occurs,

PARAPHASE AMPLIFIERS
21, General

The purpose of a Para-
phase Amplifier is to amplify an
unbalanced input voltage so as to PRIMARY SECONDARY
produce a balanced output (See

Chap, 3 Sec 1), This oould be %
n s
v

accamplished by means of a tmns-
former with the primary winding
earthed at one end and the
secondary winding earthed at

its electrical centre, as
illustrated in Fig, 372, Sinoce
the design of transformers for
undistorted pulss amplification
is complioated the employment of
a parapbase amplifisr is normally Fig, 372 - Transformer
preferable, Single-valve and used for paraphase
two-valve amplifiers are operation.

described,

BALANCED
OUTPUT

22, Single-Valve Paraphase Amplifiers

The simplest type of paraphhse amplifier employs a single
valve, the input for which is a fraction I%I of the available applied
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voltage, This
fraction is amplified e Re
jm| times, and inverted,

o -
so thet the output ik 1 ¢ °
voltage is equal to 4 oR, i '
the applied voltage MS T /N |
and of opposite - et
Pﬂhrityo Piga 373 Ve i |
shows the cirouit g Gie é“q v
arrangement, : ]
The potentiometer ! J' !
formed by By and Ry o ‘ 4. : 3O
provides the fraction ’
’%la fzn of the Fig. 375 - Simple one-valve paraphaae

B.l 2 amplifier,

applied voltage Ve

The candensers C and 01 olimimate the steady components applied and
ouput voltages respectively, so that both v, and v, bave a mean value
Zero and v, = - v,

Distortion of the imput voltage due to imput capacitance
C; may be minimised by adding oapacitance between the grid and the

point P (Fig, 373) so that the time-constants of both portions of thz
potentiometer are eqwal,

One disadvantage of ' this circuit is that any variation ir
the valve characteristics or supply voltages affects the walve
amplification and unbalances the outputs, The amplifier may be mai»
linear and stable by introduding negative feedback., The simplest
way of achieving this is by the introduction of a resistor Re in th»

oathode circuit (Pig. 374). If a pentode is used in this circvit,
the inequality bLetween corresponding changes of anode and cathode
currents makes the balance dspendent on the matio between these currents
being constant, A triode cannot always be used, in place of the
pentode, owing to the larger input capacitance due to Miller effect,
Consequently it is advantageous to use voltage feedback. In the
circoit shown in Pig. 375, the voltage feedback is introduced by means
of a potentiometer, consisting of the resistors R, and RE' The

frection of the inmpot voltage which is actually applied to the walve
is determined by the relative values of the resistors R' and HS. I

is found that provided the ratio %— is emall and the amplification
of the valve circuit is large then paraphase amplifieation is obtainsd
when B! = B‘l'
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O HT
—O HT
é: O P
o—i a
Ve
Ve
T 0
- v
Fig, 374 - Parephase amplifier Fig, 375 - Paraphase amplifier
with current feedback. using voltage fesdback,
2 %% § EE!E“

This cireuit is essentially the same as that of Fig. 363(a).
For that circuit we obtained in Sec, 15 the results

Vi = VgtV
where P= B
B +B,

v B R2
l=m(xl+ne> v'%ﬁ’

and 223 %‘;‘—o

In this case we want v, = - V',

Then, since v = mv,, Where m is the amplification of the valve (with~
o .

out feedback),
v, =m (Ys-Bv*)

j.e, = vt =nm

(_A';'_El-.’s—-pth

=mv'p(%--1).
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Hence E]; =1l==1 , wherem is negative,
Rt mp

Provided - mp is very large, B) 21 for the output to be correctly
R* .

belenceds 8 is large provided Ry and R' are small compared with Rg’

80 that the condition R; = R' holds if the amplification is large and

‘R_l' is mmell,
Rg

4n alternative method of obteining a parsphase output »
ueing a single valve,depends on the fact that in a valve with purely
registive anode and cathode loads the anode and cathode potentials
vary in opposite phase. In the circuit shown in Pig. 376 the anode and
cathode loads are equal in velue., In the absence of grid current
flow, changes in valve current due to changes of imput voltags produce
equal voltage changes across the two equal loads. A peraphase output
is, therefore, devsloped between the anode and-cathode of the valve,

The circuit is a
partiocular case of en amplifier J——-—-———'——"-" HT
with current negative feedback, <
so that the amplification )
characteristics of the circuit ¢
are linear and stable. o—it C

Since the potential 4
change at the ocathode camnot
be greater than the change at or
the input, and is equal and
opposite to the potential change
at the anode, the overall o <=0
emplificetion of the stage is v

not groater than 2, Fig., 376 - Paraphase amplifier
The output resistance using current feedback,

of the valve when viewed from

the anode is different from

that viewed from the cathode. When stray cepacitances are considered

the timew-constants of anode and csthode circuits are generally

different so that when the input signal consists of pulses the dis-

tortlon is different in the two outputs.

. Pige 376 shows the valwe as a triode, There ig no
serious disadvantage in using a triode, since, though Miller affect
is present, that part of the imput pdmittance, which is due to the
grid-enode interelectrode capacitasnce, is not large sinoe the ampli-
fication is small, so that, like the cathode follower, the circuit
has a smell input capscitence, If a pentode iz used the resistance
of the cathode load has to be made somewhat smeller than thst of the
anode load since the change of cathode ocurrent for a given change of
applied voltage is somewhat larger then the corresponding change of
apode current, .

Lt k]

AAA
v

Analysis
The results (12), (13) and (14) of Sec. 16 g,l.ve approximate

velues for the emplification of the circuit of Fig. 376 if is made
equal to Res»  This makes P__],_ 80 that m &= -2, The ysis of
2 -

Sec. 16 gives the exact value as
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m=- m. 2R » 80 that the smplificatiom
Ra + (M +2) By
produced at each output 1is
LBy .

Ry + (u+'2) By

23._Two-Valve hage ifiers

In the single-valve paraphase amplifiera desoribed in
3«0. 22, the velve sots as a phase reverser, but in no caae does the
magnitude of each output voltage exceed that of the applied voltage.
If a greater output im required in peraphase two valves may be ussd
as desoribed bLelow,

The most cbvious
manner in which two valves
may be used is by introduo-
ing, before the cirouit of
Fige 375, & single atage of
anplification. Thias
arrengement gives the olr-
ocuit shown in Fg. 377.

It is normal, though not
easentiel, for the values
of the anode load and of
the mutual oonductencs of
the seocond valve to be the
ssme as those of the first
valve, Then, as shom in
:;o. ;g} in t;cﬂrm;ito

8 » the condition - -

for » paraphase output is Pig. 577 m}‘.z;z.ﬂ': e

where m is the amplificetion of each valve cirouit, FEach of the
uplthing steges introauoes distortion as a result of the nonelinsarity

of the walve characteristios and as a result of interelectrode and
strey capacitances, However, though the first stage may give as its
output a distorted version of the imput voltage, it is distortion
introduced by the seocond stege which prevents perfect parephases The
distortion introduocsd and the dependence of the cirouit on valve
charsoteristios cen, of oourse, be reduced by using negative feedback
in each of the npl:ffyh; stages, A oondenser may also be introduced
in parallel with resistor R} in order to avoid the distortion which
would otherwise be introlduced by the input ocepacitance of the.second
valve, as explained in Seo. 22.

An smplifying stage may almso be introduced before the
cirouit of Fig. 375, This type of aircuit is often lnown as the
Floating Paraphase Anplifier, and is shown in Fig, 378, This first
stage can be ooneidered as a normel ampliﬁ.cr, though its mpliﬁottlm
is modified by the network of resistors R', Rg end Ry, the
resistence of which is in parasllel with the load resistor, This effect
'is negligible provided the imput resistance of the network is large
compared with the load resistence, In the second amplifier stage,
the wariations of potential of the point 0 provide the input voltage
to the second valve, and these variations depend on the changes in
potentisl at the emodes of the two valves, which are antiphase,
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Usually the resistor R' is O HT
made equal to the resistor
Ry end it can be geen that
perfect paraphase.is then -0 F

impossible, since equal and
opposite changes of

potential at the two anodes
produce zero variation of T-'

potential of the point O,
and ;therefore, no input
wltage to the second Vi
valve, In this arrangement
the output from the second
valve is less than that
fram the first valve
Jjust that emount nece:yaary Fig. 378 - Floating paraphase
to produce at the point amplifier,
Q variatiomswhich, after
amplification, give the output from the second walve, As in the case
discussed in Sec, 22, provided Rl is small, end the amplification of

‘ R

g

the second stage is large, the changes in potential at the two anodes
can be regarded as equal in amplitude. There is negative voltage
feedback operating on the second stage so that the operation of the
second stage is ateble, more or less independent of valve character-
isties, and produces little distortion.

The conditions for exasct paraphase working ere the ssme as
those given in Sec. 22 for the circuit of Fig. 375.

. A further method of obtaining a parapiase 'output voltage
is provided by the Oathode Inversion Circuit (or cathode-coupled para-
phase emplifier) shown in Fig. 379 (a). It consists of two velves
coupléd together by the common cathode resistor Rg, which is uaually
of meveral thousand ohms and is ocomnected to a large constant negative
potential - V. The values of the resistor R; and the potential -V
(about -200 volts) are adjusted so that in the sbsence of any applied
voltage the valves are both biased in Class A. The anode load
resistors R) and 8, are usually made equal, The imput voltage is
applied between the grid of the first valve and sarth, end the
potentiel of the other pgrid is meinteined constant, in this case at
earth potentieal.

Initially, if there is no applied voltage, both valves are
biaged by an amount equal to the difference between -V and the volt-
age developed across R by the flow of the combined valve ocurrents.

Consider an actual circuit with R = 5 kn , and the
slope of the dynamic characteristioc of each Valve equal to 1 mA/volt.
An increase of one mA through R5 raises the potertial of K by 5 volts,
decreasing the cathode current of velve 2 by 5 mi, This must be
accompanied by an increase of 6 mA in valve 1, due to an incresse of
6 volts between its grid and cathode, and therefore of 11 wolts
between its grid and earth, Thus any input voltage is distributed
between the two valves in the ratio 6 3 5, so that with equal anode
loads the circuit is unbelanced in this ratic. The larger the value
of R the more nearly balanced are the output voltages; at the same
time the voltage -V must be made more negative so that the mean valve

current is unchangede

, Since the grid base of either valve is unlikely to be more
than about 15 volts, the change of potential at K is small compared
with the voltage across R (100V to 200V). Hence the current through
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R5 is approximately constant so thet increases in the current of one

valve are accompanied by approximately equal decreases in the current
of the other,

Instead of the lower end of Rs being connected to a negative

potential, biag may be provided for the grids by connecting them to a
souree of constant positive potentisl., This is usually more con~
venient, but considerebly diminishes the effective HI' voltage, de-
veloped between the positive HI' line and cathode,

Since approximately
half the input voltage is
developed between the grid and
cathode of each valve the
overall emplification of the
circuit is aspproximately the
same as that for a single
valve of the same type with
the seme anode load
(By, = Rp).

The equivalent
circuit for Fig. 379 (a) is
.shown at (b). In this
circuit v = qvy = 2v4,

where v_ :‘.s,'th.o applied

wltage and 1vi, 2v4 the

input voltages between
the grid and cathode of
valves 1 and 2 respect-
ively, Similarly 3v,

and 5v, are the alter-

nati%gowmpt)nents of the Fig, 379 - g;;m upled paraphasce
output voltages measured *

between the anodes and
earth,

analysis shows that the condition for true paraphase workirg,
assuning that the walves have identical characteristics, is

(F‘I) .(ERJ)_

R, + Rp 55

Provided Ve >> 1 and R, > Ry, this gives
|

G B

Ry - By =

Hence good parsphase working with Ry = Ry is possilile only if G R > 1,

On putting Ry = Rp in the expressions for 1Vo and 2Vp it may

be shown that the overall smplificationm = 1% .. 2% N R
¥g Ra + B

as it would be for a single velve with the some cheracteristics and

the same snode load as used for either valve in the paraphase circuit.

The output voltages depend on the velwe characteristios, no
stebilising effect being introduced by the cathode load Rg.  Such an
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effect can be obtained by the use of negative feedback separately for
each of the valves, This may be achieved, for example, by introducing
resistors Rz and R, as shown in Fig. 380. By applying a star-delta

transformation (Chape1, Sec.13) to the network formed by Rs, R, and Ry
the equivalent network formed by Rg, Ry and Rg is obtained (Pig, 381).

Q HT

OHT

FYY vy
Yy
AAAA

—

INPUT _
L ' l 2
l-v - r_v

Fig, 380 - Cathode-coupled para- Pig, 381 - Cathode-coupled para-
phase amplifier with current phase amplifier with current
fesdback (Y-network). fesdback ( V -network).

FY Y

.
yy
X

The relations between these networks may be written -

Rg= F3 B, + By B + B5 B3
Rs »

Ry~ B3Rt Ry R+ B B5
By,

end Rg= B3 R+ Ry R5 + Rs By

R
3

This iz & practical veriant of the cathode inversion circuit.

In practice the presence of stray capacitance across the
output terminals, and from each anode to earth, affects the rapidity
of response of the aspplifier to rapidly changing input voltages.

The output impedance of the cirouit is comparable in magnitude with
that of a normal amplifier using a velve and load similar to those of
one amplifier of the paraphese circuit, so that the cutput time-
constant is not substantially eltered by the paraphase connection.
This is not necessarily true if negative feedback is used,

- The cathode inversion circuit may be used to supply e
paraphase valtage change to a pair of deflecting plates of a cathode
ray tube, and the output of the cirocuit can e taken direct to the
plates without the inclusion of coupling condensers. In this ocase
pearaphase ghift potemtials can be obtained and varied in emplitude by
alteration of the steady potential of the grid of the second valve,
since this results in emplitude changes of steady potential in opposite
directiona at the anodes of the two valves, The use of a separate

*shift" network is avoided, If a veriable resistor is included in
the cathode circuit, in series with Ry, variation of the resistance
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causes changes of potential in the same direction at the anodes of

both velves. The variable resistor msy, therefore, be used as a control
to correct astigmatic distortion of the cathode ray tube, If this
cathode inversion cirauit is used to provide shift voltages and cor-
rectlon for estigmatic distortion, the potentisl of the finel anode of
the cathode ray tube should normelly be about the same as the mean
potential of the anodes of the two valves.

The cathode inversion amplifier may be used as a sum—and- -
difference device and as such finds frequent application in control and
computing circuits.

Suppose that
separate input voltages e
are spplied to the grids n CRID POTENTIAL OF FIRST VALVE
of the two welves. Then i
the change of voltage de- i
veloped between the two
anodes is proportional to . .
the difference between the ! f
input voltages, whilst : |

—_
i
I
e
]
]
1
i

———p e gyt

the voltage developed at = __ n-_-- |7~ EATHCBE POTENTIAL OF BOTH VALVES
the eathode is proportion~ ' i

al to the sum of the two ---_:.-_-...i.l-..

input voltages, This I

ASEUMeS th&t the amde i 4 ANODE POTENTIAL OF FIRST VALVE
loads are equal and that J

the two valves have
similar characteristiecs. :

S S A

inversio g?emﬁa:t?odn ’-l : . ANCDE POTENTIAL OF SECOND VALVE
810N B 1

often used to provide a | J_l

paraphase output con~ A

sisting of the result

of adding two separate Pig., 382 - Use of a cathode-~coupled

input pulses occurring faraphao circpit as an adding

at different times, subtracting) dsvice,

Fig. 382 shows the result
of applying positive-going pulses at different instants to the grids

of the two wvalves,

LIMITATIONS OF THE USE OF VALVES AT HIGH FREQUENCIES
24, General

Amplifier and oscillator circuits employing negative-grid
valves operate efficiently at frequencies up to a few hundreds of
megacycles, As the frequency is increased efficient operatlion is
more difficult to cbtain., At frequencies of 1000 Mc/s or more, the
inherent difficulties are so great that smplification is not usually
attempted., Further, at these frequencies negative-grid valves are in-
efficient in oscillator circuits and special velves (i.e. Megnetrons
and Klystrons) ere normelly used as oscillators.

The difficulties experienced with amplifier and oscillator
circuits employing negative-grid velves at the higher frequencies may
be considered as due to :-

(1) the finite time required for electrons to traverse
the valve (trangit time),

(ii) limitations imposed by interelectrode and stray
capacitance, inductance of valve leads and resistive

and radiation losses.
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25, Transit Time Effects

in RF Amplifiers the most series consequence of a finite
trangit time is demping of the input circuit. At any frequency of
operation there is at any instant, owing to the finite transit time,
a difference in the number of electrons approaching and receding from
the grid of the amplifier valve. The electrons forming the valve
current at any instant induce a positive charge on the grid. If the
grid voltage is increasing there is an excess of electrons appmadﬁng
the grid, ceusing an increage of positive charge at the grid, i.e.
there is a resultant current flowing into the grid from the external
input circuit. If the grid voltage is decreasing there is an excess
of electrons reoeding fram the grid and this leads to a resultant
current flow fram the grid to the external circuit. Consequently an
elternating current flows in the input cirouit. At low frequencies
of operation the transit time is small compered with the period of
oscillation and the instant of zero grid current practically coincides
with that of meximum grid voltage. The grid current leads the
applied grid voltage by spproximately 900 and there is practically no
loss of power in the imput circuit. There is however, a small
increase in the grid-cathode capacitance in the velve when a signal
is applied to the grid; +this is unlikely to be of practicel import-
ance, At higher frequencies of operation the phase angle between
the applied wvoltage and grid current is reduced, since there is an
appreciable lag between the application of the gr-j.d valtage and the
corresponding flow of current in the valve. Consequently o resistive
camponent is introduced into the input impedance of the valve so that
there is a loss of power in the input circuit. An approximate
relation between the input resistance and transit time cen be obtained

ag follows ;-
let the grid-cathode voltage variation be given by :-
A
Vg = Vg sinwt.
If T, = transit time of the cathode-grid space andT = transit time

of the grid-enode space the current flowing towerds the grid is given
Py -

1; = Cn Gg sin w (t - Ty ),
while the current flowing from the grid is given by

ip =% Vg sinw (5 =Ty - T,)-
Consegquently an_altema.ting grid current flows given by s~

. 4 T T
11-12=2Ctn"gcosm(t-'fk- -23'-)51;1(0 .2-9.

¢ T T
=2 G g sincoz“ (coswt ocos w (Ty + .é._&)
+ sinwt.sinw(Ty + _21;_9 .
The magnitude of the component of cwrrent in phase with

v_is given by i-
2 = 20p ¥ gtn @Ta sin w (T +T=~)
il'_ g —é_ k -y
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whilgt that of the current in quadrature with Vg is given by :~

~ ~
icnzﬁmvgsin wa:-ra cos W (Ty + ;&)-

If the ratioc of each transit time to the period of operation is small
i.e, ifw‘rk andw‘ra are snall’

1

- Q 'r2

r = G VB w2 (T, Tk + _Eg)
A, A

andic-—-g vagw.Ta.

Hence the input resistance R; is given by i1~

- 1
R G wchaTk + ‘_I;E)
2

and the increased input c-pacitance whenthe amplifier ie operating is
given by :-

C3 = Gy Tae

The transit times are dependent on the linear dimensions of the valve
and on the grid and anode volteges. The loss of power at the grid is
used in inoreasing the mean electron welocity and appears as heat at
the anode. The increase in input capacitance is small and can usually
be neglected, However R,, which damps the input tuned circuit, is
inversely proportional to the square of the operating frequency, and
hence the input conductance is proportional to the square of the
frequency.

Consider the case of an emplifier circuit, the valve of
which is a CV1091l. The velues of R; at different frequencies are

100,0000hms at 10 Mco/s
4,000chns at 50 Mo/s
250cms at 200 Mc/s.

Thug if the dynamic resistance of the input tuned circuit is, say,
100k  thé demping introduced is moderate at 10 Mc/s but prohibitive
at 200 Mc/s unless special measures are taken, Hence, while demping
of the input circuit is negligible at low frequencies it is consider—
able at frequencies sbove about 50 Mc/a.

Input damping can be reduced by decreasing the transit
times; i.e. by reducing the spacing of the electrodes of the vaive,
The electrode areas must also be reduced so thet the interelectrode
capacitances of the valves ere not inareased, Extremely small
sgpacing is the main criterion of Acorn velves, but the percentage of
rejects in msnufacture is high, and other valves (CV1091 and CV1Q65}
with ratner larger spacing are in general use, The grid-cathode
transit time can be reduced by increasing the effective voltage at the
grid. This means, however, that in order to maintain space-charge
limitation, the emission density of the cathode must be high.

Analysis shows that the cathode emission density required to ensure
space chargs limitation for.a given ratio of transit time to operating
period is proportional to the cube of the opsrating frequency.
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Typicel figures are as follows :~

If the transit time of the grid~cathode space must not be greater than
2 quarter of the operating period, then for a grid-cathode spacing of
lmm, the minimum current densities required at various freguencies are

2 x 1076 A/sq cu at 10 Mo/s
250 x 1076 A/sq an at 50 Mc/s
0+016 4/5q cu at 200 Mc/s

2 A/s0cm at 1000 Mc/s,

In a valve oscillator the phase difference between grid volt-
age and anode current due to an appreciable transit time makes it
difficult to adjust the relative phases at anode and grid for efficiemt
operation. Thias does not epply to a valve amplifier, in which snode
and grid cirouits are independent of each other,

A further effect of transit time is an increase in anode
dissipation. This may be of importance in power amplifier and
oscillator circuits, in which the output power is limited by permissible
anode dissipation, The Door-Knob velve ig deaigned to give useful
power output at frequencies as high as 600 Mc/s. The electrode
spacing is small, and 35 watts can be dissipated at the anode gince
it is fitted with three radiation fins and enclosed in a relatively
large glass envelope (of door-knob shape).

26, Circuit Limitations

(1) Frequency limitation

The valuee of the interelectrode cepacitances and of
the inductance of the internal leads of a valve operating as an oscil=-
lator fix the upper limit of frequency. If, however, the valve leads
form part of a transmission line system of totel length , this
frequency limitation is removed, For example, if the end of the
transmission line is short-circuited, the resonant frequency of the
circuit formed by the line end the interelectrode capacitance is given

by

tan 27{f = 1 See Chap. L Seo. 1k
e 2REG Ro for the effective
inductance L,g T

where o = 3 x 10 10 oms/seo
C = intereleoctrode capacitence
Ro = characteristic resistance of ths line,

For a given frequency f the permissible length of the line
can be increased by decreasing Ro' Hence a valve designed for use
with coaxiel lines (which are of low characteristic impedance), and
whose electrodes and leads inside the envelope are integral parts of
the lines, can be used for operation at very high frequencies.

In an oscillator the maintenance of continuous oscillations
depends on the transference of energy from some source of power to a
tuned circuit, In the case of a parallel tuned circuit fed with
energy from a parallel negative-resistance source, the dynamic resist-
ence of the tuned circuit must be greater than the magnitude of the
negative resistance for oscillations to duild up. The dynsmic
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registance CLR s Where R is the series resistance of the coil L, mey be

made large only if C is kept sufficiently small. Hence it is necessery
to keep interelectrode and stray capacitances to & minimum, This is
still true when resonant lines are used as tuned circuits, since
normally the line acts as an inductive susceptance resonating with
interelectrode and other unavoidable capacitances.

The same problem does not arise in RF amplifiers above
about 50 Mc/s since, owing to the high oconductance of the input circuit
due to transit time, cathode lead inductance, etc,, the unavoidable
resistance in parsllel with the tuned circuits is much smaller than the
undamped dynamic resistance of the latter, Since we may therefore
negleot series damping owing to the low value of Rp, the parallel
dsmping resistance, the Q of the total parallel circuit may be written

/-
It may therefore be advantageous to make C large in order
L

to make the cirouit sufficiently selective.

(1) Input demping

The inductance of the internal cathode lead of a valve,
which forms part of the input circuit of an amplifier, may bring about
damping of the input circuit,.

This inductive reactance in the cathode lead introduces
feedback and modifies both input and output characteristics of the
smplifier. In particular a component of the input current in phsse
with the gpplied voltage is generated, thus adding to the input
conductance of the amplifier.

Fig, 383 shows the input circuit of an amplifier. An
external voltage vy = "i sinwt is applied to the grid, and a voltage
vy, is developed across the cathode-lead inductance Lx. The cathode

current is the sum of ij and i_, where i is the current through the
grid-cathode capacitance C and” i 15 the space ourrent of the valve,

Agsuming the valve to be a pen-bode in whidz the slope reslstance is
very large compared with the anode
load, we may write

a:__.c'hlvi'

O
It follows from the figure, that [
\Fs =v; + vL H
.l'rl
hence vg = vy + JoL(iy + Gy v4)
or Ve =i 4 jor(ly - Gadlyy
wC Jek( A )s 4

ice. »

- iy Fig, 383 - Effect of Cathode
Vg 5']6 /FL G, + J @2AC~ 1_)% Lead Inductance,
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Therefore the input admittanoe of the amplifier is given by

iy 00 AL G -J§ @ ic-1)7
Vs ©L 6p)¢ + (w2rc - 1)¢

Providsd the operating frequency is not too high, then
W2 6 K1
and  WLG, <1,

and the real part of the sdmittence (i.e., the conductsnce ¢y) i3

given by
Gy = G w2 1C

Thus the effect is that of placing in parsllel with the

input a resistence

RK = 1

Gyw? e

The imput oonductance T%l_{ is proportional to the mutual

conductanoe and the square of the frequency just as the imput oon-
ductanoce which results from transit time, The two effects are of %he
seme order of magnitude, and the separation of the two ceuses is
diffioult. .

Suppose, for example, thatGﬂ=5mA/volt, C=5pF and L = 0°05 AH,
and the frequency of operation f is such that

w2 LCK1

end WL G, K 1.
[©% L0 &= 1 4f £ == 300 Mo/s andwk G ‘= 1 if £ = 4000 Mo/s_/

Mo_f:BOi(o[a.

Then the walus of Ry = 1 i x
’ Q’m5 '] (21‘ - 50 - 106)2| (?'05.10-6.5;'9

== 8000. ohms.

Sinoe the pinch oonstruction of supporting electrode leads
in valves involves long leads, so that L is large, a decided decrease
of input comductance is obtained if such a construction is replaced
by short straight electrode leads mounted im a flat disc of glass,
This latter type of base eonstruction is used in the (V109l. A
merked decrease of effective csthode lead inductence is obtained if
such & lead oconsists of multiple wires in parallel as in the CV1136.
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